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Invitation Message
The 18th ANQ Congress 2020
International Joint Conference Chairs
Let us express our sincere appreciation to your passion and dedication for
enhancing quality skillsand knowledge systems through The 18th ANQ Congress
2020 which is going to be held in Seoul,South Korea from Oct 21 to Oct 23, 2020.
It is our honor and pleasure to invite you forthe memorable event.

Prof. Wan-seon Shin
Chairman Elect, ANQ

The theme of the conference is “New Quality & New Trust: Listed below are a few
unique highlights of the 18th ANQ Seoul Conference:Measuring and Sharing of
QTI (Quality Trust Index)".Through this opportunity, we hope for quality experts,
practitioners, and academicians to share their creative ideas and approaches for
preparing the upcoming decade of Industry 4.0.

Listed below are a few unique highlights of the 18th ANQ Seoul Conference:
Location: Downtown Seoul, near the City Hall & Namdaemun
Recognizing IKA Awards & AREQP Excellence practices

Dr. Sang-jin Lee

Chairman & CEO of
Korean Standards Association

Selected papers to be published in IJQSS(International Journal of Quality and
Service Sciences), an international SCOPUS indexed Emerald published journal
Announcing QTI (Quality Trust Index) Survey Results
Recognizing 20 Best Books and Articles authored in Asia since 2000
Recognizing 20 Best Quality Companies (NOW) and 20 Best Quality Companies(FUTURE) in ASIA.
Sharing KS-SQI & KS-QEI as Best Quality Measurements in Korea
Learning Great Quality Korea Practices including Samsung Electronics, Hyundai Motors, LG Electronics, and etc.
Site visit program: Hyundai Motors Factory and Korean Folks Village
To meet rising needs of Industry 4.0, we must pioneer the decade with new methods and approaches.
This is exactly what the Seoul ANQ Conference is aiming offer. By combining quality and trust,by recognizing
excellent practices over different cultures, and by integrating professionalideas from many countries, ANQ will
provide most up-to-date and effective insights andskills for the industry, academic and social quality associates.

Co-Chairman Dr. Prof. Wan-seon Shin (Chairman-elect, ANQ & Former President of
Korean Society for Quality Management(KSQM), SungKyunKwan Univ.)
Co-Chairman Dr. Sang-jin Lee (Chairman & CEO of Korean Standards Association)

Invitation Message
Dr. Noriaki Kano (Honorary Chairman, ANQ)
On 17th November 2002 in Tokyo, CAQ-China, CSQ-Chinese Taipei, JSQC and
KSQM jointly held the annual meeting of Asian Quality Symposium (AQS) and invited
the six Asian quality organizations such as Hong Kong, India, Indonesia, Iran, Thailand and Vietnam to discuss the joint proposal from the above four founding organizations such as CAQ, CSQ, JSQC and KSQM to expand AQS into the Asian Network
for Quality (ANQ). Then, all the representatives of the above 10 organizations signed
“ANQ Statement 2002”, entitled “Quality for Prosperity and Integration.” ANQ was
formally established through this agreement.

Dr. Noriaki Kano

Honorary Chairman, ANQ

Among the highlights of this statement we can find the followings:
· Asia is called as “Plant of the World”.
· The image of Asia is changing from providing “simple and cheap labor” to providing “Knowledge work at a
reasonable cost”.
At inception, some thought these expressions were pretty bold. But today 18 years later, the seven organizations
from Bangladesh, Dubai, Kazakhstan, Nepal, Pakistan, Russia, and Singapore joined and many people accept the
above highlighted statements without any special reservation. We favorably accept that many papers related to
the above have been presented and discussed in recent ANQ congresses.
KSQM the organizers of the Congress have defined the following theme:
"New Quality and New Trust:
Measuring and Sharing QTI (Quality Trust Index)".
“Trust” is a very important concept in Asia, underlying the “mutual respect and compassion” listed as a key phrase
in the ANQ Way. We hope various papers will be presented and lively discussions will take place in many sessions
under this theme in ANQ Congress 2020 Seoul.
Due to the worldwide spread of Covid-19, many international conferences on quality planned this year have been
cancelled. However, in alignment with one of the core values of ANQ ‘Flexibility and Adaptability’ is being demonstrated in action by holding virtual ONLINE ANQ Congress on October 21 to 23 in Seoul as scheduled.
I compliment KSQM our hosts for making these arrangements and look forward to welcoming you
to the ANQ Congress 2020 online.

ANQ Congress 2020 Schedule



ANQ-CEC Meeting (20 October, Tuesday)
14:00~18:00

- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID : 369 576 8350)

- Password required (for the password, please refer to the meeting invitation email sent to you)

ANQ board Meeting (21 October, Wednesday)
14:00~18:00

- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID : 369 576 8350)

- Password required (for the password, please refer to the meeting invitation email sent to you)

1stday (22 October, Thursday)
14:00~14:20

Opening Ceremony
- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID : 369 576 8350 / PW: TsFk21 )

- Panisuan Jamnarnwej Ph.D, Chairman of Asian Network for Quality
- Sunghoon Hong Prof, President of Korean Society for Quality Management
- Sangjin Lee Chairman & CEO of Korean Standards Association
14:20~15:50

Plenary Session I (Worldwide Quality Strategies after COVID 19)
- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID : 369 576 8350 / PW: TsFk21 )

- 4 keynote speeches recorded (or online streaming) (60 min)
- Discussion with 4 keynote Speakers in real time (30 min)
Quality Strategies - before, under and after Corona
Professor Jens Jörn Dahlgaard, Ph.D., Linkoping University (Sweden)
Building Society Quality towards with-Corona Society
Professor Emeritus Noriaki Kano Ph.D., Tokyo University of Science (Japan)
With Kazuyuki Suzuki, Tomonori Hasegawa, and Yoshihisa Okamoto
COVID-19 and its impact on people and the way business and quality is managed
Janak Mehta, Chairman and Managing Director of TQMI (India)
Coping with Global Turbulance . . . Crafting a Quality Approach
Gregory H. Watson, PhD., EUR. Ing. (USA)
15:50~16:10

Break

16:10~17:00

Awards Ceremony
- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID : 369 576 8350 / PW: TsFk21 )

- IKA Award Ceremony / 4 acceptance speeches recorded
17:00~18:10

11 Parallel Sessions (70 min)
- 55 paper presentations
(5 papers for each session)

- Presentation
(10 min real-time or video presentation w/ 5 min Q&A)

- Please refer to the table below for details.

ASA Award Ceremony & ARE-QP Award
Ceremony (170 min)
- ASA Award Ceremony
- ARE-QP Award Ceremony
https://us05web.zoom.us/j/5844348459?
pwd=RzlLZlJkeHRvTGl6N2lFbUl1TGRJdz09
(ID: 584 434 8459 / PW: 9zQA2v)



ANQ Congress 2020 Schedule

2ndday (23, October, Friday)
14:00~15:20

11 Parallel Sessions
- 57 paper presentations (5 papers for each session)
- Presentation (10 min real-time or video presentation w/ 5 min Q&A)
- Please refer to the table below for details.

15:20~15:30

Break

15:30~16:50

Plenary Session II (New Quality & New Trust)
- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID: 369 576 8350 / PW: TsFk21)

- 4 keynote speeches recorded (or online streaming) (60 min)
- QTI Survey Results Recognition (20 min)
Samsung's Activities for Excellence in Quality
Youngjin Suh, Ph.D, Vice President of SAMSUNG Electronics (Korea)
How to apply AI and Blockchain technology to New Quality Management
Sangjin Lee, Chairman & CEO of Korean Standards Association (Korea)
Opportunities and Challenges of Quality Management and Engineering in the Era of Industry 4.0
Professor Zen He, Ph.D., Tianjin University (China)
Digital Transformation based on Platform
Professor Heejun Park, Ph.D., Yonsei University (Korea)
16:50~18:10

Closing Ceremony
- https://zoom.us/j/3695768350?pwd=Y08yVFdvTWNSclJneFlJazBNSWRGdz09
(ID: 369 576 8350 / PW: TsFk21)

- Best Paper Award presentation (20 min)
- ASA Award & ARE-QP Award announce (5 min)
- Closing comment from each country w/performance recorded (3~4 min per country / 30 min)
- Special performance from Korea (20 min)
- 2021 ANQ Congress host country presentation (5 min)

New Quality & New Trust:
Measuring and Sharing of QTI

1stday (22 October, Thursday)

Parallel Session 1 . Quality Anaysis and Methods
ZOOM URL : https://us02web.zoom.us/j/3588406711?pwd=cG8xOVBZbzlvRmgxZ3dQQmNZa2U0dz09
(ID: 358 840 6711 / PW: ksqm)
Chair I Dr. Myung-Hwan Na, Chonnam National University, South Korea / nmh@chonnam.ac.kr

ANQ-094

Clusterwise Multivariate Kernel Ridge Regression Analysis and the Visualization of the Analytical Results
Yuta Kawakami, Manabu Kuroki (Japan)

ANQ-095

Study on Likelihood-Ratio-Based Multivariate EWMA Control Chart Using Lasso
Takumi SARUHASHI, Masato Masato OHKUBO, Yasushi NAGATA (Japan)

ANQ-014

Dielectric Study of Coal Samples for Phased Array RADAR Based Measurements at Blast Furnace
Chitresh Kundu, Prabal Patra (India)

ANQ-030

Effectiveness of Online Training Programs
Joohi Chaturvedi, Dr.Mahima Rai (India)

ANQ-088

Growth Status Diagnosis of Chinese Cabbage Using Several Statistical and Machine Learning Methods
Sooram Kang, Wanhyun Cho, Myunghwan Na, Hyeonseok Ko (Korea)

Parallel Session 2. Quality Evlaution in various industries
ZOOM URL : https://us02web.zoom.us/j/3884857585?pwd=eUlPeHJvY0FNbDJIQ2ZPS0xscGViUT09
(ID: 388 485 7585 / PW: ksqm)
Chair I Do-Hyeon Ryu, Pohang University of Science and Technology, South Korea / dhryu@postech.ac.kr

ANQ-096

Analysis of Teaching and Learning Process based on a Daily Management Diagnosis Approach for School Education
Nursuhana Alauddin, Shu Yamada (Japan)

ANQ-097

Evaluations of the CM effect considering covariates
Kento Takanashi, Yasushi Nagata (Japan)

ANQ-043

Breakthrough enhancement in coil shape of Down coiler-1,HSM TSJ
N N Venkatesh, Vinayak Vadagave, Suresh Chowdhury, V K Shah, A K Jha (India)

ANQ-044

Experimental Investigation and Statistical Approach to decrease the variation of UTS/YS ratio of Fe500 SD rebar
Pankaj Kumar, Ankit Kumar Agarwal, Abhishek Raj, Soma Ghosh, Sai Pavan S. N, Bipul Chakraborthy, Khyati,
Mahatab, Shreya (India)

ANQ-148

Collection and Analysis of Electricity Usage Data in University Campus: The Case of POSTECH
Do-Hyeon Ryu, Young Myoung Ko, Young Jin Kim, Minseok Song, Kwang-Jae Kim (Korea)
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Parallel Session

Parallel Session 3. Comparison and improvements of existing quality processes
ZOOM URL : https://us02web.zoom.us/j/9581280280?pwd=QS8zTVBvV3cxVUt0T0E0cGVtOTdFdz09
(ID: 958 128 0280 / PW: ksqm)
Chair I M.Minsuk Shin, Konkuk University, South Korea / shinm@konkuk.ac.kr

ANQ-098

A comparison of MT and RT methods for missing data analysis methods
Kakeru Nishizawa, Masahiro Maeda, Yasushi Nagata (Japan)

ANQ-099

Recognition Taguchi Method Using AdaBoost and Performance Comparison
Kentaro HONMA, Yasushi NAGATA (Japan)

ANQ-046

Modification of systems of Blast furnace auxiliaries to control stack emissions, fugitive emissions and
improvise water management
Subhashis Kundu, Shambhu Nath, Radha Raman Abhyudaya,Aarushee Agrawal, Ravi Shankar,
K Rama Krishna Rao (India)

ANQ-047

Improvement in % IF heats with Carbon levels <= 20 ppm in RH degasser at LD#2
Tanmay Siddhartha Waghmare, Swarup Kumar Sinha, Gaurav Singh, Prasenjit Chanda, Samagra Kumar,
Saroj Kumar Singh (India)

ANQ-149

Wavelet-Based Noise Removal Using Step-Down Bootstrap Aggregating
Munwon Lim, Suk Joo Bae (Korea)

Parallel Session 4. Uers trust and Quality performance. Qulity, materials, and manufacturing
ZOOM URL : https://us02web.zoom.us/j/7855861325?pwd=VzAyaUg0djhuT3ZiRVJ0WDI5MVZ5dz09
(ID: 785 586 1325 / PW: ksqm)
Chair I Yaushi Nagata, Waseda University, Japan / ynagata@waseda.jp

ANQ-100

Multivariate Multiple Single Regression and Performance Comparison
Shota Nakayama, Yasushi Nagata (Japan)

ANQ-101

Statistical analysis and prediction in American football
Yu TAKEZAKI, Yasushi NAGATA (Japan)

ANQ-048

Improvement in Superheat strike rate at LD3 Ladle Furnace by advance data analytics
Anil Kumar Pujari, Hari Babu Upadhyay, Virendra Kumar Bari, Anil Kothari, Gaurav Kumar, Rohit Kumar Singh, Sparsh (India)

ANQ-050

Winning customer trust through end to end optimization modelling by leveraging Data science
Rajeev Kumar Malhotra, Avijit Bose, Umesh kr Singh, Naresh Dhal, Avijit Halder, Vipul Tiwary, Subrata Chaterjee,
Abhishek Chaudhary (India)

ANQ-009

The Application of QTI in User's Deeply Participated Development Mode
Long Zhou, Yifan Jiang, Wenbo Yang, Huangjian Guo (China)

1stday (22 October, Thursday)

Parallel Session 5. Quality management and decision making
ZOOM URL : https://us02web.zoom.us/j/9708296926?pwd=S0N3NmRqNDhqMENtQWRpN2lnUDAyZz09
(ID: 970 829 6926 / PW: ksqm)
Chair I Shu Yamada, Keio University, Japan / shu.yamada@keio.jp

ANQ-102

Discussion on Supersaturated Design and its Data Analysis Method in Computer Experiments
Arata Ueda, Shu Yamada (Japan)

ANQ-103

A comparison of individual and simultaneous data of MEG and EEG concerned with component extraction
of brain signal
Yuya Kawabata, Takahisa Asakawa, Motohisa Hirono, Shu Yamada (Japan)

ANQ-051

Predictive Quality Management(PQM) at PT 4’’ Mill of Tata Steel, Tubes SBU
Pankaj Kumar Sharma, Chandra Prakash, Dhananjay Kumar (India)

ANQ-004

The Influence of WFH Decision Factors on Service Quality Performance and Quality of Life
Inurina Binti Ibrahim, Syazwan Roslan, Jiseok Yoon, Gye Soo Kim (Korea)

ANQ-016

Research on the Method of Quality Problem Close Loop of Nuclear Facilities
Jinlong Liu, Guohua Wang (China)

Parallel Session 6. Qulity, materials, and manufacturing
ZOOM URL : https://us02web.zoom.us/j/2404943251?pwd=akZrdERhUTJyeUZzbFBqSkxvVDlyZz09
(ID: 240 494 3251 / PW: ksqm)
Chair I Hyuck Moo Kwon, Pukyong national University, South Korea / iehmkwon@pknu.ac.kr

ANQ-104

A Collapsibility Condition in Ridge Regression Analysis
Ryo Hasegawa, Manabu Kuroki (Japan)

ANQ-105

Improvement of prediction error by signal-to-noise ratio in the Taguchi’s T-method
Yu Jinguji, Shun Matsuura, Shu Yamada (Japan)

ANQ-054

Reduction of Hot Metal Silicon through blast furnace operating regime change at I Blast Furnace,
Tata Steel, Jamshedpur
Ramdasu Bhaskar, Basant Kumar Singh, Pratyush Ranjan Samantaray, Sanjiv Kumar, Dhiren Patnaik, Raj Kumar,
Jaya krishna, Vineet Ranjan Tripathi, Padmapal, Ashish Agrawal (India)

ANQ-003

Setting a Threshold of the Sensor Variable to Detect a Failure Cause under Performance Degradation
Hyuck Moo Kwon, Sung Hoon hong, Min Koo Lee (Korea)

ANQ-017

Exploration and Practice of “Customer Driven” by Enterprises under the Background of
Intelligent Manufacturing
Wang Qingwen, Yang Qingya, Yao Mingyu (China)

ANQ-029

Sequential Design of Computer Experiments: Current Status and Future Directions
Phan Thi Hong Mai, Jai-Hyun Byun (Korea)
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Parallel Session

Parallel Session 7. Quality standards and certificates
ZOOM URL : https://us02web.zoom.us/j/8519701720?pwd=L1NyY0l1TklFSmFmWGd4VzNpMlk3Zz09
(ID: 851 970 1720 / PW: ksqm)
Chair I Uk Jung, Dongkuk University, South Korea / ukjung@dongguk.edu

ANQ-106

A survey of current status on activation of ISO 14001 certification in society
Naoki Kono, Masaaki Kaneko, Chikako Makino, Shu Yamada (Japan)

ANQ-107

A study on the difference between earthquakes and pandemics regarding the deployment of function to
be performed in an area for continuing healthcare
Sae Iwata, Chisato Kajihara, Masahiko Munechika (Japan)

ANQ-056

Shop Yield Improvement at LD2 & SC by 1 %: A perfect Amalgamation of Smart Technology and Data Analytics
Indraveer Singh, Saroj Kumar Singh, Ranjay Kumar singh, Amarnath Mukherjee, Ajay Kumar Singh (India)

ANQ-005

An Empirical Study on the Effect of Quality of Logistic Service on Customer Loyalty and Recommendation
to Others: Focusing on KS-SQI
TaeWan Kim, JongWook Lim, Chae Hoon Lee (Korea)

ANQ-018

Exploration and Practice of Total Quality Management of Hefei Haier Refrigerator Co., Ltd.
Guan Yuxian, Cheng Feng, Zhang Cun (China)

Parallel Session 8. Quality and customer value
ZOOM URL : https://us02web.zoom.us/j/8419476009?pwd=YkpyUDNncE9iWHF0emxtdUx2WWtJUT09
(ID: 841 947 6009 / PW: ksqm)
Chair I Ramachandran Krishna, Tata Steel, India / rkrishna@tatasteel.com

ANQ-108

A research on application of Gaussian process regression for inverse estimation of nominal the best response
Mio Nagashima, Shu Yamada (Japan)

ANQ-109

Quality Improvement of Food Packaging that Reflects Consumer Needs
Hiromichi Takano, Ayako Noguchi, Takeshi Fukushima, Masahiko Munechika (Japan)

ANQ-059

AMRIT – Improve Value Realization from Co-Product Steel through Intelligent Sales & Operations Planning
powered by Advanced Analytics
R. Krishna, Dipankar Dasgupta, Utkarsh Sachan, Saibal Nandi, Anubhuti Banerjee, Sourabh Kumar Singh,
Debasish Dutta, Kumar Sawan, Santosh Kumar Singh (India)

ANQ-007

Smart Quality Management in Industry 4.0 – Open Quality System
Wan Seon Shin, Ho Jun Song (Korea)

ANQ-019

Practice of Quality Improvement based on the Improvement of Employees' Ability
Mingli Zhou, Gezheng Wu, Qiang Meng (China)

1stday (22 October, Thursday)

Parallel Session 9. Quality innovation and R&D
ZOOM URL : https://us02web.zoom.us/j/6434333847?pwd=TEVPbG9rc3NMMTVlei9IY3VXM01zQT09
(ID: 643 433 3847 / PW: ksqm)
Chair I Lotto Lai, Hong Kong Society for Quality / lotto.lai@gmail.com

ANQ-110

Understanding activation of management system certification in society
Yoshimasa Koyama, Masaaki Kaneko, Chikako Makino, Shu Yamada (Japan)

ANQ-111

Navigation Style Manual for Questionnaire Analysis
Sho KAWASAKI, Takenori TAKAHASHI (Japan)

ANQ-062

Data driven approach to investigate failure of Blast furnace stove domes
Abhilash Verma, Kaushal Kishore, Subodh Nath Patel, Mithilesh Kumar Jha, Anup Kumar (India)

ANQ-064

Achieving benchmark performance at LD#1, Tata Steel India
Ashutosh Kumar, Akhilesh Kumar Mishra, Navneet Sinha, Vikram Singh Shekhawat, Abhinav Singhvi,
Chintala Abinash (India)

ANQ-023

Extension Business Innovation Model Approach in Covid-19 Outbreak Situation
Kim-Hung Lotto LAI (Hong Kong)

Parallel Session 10. Qulity management
ZOOM URL : https://us02web.zoom.us/j/9419319070?pwd=KzNRT1Vrc2tUUmV2MHl6aFVNSEFCQT09
(ID: 941 931 9070 / PW: ksqm)
Chair I Tsang Wai Chun,Marianna, Hong Kong Society for Quality / marianna.tsang@gmail.com

ANQ-112

Impression created by packaging design: A case study of large capacity yogurts
Risako Takayama, Masahiko Munechika (Japan)

ANQ-113

Proposal to evaluate a disaster food stockpile and operation system for hospital inpatients
Masaaki KANEKO (Japan)

ANQ-114

Measurement precision with ordinal categorical data
Shunsuke Tanigaki, Jun-ichi Takeshita, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-070

Prescription to achieve Zero Defect Products through collaboration of Industry 4.0 and
Intelligent manufacturing system
Sarika Vivek Joshi, Vivek S Joshi (India)

ANQ-024

Enhancement of Corporate Governance in Small to Medium Size Non-Governmental Organizations (NGO)
in Hong Kong from the Board’s Perspective
Tsang Wai Chun,Marianna, Philip K.I. Chan (Hong Kong)
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Parallel Session

Parallel Session 11. Quality and human behaivor
ZOOM URL : https://us02web.zoom.us/j/4629082193?pwd=aEFjc3ZUekJXbkJGaThTdk8wVVo1QT09
(ID: 462 908 2193 / PW: ksqm)
Chair I Masahiko Munechika, Waseda University, Japan / munechika@waseda.jp

ANQ-115

A study on relaxation when using a bean bag chair
Kaito Kiyama, Masahiko Munechika (Japan)

ANQ-116

Precursor Pattern Extraction of Sudden Events from Time-series Databases
Taichi Sato, Takeshi Kaneko (Japan)

ANQ-117

A Study on Planning and Evaluation of Disaster Exercise Based on Disaster Records
Chisato KAJIHARA, Masahiko MUNECHIKA (Japan)

ANQ-071

Improvement in Gear Shifter Cable Assembly of a Van Using Six Sigma Methodology
Makarand Kanade, Pradeep Chandrasekaran, Madhukar Bagalkot (India)

ANQ-025

Exploratory Study on Synergy of Sustainability Model between Time Bank and Innovative Elderly
Healthcare Platform
Chiu Chi Sing, Cook , Philip K.I. Chan (Hong Kong)

2ndday (23, October, Friday)

Parallel Session 12. Quality measurement
ZOOM URL : https://us02web.zoom.us/j/3588406711?pwd=cG8xOVBZbzlvRmgxZ3dQQmNZa2U0dz09
(ID: 358 840 6711 / PW: ksqm)
Chair I Catherine Y. P. Chan, Hong Kong Quality Function Deployment Association / catherine@qfdhk.org

ANQ-118

Study on the evaluation of situations in the integrated community care system
Shogo KURATA, Masahiko MUNECHIKA, SHINDO (Japan)

ANQ-119

Proposal of accommodation facilities based on user preference extraction using reviews
Yui Matsuki, Yurina Shirakawa, Takeshi Kaneko (Japan)

ANQ-120

Optimal replacement policy for a deteriorating system subjected to geometric Brownian motion
Ryohei Yoshida, Lu Jin (Japan)

ANQ-072

Measure Right every time to build Quality & Win Customer’s Trust
Pradeep Kumar Aggarwal (India)

ANQ-026

The Two Kinds of Deployment in Quality Function Deployment (QFD) for Implementing Quality Assurance
Catherine Y. P. Chan, Glenn H. Mazur (Hong Kong)

Parallel Session 13. Qulity analysis in service and public sectors
ZOOM URL : https://us02web.zoom.us/j/3884857585?pwd=eUlPeHJvY0FNbDJIQ2ZPS0xscGViUT09
(ID: 388 485 7585 / PW: ksqm)
Chair I Tomomichi SUZUKI, Tokyo University of Science, Japan / szk@rs.tus.ac.jp

ANQ-121

An Analytical Model of Customer Purchase Factors Based on Conditional Variational Autoencoder Learned
of Browsing History Data
Tatsuya Kawakami, Yuta Sakai, Haruka Yamashita, Masayuki Goto (Japan)

ANQ-122

Service Quality Evaluation Using Actual Data on After-sales Services
Kakeru Takahama, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-123

Imputation method for missing values considering temperature fluctuations with high locality
Keitoku Yoshino, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-060

Dealer Scheme Optimization: Wires Business Tata Steel
Saibal Nandi, Pulak Kanti Paul (India)

ANQ-042

The UAE Government Excellence Model – GEM 2.0
Marwan AlZaabi (Arab Emirates)
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Parallel Session

Parallel Session 14. Behavioral analysis and quality
ZOOM URL : https://us02web.zoom.us/j/9581280280?pwd=QS8zTVBvV3cxVUt0T0E0cGVtOTdFdz09
(ID: 958 128 0280 / PW: ksqm)
Chair I Alamgir Kabir, Mitali Group, Bangladesh / kabirmasum@gmail.com

ANQ-124

Considering fashion style proposal of item recommendation system
Yuki Sano, Takeshi Kaneko (Japan)

ANQ-125

A Study on Analysis Model of Customers' Purchasing Behavior based on Knowledge Graph Attention Network
Fumiyo Ito, Zhiying Zhang, Gendo Kumoi, Masayuki Goto (Japan)

ANQ-126

A Method for Software Test Design Considering Weakness and Adverse Condition
Koichi Tanizaki, Yasuaki Hiruta, Takeshi Soma, Naohiro Yamao, Shogo Kato, Yoshinori Iizuka (Japan)

ANQ-057

Monitoring Steel Quality through Lead Indicators of process parameters in Steel Making and Casting Process
Samagra Kumar, Dhiraj Prasad, Shainu Suresh, Akshay Khullar, Shreyas Puttige, BalakrishanV, Avinash Kumar,
Biswajit Barik (India)

ANQ-001

A study on Challenges for Human Capital Development in Quality Management at RMG sector of Bangladesh
Dr. K M Alamgir Kabir (Bangladesh)

Parallel Session 15. Quality policy
ZOOM URL : https://us02web.zoom.us/j/7855861325?pwd=VzAyaUg0djhuT3ZiRVJ0WDI5MVZ5dz09
(ID: 785 586 1325 / PW: ksqm)
Chair I Larisa Aleksandrovna Fedyk, ICS «All-Russian Register», Russia / info@9000-2001.ru

ANQ-127

Threshold policy of condition-based maintenance for a multi-state system and deteriorating sensor
Satoshi Genda, Lu Jin (Japan)

ANQ-128

Analysis of candidates’ features during video recruitment interviews conducted by companies
Satoshi Enomoto, Akira Kuzuhara, Masaaki Yasui, Tsubasa Takahashi, Minami Takahashi, Aya Ishigaki, Taku Harada,
Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-129

Study on a Swiss-system tournament considering draw results
Yusuke Isaka, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-053

Reducing idle freight payout and carbon footprint through application of operations research at Tata Steel India
Deblin Chakraborty, Praveen Dubey, Anil Kr. Singh Harshana, Manoj Kumar Chatterjee, Amit Kumar Chatterjee,
YN Rao, Surjit Laha, Bijan Mishra (India)

ANQ-002

Improving the management efficiency of a medical organization through the application of CSR principles
and criteria and the introduction of conscientious practices of conformity and expectations of consumers
in the field of preservation and prevention of health in pandemic conditions COVID-19
Pundel Igor Sergeevich, Fedyk Larisa Alexandrovna (Russia)

2ndday (23, October, Friday)

Parallel Session 16. Process optimization
ZOOM URL : https://us02web.zoom.us/j/9708296926?pwd=S0N3NmRqNDhqMENtQWRpN2lnUDAyZz09
(ID: 970 829 6926 / PW: ksqm)
Chair I Too Meng Ken, Too Meng Ken Consultancy, Singapore / ktmken@singnet.com.sg

ANQ-130

An Analytical Model of Response Interval Between Employees on Business Chat Systems Based on Latent Class Model
Fuyu Saito, Ayako Yamagiwa, Tianxiang Yang, Masayuki Goto (Japan)

ANQ-131

Enhancing Quality of Care by Improving Guidelines for Care Plan Creation
Sera Ito, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-132

Verification of Individual Training System for Process Management in Blood Collection
Ryoko Shimono, Rie Akinaga (Japan)

ANQ-055

A Time Series Forecasting Engine to Propose Raw Material Buffer In a Division of TATA Steel
Deblin Chakraborty, Manoj Kumar Chatterjee, Amar Nath Roy, Soupoarno Mukherjee, Rahul Upadhayay (India)

ANQ-027

Optimizing The Process of Sausage Manufacturing In Food Industry Through Six Sigma Methodology
Too Meng Ken, Muhammad Firdaus (Singapore)

Parallel Session 17. Quality prediction
ZOOM URL : https://us02web.zoom.us/j/2404943251?pwd=akZrdERhUTJyeUZzbFBqSkxvVDlyZz09
(ID: 240 494 3251 / PW: ksqm)
Chair I Priyanka Varma, Varma Tractors, India / pvarma0001@gmail.com

ANQ-133

A Study on the Representation of Characteristics of Texts Used for Stock Price Prediction
Masafumi Takahashi, Takeshi Kaneko (Japan)

ANQ-134

An Analytical Model of Customer Purchasing Behavior Considering Event Characteristics on Flower Delivery Business
Aya Kitasato, Kenya Nonaka, Haruka Yamashita, Masayuki Goto (Japan)

ANQ-135

Sequential Bayesian Design for Accelerated Life Tests Based on Reinforcement Learning
Hiroki Iwama, Hideki Nagatsuka (Japan)

ANQ-081

Enablers of Successful Business Management: Organizational Values, Quality Trust Index (QTI) and
Relationship Building
Arun Malik, Priyanka Varma (India)

ANQ-034

The Study of Service Quality for Vegetarian Industry in Taiwan – an Example of A Company
Ning-En Chang, Jhy-Ping Jhang (Taiwan)

ANQ-037

How to build a happy school: Practical solutions to improve education quality management
Nguyen Thanh Tung (Vietnam)
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Parallel Session 18. Quality and SMART
ZOOM URL : https://us02web.zoom.us/j/8519701720?pwd=L1NyY0l1TklFSmFmWGd4VzNpMlk3Zz09
(ID: 851 970 1720 / PW: ksqm)
Chair I Udayan Pathak, Tata Motors Limited, India / udayan.pathak@tatamotors.com

ANQ-136

Proposal of A Conditional Maximum Likelihood Estimator in the COM-Poisson Distribution and its Uniqueness and Existence
Youhei Tomio, Hideki Nagatsuka (Japan)

ANQ-137

Construction of evaluation model considering fashion trend of fashion coordination
Saori Shibasaki, Takeshi Kaneko (Japan)

ANQ-138

A Prediction Model of Earned Runs Based on Latent Class Markov Chain for Starters of Professional Baseball Pitchersㅤ
Ryosuke Uehara, Takuma Matsumoto, Kenta Mikawa, Masayuki Goto (Japan)

ANQ-078

Engineering World Class Quality: R&D’s Way of Life
Amol Wagh, Kishor Patil, Farhad Gocal, Mohit Modi, Kaushik Biswas, Udayan Pathak (India)

ANQ-028

Modification of Foam Injection Molds to Reduce Cycle Times and Costs in the Production Process
Apiwat Hiranpradit, Sanga Boonkeaw, Wanvipa Majchacheep, Noppadol Potirook,
Thanakom Soontornchainacksaeng (Thailand)

ANQ-038

Smart Space Design Measurement for Social Housing in Vietnam
Nguyen Thi Phuong Uyen, Do Như Luce (Vietnam)

Parallel Session 19. Quality Estimate models
ZOOM URL : https://us02web.zoom.us/j/8419476009?pwd=YkpyUDNncE9iWHF0emxtdUx2WWtJUT09
(ID: 841 947 6009 / PW: ksqm)
Chair I Ngo Van Nhon, Vietnam Quality Association of Ho Chi Minh City (VQAH), Vietnam / vqa.hcm@gmail.com

ANQ-139

A Successful Method of Parameter Estimation for Tweedie Exponential Dispersion Models
Tomoya Sera, Hideki Nagatsuka (Japan)

ANQ-140

A New Stochastic Degradation Model Based on the Family of Powered Inverse Gaussian Distributions
Takuya Fushihara, Hideki Nagatsuka (Japan)

ANQ-141

Analysis of advantage relationship in competition
Hongma Wu, Shizu Itaka, Tomomichi Suzuki (Japan)

ANQ-067

Leveraging Ecosystem for Performance Excellence – Tata Best Practices & Benchmarking Programme
Devraj Chattaraj, Naman Kumar Gupta, Simran Bhullar (India)

ANQ-039

Intellectual entrepreneurs the soul of 4.0 economy
Trịnh Manh Dung, Nguyen Minh Vy, Ngo Van Nhon (Vietnam)

2ndday (23, October, Friday)

Parallel Session 20. Strategic Quality Management
ZOOM URL : https://us02web.zoom.us/j/6434333847?pwd=TEVPbG9rc3NMMTVlei9IY3VXM01zQT09
(ID: 643 433 3847 / PW: ksqm)
Chair I Li Saiqun, China Association for Quality, China / lisq@caq.org.cn

ANQ-142

Construction of Demand Forecast Model of Tokyo Taxi Based on Probe Data Analysis
Reo IIZUKA, Yuki ONO, Kenya NONAKA, Yuta SAKAI, Masayuki GOTO (Japan)

ANQ-143

Assessment criteria of palliative care development in hospitals to promote spreading of highly qualified
palliative care
Arisa Kaneko, Tatsunori Hara, Satoko Tsuru, Kouichi Tanizaki, Naohisa Yahagi, Masashi Kato, Fumihiko Wakao,
Toshiaki Shinomiya, Tetsuro Tamamoto (Japan)

ANQ-066

Mechanical Property Stabilization During Mill Start-up at New Bar Mill
Pankaj Kumar, Praveen V Thampi, Abhishek Raj, Soma Ghosh (India)

ANQ-008

Developing an Open Quality Concept as a Strategic Management System for Smart Factory
Wan Seon Shin, Andita Meilyana, Shujaat Ali, Da Eun Sung (Korea)

ANQ-020

Explore the TQM of Haier Air-conditioner in the Era of Industry 4.0
Liu Xiaolong, Cheng Junfeng (China)

Parallel Session 21. Continuous quality management system
ZOOM URL : https://us02web.zoom.us/j/9419319070?pwd=KzNRT1Vrc2tUUmV2MHl6aFVNSEFCQT09
(ID: 941 931 9070 / PW: ksqm)
Chair I Seiichi Yasui, The University of Tokyo, Japan / yasui@tqm.t.u-tokyo.ac.jp

ANQ-145

Development of a method for analyzing physicians’ prescribing strategies using medical data
Momoko NISHIOKA, Tatsunori HARA, Satoko TSURU, Akihiro NAKAO, Seiichi YASUI, Takashi MOTEGI,
Yoshifumi YAMAMOTO, Shigeo MURO, Tetsuro TAMAMOTO (Japan)

ANQ-144

Developing a policy formulation support system of service design and resource allocation to reduce hospital
ward risk
Yoshio Yamazoe, Tatsunori Hara, Satoko Tsuru, Seiichi Yasui, Akihiro Nakao, Fumio Fukumura, Masahiko Kawaguchi,
Tetsuro Tamamoto (Japan)

ANQ-076

Effective Tools for Warranty Problem Solving
Mahesh Hegde, Prasad Shende (India)

ANQ-015

Development of monitoring system for onion yield measurement using convolution neural network features
and image processing technology
Sangkyoon, Kim, Myung-Hwan, Na, Wanhyun, Cho, Hyeon Seok Ko (Korea)

ANQ-022

Practice and Exploration of Haier Ecosystem Model in Welding Improvement Project
Li Hongjun, Zhang Zhi (China)
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Parallel Session 22. New quality dimensions
ZOOM URL : https://us02web.zoom.us/j/4629082193?pwd=aEFjc3ZUekJXbkJGaThTdk8wVVo1QT09
(ID: 462 908 2193)
Chair I Kyung Mi Bae, Inha University, South Korea / gracebae@inha.ac.kr

ANQ-146

Development of the clinical process model to manage multimorbidity in acute hospital: resource-capability
based discussion for management
Ayami OZAKI, Tatsunori HARA, Satoko TSURU, Akihiro NAKAO, Seiichi YASUI, Yutaka MACHIDA, T
etsuro TAMAMOTO (Japan)

ANQ-147

Confidence Intervals of Linear Time Scales
Watalu Yamamoto (Japan)

ANQ-079

Quality Trust Index in Process Management.
Dr.S.P.Mandaogane (India)

ANQ-087

The New Quality Dimensions of the New Offerings in the Digital Transformation Era - Focusing on
New Korean Business cases
Min Seo Park, Kyung Mi Bae, Youn Sung Kim (Korea)

ANQ-021

Quality Control Improvements on GEA Water Heater Tanks Fabrication
Chongju Liu, Libin Gao, Jixiang (China)

ANQ-086

Understanding Mobile Payment Service Continuous Use Intention Using the Expectation Confirmation Model
and Concept of Inertia
Joon Woo Yoo, Jong Ho Lee, Junsung Park, Heejun Park (Korea)

ANQ-010

Achieving Excellence in Hot Metal Quality at H Blast Furnace, Tata Steel, Jamshedpur, India
Padmapal, Mantu Patra, Ujjal Ghosh, Sameeran Pani, Santanu Mallick, Shuchi Karn, Sumeet Dube (India)

ANQ-068

TQM journey under Deming Prize Framework-Blue Star Ltd
Sudhir Umeshrao Laturkar, Mahesh AshOK Nikam (India)

ANQ-069

Can DevOps fused with Agile give a better and faster product delivery?
Swetha SNH, Manoj L (India)

ANQ-073

#TechGen 4 NextGen: Leveraging Technology for Student Learning
Rathin Khandhadia, Dr. Nupur Naithani, Mihir Gosalia (India)

ANQ-074

Ideation at Indus Towers
Uday Mahajan, Gaurav Gupta (India)

ANQ-075

Automation of Daily Management at Indus
Uday Mahajan, Achint Pathak (India)

ANQ-077

Holistic approach to build world class suppliers for auto OEM through MSES A (India)
Burli Jagannath, Moreshwar Joshi (India)

ANQ-080

Application of SPS techniques for reduction of Wireless Communication Interruption
Nitin Tilak, Prasad Kulkarni, Deepak Vispute (India)

ANQ-082

LEAN Principles in AGILE Ceremonies
Janani T, Rajesh Shripat Gopale, Rajashree Upadhyaya, Manoj L (India)

ANQ-083

Creating Ecosystem for Building “Quality Trust”
Raghavendra Deolankar (India)

ANQ-011

Excellence in Utilizing Waste Energy at H Blast Furnace, Tata Steel Jamshedpur, India
Padmapal, Mantu Patra, Ujjal Ghosh, Sameeran Pani, Santanu Mallick, Shuchi Karn, Sumeet Dube (India)

ANQ-012

Human Resource Management during Pandemic: A Tata Steel Approach
Padmapal, Mantu Patra, Ujjal Ghosh, Sameeran Pani, Santanu Mallick, Shuchi Karn, Sumeet Dube (India)

ANQ-045

Injection of BOF slag-coal mixture in blast furnace through tuyeres for better process control
Subhashis Kundu, Vineet Ranjan Tripathy, Shambhu Nath, Aarushee Agrawal, K Rama Krishna Rao (India)

ANQ-049

Intelligent Network Management Solution Suite for Planning and Execution of Inbound Logistic of
Tata Steel Limited India
Deblin Chakraborty, Dinesh Kumar, Uttam Mitra, Sushil Kumar Verma, Shyamtanu Dutta, Surjit Laha (India)

ANQ-052

Online Rebar Weight Tolerance Measurement by using Prediction Model at Merchant Mill
Sandip Kumar Pal, Nilanjan Biswas, Rizwan Haider, Mani Shankar Laru, Rajesh Kumar, Sourav Banerjee (India)

ANQ-058

The need for an effective Instrumentation Maintenance in Integrated Steel Plant
Ravi Kumar, H Amarnath Vyas, Arun Kumar (India)

ANQ-061

L1 to L4 Maintenance of Big Size Motors in Tata Steel Jamshedpur Plant
Ravi Kumar, H Amarnath Vyas, Arun Kumar (India)
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ANQ-063

Cobble reduction in Rotary Entry System using Image Analytics
Pankaj, Achinta K. Dalal, Abhishek Raj, Satish Agarwal, Subhayan Samanta (India)

ANQ-065

Successful Rolling of TATA TISCON 500 SD grade in 8 mm section using HYQST quenching route
Pankaj Kumar, Nilanjan biswas, Pinder Singh Mandley, Soma Ghosh, Manisankar Laru (India)

ANQ-084

Quantitative planning in the era of new normal for Services projects
Nandu Pawar (India)

ANQ-031

Longing to Trust My Data: The Mess Created by Big Data
Gregory H. Watson (USA)
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Rathin Khandhadia, Dr. Nupur Naithani, Mihir Gosalia (India)

ANQ-033

Exploration of the Service Quality with the Applied Procedure via Quality Technique
- A Case Study of Consumer Electronics Industry
Ling-Lang Tang, Cheng-Sheng Hsu, Ko-Wei Chang (Taiwan)

ANQ-035

Restaurant Bill Effect, or When can we Lean on “Lean”?
Zigmund Bluvband (Israel)

ANQ-089

The Effectiveness of ISO 9001 for Service Companies Performance in Nepal
Janardan Ghimire (Nepal)
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Agility in the Quality and Quality in the Agility
Ravi Bhattarai (Nepal)

ANQ-091

Quality improvement verses Cost reduction
Naveen Prakash Adhikari (Nepal)

ANQ-092

Understanding of Quality on educational Organizations in Nepal after Pandemic Situation
Binod Nepal (Nepal)

ANQ-093

Quality Assurance and Accreditation in Higher Education of Nepal: Practices and Issues
Pradhan, Bijay Lal , Malla Pradhan, Rajeshwori (Nepal)

ANQ-036

Integrated QMS ISO 9001 and EOMS ISO 21001 to help educational institutions on their continuous
improvement path - Best practices
Ngo Van Nhon (Vietnam)

ANQ-040

Enhancing Social Responsibilities of Small and Medium Enterprises (SMEs) in Vietnam in the Digital Era
Vo Phuoc Tan, Pham Xuan Thu, Vo Minh Khoi, Vo Minh Triet (Vietnam)

ANQ-085

Coping with the new quality challenges in the era of Industry 4.0 under the context of cooperation and trust
Ming Li (China)

ANQ-006

Quality Prospects of Higher Education: To Establish Proper Practice of Rubric Scheme in Bangladesh Universities
Nayeema Rahman, Dr. Md. Fokhray Hossain (Bangladesh)
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Saudi Aramco Quality Excellence Model in Projects & Operating Facilities
Yousef Rayes (Korea)
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Plenary Session I
Worldwide Quality Strategies after COVID 19
Please download the ﬁle from the link below
https://anq2020.org/notice/

1 Quality Strategies - before, under and after Corona

Professor Jens Jörn Dahlgaard, Ph.D., Linkoping University (Sweden)
2 Building Society Quality towards with-Corona Society

Professor Emeritus Noriaki Kano Ph.D., Tokyo University of Science (Japan)
With Kazuyuki Suzuki, Tomonori Hasegawa, and Yoshihisa Okamoto
3 COVID-19 and its impact on people and the way business and

quality is managed
Janak Mehta, Chairman and Managing Director of TQMI (India)
4 Coping with Global Turbulance . . . Crafting a Quality Approach

Gregory H. Watson, PhD., EUR. Ing. (USA)
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Plenary Session II
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1 Samsung's Activities for Excellence in Quality

Youngjin Suh, Ph.D, Vice President of SAMSUNG Electronics (Korea)
2 How to apply AI and Blockchain technology to New Quality

Management
Sangjin Lee, Chairman & CEO of Korean Standards Association (Korea)
3 Opportunities and Challenges of Quality Management and

Engineering in the Era of Industry 4.0
Professor Zen He, Ph.D., Tianjin University (China)
4 Digital Transformation based on Platform

Professor Heejun Park, Ph.D., Yonsei University (Korea)
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Abstract
The United Arab Emirates (UAE) has achieved a new global breakthrough in developing the UAE Government
Excellence Model (GEM) as a global reference for supporting ambitious governments in improving their efficiency
and shaping the future of their entities. This initiative embodies the vision of UAE to achieve excellence and inspire
the UAE’s leadership in this field. The Government Excellence Model (GEM 2.0) is designed to inspire government
entities on their journey towards excellence, and to keep the momentum of Excellence. This momentum is intended
to result in major leaps of performance and leading positions. The model is based on pioneering thinking and
advanced approaches that pave the way for defining and steering future governments. GEM 2.0 ecosystem constitutes
of five interrelated components which form a dynamic ecosystem that enlightens government entities about the
requirements of excellence, enables them to understand their level of excellence maturity, and guides them in their
journey to enhanced excellence maturity.
The five components of GEM 2.0 ecosystem are as follows:







First component: Fundamentals of Excellence
Second component: Catalysts
Third component: Pillars
Fourth component: Criteria
Fifth component: Principles

Keywords: Government Excellence Model – GEM, Catalysts, Pillars, Criteria, Principles, Assessment Tools

1. Introduction
Since the formation of the United Arab Emirates in 1971, the country’s Founding Fathers have adopted ambitious
vision, devotion and determination to build a prosperous nation and to enhance the wellbeing of citizens. The UAE
successive inspirational leaders upheld this legacy through adopting a long-term vision for the UAE to become among
the best countries in the world by the year 2021 which marks the Golden Jubilee of the Union. Furthermore, the
UAE vision extends to the Nation’s Centennial Plan for 2071, an exceptionally ambitious vision that aims at
preparing future generations for success and prosperity to position UAE as a Leading nation over the next five
decades.
In line with the UAE Vision and its long-term strategic view, the Government Excellence Model (GEM) was
developed based on the directives of His Highness Sheikh Mohammed bin Rashid Al Maktoum, Vice President
and Prime Minister of the UAE and Ruler of Dubai. The Model aimed at advancing future orientation, innovation,
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disruptive thinking and delivering excellent and sustainable value. Over two decades of consistent efforts in defining
and driving Government Excellence, the UAE Government has gone through major development leaps that delivered
benefits to the nation and leading positions in global competitiveness and government efficiency.
Building on these accomplishments, the Government Excellence Model (GEM 2.0) is revived to further enhance
and energize the evolution of Excellence maturity across UAE Government. GEM 2.0 is developed based on the
accumulated experiences and the evolution of Government Excellence concepts and approaches at both national and
international levels. Progressing to GEM 2.0 is the way that the UAE can ensure that Government Excellence remains
relevant and agile in anticipating dynamic advancements in government policy and ensuring the pre-eminence of
UAE globally.
Government Excellence Model International Endorsement:
The United Arab Emirates has achieved a new global
breakthrough in developing the UAE Government Excellence
Model (GEM) as a global reference for supporting ambitious
governments in improving their efficiency and shaping the future
of their entities. This initiative embodies the vision of His
Highness Sheikh Mohammed bin Rashid Al Maktoum, Vice
President and Prime Minister of the UAE Ruler of Dubai, to
achieve excellence and inspire the UAE’s leadership in this field.
The model was recognized to be an International Standard
endorsed by representatives from nine world-leading
organizations, which are:








the European Organization for Quality (EOQ),
the Asia-Pacific Quality Organization (APQO),
the Australian Quality Organization (AOQ),
Juran world leaders in quality improvement,
the European Foundation for Quality Management (EFQM),
the International Academy for Quality (IAQ),
the American Quality Association (ASQ),

 the Asian Network for Quality (ANQ),

 the University of Miami.
All international organizations endorsed GEM as a pioneering assessment approach to highlight excellence in
governments. This global accreditation confirms that the GEM is a pioneering model for the formation of
future-oriented, excellence-based governments that prioritize transformation through innovation and development in
government work - governments to provide excellent services that ensure the happiness and wellbeing of community.
The UAE government is relentlessly pushing forward the efforts for improvements and enforcement of excellence
and this has led to countless breakthroughs and the establishment of the UAE government as a world leader in
excellence.

2. About the Government Excellence Model (GEM 2.0)
The Government Excellence Model (GEM 2.0) is designed to inspire government entities on their journey towards
excellence, and to keep the momentum of Excellence. This momentum is intended to result in major leaps of
performance and leading positions. The model is based on pioneering thinking and advanced approaches that pave
the way for defining and steering future governments.
GEM 2.0 emphasizes the government’s ultimate vision and its core purpose to enhance the wellbeing of the nation.
The model promotes a purpose driven government that develops and deploys a set of distinctive and dynamic
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capabilities to; drive an ambitious strategy that anticipates and ensures future readiness, create customer centric value,
enable and empower human capital, exploit the full potential of digital enablement, leverage through smart
partnerships and resources optimization, build capacity for knowledge exchange, and synergize through collaboration,
co-creation and stakeholder orientation.
On the other side, GEM 2.0 redefines what results orientation means and seeks to make measurement more relevant
and value oriented. The model places emphasis on measuring what really matters through; assessing operational
excellence holistically in relevant areas, measuring the quality value-based (direct) outcomes, and ultimately
measuring the real impact on wellbeing. In GEM 2.0, gauging performance outcomes is made possible by putting
in place a measurement system that defines the toughest standards in the world as the only worthwhile ultimate
objectives. The model promotes a dynamic measurement system that captures relevant data, explores data analytics
to provide meaningful insights and enable better decision making to drive competitiveness and sustainable outstanding
results.
Furthermore, GEM 2.0 has several distinctive underlying features that ensure its uniqueness. In GEM 2.0, Excellence
can be better achieved when the government entity is viewed as an open system within a dynamic ecosystem with
inter-related activities supported by the intelligent use of appropriate technologies and partnerships. This ecosystem
perspective encourages government entities to think beyond their boundaries, to collaborate and leverage potential
capabilities in their quest to enhance value creation and establish leading positions. In GEM 2.0, Excellence requires
constant innovation, disruptive thinking and transformation across the whole ecosystem to generate positive
sustainable performance outcomes. In GEM 2.0, Excellence is harnessed when preemptiveness and agility capabilities
are instilled to enable the entity spot emerging megatrends, anticipate the implications and adapt with agility to
embrace the future and maintain a competitive edge.

3. GEM 2.0 Ecosystem
GEM ecosystem constitutes of five interrelated components which form a dynamic ecosystem that enlightens
government entities about the requirements of excellence, enables them to understand their level of excellence
maturity, and guides them in their journey to enhanced excellence maturity.
The five components of GEM 2.0 ecosystem are as follows:






First component: Fundamentals of Excellence
Second component: Catalysts
Third component: Pillars
Fourth component: Criteria
Fifth component: Principles

4. GEM 2.0 Fundamentals of Excellence
Represent the essence of government excellence and the applied philosophy that should be integrated into the
organizational culture. GEM Fundamentals are designed to inspire and guide the efforts of government entities in
their journey to achieve further levels of excellence maturity. They embed a mindset that drive the transformation
required to deliver value and ultimately to enhance the wellbeing of citizens and the nation. They can be used
by any government entity regardless of its mandate or current excellence maturity.
GEM 2.0 constitutes of the following 10 Fundamentals:
4.1

Ambitious Vision

Leading government entity creates an integrated government structure of synergy and partnerships by positioning
the country amongst the most advanced nations in the world through a dedicated focus on specific priorities including

4

building a strong nation that is characterized by its ability to preserve itself, developing its human capital for the
creation of a strong and resilient economy, creating a harmonious and cohesive community that enjoys a high
standard of living in a safe and sustainable environment.
4.2

Enhancing Wellbeing

Leading government entity generates outcomes that delight stakeholders, enhance the wellbeing of citizens and
contribute to the sustainable success of the nation. It recognizes that the ultimate purpose is to enhance the wellbeing
of the nation and constantly challenges itself to make an exceptional contribution and inspire others to elevate and
enhance global standards, actively contributing to the world’s ecosystem as a role model of excellence.
4.3

Leadership at Helm

Leading government entity creates a dynamic and positive leadership mindset to support improvement and
development through exploiting future possibilities and having the required resilience and adaptability in embracing
successful governmental work models to achieve the ambitious goals and strengthen the competitive capability of
the entity. It focuses on leadership commitment in driving the government entity through disruptive innovation and
pioneering thinking to achieve and sustain a leading position.
4.4

Anticipating and Adapting

Leading government entity harnesses innovation, agility and adaptability to ensure sustainable success. It has
the ability to anticipate threats and challenges within the operating environment and take appropriate actions to
mitigate risks and exploit new opportunities to establish a leading position. It exploits knowledge, learning and
creativity to generate ideas and transform them to solutions that generate stakeholder benefits. It creates an
environment where people are encouraged to take the risks, and learn from mistakes to achieve organizational
transformation.
4.5

Inspiring Confidence

Leading government entity establishes robust governance structure that creates confidence for all stakeholders.
It defines and lives by a clear set of values, based on ethical behaviors, trust, transparency and integrity. Leaders
are accountable to all stakeholders for the actions and performance of their organization.
4.6

Embracing the Ecosystem

Leading government entity generates added value for stakeholders by collaborating and partnering effectively
with other entities and others (outside the government) within its ecosystem. It maps the ecosystem of external
stakeholders to understand their capabilities and how they support the achievement of the entity’s strategy. It
establishes collaborative win-win relationships that create mutual benefits and breaks the silos between government
entities to create seamless shared services that benefit citizens.
4.7

Outcome Based Measurement

Leading government entity uses timely, accurate, reliable and relevant information to understand its operating
environment, monitor progress of strategy and support decision making at all levels. It consolidates relevant data,
information and knowledge to develop future scenarios, gains insights, generates new possibilities and mitigates risk.
The ultimate aim is to guide performance towards the generation of high-level impacts on what really matters to
stakeholders.
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4.8

Benefits Realization

Leading government entity maximizes the return on investment through optimizing the efficiency and
effectiveness of all its activities to maximize stakeholder benefit considering the balance between the resources
required and the financial and non-financial benefits that will be generated for the nation. It evaluates the return
on investment to ensure the predicted benefits are achieved and to identify the unintended benefits and impacts
within the ecosystem. The primary benefits are in terms of establishing a highly efficient, lean and able government
to respond to the changing needs of community with flair agile responses and a caring attitude. The additional
benefits are in the form of distinctive capabilities and the mastery of modern enabling technological developments
to remain relevant and sustainable.
4.9

Leading Government

Leading government entity competes against the toughest standards globally to reach the summit through the
success in its core activities and by building distinctive capabilities utilizing smart enablement to create opportunities
for partnerships, connectivity and leveraging. The dynamic nature of the entity ensures learning and development
constantly to rejuvenate and preserve the longevity and sustainability.
4.10

Transformational and Disruptive Mindset

Leading government entity establishes a leadership mindset that is intent on creating a high momentum of
anticipation, adaptation, disruption and delivery through incessant experimentation, acceleration and implementation
of novel ways to guide the furtherance of what can be made possible and what will help maintain a government
competitive advantage. Ensuring that government thinking is based on future foresight and future orientation.

5. GEM 2.0 Catalysts
GEM catalysts constitute three significant interrelated and interdependent elements; Innovation, Preemptiveness
and Agility. These elements when instilled cohesively across the whole ecosystem, will enable the entity to plan
the future and prepare for knowing what it needs to do next.
Catalysts allow leadership to plan a transformation on a continuous basis with agility, ensure that innovation
is managed in a seamless manner and cannot be obstructed as it impacts the entity's ability to create value. Catalysts
generate readiness for change and power of adaptability and resilience, not through the traditional linear predictable
target setting means but rather through constantly creating new forms of customer value.
The right blend of catalysts is induced by making innovation take place everywhere in the ecosystem, integrating
agility in everything and anticipating future trends at all times to mitigate risks and exploit opportunities. In GEM
2.0, the three catalysts are embedded within all Pillars, Criteria and Principles that the government entity will be
assessed upon.
Innovation "Everywhere"
Leading government entity instills a culture of innovation to approach the challenges unconventionally, cease
the practice of outdated functions and steer away from building an innovation enabling system towards building
a creative mindset that exists everywhere in the everyday tasks and functions.
Leading government entity creates an environment where people are encouraged to take risks and learn from
mistakes. It is open to all sources of innovation, and allows the permeation of fresh ideas and new thinking to
keep the entity on the path of sustainable learning and development. It builds on the previous experiences and
incorporates new learning to ensure relevance; now and into the future.
Leading government entity disrupts the ecosystem with innovative and distinctive capabilities that transform
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services, generate exceptional outcomes and enhance the wellbeing of the nation, thus creates a paradigm shift that
others follow.
To exist everywhere across the whole ecosystem
Preemptiveness "All the Time"
Leading government entity is able to spot the opportunities that are worthy of consideration and exploitation
to offload obsolescence and ensure that inertia will not set in. It does not wait until it is forced to change by external
drivers, but it rather anticipates and actively drive change within the ecosystem, establishing a leading position and
setting the direction for others to follow. Leading government entity constantly challenges itself to be the first to
spot emerging trends, anticipate their implications to ensure future readiness.
To happen all the time and it's very much top-down and bottom-up driven
Agility "In Everything"
Leading government entity is highly responsive, flexible and resilient based on the constantly changing needs
and expectations of stakeholders to ensure sustained superior outcomes. It builds agility into its strategies and
capabilities to enable it thrive in uncertain operating environments and rapidly adjust whilst maintaining a clear
focus on the desired outcomes.
To be present in everything that needs to be done
The Three Catalysts are viewed as the plasma that keeps the healthy ecosystem growing positively, discharges
obsolescence and prevents adverse effects that might harm the entity and its capability to perform in the future.
Innovation is the opportunity for the organization to ensure that it is an umbrella phenomenon that is concerned
with gaining insight for driving innovation as an orientation, ensuring that innovation is the feedstock throughout
the organization for ensuring that value is created in the right way and to live it in the right manner.
Both preemptiveness and agility are dynamic capabilities that can protect the health of the organization as an
ecosystem. They are also significant in helping the organizational decision-making to be effective, to be carried
out with confidence, to be future-oriented as much as it is for the preservation of what is robust about the
organizational ecosystem.
Ultimately whilst preemptiveness is ensuring that the health of the organization is not compromised and its
readiness for the future is always at an optimal level with confidence, and agility is the ability of the organization
to respond, to adapt, to exploit opportunities, to transform, to reconfigure and to maintain its healthy operation.
By the same token, preemptiveness and agility are the boosters of the third element which matters to the customer
and that is innovation. Innovation as a sub ecosystem is one that first and foremost depends on defining it as an
orientation and at the core of everything that an organization does.
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Abstract

It’s been more than four decades Bangladesh has entered into international Apparel business. Likewise, many
other private sectors organizations are suffering to onboard local human resources in the Quality Department. The
challenge is very less in the front line but contrary it is very high at the mid and top management level. At
this time Bangladesh has one of the finest infrastructures in apparel business. The industry has come round with
most of the safety and social compliance standards already. Entrepreneurs now even more keen to invest directly
in the business or other industry linkage businesses. Alongside the entrepreneurs Government of people republic
Bangladesh has come up with different aid & ease of processes among different public departments to support
the industry. However, all of these enormous effort won’t bring any result of the industry failed to maintain quality
standard of the product. Admittedly, lower labour cost was the main competitiveness that attracts international
Brands to come over here in Bangladesh but quality is equally important. As far as the RMG sector is concern,
it has been observed that, unlikely Human Resource, Merchandising & Industrial Engineering departments, Quality
department is still suffering to recruit local talents. Particularly still the industry has to source talents from abroad
to meet the demand in mid and senior levels. This study would like to take the opportunity to explore the
Challenges for Human Capital Development in Quality Management at RMG sector of Bangladesh.
Keywords: Quality Management, Human Capital Development, Quality professional, Bangladesh RMG Quality

10

1. Chapter1: Introduction
To make sure an appropriate journey towards our countries vision, ensuring the employment of our whole
workforce is very crucial. Because the percentage of this unemployed segment may sounds minimal but since we
have a huge population base we cannot overlook the percentage. According to the national labor survey 2015-2016
conducted by the Bangladesh bureau of statistics (BSS) we have 4.2 percent unemployed populations in respect
to our total workforce. To be specific, 25, 87,000 in numbers. Bangladesh is the 8th latest country in the world
in terms of its huge population base. Due to having an intense level of population our economy doesn’t have the
capacity to ensure the formal employment for whole workforce. The picture is very clear in the survey as well,
the percentage of informally employed persons in total employment was very high in all sectors; in particular, it
was 97.9 per cent in Agriculture sector, followed by Industry sector (90.0 per cent) and service sector (70.6 per
cent). Subsequently, RGM sectors in Bangladesh have a huge contribution upon creating employment directly and
in directly. The industry is now earning almost 81% of total export earnings of the country. The value of over
$25.49bn of exports in 2014-15 financial year.
On the other hand, the populations who have tertiary level of education have domination in the attainment of
the formal employment (47.1 per cent). Since the formal employment is a kind of symbol of status in our social
context most of the youngsters have sent to the tertiary educational institutions. The consideration of our society
is tertiary education is the key requirement of employability. But we got a quite alarming and dangerous picture
now cause, a significant number of people from the unemployed segment has produced the highest percentage of
unemployed individuals. The unemployment rate is highest in Tertiary level (9.0 per cent) which is 315000 in
numbers to be exact. It’s simply not possible to allow this highly qualified population of our country as an
unemployed in a journey of being a better nation. The picture would be very favorable for us if this population
could have the chance to contribute in the economy. Readymade garments industry could be a useful device to
get more & more employment. Being the second largest exporter of the industry in the world, Bangladesh can easily
take this opportunity. As far as the Readymade Garments is concern question of “Quality” production of the product
is a huge challenge. However, it has been our observation that, compare to the advancement of the sector young
professional are less likely choosing to build their career in Quality department. Hence, factory owners often have
to rely only foreign nationals even for a mid-level position in a readymade garment factory. Throughout this paper
we will try to discover to reason behind this unwillingness to pursue a career in Quality department and Challenges
to develop Human Capital for the industry.
1.1

Objective of the Study

Bangladesh has reduced the poverty rate from over half of the population to less than a third, achieved Millennium
Development Goals for maternal and child health, and made great progress in food security since independence.
The economy has grown at an annual average of about 6% over the last two decades and the country reached
World Bank lower-middle income status in 2015. Now as a nation we are heading toward a vision to achieve the
sustainable development as well to achieve the middle income status. In this journey RGM played a significant
role. However, the Rana plaza tragedy back in 2013 changed lots of equations for the garments exporters in
Bangladesh. Giant buyers, importers, fashions house, brands and owners take a stand against the hazardous and
unsafe working environment in the suppliers (manufacturers) workplace, poor occupational health and safety, wages
lower than the minimum wage, child labour, forced labour, poor grievance management, harassment in the workplace,
discrimination at any format &noncompliance with the state’s labour law or ILO. Hence, the aftermath of rana plaza
tragedy make the garments export more challenging and completive as well. Since all the importers are not only
looking for the best prices but also want the compliance with the state law or ILO which are essential for ensure
a sound working environment thus the Social compliance become a key factors for the factories. This study will
briefly consider second important factor that is Quality of the product. Despite achieving the highest standard in
social compliance or ILO conventions if the factory failed to meet quality standard demanded by the brands of
buyers, the production capacity won’t get adequate number of work order to run the capacity. Thus, now professional
associated this industry usages a motto “Compliance first, Quality Must”. Since readymade garments industry yet
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itself considering a labour intensive industry means, most of the processes are accomplished by the manual labour.
So does the quality part as well, there are few opportunity has been discovered yet to measure garments quality
in a fully automated manner. Hence, considering the importance of this motto the objective of this paper mentioned
in below:
1.1.1 Broad Objective
Understand the status of the human capital pipe line to meet the succession plan particularly for the quality
department and despite having huge amount of demand or opportunities what are the challenges to develop human
capitals for quality department.
1.1.2 Specific Objective
i. Identify working process & human involvement in Quality Management process in a Garment factory.
ii. What are challenges faced by the hiring managers for Quality Management team
i. Why young professionals are not considering the Quality Management sector
1.2

Limitations of the Study

In order to prepare this report we have to go through lots of challenges, problems and limitations. Likewise,
other sector state’s labour division has doesn’t have any classified publications. Since, there is no standardized data
regarding the topic thus I didn’t able to find out the standard deviation of the study. Similarly, since we are
professionals and not fulltime academicians, it was really challenging for us to spare additional time to concentrate
and focus on our study. To prepare a good & concrete paper the time we allocated time wasn’t sufficient. In addition,
the involvement of the employees of quality department employees from different organization was crucial for the
study but due to their own planed task it was very difficult for us to take responses from them. Furthermore, to
lack of statistical softwares like, SPSS, SAS, R, and Microsoft Visio etc and due to unable to conduct structured
interview or survey it was not possible for us to give a number based study. On the other hand, due to the covid-19
situation it was almost impossible to visit different target factories due to health safety concern. However, despite
having these limitations we have tried to finish the paper.

2. Literature Review
Prior our study Uddin has tried to explain the interrelation between merchandising and quality management
through his paper. Beside this Laila, Koli, Anatra & Priya have described the Quality management mechanism in
a Garment factory. On the other hand, Moin, Doulah, Ali & Sarwar have contributed by their paper in process
improvement particularly in quality department. Beside these it is very easy accessible to different though of schools
regarding quality department in a garment factory. In a different study of coauthor of this study describe how social
compliance have taken place the importance over the quality over the years. However, we found very less paper,
studies or journals which directly on our declared topic. This would be a little bit value addition to the quality
department of Garment factory in order to develop local talent for the quality department.
2.1

Methodology

This is a descriptive study. The data collected from the HR personnel, employees, staffs and workers particularly
worked in the quality department in different garment manufacturing factory. The collected data have been processed
& analyzed in a descriptive manner and finally lead the study into some conclusion and recommendation as well.
The descriptive part of this paper has been prepared based on reliable secondary data source and prior literatures
with the proper citations. Beside this, based on my academic knowledge and practical experiences on the field
information has been collected from below mentioned way:
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2.1.1 Primary sources of data





Intervening respective personnel working in Quality department
Informal & formal discussion with entry level and managerial level employees working in quality department.
Direct communication with different apparels buyer company’s representative
Exposure of different desk of the garmentsFabric inspection.

2.1.2 Secondary sources of data







Employee Personal files
Previous literatures
Written documents
Company Website
BGMEA report
Conference report

2.1.3 Sampling
To provide a holistic shape we talked and interviewed different group of people. Some of them are direct
stakeholder to quality department, some of them are indirect stakeholder. From parents of the young professionals
to top tire executives have been interviewed to prepare this study. Beside employees from quality department we
have also interviewed employees from other related department to understand their evaluation regarding the quality
department. Most of the interview session were unstructured verbal interview because majority of the interviewees
doesn’t have enough ability to read or understand a structured interview questioner and respond them accordingly.
If we strict with the structured interview session the main objective of this study may compromised

3. Chapter 3: Common Quality Control process used in Garment Factories
Before entering into the core purpose of this study we have to briefly explain about the most common quality
control process used in garment factories to have an insight about the contribution of human labour to this
department. Gradually the paper will revile the challenges of developing human capitals for this department.
Quality is of prime importance in any aspect of business. Customers demand and expect value for money. As
producers of apparel there must be a constant endeavor to produce work of good quality. “The systems required
for programming and coordinating the efforts of the various groups in an organization to maintain the requisite
quality”. As such Quality Control is seen as the agent of Quality Assurance or Total Quality Control. Most of
the Bangladeshi Garments use Total Quality Control approach to maintain their quality goods as specified by
international buyers.
3.1

Different section of quality checking

Quality checking is done by different section followed by a sequence to ensure the production of 100% good
quality product. Step by step quality checking is done to identify every defect and each section whose identify
the defects take action to solve the problem. The fabric inspection is done primarily. Then the fabric goes to the
cutting section, in the cutting section quality checking is done by every part of the processing, the identified problem
solves there. As the same process the sewing section, washing and finishing section do their work. As a result,
the good quality product can be produced which helps to fulfill the buyer’s requirement. The various Steps of
Garments manufacturing where in-process inspection and quality control is done are mentioned below Fabric inspection
 Inspection in fabric cutting section
 Inspection in sewing section
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 Inspection of washing section
 Inspection in pressing & finishing section.
3.1.1 Fabric inspection
4 Point system for fabric inspection is widely used in apparel
industry for fabric quality inspection. To use this system, user have
to know following things.
 Fabric inspection method or preparation
 Criteria of giving penalty points based on defects and defect
length.
 Calculation method of total penalty points for total defects found
in a fabric roll or thān
 A Check sheet or format for recording data
 Knowledge of different types of defects (how a defect looks and its appearance)
3.1.2 Inspection in fabric cutting section
Quality control of garments cutting section plays a vital role in
garments because right measured cutting is required to get the right
shape of garments product. Cutting is the first working department
of garments production. Before making a cloth you have to cut of
individual parts as per approved pattern, whereas proper measurement
must be ensured so that all cutting parts are 100% accurate.
3.1.2.1

Parts of Quality Control Cutting Section

Quality control of cutting section mainly divided into four parts. Those are:





Marker Inspection
Spreading Control
Cutting Quality control
Piece Goods Inspection

3.1.3 Inspection in sewing section
In the apparel industry sewing section is known as the heart of
a garments. After receiving all the component of garments parts from
cutting section, then those parts are linked by sewing machine. In this
section manufacturer finally get a complete appearance of garments
therefore, sewing Section is very important department in the
garments industry. For smooth and perfect sewing operation, we need
to identify few factors which are important in garment sewing
section. Generally, there are three steps for inspection of garments
sewing section. They are as following Sewing Inspection
 Seaming Inspection
 Assembling Inspection
3.1.4 Inspection of washing section
Washing process of garment is done to create wash look appearance. After washing the garments create a new
look which seems the new touch of fashion. Washing technique create new fashion such as tagging, grinding, destroy,
Blasting, whispering, permanent wrinkle, deep dye, tie dye, pp. spray, hand crapping, pp. spoon zing etc. Which

14

is also seems the best touch of garments. The main and important
function of washing is to reduce size materials as a result the garment
become size free and become soft hand feel. When these soft
garments are touched then it seems to best touch of garments. To
attraction the customers/Buyer by different types of Fashionable
washing and market developments. Due to washing, shrinkage occurs
in the garments. There is no possibility of further shrinkage of wash
garments. Any dirt, spot or germ if added in the garments during
manufacturing is also removed due to washing.
3.1.4.1





Quality control in washing section

Shade variation check.
Uneven check.
Maintain time schedule for each process.
Maintain exact temperature for each process.

3.1.5 Inspection in pressing & finishing section
This is the final section of the garments industry. Various types
of fault check here. This is the important section where finally the
product has to inspect and solve the defect of the garments.
3.1.5.1 Quality Control in Finishing Section









Proper inspection of the garments including measurement, spot, dirt, impurities
Shading variation check
Smooth and unfold in pocket
In secured or broken chain or button
Wrong fold
Proper shape in garment
Properly dried in after pressing
Collar closing

4. Chapter 4: Challenges for Human Capital Development in Quality Management
Best fit talented job seekers have always a challenge for any hiring manager for any industry around the world.
Opportunity is always there but over the years we have been heard a common complaint that, there is short of
talented people to meet the requirement of the job. Professionals argued most of the cases the academia doesn’t
prepare young students according to demand of the job market. On contrary, academia as usual complaint that young
students doesn’t get enough changes to prove their selves. Despite having this debate still going on, there are
numerous other issues to address why industries doesn’t get suitable candidates for different position. Likewise,
quality department in a garment industry is also have similar problem. But unlike the other sectors hiring managers
faced more challenges when it comes to hiring a mid-senior level particularly in Quality department. Being in the
industry quite a few years both the authors have similar experience. Eventfully, this unavailability of suitable
candidate hiring managers immediately expatriates from different countries. Most of the cases hiring expatriates went
very expensive and put extra pressure to the HR budget. Nevertheless, some case these kind of hiring went
completely failure. Now, through this study we wanted to find out why there are so much limited human capitals
out there in the industry.
As we stated in the methodology part that, it would be a descriptive study based on interviewing different
interviewees associated with the industry & quality department. Since the problem is much higher in the midlevel
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to senior level position, at the very beginning we would look into job descriptions of Managerial level and senior
manager level. From the job description, specifically we will look into the duties and responsibility part & job
context.
4.1

Job Context of Quality Managers

Quality personnel are responsible to uphold the quality standard of the production unit. Will be responsible for
the producing finest quality along with the mechanism with uninterrupted production rate. As a member of the team,
they are responsible to maintain all routine quality procedures mentioned in the quality manual of the organization.
However, they are responsible to update the version of the quality manual time to time in accordance with the
customer demand. Quality supervisors often handle multiple customer quality account to meet various demand of
the customer. Similarly they are responsible to maintain organization quality assurance strategy as well. Quality
supervisors are responsible to monitoring, asses & evaluating corrective action plan given by the local internal quality
auditor and by the customer quality repetitive. For high productivity quality supervisor will design and implement
quality checkpoints and deploy the team member in the production line.
4.1.2 Managerial / Supervisor level
 Responsible for ensuring and managing the quality of all garments processing through using manufacturing
facility of the factory to ensure the garment quality is fit for export and of international quality.
 Lead & supervise QA & QC team
 Co-ordinate between buyer and production management team
 Assist the production team to achieve production target within agreed timeframe and without compromising
the quality of goods.
 Manage and maintain the quality standard and rules and regulations for achieving the required quality set by
the buyer.
 Independently handle all sorts of quality audit
 Monitoring performance of the QA team
4.1.3 Senior Managements level
 Must have Experience & knowledge about Quality Systems, Regulations, Guidelines, Audits and AQL
Standards.
 Must be capable to accomplish the in line and pre-shipment and final Inspection.
 Ensure product quality as per customer quality standard with Corrective action Plan.
 Must have knowledge of sample development; approve sample, swatch matching and finishing quality in order
to maintain a good standard product for executing shipment smoothly for the nominated customer.
 Check sample against product specification to ensure that they meet customer's quality standard.
 Working with effectively interacts with technical, development and production teams to maintain product quality:
ensuring that targets are achieved.
 Responsible for quality function through the entire manufacturing process including incoming, in process, finished goods inspection, and testing.
 Reviewing and Update Company's quality control manual modules and materials relevant to productivity and
quality control.
 Finalizing the critical operation, quality points and explains to Quality team.
 Developing and implement the inspection criteria and procedure
4.1.4 Essential Competencies
Having a close look at aforementioned duties and responsibility it’s easily predictable that those positions required
competencies to perform those duties accordingly –
 Vastly experience in quality related job function
 Leadership
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4.2

Knowledge to develop quality manual accordingly to buyer’s requirement
Monitoring quality operation
Technical to improve quality of product in the product facility
Communication Skill
Adequate educational background
Ability to develop corrective action plan to improve quality of the product.
Common Challenges faced by hiring Managers

For most of the cases hiring happen in the first place because of some triggering event, new business need
or for a replacement. Whatever the reason was a hiring manager have to through same level of effort. Now for
majority of cases hiring manager get requirement from the quality head of the department that, current personnel
is not enough competent to do the quality related routine work. And most of the case this complaint raised when
a quality technical audit went wrong or company doesn’t able to manage workable point in the audit.
Now a quality technical audit is a mixture of operational, procedural & documentation related evidence based
auditing system. That means, its included real life practice of a process, documented polices and strong
documentation as per standard. Sometimes, there are special requirements from different type of customers. They
need different quality policies, practice, and even sometime different quality manual as well.
Considering the above all business need, parameters and competencies a hiring managers looking for below most
essential thing like –
 Ample experience
 Vast Quality knowledge
 Both verbal and written communication ability in English
 Leadership ability
Now, conventional hiring managers looking may argue that, this is a totally technical profession and technical
ability should get the highest priority over anything. This was true for the very early stage of the industry. Day
by day industry is changing different strategies in order to be achieve unique business selling proposition than other
competitor. Thus most of the leading customers developed their own quality standard. As a result to implement
this standard in the production facility level there we need someone who have strong ability of understanding those
quality standard, ability to communicate and negotiate with any global team on any quality related issues and at
the same time able to locally institutionalize the quality assurance practice as well. Considering all these key factory
now only having the technical skill won’t help to fulfill the purpose of the hiring of any quality supervisor, manager
or other senior position in quality department.
4.3

Challenges faced by the candidates

Likewise many hiring managers most of the candidates coming for a job interview in a quality department
believed that, technical knowledge should be the only one perimeter which should be taken under consideration
for hiring any quality personnel. Due to lack of industry linkage educational system in the country most of the
job seekers doesn’t able to predict changed requirement for the department. On the other hand, likely other
professionals we didn’t find any form of formal or informal community, association, training or educational institution
has not been established till date. As a result, there is a communication and knowledge sharing gap between currently
employed quality personal and young job seekers in quality trade.
4.4

Challenges for the Company Entrepreneurs

From a setting up a production facility to the final shipment of the finished product lays under the responsibility
of an Entrepreneur. From the bank loan to government licenses, to machineries purchase to raw materials sourcing,
each and every entrepreneur have to gone through tremendous and rigorous hard work. Not only financially but
also they have to sacrifice their social and private life for a successful endeavor. But there are lot of evidences
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available entrepreneur shut down their organization only due to producing poor quality products and lost work orders
from the customer. This concern have reaches to the highest level now so that, entrepreneurs now bound to hire
expatriates with thousand times higher salary and benefit. In some cases despite this kind of effort from the employer
factories faces quality assurance problems cause it’s very difficult to verify the background and achievement of
an expatriate. The next part of this study will discuss and analyze the interview out comes and find out the specific
reasons behind this challenges to find an appropriate quality assurance manager of senior officials in the team.

5. Chapter 5: Interview outcome analysis
This part of the study will discuss about the outcome of the interview have been done for purpose of finding
the Challenges for Human Capital Development in Quality Management at RMG in a country like Bangladesh.
After spending more than three decades in a row and being the second largest exporter of the apparels in the world
it’s very unusual to discuss about the cited topic.
5.1

Demographic Analysis of interviewee

The interviewee pole we have interviewed 80 percent of them are directly worked in Quality department in
different apparel factory. Ages range between 18-25, 26-35, 36-49 & 50 above is respectively 60, 15, 20 & 5 percent.
Interestingly 90 of them don’t work in the managerial level in the quality department and male female ratio is
60-40. Which means contribution of female employees in the front line quality department is quite significant in
numbers. However we fund only 7 percent interviewee belong to supervisor level & rest of the percent is working
senior level like General Manager, Head of the quality and Quality director level. Unfortunately we found very
poor female contribution in the supervisor & senior level which almost close to zero. The average working tenure
in frontline 9.2 years & in Supervisor level 15.6 years. Which indicate very slow career progression. 98 percent
of our interviewee doesn’t have any institutional technical education.
5.1.2 Analysis
Particulars

Percentage

Working in Quality Department

80

Working in Human Resources

3

Working other department

8

Parents

2

Young Student

7

Most working position

Line Quality Inspector 90 percent

Supervisor

7

Supervisor to above

3

Technical Education

2

Completed Elementary School only

14

Completed Secondary Education

77

Tertiary Education

5

No Schooling

2

Planned Entry to quality related work

5

Took quality department as career cause no other job was available

95

Got job without any reference

27

Job with direct reference

73

Average year of getting Promotion

8yrs

Not getting any promotion

97

Ability to communication in English

3
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Particulars

Percentage

Ability to develop Quality Manual & Corrective action plan
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5.1.3 Graphical presentation on some important findings & Required Competency base

Graphical Presentation -1

Graphical Presentation – 3

Graphical Presentation -2

Graphical Presentation – 4

Graphical Presentation – 5

5.2

Challenges to pursue career in Quality Department

Along with lot of others things we asked our interviewees what are the reasons that discourage them to
recommend others to pursue a career in quality department. It was an open ended question and interviewees
mentioned lots of reasons most answered reasons are briefly described in below:
5.2.1 Education
90 percent of the responders to the interview have mentioned they have no education focused on quality in
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a production. Most of the cases employees hired in the quality department have only secondary level of education.
But they feel to do better in quality department they required both conventional and technical education. Otherwise
they won’t able to serve in the quality department. Most importantly there are many institution in the country now
providing different programs focuses the garment industry. But there is no single institution in the country taught
quality management in garment industry.
5.2.2 Slow Career Growth & No Succession Plan
From Stippled working experiences responders have said, career growth in the quality department is very slow
compare to other debarment. They also added, they rarely found high ranked and influential personnel from quality
department. Which indicates that employers didn’t give priority to the quality department in the succession plan.
5.2.3 Communication in English
Many of the responder in our interview believed without a communicating skill particularly in English career
advancement in quality department is not possible. Since most of the quality assurance activity in the production
unit is determined by the quality manual or customer’s quality standard, and most of the guideline are also written
in English hence it’s not possible to do good without good English communication skill.
5.2.4 Social Value
Likewise other department quality department is not very well known to the community. Hence employees feel
low, when their family or relative failed to recognize the importance of the service of the quality department.
5.2.5 Technical Training
Technical trainings for quality department is rarely arranged by the employer. On the other hand, quality technical
audits are very expensive as well. So it’s a barrier to enhance knowledge for the most recent issues.
5.2.6 Lower salary increment
Compare to the other department employees get lower salary increment based on the performance. Which is
an indicator of company doesn’t recognize the important role of any quality department. As there is low financial
benefits, people are less likely want to pursue career in quality department.
5.2.7 Fear of Facing Quality Technical Audit
Any high ranked official have to face quality related technical audits arranged by the customers. Audits are
very difficult to handle and requite rigorous effort to do well
in any sort of technical audit. Most of the entry level employees
Challenges to pursue career in
are not familiar with the quality technical audit’s scope and
Quality Department
procedure. They don’t even now the essential requirements of
a quality technical audit. Along with the other reasons 75
99
percent of the responders mentioned fear of facing quality
95
90
90
86
75
technical audit one of the major reason for not to pursue
60
55
managerial level job in quality department.
5.2.8 Lack of Quality Standard Knowledge
Last but not least, 95 percent of the responders have
mentioned they don’t have any ideas regarding modern-day
customer demand or standards for quality.

6. Chapter 6: Recommendation
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Graphical Presentation – 6

Refer to the analysis of the previous chapter, lot of things can be recommended to improve the situation and
strengthen the pipe line for the quality department. Most important recommendations from the authors and other
experienced personnel are mentioned in below:
 Institutionalize the technical education should be introduced
 Quality related knowledge martial should be prepared in local language and distributed among the employees
 Quality department should be recognized as one of the very core department and involve the employees in
succession planning of the company.
 Skill development programs like, knowledge sharing session, training should be offered on a regular basis.
 Discrimination in salary increment should be removed
 Internal job posting should be offered for hiring different supervisor position instead of hiring from outside.
 In case of hiring expatriates, management should asked them to train & prepared local team as well.
 Different common quality standard should be communicated in easy words to the employees.
 Providing training how to handle technical quality training.

7. Chapter 7: Conclusion
Despite having lot of limitations we are happy to end this study. We are strongly believed from our professional
expertise and recommendations in previous chapter will help to researchers to think with some new parameters for
quality human development in RMG industry. Our hard work will be satisfied this study help any industrialist,
academia or professionals.
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Appendix: Interview Question
Name:

Age:

Company Name:
Production Unit:

Position:
Gender:

Pay Grade:
Service Length:
Highest Education:













Which Department you are working?
How did you joined the quality department? (reference / no reference)
Are you satisfied working in quality department?
Which part of your job you liked most?
Which part of your job you hated most?
Do you opportunity to get promotion?
What is the last time you get your promotion?
Where you see yourself in five years down the line?
Do you have any technical knowledge?
Do you like to recommend others for a quality department job?
If yes/ no, what are the reason?
What kind of support you required to do well in quality department?
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Quality Prospects of Higher Education:
To Establish Proper Practice of Rubric Scheme in Bangladesh Universities
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Abstract
Nowadays, Bloom’s taxonomy has emerged as a leading topic in the learning process of almost all of the
universities in Bangladesh. Most of the universities' quality assurance cells or IQAC have strictly applied Bloom’s
taxonomy to be practiced within departments for assessment purpose. It allows questions to be set from lower
to higher cognitive end, engaging students dynamically in their course work to enhance analytical and creative
work among students.
But Bloom’s taxonomy only clarifies the set of assessments on a structured approach whereas the rubric marking
scheme justifies the outcome-based learning in a more detailed manner. These two techniques have co-existed
without the dependence of each other for a long time in Bangladesh. It has been observed that no standard practice
in Bangladesh is seen yet where the learning skill level of each student can be evaluated easily.
Thus, a comparative analysis represented to identify one of the rubric schemes used by most of the foreign
universities to evaluate students’ skill level more significantly with respect to our universities of Bangladesh.

Keywords: assessment, Bloom’s Taxonomy, rubric scheme
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Coping with the new quality challenges in the era of Industry 4.0
under the context of cooperation and trust
MING LI
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Email: 13661941370@163.com, Mobile Phone：+86 13661941370

Abstract
In October 2018, the Global Competitiveness Report 2018 released by the World Economic Forum（WEF）in
Davos officially launched GCI4.0 (Global Competitiveness Index version 4.0), which indicates that with our society
moving towards the era of industry 4.0, the social and economic development of countries and economies in the
world will face multiple new challenges. The core elements affecting the quality of development (i.e.,
competitiveness) are shifting from focusing more on resources, scale, technology and quality in the past, to
weighting more on human capital, social capital, effectiveness, efficiency and innovation vitality. Understanding
GCI4.0 can help quality professionals clearly recognize and grasp the new opportunities and challenges in the
pursuit of high-quality social and economic development in the era of industry 4.0. At the same time, it is necessary
to rethink about how to creatively empower quality professionals to better serve the business and society of their
nation’s development when globalization becomes even more complex and vulnerable, especially the increasing
uncertainty caused by the global risk of climate warming and COVID-19 pandemic. This paper discusses the latest
changes of the assessment index of GCI4.0 and the new trend it’s predicted of the quality implication of social
and economic development in the coming industrial 4.0 era. Some thoughts are put forward that in order to coping
with the new challenges of the quality of social and economic development in the industrial 4.0 era, it’s necessary
to further strengthen the cooperation of global quality professionals under a shared quality vision, and to enable
the spreading and enhancing of trust.

Keywords: Global Competitiveness Index, Industrial 4.0, development quality, trust
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Exploration and Practice of “Customer Driven” by Enterprises
under the Background of Intelligent Manufacturing
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Abstract
The value of the enterprise lies in continuously creating value for users. Under the background of intelligent
manufacturing which centered on networking, intelligence, greenization and personalized customization, the “mass
manufacturing” model of traditional manufacturing is difficult to release users' increasing diversity and personality.
In order to fully listen to the needs of customers and meet customer needs, the manufacturing industry is facing
a new round of transformation and upgrading. As a representative of China's traditional home appliance
manufacturing industry, Haier's highly distinctive and innovative COSMOPlat platform provides a model for the
"customer-driven" model of manufacturing in the context of intelligent manufacturing. Under the general
background, Chinese enterprises have explored and practiced "customer-driven".

1. Introduction
From the perspective of total quality, all corporate strategies are "customer-driven", and the company must be
committed to creating services or products that satisfy customers [1], customer satisfaction means that the perceived
effects of customers match expectations. When the customer's perception effect exceeds the customer's expectation,
the customer will be pleasantly surprised and even generate loyalty. High customer loyalty can bring stable growth
of operating income and profits and better financial performance to the enterprise [2]. In the context of intelligent
manufacturing characterized by deep networking, highly intelligent, green and personalized customization, the
demand of customer is developing towards more diversified and personalized trend. As for the manufacturing
industry, the mainstay of my country's economy, opportunities and challenges coexist for enterprises in the emerging
Internet of Things era. Only by seizing the opportunity of a new round of industrial revolution, transforming and
upgrading, enterprises can avoid the danger of being eliminated by the times. In the new wave of industrial
revolution, how to transform the traditional manufacturing industry from product-centric to customer-centric
production to better adapt to changes in customer demand has become a hot spot for enterprises in recent years.
Whether Toyota's lean production model or Ford's large-scale assembly line production, traditional manufacturing
factories are more focused on enterprise-centric efficiency improvement, technology research and product research,
which model can only meet the needs of a relatively single user. It is difficult to meet specific and special user
needs. Enterprises have not established channels for interaction with users. In order to save costs, enterprises use
labor-intensive production methods as much as possible. Workers have high labor intensity, monotonous working
methods, and fixed production rhythm. This mode of work restrains the innovative spirit of workers, making workers
lack service-oriented awareness [3]. If the traditional manufacturing model dominated by large-scale manufacturing
was continued used, the diverse needs of users will be difficult to release, and it will be difficult for companies
to achieve customer loyalty or even customer satisfaction. At the same time, as labor costs increase, traditional
manufacturing will become unsustainable, even facing the risk of bankruptcy. Now, with the advent of the new
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industry 4.0 era supported by emerging technologies such as the Internet of Things, big data, artificial intelligence,
etc., information is gradually symmetrical, and the initiative of information is also transferred from the enterprise
to the user. Driven by the new industrial revolution, as far as possible to meet the diverse and personalized needs
of users, it has brought new challenges to the flexibility, flexibility and reliability of the enterprise supply chain
[3].
Haier Group, one of the first Chinese manufacturing companies explored the Industrial Internet, has been along
the way. Haier, who has been 35 years old, has not looked old, but is more youthful and full of vitality, which
stems from Haier's extraordinary threat perception ability. The "customer-driven" in quality management coincides
with the business philosophy of "Human Value First", Chairman and CEO of Haier Group, Mr. Zhang Ruimin.
He believes that in the new era of Internet of Things, the core competitiveness of an enterprise is how many lifelong
users it has, and enterprises can meet all user needs through mass customization. This article selects Haier Group's
COSMOPlat platform, which is very representative and best practice, as the research object, and analyzes the
exploration and practice of "customer-driven" by Chinese companies in the context of intelligent manufacturing.

2. The Structure and Function of COSMOPlat Platform
Based on the concept of mass customization and user-centric, Haier
officially launched COSMOPlat (Cloud of Smart Manufacture
Operation Plat) intelligent manufacturing platform in early 2016 (Figure
1). It is mainly composed of five sub-platforms of Zhongchuanghui
platform, HOPE platform, Haidayuan platform, manufacturing platform
and logistics platform. Among them, Zhongchuanghui platform is
committed to focusing on user needs. Users interact with engineers and
designers on the Zhongchuanghui platform to participate in the product
customization process and create their own exclusive products. The
HOPE platform integrates various smart ideas and excellent solutions
with the concepts of openness, cooperation, innovation and sharing, and
tailors personalized product solutions to users. Haidayuan platform is
Haier’s module supplier resource platform. Module supplier resource
providers can interact with users on the Haidayuan platform at zero distance. This platform supports module supplier
resources to fully display their own creative solutions to attract users to choose and buy. The manufacturing platform
mainly includes Haier's eight interconnected factories. These factories are centered on users, and it becomes a reality
that users participate in mass customization in the whole process. The logistics platform is through integration Global
logistics network resources, based on the best user experience, provide customers with integrated supply chain service
solutions [4]. As the core of COSMOPlat, COSMO Cloud interconnects Zhongchuanghui platform, HOPE platform,
Haidayuan platform, manufacturing platform and logistics platform, continuously excavates user needs, and continues
to build an ecosystem that meets the needs of users.

3. COSMOPlat——High Efficiency Under High Precision
Unlike GE's Predix platform and Siemens' MindSphere platform, Haier's COSMOPlat platform can be directly
connected to users (Figure 2), which innovatively taking users as an important part of the production organization,
participating in product interaction, design, production, production through the user's entire process for customization,
logistics, service and use. Enterprises have changed from the original planned production to user demand-driven
production, and users have changed from traditional simple consumers to brand new "producers and sellers" [5].
COSMOPlat can obtain the user's demand information in real time, and connect manufacturing, smart appliances,
and the whole process with the user at zero distance. The user experience data and real-time resources are connected
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in real time, and the resources
maximize their own value in the
process of satisfying the user
experience. Specifically, it is achieved
through
"High
precision":
1
Co-manufacturing, manufacturing all
elements of humans, machines, things,
singles, etc., interconnected with users,
accurately responding to user needs. 2
Co-smart
Appliances,
household
appliances used by users are
transformed into network devices,
smart appliances can directly interact
with users through the Internet, understand the user's front-end needs and user experience, and use large data analysis
to upgrade and iterate products to better serve users. 3 Co-whole process, COSMOPlat interconnects users with
all process elements such as design micro-manufacturing, manufacturing micro-manufacturing, logistics, and
suppliers, and realizes the seamless, transparent, and visualization of users' full process participation in life scenarios.
Driven by user needs, by analyzing user big data, enterprises achieve high-efficiency production on the basis
of high precision, which has the characteristics of "flexibility", "digitalization" and "intelligence". 1 flexibility, user
orders are placed, synchronous production of variable modules and constant modules, that is, production and demand
are completely one-to-one matching, which not only meets the personalized needs of users, but also achieves efficient
production. Users drive lean and flexible production to solve the contradiction between personalization and scale.
2 digitization, digitization transforms the manufacturing plant into an interconnected system, user information arrives
instantly, and the factory automatically responds to user order needs. 3 intelligence, Intelligence is mainly manifested
in product intelligence and decision-making intelligence. The product performs self-control, self-learning and
self-optimization by analyzing user usage data. The data stream is transformed into a value stream to realize
self-optimization of production and management [3].

4. COSMOPlat Empowers "Customer-Driven"
Take the case of the “Food Smart Living Ecosystem” being constructed by Haier as an example to illustrate
how COSMOPlat empowers for “customer-driven”. The “Food Alliance Smart Life Ecosystem” is an ecological
service platform built on COSMOPlat. It integrates resources such as farms, wineries, nutritionists, audio and video,
etc. around the user's use scenarios. It provides a one-stop solution for the user's of food purchase, traceability,
storage, cooking and Cleaning.
In terms of traceability of ingredients, Haier Smart Refrigerator has built a highly sensitive front-sensing camera.
Thanks to RFID technology, users can easily obtain information such as the origin, price, and shelf life of ingredients
by scanning the QR code of ingredients and allowing users to "eat" more at ease. In terms of freshness of ingredients,
the Haier Smart Refrigerator uses temperature-controlled induction technology to reduce product deterioration and
extend the storage period of food. When the ingredients expire, it will automatically remind to ensure that the
ingredients are fully used. In terms of food cooking, when users use the stove, the smart fume machine adjusts
the wind power according to the size of the stove fire to ensure the kitchen air quality. The user can view the
temperature curve in real time through the hood screen. When the oil temperature is too high, the hood screen
alarm prompts. In addition, the smart kitchenware can be bound to the user's mobile phone app, and the user can
also remotely control the refrigerator through the mobile phone to adjust the temperature and control the range hood
switch. Through big data analysis, the food networking ecosystem also has the ability to learn independently. Through
big data analysis, the food networking ecosystem also has the ability to learn autonomously, constantly updating
to match user needs, as users increase the frequency of using smart food-linked ecosystems, user health and
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preference data will continue to improve, when Ms. Hu wants to eat spicy and greasy food, the ordinary smart
refrigerator will directly search for her recipes such as fried pork liver, chili fried meat, etc., and Haier Food Network
detected Ms. Zhao’s high cholesterol through a linked body fat scale. Not suitable for eating high-oil, high-fat and
spicy food, she will make light and healthy recipes such as celery fried meat. The self-iterative upgrade is only
to create the best user experience.
In general, driven by "customer needs", the "Food Smart Life Ecosystem" connects enterprises and users from
personalized value customization, full life cycle participation and full process participation to meet user needs for
product production. Personalized value customization: personalized value customization consists of three parts:
module customization, crowd creation customization and exclusive customization. COSMOPlat can integrate
customers' fragmented and diversified needs. By analyzing data, a huge data stream can generate a value stream,
and enterprises can perceive customer needs according to the situation, and directly provide products or modules
that meet the personalized needs of users. In modular customization, users can freely combine variable modules
based on their own needs and preferences to generate personalized products that meet their needs. The customized
products of crowd creation are realized through mechanisms such as user voting [6]. After a certain amount of
products is formed, the Haier Refrigerator Internet Factory can obtain user-customized information, produce
personalized products in real time, and transform user design and manufacturing into reality. Exclusive customization
is a completely personalized customization mode, tailor-made unique products for users [4].
Participation in the whole life cycle: Unlike the production cycle of traditional enterprises around "product
manufacturing", Haier is committed to building users as the "lifetime users" of the company, and providing users
with throughout, "Freshness, cooking, healthy diet" and other life-cycle solutions.
Full-process participation: Users are converted from the original consumers into today's "value co-creators". Users
and enterprises are connected to the entire process at zero distance, participating in seamless, transparent, and
visualized best experiences [7]. Users participate in the whole process of product design, R&D, manufacturing,
logistics, and iterative upgrade is the process of creating value together with the enterprise.
The above three value combinations provided by COSMOPlat are a subversion of the relationship between
traditional enterprises and users. Thanks to customized production, the products have been labeled with the user's
exclusive label on the production line, and customized production has opened up the product supply side and barriers
on the demand side reduce inventory. Under the "customer drive", it fully taps the diversified and personalized
needs of customers, further improves customer satisfaction and customer loyalty, and enhances the competitiveness
of enterprises. In addition, COSMOPlat has also realized the transformation of household "electrical appliances"
to "netware". In the Internet age of Internet of Everything, Haier can use "netware" to connect people and machines,
machines and machines, and to build smart homes together with users Ecosphere [5].

Conclusion
"Products will be replaced by scenes, and the industry will be covered by ecology." This is Zhang Ruimin's
judgment on the era of the Internet of Things, and also the opportunity seized by Haier to create an ecological
brand. The COSMOPlat platform independently developed by Haier is like the cornerstone platform in the entire
ecosystem, just like the "black land" in the ecological circle. Crops such as "soybean", "potato", and "sorghum"
grow on the fertile "black land". The stronger the platform's capabilities, the more it can empower the enterprise
and the ecology, and the smaller and micro enterprises, partners, and various resource parties can grow and develop
on the platform, forming a joint force to jointly create value for users [5]. Haier's COSMOPlat is a user-centric
intelligent manufacturing model that continuously empowers "customer-driven and scene ecology" and creates
"lifetime users" for enterprises, which fits Haier's "user value first" concept. At the same time, it has become a
model and benchmark for the Chinese manufacturing industry to explore in terms of "customer-driven".
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Abstract
Hefei Haier Refrigerator Limited Company is a member of Haier Group, However, contemporary household
appliance manufacturing enterprises mostly adopt traditional and empirical methods, which are heavily influenced
by human factors. Additionally, the manufacturing enterprises use more traditional techniques, combine manual
labor with machines, have difficulties in worksite management, and suffer from poor stability of product quality.
The means of business management is traditional and lack of systematic, standard, and scientific qualities. Thus,
it is necessary to discuss further a scientific and effective quality control model which suits the reality of the
company.
The company has officially implemented total quality management since 2016, which has enabled a preliminary
construction of a relatively comprehensive, scientific, systematic, and modernized quality management system. A
quality management model of Hefei Haier Refrigerator’s characteristics has been built after continuous exploration
and validation, which has made the company one of the top ten of freezer factories in Haier Group.
The company has reorganized the improvement model of unqualified engineering on the worksite and applied
it to the worksite spoiled products management system and the terminal information to people system in the
implementation process of total quality management. All processes are under SPC and managed by the quality
system. A quality culture pursuing overall quality and everyone attending to quality has been promoted. The product
quality of the company has maintained on a relatively high level, and actual revenues steadily increase each year.

1. Company Introduction
Hefei Haier Refrigerator Co., LTD., a subsidiary of Haier Group, has great influence in China's household
appliance industry ,and Haier group is the fourth largest household appliance manufacturing in the world, which
is the most valuable brand in China, It has more than 240 legal entities, In more than 30 countries around the
world to establish local design centers, manufacturing bases and commercial companies, Employs more than 50,000
people worldwide, Focus on developing the four major industries of science and technology, industry, trade and
finance, We has developed into a large-scale multinational enterprise group. In 2006, Haier Group achieved a global
turnover of 107.5 billion yuan.
Haier Group under the leadership of Zhang Ruimin, we has implemented famous brand strategy, diversification
strategy and internationalization strategy. At the end of 2005, Haier entered the fourth strategic stage -- global brand
strategy stage. The reputation of Haier brand in the world has been greatly improved, and, Haier brand became
one of the first famous trademarks in China,in 1993.Then, in 2006, haier's brand value reached 74.9 billion yuan.
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Haier has been the most valuable brand in China for five consecutive years since 2002.Haier's refrigerators, air
conditioners, washing machines, televstions, water heaters, computers, mobile phones, home integration and other
18 products have been named as China's famous brands, Among them, Haier refrigerator and washing machine
were also rated as the first group of Chinese world famous brands by the General Administration of Quality
Supervision. On August 30, 2005, Haier was rated by the Financial Times as the top 10 World-class Brands in
China, In 2006, In the "Top 200 Asian Companies" organized by The Wall Street Journal Asia, Haier Group topped
the list of "Comprehensive Leadership of Chinese Mainland enterprises" for the fourth consecutive year. Haier has
joined the ranks of world-class brands and its influence is rising rapidly as global markets expand.
According to the development plan of Haier Group, in order to support the goal of haier refrigerator market
share reaching the first place in the world in 2009 (annual output of 10 million units), the group established a
new refrigerator factory in Hefei, and now the annual production capacity in Hefei reaches 5 million units.

2. Implementation Background of Total Quality Management
Hefei Refrigerator is haier Group's largest refrigerator production base, established in 2009, which developed
rapidly. However, as a new factory ,the quality management are fall behind the times, and the product qualification
rate is not high and fluctuates greatly. So It is necessary to introduce advanced quality management methods and
improve quality technology. And also need to keep pace with the times to introduce advanced quality management
methods to improve product quality. In 2011, Haier responded to the China’s national policy of sending appliances
to the countryside. The demand in the domestic market was greater than the supply, and users had lower requirements
for refrigerator products. However, with the improvement of people's living standard and national quality, the
standards are also getting higher, the old product standard can no longer adapt to the current era. The output of
refrigerators in Hefei accounts for 40% of the whole industrial chain. So It is urgent to establish a systematic,
normative and scientific of quality management system.

3. The practice of Total Quality Management
Through the establishment of the total quality management system, the company has realized the participation
of all staff and the overall continuous improvement, so that the company has changed from traditional experience
to the standardized, institutionalized, standardized and scientific quality management mode. In the process of
promoting TQM, the company mainly operates the following key tools: Z
In April 2016,the organization of the company is optimized, and the quality team of the first and second plants
had been established, and began to enter the total quality management project.. Led by Cheng Feng, the minister
of quality, the quality management team of the company is composed of Line quality department, New products
department, Process department, Quality improvement and external inspection department. Part I: Software
management, such as model combing, information management, systematic control, quality ecosystem and other
aspects to improve product refinement. Part II: Equipment upgrades such as cabinet gluing technology, vacuum
foaming, automatic brushing silicone oil, 8+12 Root pump, appearance inspection, atomatic packaging technology,
information display and tracking. To promote total quality management, and included in the company's basic system
and the basic job responsibilities of each department.
Propulsion process (Software management)
3.1

The Mode of Poor Engineering

In August 2016, the defective improvement mode of field engineering was exported, From field problem output,
problem information to people, improvement project to people, T-table improvement tracking, team scheduling,
collaborative department weekly evaluation, value to people, the improvement mode of field engineering defects
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were be sorted out. A. Problem output: the first 80th problems of manufacture or sudden problems or it also can
be the typical problems of market, which have happened .This stage is mainly about problem information collection,
through histogram or Pareto Diagram are able to understand the current focus on the problem. B. Information to
person: Any problem occurring on site or in the market shall be timely transmitted to employees, signed by operators
for confirmation, and confirmed by relevant departments on site .C. Project to person: For typical operation problems,
the regional team leader is responsible for training and tracking the problem, technical improvement problem are
documented. Confirm progress daily, let all problems be corrected and tracked. D. T-type management table tracking:
Establish a tracking account for all problems and focus on non recurrence problem, the inspection and team leader
shall confirm the improvement situation every day, and give an alarm in case of any abnormal situation. E. Team
sequencing: All problems are evaluated to teams and groups, according to the number of problems and percentage
complete, and reward teams that finish in time. F. Evaluation of collaborative departments: Driving platform
Department integration through two-way evaluation, the working mode of Platform Department has changed from
"flashlight" to assisting, improving and closed-loop. G. Value to people: According to the point system, reward
the top employees and criticize the lower ones, it is not a punishment, but a positive way to guide employees to
improve and pay attention to problems through incentive.
 After output of the defective operation mode, copy it to the on-site waste improvement link; The platform
is integrated with the production line, and the whole staff participates in the improvement for the problem.
3.2

Information Management

A. Information to person system on site, in traditional household electrical appliance manufacturing enterprises,
there is no effective information transmission path for on-site information, which completely relies on personnel
transmission, so timeliness and accuracy cannot be guaranteed, we using intelligent information to human system
and connecting the existing quality and production systems can realize information sharing, effectively improve the
speed of information transmission, and ensure the accuracy of 100 percent .There are five parts about this project:
① Staff post informatization : Key positions need to swipe cards to start operation, when the line starts linkage
and stops, and the alarm email will be sent to the relevant responsible person as soon as possible when some problem
has been happened , The production line cannot move the post personnel at random, which can guarantee the stability
of key process personnel, key process management directly affects product quality, is the first element of site
management. ② Quality information to people: It can display the defective model, defect and quantity of the line
on that day, and query the relevant data,we has realized the query of Engineering defects by model, defect and
work station, and automatically sorted from high to low. ③ Material collaboration can be realized: Material error
prevention management: through automatic scanning of refrigerator bar code, the system can automatically determine
which kind of material, and use voice reminder to realize material quality control. ④ Stop at red light: In case
of operation problems of the same model in the same workstation has happened on the same day, the linkage switch
shall be started and the relevant responsible person shall be informed by email or SMS. If the accumulated defects
exceed the standard, start the linkage switch, inform the responsible person by SMS, and swipe the card to open
the line after rectification and confirmation. If the initial workpiece fails to pass the inspection, start the linkage
switch, inform the responsible person by SMS, and swipe the card to open the line after rectification and
confirmation. To prevent the production of batch defects on site, timely inform the rectification after the problems
occur, and start the line only after passing the standard. ⑤ Workstation spot check: The system automatically
generates the spot check timetable, At the same time, send spot inspection notice to the patrol inspection, and sends
the short message of the non spot inspection or review post to the patrol inspection. If at the time hasn’t be checked,
the system will automatically lock the line and trigger the rectification and SMS alarm, and inform the relevant
personnel to open the line. There are four stages about this project. Now we have achieved information to people
and value to people.
B. Process SPC control system: It mainly monitors the production parameters of each refrigerator, and input
the refrigerator bar code, so as to realize the collection, judgment, storage and statistical query of refrigerator quality
data, and realize the SPC real-time monitoring function. When the key parameters of the production process are
abnormal and meet the alarm strategy, relevant personnel will be informed by SMS and e-mail. At the same time,
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it can provide SPC analysis function of historical data. For example, foam SPC parameters are monitored by
computer system① Data collection mode: Through the communication interface of foaming machine, the computer
can automatically collect foaming parameters. Collect bar code information of refrigerator by bar code scanner.
Through the position detection device, the corresponding relationship between foaming machine parameters and
refrigerator bar code is realized. ② Display interface: The refrigerator bar code, refrigerator model, black and white
foam material temperature, pressure, mold temperature, material ratio, filing pipe flow, injection volume, curing time
and mold number are displayed on the computer. ③ Equipment control mode: By scanning the refrigerator bar
code, the foaming machine can search the refrigerator model information, query the relevant information such as
the injection amount of the corresponding model in the database, control the foam machine injection amount program
selection and self injection, and store the injection amount and actual injection amount for traceability and query.
④ Foam sample collection: Add manual sample collection interface to collect sample information by bar code
scanning. The computer displays the shift, injection volume, free density, pressure density, collection time, collector
and other related contents, ⑤ Information communication: Product foaming data is transmitted by wire, and the
computer system display interface is as below:
3.3

Systematic Management and Control

Subject: open parallel win-win, we focus on the benign operation of the system and create a reputation of the
first quality of users. Through the foundation, process, quality culture system, performance management, external
management system, five dimensions to build the whole process quality zero defect guarantee system operation mode.
3.4

Quality Ecosystem:

Build a quality ecosystem from the market issues. Through focusing on persistent problems, continuously promote
improvement and recover quality loss.Hefei refrigerator has undertaken 13 quality ecosystems,inside,we determine
the operation rhythm,outside,we external one to one docking, organization template release by monthly which
promote improvement of persistent diseases.
Propulsion process (hardware)
3.5

Sealing Technology of Refrigerator Cabinet

The traditional refrigerator sealing process uses sponge strips for artificial sealing, which requires higher skills
of operators and belongs to Class B position. Poor sealing has led to the overflow of foaming materials after foaming,
which is not easy to clean, and cleaning and repair is also easy to lead to secondary failures. By introducing a
refrigerator sealing equipment, through equipment for point, the reliability is higher than the manual sealing, saving
efficiency, and improve the product quality.
3.6

Vacuum Foaming Technology

Vacuum foamed cyclopentane system is used to shorten the time of vacuum stripping from 240s to 180s, enhance
the flow filling performance of foam, delay the foaming of door body to 6s drawing time, reduce the residue
produced after foaming on site, and improve product quality.
3.7

Automatic Brushing Silicone oil Equipment:

Hand paint silicone oil is uneven and workers need to bend for a long time , with high labor intensity and
brush leakage, which leads to market complaints. The equipment automatically applies silicone oil and spreads evenly
without any leakage, which also reduces the labor intensity of employees
3.8

Equipment Upgrades

The vacuum pump was upgraded from the ordinary vacuum pump to 8+12 Roots pump, which increased the
vacuum capacity by 100% and effectively reduced the failure rate of the refrigerator system. The use of automatic
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appearance detection equipment replaced artificial perception, which could effectively detect the appearance defects
of products. Digital tracking system, daily tracking of market and field quality problem, clear at a glance, so that
employees can understand the status quickly.
Since the implementation of total quality management, continuous improvement has formed the basic mode of
quality operation of the company, and has been incorporated into the work responsibilities of relevant departments,
independent operation.

4. Total quality Management to Promote the Effect
In past three years, the main quality index of the company's products improved significantly, and the staff’s
quality awareness were also improved significantly. It has promoted the transformation and upgrading of enterprise
quality management, and also won a good reputation for quality of exported products.
Summary: State leaders have described the cultural construction as follows: To develop the country and rejuvenate
the nation, we need not only a strong economy but also a strong culture. As a key factor for enterprises to gain
competitive advantage, quality culture construction has become the realistic requirement and inevitable pursuit of
enterprise development. Total quality management is an integral part of quality culture construction. This article
only describes our company's projects and improvements. In addition, in the actual operation and development,
enterprises should combine their own advantages and internal and external environment, constantly develop and
optimize, form their own unique and excellent quality management methods, improve the core competitiveness of
enterprises.
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Abstract
Under the background of industry 4.0, how to achieve the total quality management based on the technologies
and platforms of Internet, big data, automation and intelligence is both an opportunity and a challenge for
enterprises. This article focuses on presenting the characteristics of industry 4.0, the characteristics and requirements
of the new era TQM, and the contents of Haier air-conditioning's TQM. Haier air-conditioning promotes its TQM
in the new era through the construction of quality ecosphere, chain group organization, sample entry and the
construction of super factory. At this stage, Haier air-conditioning's TQM provides a reference of the new era
TQM to other enterprises.

Keywords: industry 4.0;TQM; ecological circle; chain group；super factory

1. Introduction
"Industry 4.0" refers to the fourth industrial revolution in human
history, and it was formally proposed by Germany at the Hannover
Messes in 2013. In May 2015, the State Council officially issued
"Made in China 2025" to deploy and comprehensively promote the
implementation of the strategy of manufacturing power. The
"Industry 4.0" project contains three main themes: “Intelligent
plant”, "Intelligent Production", "Intelligent Logistics".
The essence of Industry 4.0 is to use data flow automation
technology to shift from economies of scale to economies of scope,
and to build a heterogeneous and customized industry at the cost
of homogenization and scale. Its core feature is interconnection.
Figure 1: Total Quality Management (TQM) QFD
Internet technology reduces the information asymmetry between
model
production and marketing, and accelerates the mutual connection
and feedback between the two. Therefore, it has spawned a
consumer-driven business model; the industry 4.0 is the key link to realize this model. Based on this era background,
"Haier Smart Connected Factory" came into being.
Traditional total quality management (TQM) takes product quality as the core and establishes a scientific, rigorous
and efficient quality system to provide all activities of products or services that meet user needs. In total quality
management, the concept of "quality" is related to the achievement of all management objectives.
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The process of product quality formation
includes market research (survey) design,
development, planning, procurement, production,
control, inspection, sales, service and other links,
and each link has a greater or lesser impact on
production’s quality. Therefore, comprehensive
quality management includes all relevant
processes from market research, product design
and development, production (operation), to
sales, after-sales service, etc., to form a
comprehensive quality management system.
Bacon said: “Only fools will wait for
opportunities, and wise people know how to
create opportunities.” In the context of Industry
Figure 2: Mass spiral
4.0, based on the Internet, big data, automation,
and intelligent technologies and platforms,
enterprise how can enterprises achieve total quality management in the new era? For us engaged in quality work,
is it an opportunity or a challenge?

2. Characteristics of total quality management in the era of Industry 4.0
In the era of Industry 4.0, quality staff has "crossed boundaries", from traditional single quality monitoring to
"taking the best user experience" as the work direction. Total quality management in the era of Industry 4.0 presents
the following characteristics:
2.1. Overturn traditional demand patterns
The concept of "Industry 4.0" includes the transformation from centralized control to decentralized enhanced
control. The goal is to establish a highly flexible production model of personalized and digital products and services.
Under the personalized industrial customization system, quality begins to be more reflected in creating value for
users. The Intelligent connected factory enables users to participate in the product development, design, production
and other processes throughout the process. Product design and innovation shift from being enterprise-centric to
user-centric. By providing product digital development platforms and toolkits, more and more users are participating
in product innovation and quality improvement as "Makers", changing the traditional demand model.
2.2. Drive the upgrading and transformation of quality work
Industry 4.0 enables real-time detection of quality fluctuations in products, equipment, and processes, intelligent
analysis using big data, and real-time quality feedback and control.
Through continuous improvement of automation level, people's work is gradually replaced. In traditional factories,
the quality management personnel accounted for about 1/3 of the total number of factories. With the substantial
reduction in the number of on-site workers, a large number of quality management personnel engaged in product
testing, quality control, and data statistical analysis have gradually decreased. Modern quality analysis and design
staff based on big data has become a new favorite in the new era.
2.3. Highlight the company's quality strategy and planning
"Father of Total Quality Management" Feigenbaum believes that the trend of quality development is: quality
is no longer to reduce errors, but to create value.
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In the context of the Industry 4.0 era, companies need to pay more attention to quality strategies and value
creation for users. Faced with the trend of personalized development of user needs, the core of an enterprise's quality
strategy is to build a quality platform and realize its platformization.In addition to reducing costs; Industry 4.0 will
also result in increasingly fierce market competition, further homogenization of products, and further expansion of
the “Matthew Effect”. Enterprises in the new era should take the lead in quality management, build a quality
ecosystem, gather the wisdom of all employees, and create competitive advantages in the new era.

3. Total quality management of Haier air conditioners in the era of Industry 4.0
On December 26, 2019, at the site of the 35th anniversary celebration of Haier Group’s entrepreneurship, Zhang
Ruimin, Chairman and CEO of Haier Group, released the new strategic stage of Haier Group-“Ecological Brand
Strategy”, which is also the sixth strategic stage proposed by Haier Group following the five strategic stages of
famous brand, diversification, internationalization, global branding and networking. “Products will be replaced by
scenes, and the industry will be covered by ecology.” This is Haier's prediction on the trend of the Internet of
Things era, that is, the era of Industry 4.0. Since then, Haier Air Conditioning has also begun a new quality strategy
and planning.
In the era of Industry 4.0, the overall quality
management of Haier Air Conditioners has been mainly
promoted from the following levels:
3.1. Ecosystem construction
The original meaning of the ecosphere means that all
stakeholders in business activities jointly establish a
value platform. In Haier, the various stakeholders are:
all related small and micro. Therefore: The ecosphere
refers to a value platform jointly established by the
related micro and micro for the same goal. It is a
closed-loop and self-regulating system. Haier regards the
ecosphere as the basic unit to promote total quality
management in the new era. In 2019, the Group built
various quality ecospheres. In response to the special
topic, it forced all related resources to be small and
micro, and closed-loop user quality complaints in a
timely manner, effectively
saving users and avoiding
quality losses.
In 2019, Zhengzhou
Haier
Air
Conditioner
combined with its own
on-site and unfavorable pain
points in the market,
completed a total of 19
ecosystems including poor
computer
boards,
poor
soldering, and poor noise to
promote the implementation
of related improvement

Figure 3: Ecosphere model

Figure 4: Schematic diagram of an ecosphere promotion plan
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projects. By the end of 2019, all ecosphere projects have achieved ≥10% improvement results, effectively reducing
user quality complaints and recovering quality losses.
3.2

Chain Group Organization

The chain group is an ecological chain and a
complete ecosystem. It aims to create lifelong
users, and the parallel ecosystem is its basic unit.
The chain group is open and parallel, and
iteratively and dynamically optimized according to
user experience. The various components on the
chain group are independent of each other and
have the same goal. A problem with the operation
of a node will not affect the upgrade of the entire
chain group. Compared with the traditional
cascading form of total quality management; the
chain group system is more advantageous and
effectively guarantees the achievement of quality
goals. Creating a chain group ecological
mechanism can solve two attractive problems:
a)

b)
3.3

External attractiveness, that is, user attractiveness: The experience economy is centered on
Figure 5: Chain Group Model
the user's personalized needs. To solve user
pain points, it is called user preference to attract a large number of users. The chain group
is used to implement user experience iteration, and the whole process and full scheme meet the user's needs.
Personalized needs;
Internal attractiveness, that is, the attractiveness of internal stakeholders.
Sample rush in

Model, namely: template, role model. Small micro, ecological circle and chain group all support model snap-in.
The small micro, ecological circle and chain group that grab the model can be used as a model for the group
to be learned, imitated and competitive by various industry lines. Through model entry or model learning, Xiaowei
continues to reduce production quality costs, improve production efficiency and product quality.
In 2019, Zhengzhou Haier Air Conditioner grabbed the "Noise Ecosystem" model. Through the special promotion
of the "Noise" model project, it deepened the operation of the "Noise Ecosystem" and promoted the project as an
industrial line model to provide a model reference for other factories. In addition, through the implementation of
"model entry-model sharing-model copy", the project verification cycle has been shortened, the project
implementation efficiency and success rate have been improved, and finally the rapid response to user needs has
been achieved to achieve user
lifetime satisfaction.
3.4

Super factory construction

The various advantages of
the
super
factory's
comprehensive ecosystem, chain
group and model, through model
focus,
explosive
products,
centralized procurement and
resource integration. In order to
Figure 6: Schematic diagram of the super factory
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maximize the guarantee of the lowest production cost and the best manufacturing quality. Namely: the super factory
is the optimal state fully realized by the comprehensive quality management in the context of the Industry 4.0
era-lower cost, higher production efficiency and product quality, and better user value-added.
Zhengzhou Haier Air Conditioning started with MTA, JDM and EDS explosion models, and strives to practice
and give full play to the advantages of the super factory, and it has emerged in the Haier air conditioning industry
line.

4. Conclusion
In the context of the Industry 4.0 era, total quality management is also beginning to face new opportunities
and challenges. Based on the big data, information, and intelligent industrial platform, the factory staff has been
greatly reduced, and at the same time, the quality management personnel are required to change to modern quality
analysis and design personnel. For quality information systems, not only the functions corresponding to the tasks
need to be concerned, but also the user's skills, compatibility with other systems, and information security. The
organization should continuously improve the quality information system and integrate it with business models or
business systems such as the Internet+ and smart manufacturing that the organization gradually opens to increase
the effectiveness and efficiency of information utilization and promote the improvement of the organization’s quality
efficiency.
On the 35th anniversary of its founding, Haier Air Conditioning has launched a new quality strategy and plan
in addition to the Internet and smart manufacturing, and has transformed into an ecological brand. Haier Air
Conditioning integrates the group's resource advantages, and proposes a model of ecosystem construction, chain group
organization, model rush-in, and super factory, which undoubtedly provides some references for overall quality
management under the new situation at this stage. The brand is fundamentally supported by technology, and
technological innovation is the essence of the brand. Technological innovation can ensure that the brand is different
from other products in essence. Haier Air Conditioner has continuously promoted comprehensive quality management
and brand management from the strategic level and technological innovation.
As the saying goes: "there are no successful enterprises, only the enterprises of the times", the total quality
management in the new era is far more than the above, then Haier Air Conditioning will continue to follow the
footsteps of the times and continue to explore the unknown "ocean" of the new era.
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Abstract
From the concept of "Integrating Order with Personnel" in 2005 to the concept of "Ecosphere" in 2014, Haier
has explored its own unique internet circle in the Internet era. For many traditional enterprises, it is a corporate
vision to grow bigger and stronger, and ultimately become an empire, but Haier is not. Haier believes that
enterprises in the Internet of things era must connect users and create "Ecosphere", whose goal is to to create
value for users, the iteration of user experience is the core. It is also instructive to apply the concept of "Ecosphere"
to quality improvement activities.
This thesis mainly expounds the core concept of "Ecosystem" mode to create value and zero distance with users,
and interprets the characteristics of its chain group's ecological self-organization, self driving, self increment and
self evolution. The thesis will focus on the concept transformation of "Ecosystem" concept in various scenarios
of improvement activities, combining with the actual case -- the promotion of small and micro welding
improvement project of Jiaozhou air conditioner The thesis describes how the ecosystem model is carried out step
by step in the process of project promotion and the guiding role of the ecosystem guiding ideology in the process
of project implementation.

1. Introduction
For many traditional enterprises, it is the enterprise's vision to become bigger and stronger and eventually become
an empire, but Haier is not. Haier believes that in the era of Internet of things, enterprises must "connect users"
and create "Ecosystems". Its goal is to create value for users, and user experience is the core. It is also instructive
to apply the concept of "Ecosystems" to quality improvement activities. This paper will focus on the how to use
"Ecosystems" in various scenarios of improvement activities combined with practical cases.

2. Overview
The original intention of ecosphere is to build a value platform for all stakeholders in business activities. In
Haier's micro enterprise model, the “Ecosystems” refers to a value platform jointly established by the relevant
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microenterprises to create value for users. It is a closed-loop and self-regulation system. It is the basic unit of
promoting total quality management.

3. The Core Idea of Ecosystems
3.1

Create Value

The goal of “Ecosystems” is to create value for users. Turning this goal into improvement is to improve users'
pain points. With the advent of the Internet Era, Haier has built its own big data platform. Through the collection
and analysis of big data, we can directly focus on the most complained problems of users, which is the first step
in the transformation of the Internet ecology in the improvement -- to identify the pain points.
3.2

Zero Distance With Users

In the Internet age, Haier believes that every outlet, every water station, every community and every user can
be regarded as a contact point, like a "sensor" which can update the most real experience and demand information
of users in real time. The "zero distance with users" and "integration with users" advocated by the “Ecosystems”
is to constantly reflect on whether users can obtain more from products, services and improvements, and meet the
user's experience needs in the process of interaction with users.

Fig.1 Ecosystems model

4. Chain Group Contract Ecology
The basic unit of the chain group is micro enterprises, which constitute the creating chain group and experience
chain group. The experience chain group is the community and contact point of direct interaction with users. The
"creating chain group" refers to the group formed by the nodes of R&D and manufacturing of traditional enterprises
driven by the same goal (creating user experience iteration). The two chain groups continue to integrate to form
the “Ecosystems” to meet the needs of user scene experience. Chain group contract has the characteristics of
“Self-Organization”, “Self-Motivated”, “Self-Increment” and “Self-Evolution”.
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4.1

Self-Organization

The horizontal axis of "chain group contract ecology" is the “creating chain group”, such as the R&D and
manufacturing of traditional enterprises, and the vertical axis is "experience chain group". The experience chain
group transmits users' opinions to "creating chain group". Both of them jointly serve the needs of users. The
"experience chain group" is a community and contact point that directly interacts with users.
4.2 Self-Motivated
Self-Motivated relies on the user's application scenarios, and its purpose is to realize the self-adaptive of chain
group organization. For example, some balcony scenes start from washing machines and some start with fitness
equipment. When users have different application scenarios, they need different chain group organizations to create
value according to the user's use scenarios.
4.3

Self-Increment

The Self-Increment has broken the rules of
closed system, attract high-quality external
resources with high sharing, micro enterprises
integrated into the chain group create higher
value experience for users, so that the chain
group can obtain higher sharing value and
realize human value-added
4.4

Self-Evolution

The driving mechanism of chain group is
users pay and value-added sharing. The more
value chain group creates for users, the more
value chain group shares. Driven by the needs
of users, the chain group gradually introduces
Fig. 2 Ecological map of Chain Group Contract
external resources to provide better resources
and services, and the objects of service are
constantly upgrading in the process of organization Self-Evolution, and finally realize the endless growth of ecology.

5. Ecosystems Application
Haier Jiaozhou Interconected Factory is a new type of factory in the Internet Era. In the improvement project
in 2019, the Ecosystems model has been practiced and achieved unprecedented results. This chapter will discuss
how to practice the Ecosystems model through specific improvement activities.
5.1

Zero Distance of Users in the Era of big Data

In the process of identifying the needs of users, we first focused on the welding problems through the analysis
of the market data. In the whole year, there were 367 welding complaints and 1.07 million losses. However, big
data only solves the problem of focusing on pain points, which is not enough to improve the user experience only
through the research of data. The problem needs to be verified, the improvement should be targeted, we need to
be a “sensor”, so it is particularly important to communicate with users.
In the improvement process, the company randomly selects 12 users with complaints for door-to-door visits,
zero distance communication in order to listening to users' voices. In this process, we have more profound experience
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of responsibility and pressure. When you face
the customer's questions, doubts and blame, you
will understand what an important and urgent
thing you have to do.
5.2

Self-Organization, Self-Motivated,
Self-Increment and Self-Evolution

Fig. 3 User Face to Face

5.2.1 Self Organization & Self-Motivated
After the user needs were identified, we confirmed that the welding project can solve the pain point of user
and create value, through gambling and preemption, an internal team of factory covering production, quality, process,
inspection, equipment and incoming inspection was finally formed.

Fig. 4. Letter of commitment

The whole process of the formation of the Ecosystems is not one-step, but gradually optimized in the process.
At the beginning of the research, the team only covered quality, production, process and inspection. But during
the process, we found more problems that need to be deeply studied and solved. Through the upward parallel
connection of the team, the five platform departments expressed their willingness to provide full support for the
project, including the development department, the marketing department, the supply chain and two welding experts.
Through the support of the platform, we also attracted three high-quality resource parties to participate in the project,
providing the latest optimization and solutions for welding problems.
If the problem is improved, the platform can create greater value for users through replication, and external
resource parties can also carry out more cooperation with us, even copy to the whole industry. All parties are
integrated into the project team through Self-Motivated.
5.2.2 Self-Increment
The value sharing of the project is from the three dimensions of reduced market loss, ecosystem value-added
and other sharing. The market loss reduction and value-added account for 30%, The added value of the ecosystem
accounts for 60%, and other share accounts for 10%. The actual cost rate = (actual cost amount policy deduction)
/ sales revenue. The value-added share is calculated according to the value-added segment of the actual rate. If
the loss is reduced by 15%, the overall value-added share of air-conditioning will reach 1.2 million. These incentives
will be distributed to members of the ecosystem according to their contribution Who can create more value for
users, there will be more sharing.
Taking the welding project as an example, in the process of project development, each link has changed from
passive undertaking to active research. There are 379 independent improvement proposals of manufacturing
upgrading, while 81 design schemes are output by the preemption of design platform. The tunnel type digital
temperature thermometer provided by external resources also helps the whole welding process upgrade from
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experience management to experience management from data observation Quantitative management. And the final
solution is the most competitive scheme which is constantly optimized and snatched out in these projects, which
also ensures the improvement effect, has the leading effect, and can create a better experience for customers.

Figure 5. Evolution of Welding Improvement

5.2.3 Self-Evolution
Driven by welding projects, many projects have appeared, such as compressor, PCB and motor, more and more
micro enterprises found that the value of the ecosystem. In order to know which micro ecosystem is better, we
created three steps start from yellow to blue and green according to the user experience.

Figure 6. Social Ecosystems Evolution
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6. Conclusion
Through a series of improvement, the most obvious thing is that the project has brought positive market feedback.
The loss within the guarantee decreased by 23% year-on-year, the income was 330000 yuan, and the non-performing
rate of that year decreased by 63%. These indicators are directly related to the reputation of users, and the
improvement of indicators directly reflects the improvement of user experience.
When we revisited 12 users with our improved products, users saw the real contrast, felt the real improvement,
and really improved the information, and it was the improvement of user experience that reduced the loss, which
turned into the compensation of Social Ecosystems members.
In addition, the rationalization of the production process, the implementation of independent improvement, and
the iteration of good design also improved the process efficiency. The UPH was increased by 19.6%. The cost
saving in this step was directly converted into the value-added sharing of 500-1000 yuan / person month for team
members. In this virtuous circle, organizations can have stronger vitality, and partners can also grow from symbiosis
to mutualism.

Figure 7. welding improvement results

Through the exploration at this stage, we can find that the impact and effect of the ecosystem on the successful
implementation of the project and the results are significant. However, in the evolution cycle, we still have many
problems to continue to explore, and how to achieve a more benign and independent ecological operation mode
needs to be constantly tried.
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Abstract
In recent years, with the progress of the society and the improvement of the economic level, the contradiction
between the traditional system of manufacturing enterprises and the personality of employees is more and more
prominent, the implementation of total quality management process is difficult; Firstly, the thesis studied the
ecosystem theory, combined with the analysis of the current situation of personnel operation, carried out on-site
release activities, created an ecological team, and carried out practices in improving the quality atmosphere. At
the same time, in the context of the new era of 5G application and industrial Internet, the prospect of the future
is expected.

TQM (Total Quality Management, TQM) is an organization take the Quality as the center, on the basis of full
participation, the purpose is to through the customer‘s satisfaction and all members of the organization and social
benefit and the Management way to achieve long-term success, Total Quality Management is in order to be able
to in the most economic level, and consider to fully meet customer requirements under the conditions of production
and service, the enterprise all departments in the development Quality, maintain Quality and improve Quality
activities constitute as one of a kind of effective system
In developmental psychology, the model of individual development proposed by U Bronfenbrenner emphasizes
that the developing individual is nested in a series of environmental systems that interact with each other and affect
individual development.
Team management is particularly important in enterprise site management. Team leader is the main
communication bridge between the company and production staff. The management of the team leader will directly
affect the production schedule and product quality of the company's products. The team is the basic unit of the
production and operation of the enterprise, and the most basic production management organization of the enterprise.
In this context, the current situation of staff capacity was investigated, and the colleagues who made
comprehensive improvement through on-site seminars, whole-staff improvement projects, ecological team building
and other activities were improved to improve staff capacity. Meanwhile, efforts were made to improve staff
operation quality by combining AR, 5G and other new technologies.
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1. Personnel capability research and analysis
The implementation effect of quality improvement activities is closely related to personnel ability. Only by
combining the current situation of personnel ability can continuous iterative upgrading be achieved. In the process
of project output and team operation, staff's ability and willingness to improve are improved, and total quality
management is finally realized.
1.1

Research preparation

Provides the reference for the production of quality activities to carry out the plan for the company, help
customers to improve their comprehensive ability, improve the work efficiency, increase staff cohesion, from staff
working, learning, ability demand, the degree of attention to the training, engagement, requirements, time
requirements, training is insufficient in the process of the gradually in-depth to understand the needs of the staff
training to design the questionnaire, the training needs survey, 27 out of 31 taken back, the actual recovery rate
115%, employees to actively cooperate with questionnaire, submitted in a timely manner.
1.1.1 Research Results
Options

subtotal

the proportions

6 months to 1 year

6

19.35%

1-2 years

11

35.48%

2-3 years

9

29.03%

More than 3 years

5

16.13%

Length of service distribution of employees

Options

subtotal

the proportions

Study actively and continuously in a planned way

7

22.58%

Occasionally active learning, but not planned,
unable to adhere to

12

38.71%

Have the idea or intention to study, but have no time

10

32.26%

Learn only when there is a need for the job

2

6.45%

There is very little desire to study

0

0%

Study on learning status

Options

subtotal

the proportions

Classroom instruction

16

51.61%

Panel discussion

11

35.48%

Case study

24

77.42%

Outward Bound

18

58.06%

Video analysis teaching

6

19.35%

Experience sharing

18

58.06%

Others (please specify)

0

0%

Capacity improvement needs

1.2

Status survey Summary and pain point analysis

Through the survey, we found that the majority of employees with a 3-year service experience feel that they
need to improve their product knowledge, industry and market information, and job skills, and can recognize their
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lack of ability. The current learning status is occasionally active learning, no plan, no time can not adhere to;
According to the data, most employees hope to train with practical problems during their working hours. Employees
generally believe that case analysis and experience sharing are the most effective on-site training methods, which
also shows that traditional classroom teaching has no obvious effect on employees. I am not familiar with the process.
When working across departments, I do not have the support of the process system knowledge, and I do not know
the correct recipient and recipient node, which causes a serious waste of resources and time. There is no clear
thinking and scientific methodology for quality improvement. The application of quality improvement tools is
insufficient and there is no data support.
In the work of the summary of pain points, including cross-departmental work response speed is slow, affect
work efficiency, communication difficulties, things
The summary pain points in the work development include the slow response speed of cross department work,
the influence of work efficiency, the difficulty of communication, and the indecisiveness of handling affairs; the
work often needs to coordinate and organize multi department and multi node personnel to cooperate, and the project
coordination ability is insufficient; the grass-roots team leader team management ability is poor, the team's appeal
is insufficient.
Combined with the Research Report and pain point analysis, make improvement plan. Provide professional ability
training to improve the theoretical basis, including relevant project management, cross-department cooperation and
communication, foreign business negotiation, systematic combing, improve organizational ability, communication
ability, efficiency; Study on target management, fishbone chart, Gantt chart, etc., and have been promoted in
performance management, strategy and innovative thinking; Combine training with practice, carry out targeted
training in sub-modules, share cases in the form of on-site quality analysis meeting, train in combination with
practical work, and improve the cognition of self-positioning; Carry out six Sigma training for all staff, apply
advanced quality analysis methods to daily work through field and market improvement, and decompose the project
development process into Knowhow, learning and using, and other small improvement projects to form a team
improvement atmosphere; In view of the team leader's ability, it tries to build an ecological team system, so that
employees can operate independently and enjoy the improvement results, and become the master of improvement
and innovation from the person responsible for improvement.

2. Practice of improving staff quality and ability
2.1

Release on site based on user requirements

Combined with the actual problems of the site and the market, we should make clear the direction of
improvement, clarify the responsibility subject, and form a joint force to improve the user experience. In the specific
implementation process, the framework of improvement scheme and improvement content shall be established, and
regular on-site release shall be organized. In practice, the improvement ability shall be improved by preparing and
releasing materials, exchanging improvement projects and improving the ability; Enhance team cohesion in solving
persistent problems through teamwork.
Quality is user-defined and enterprise-defined. With the development of society, more and more attention has
been paid to user system. It tries to combine user experience with actual work and integrate users into the team.
At the same time, it is the basic viewpoint of TOTAL quality management that the next worker is the user of
the previous process
Understand user needs: customer complaints in the receipt market are taken as the entry point of the work.
Sampling inspection represents the positioning of users to carry out work, and the detection ability of on-site barrier
confirmation self-mutual inspection and on-site special inspection is carried out, so as to control customer complaints
within the factory and improve the market competitiveness.

50

Responsibility distribution: According to different types of complaints, it can be divided into parts problems,
operation problems and detected problems. The responsible subjects who clearly respond to the problems shall be
the ones who take the lead in the factory inspection of parts problems to rectify and improve the inspection output.
Take the lead to study the staff self-mutual inspection and operation consistency; Take the lead in the research
on the upgrading of standards and the consistency of actions; To form a basic framework of comprehensive spread
and mutual coordination and occlusion, so as to realize the goal of responsibility to people.
To form: in the face of market, field quality problem, traditional mode emphasizes inspection, fines, which to
a certain extent, to improve staff vigilance and importance, to alleviate the problem, but it can’t fundamentally solve
the problem, release to live here to carry out the overall improvement, in the form of problem from the scene
to improve the return to the scene, specific methods in manufacturing site as the carrier, launch a full improvement,
make mistakes people advise others by using their improvement projects, effectively improve the ground, in the
mood of employees also from guilt for the sense of honor, the accident into a story. In the process of release,
all functional departments can also obtain improvement experience, put forward Suggestions, optimize improvement
measures, and better create an overall improvement atmosphere.
Output precipitation: Improvement requires precipitation and gradual iterative upgrade. This paper attempts to
convert written documents such as minefield problems, operation instructions and inspection instructions into dynamic
videos, which can be played in quality communities and platforms to enhance the visual impact, so that all staff
can have empathy and improve their understanding of problem consequences and standard actions, so as to gradually
improve their quality awareness.

Quality improvement conference mode

2.2

Put people first and improve the professional competence of all staff (all staff carry out improvement
projects)

In order to achieve customer satisfaction, employee satisfaction, the purpose of the enterprise benefit, in order
to reduce loss, improve reputation as the goal, systemic for six sigma, QC, excellent team and other project, in
project carry out good recognition, provide project guidance to employees and resource synergy, employees at the
same time the improvements in the process of feeling ability enjoy value-added share.
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Whole staff improvement mode

The first element of quality is people. Excellent products depend on excellent people. People-oriented management
centers on high-quality employees, integrates the realization of employees' self-value with the development goals
of the enterprise, and changes the mandatory implementation of management system into employees' voluntary
compliance and implementation, respect and understand employees, and comprehensive communication with
employees.
Along with the social development, personnel fluidity big, parts situation facing echelon personnel discontinuity,
periodic no one available, functional departments are weighed emergency fire phenomenon, under the background
of the proposed project for everyone, everyone has to participate in, by the quality achievement honor everyone,
to achieve customer satisfaction, employee satisfaction, the enterprise benefit target.
A complete project promotion process was established, with all 13 departments participating and all staff
participating in the improvement. The goals of personnel participation 80%, project completion rate 85% and training
coverage rate 100% were set. In terms of mechanism setting, systematic management is carried out for quality
improvement projects, and excellent projects and personnel qualifications are input into the manpower promotion
backup plan. While improving personnel ability and output improvement projects, employees are more confident,
positive and have a sense of pride and honor; Project on combining users complain, disease, and poor engineering,
etc. Carried out 26 Six Sigma projects, 40 QC projects, 43 teams and groups, One million operations were carried
out with zero defect / missing inspection, Competitive ratio of key process cpk1.33, key process to achieve
competitive ratio, special activities, such as ecological team race than project from site improve return to the scene;
In terms of training course setting, employees put forward pain point requirements and carried out comprehensive
courses such as standard process, statistical tool, lean tool, simulation tool and TRIZ according to actual needs.
Meanwhile, the training form was upgraded to combine online training and offline counseling, so as to improve
the audience and training efficiency
In the process of promoting the development, I encountered many problems, such as time conflicts, uneven
personnel capabilities, and difficulties in functional differences between departments. However, it aroused the
enthusiasm of employees on the whole, improved the scientific nature of business development, reduced
communication costs, and achieved initial results in solving practical problems on site.
2.3

Build an ecological team based on the grassroots

Team is the basic organization of enterprises, team management status determine the level of organizational
performance, try to practice of ecological shift patterns, to distinguish between the traditional field standard ground,
ecological team try to team match the whole process resources management for the unit, by bet commitment to
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competitive set goals by FMEA, SPC quality tools such as risk identification, improvement, monitoring system,
a full proposal for innovation, eventually forming the project management system. Achieve the output of excellent
team, excellent staff, excellent project upgrade iteration.

Ecological team operation

Make full use of on-site management tools in the team to make the team a standardized minimum organizational
unit. Through the use of on-site management tools, I promoted the overall growth of p-production, Q-quality, C-cost,
D-delivery, S-safety, Morale and M-Morale of the team, and helped the staff to live, work and grow happily. Build
a platform mechanism where employees don't want to make mistakes, build a team with pursuit, scientific knowledge
and achievements, challenge opportunities and achieve self-achievement with a positive attitude; The pursuit of zero
quality defects, everyone has the goal of improvement; Realizing the transformation from traditional mode to
ecological mode.
In the process of ecological team building, the team consists of 5+1 mode. 5 represents quality, output, efficiency,
safety, 6S. 1 is the team leader, who is responsible for the whole. In mechanism bet against the contract is formed
on the set, set KPI index and set the team account, Through team account, arouse the enthusiasm of the full personal
sharing, personal loss, team since earning = post production unit price * + team account sharing - loss, personal
share = individual/team integral * surplus, personal loss = quality minefield, mass loss and improve the integral;
On business operations, lean and six sigma statistics analysis to improve science and technology, for example: to
FMEA analysis of process step apart to work, the overall innovation proposal, for the whole process analysis, this
paper discusses failure cases, application of SPC to tracking monitoring of process data, the application of project
management tools for tracking shows the closed loop.
In the process of ecological team operation, it can obviously improve the team's sense of honor, cognition level
of problems and application of professional knowledge, and at the same time reduce the phenomenon of buck-passing
and going around problems, gradually forming a quality atmosphere that everyone can improve and share.

3. Transformation practice of technical staff
The development of 5G, AR and other new technologies not only provides more convenience for employees'
operation, but also requires more abilities for employees' skills. As the technology becomes more and more mature,
the application of new technology in the field will become a trend.
Manufacturing industry is the cornerstone of modern industry. With revolutionary breakthroughs and
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cross-integration in information technology, new energy, new materials and other important fields and frontier
directions, it is triggering a new round of industrial transformation. In order to promote the development of intelligent
manufacturing, China has released made in China 2025, a comprehensive strategy to strengthen China in
manufacturing. With the introduction of intelligent manufacturing scenarios, the demand for wireless communication
networks in manufacturing has emerged, and 5G networks can provide diversified and high-quality communication
guarantees for highly modular and flexible production systems. Compared with traditional wireless networks, 5G
networks have prominent advantages in terms of low latency, high density and mass connection of factory
applications, reliability, and network mobility management, etc., making it a key enabler of intelligent manufacturing.
Most enterprises collect equipment data for status monitoring. At present, there are relatively few applications for
fault diagnosis (29%), predictive maintenance (26%) and remote operation and maintenance (19%). The utilization
degree of equipment data still needs to be improved.
Visual inspection: cameras are installed on the production line to detect, monitor and manage various defects
on the steel plate surface, which not only guarantees the safety of production and use of products, but also provides
important data support for process improvement and production traceability. As an important exterior part of washing
machine, the scratch on the plate surface of stamping workshop is an important quality inspection point. HD cameras
are installed at key points of inspection. Various defects on steel plate surface can be detected, monitored and
managed by machine learning. Problems can be quickly identified and lines can be stopped.
AR first piece sealing operation instruction: Through the use of AR intelligent glasses based on customized
Android system, the guidance of graphics, audio and video of each process is realized, and at the same time, it
is integrated into MES system to realize the electronic sealing sample data. It supports the image recording of the
operation process, meets the requirements of evidence collection and case maintenance, and facilitates the quality
management to find problems and improve the process. It can effectively shorten the training time of employees
by 40%, support production while learning, and reduce the rate of missed inspection to 0%.
AR remote assistance: the high incidence of technical difficulties in the production site, which can’t be solved
in real time, is the bottleneck of improving production efficiency and good product rate; the industrial field equipment
is numerous, the environment is complex, and the daily operation and maintenance of equipment is increasingly
serious. With the characteristics of low delay and high reliability of 5g communication technology, it can ensure
the stable transmission of real-time HD video signal, realize remote assistance from experts and solve problems
in time; at the same time, it also realizes zero distance quality interaction in supplier management to improve the
quality assurance ability.
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Abstract
Quality problem close loop is a method of analysing the root cause and mechanism on technology and
management, taking corrective or preventive measures, improving the technical and management level to avoid
the recurrence of problems. Quality problem close loop is one of the most important methods for aerospace
enterprises to effectively manage product quality, which has been widely used by aerospace enterprise. Starting
from the history and development of the product quality problem close loop in aerospace system, We analyze
and summarize the methods and contents of aerospace quality problem close loop. Combining with the quality
management characteristics and operation characteristics of nuclear facilities, we analyze and compare the difference
between the quality problem handling modes of nuclear facilities and aerospace system, and put forward a method
suitable for nuclear facilities quality problem close loop.

Quality problem treatment is generally aimed at the phenomenon of fault problems, analyzes the problem , and
formulates relevant measures to eliminate the fault phenomenon. The quality problem close loop is not only
eliminating the fault phenomenon, but also analyzing the root cause of the problem in technology and management,
establishing correct measures, improving the processing technology of the quality problem, and improving the
management level, ultimately achieving the goal of avoiding the recurrence of problems. Quality problem close loop
is first applied in the quality management of aerospace group which is a great innovation in the history of aerospace
quality management. Now, after years of development and improvement, quality problem close loop has been a
complete system. By comparing the treatment mode of nuclear facility quality problems with the quality double
zero treatment mode, this paper proposes some quality problem close loop methods that can be used for reference
in the treatment of nuclear facility quality problem.

1. History and Content of Quality Problem Close Loop
In July 1990, the aerospace department summarized the experience of quality management of the aircraft
manufacturing in the seminar of learning Douglas aircraft quality management experience, the concept of "close
loop to zero" was the first proposed. At this time, "close loop to zero" only refers to the equipment instruction
to zero, manufacturing instruction to zero, assembly instruction to zero. Instrument instruction to zero means that
the tools, tooling and special equipment required for production and manufacturing must be ready and there should
be no problems before production and manufacturing. Manufacturing instruction to zero refers to the conditions
mainly related to manufacturing, such as the methods and steps of manufacturing, the product standards to be
achieved, and so on, should not have any problems. Assembly instruction to zero means that there should be no
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problems with matters relating to the assembly. At this time, " close loop to zero " is only the quality control
from the manufacturing process, not the treatment of quality problems.
The concept of "zero return" was soon popularized in the aerospace system. Especially in the promotion and
application of The China Academy of Launch Vehicle Technology, "zero return" has been fully expanded and
supplemented, and combined with quality problems. In 1992, the requirement of zero return work on quality problems
was clearly put forward. In 1995, <the Requirements for zero return of the Quality Problem in Development> were
issued. At this point, " zero return ", after a period of development and improvement, gradually formed a relatively
standard institutional requirements.
In August 1995, the aerospace industry corporation summarized zero return experience and achievements in
aerospace system, issued <The Measures for the Zero Return of the Quality Problem>, the concept of "quality
problem to zero" is put forward for the first time in system, which has been clear about the quality problem to
zero points on positioning, mechanism, property, liability, measures and so on.
In October 1996, the former Aerospace Industry Corporation proposed that the quality problems should be return
to zero in line with the requirements of "accurate positioning, clear mechanism, recurrence of problems, effective
measures, draw inferences, and the elimination of repeated failures". At this time, the space quality management
"technology to zero" five requirements have been completely formed.
At the same time of the implementation of the “technology to zero”, people realized many quality problems
were caused by inadequate management. In October 1997, the former Head office of The Space Industry issued
<The Notice on Quality Problems to Zero in Management>, which clearly put forward five requirements for the
management of zeroing quality problems, including clear process, clear responsibility, implementation of measures,
serious treatment and improvement of regulations, namely "management to zero". At this point, the aerospace quality
problem "double zero return, double five" has been fully improved.
In 2002, in order to further strictly implement the zero return work, the Aerospace Science and Technology
Corporation issued and formulated the Enterprise standard <Requirements for the Implementation of Zero-Return
of Aerospace Product Quality Problem >, to institutionalize and standardize the management of zero-return work
on quality problem.

2. Aerospace Quality Problem Handling Model
As for the quality problems of the aerospace system, it is
necessary to do the quality problems to zero under the relevant
requirements and standards formulated by the aerospace group.
If the quality problem has both technical reasons and
management reasons, the technology and management to zero
should be reset simultaneously. If the quality problem is mainly
caused by technical problems, it is necessary to clarify the
technical responsibility through management to zero, and then
technology to zero. Therefore, quality problems to zero should
include management to zero and technology to zero in principle,
and the zero return should be carried out in strict accordance
with the "double five" provisions.
Fig.1. The close loop diagram
The process of aerospace quality problems to zero is similar
to the PDCA cycle of quality management. The starting point
of the working cycle is the finding and feedback of problems, known as the FDAR cycle. That is to find the problem,
problem deployment, problem acceptance and processing, problem to zero, the four working stages. The loop diagram
is shown in Fig. 1.
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Problem finding and feedback (F). The department that discovers quality problems shall report and feedback
the detailed information of quality problems, including the phenomenon, position, severity of quality problems,
discovery process, reasons for preliminary determination and responsible departments, and report such information
to the superior technical and quality department in a timely manner.
Problem deployment (D). Upon receiving the feedback information of quality problems, the superior technical
and quality competent department shall immediately organize relevant personnel to conduct the analysis,
demonstration and responsibility determination of quality problems, and send the quality problems to the responsible
department and relevant departments according to the decision results.
Problem accepting and action (A). After receiving the quality problem feedback sheet and distribution sheet,
the department receiving the quality problem shall, under the guidance of the superior technical and quality competent
department, earnestly and timely carry out the analysis of the quality problem, and find out the root cause of the
problem in the technical aspect according to the technology to zero procedure, and find out the root cause of the
problem in the management according to the management to zero procedure. In practical work, it is necessary to
combine the technology to zero procedure with the management to zero procedure closely, dig into the management
factors that cause the technical problems, and analyze the technical obstacles that cause the management problems.
Problem review (R). The responsible department and related departments shall, under the guidance of the superior
technical and quality competent department, find out the technical and management root causes of quality problems
according to the technical and management to zero procedures, and propose solutions and measures to solve the
quality problems. The technical and quality departments according to the responsibility department and related
departments confront a problem solutions and measures, timely total knot technology and management to zero
experience and achievements, and formulates the corresponding standard, the process sequence and system, perfect
quality management system, the good each rules and regulations, to consolidate and implement on zero return results.

3. Characteristics of Quality Problems at Nuclear Facilities
3.1

Huge and Complex System

The system of nuclear facilities generally includes primary circuit system, secondary circuit system, auxiliary
system and other system like wind, water, electricity, gas, instrument and control system, which contains tens of
thousands of various equipment. Quality problems occurring during operation of nuclear facilities are not usually
single system failures, but generally involve the joint action of multiple fault system devices, and may also involve
multiple current operational activities. At the same time, the facilities and equipment of nuclear facilities are generally
not supplied by one or two suppliers, and these suppliers are as many as thousands at home and abroad. Due to
their different corporate culture, management level and technical ability, the problem handling is even more diverse,
so it is difficult to achieve unified analysis, demonstration and management of quality problems.
3.2

The Consequences of Problems Vary Widely

Nuclear facilities have a large number of equipment, and their role in safety and quality varies greatly. For
example, the consequences caused by quality problems of primary system equipment are more serious than those
caused by auxiliary system equipment. Therefore, when quality problems occur in nuclear facilities, it is difficult
to zero out the quality problems according to the unified standard.
3.3

Difficult to Repeat the Problem

After the occurrence of quality problems, relevant departments shall organize relevant personnel to confirm the
occurrence of quality problems through tests or other verification means, so as to verify the accuracy of positioning
and the correctness of mechanism analysis, and provide a strong basis for solving quality problems technically.
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Problems of nuclear facilities often involve many factors, such as external cooling water supply problem, external
power supply instability problem, weather factor, equipment itself problem, equipment installation problem,
equipment operation procedure problem and management problem. If according to the double return to zero
processing, considering so many factors, it cannot repeat the quality problem simply. In particular, if the failure
of important equipment related to nuclear safety is forced to repeat the failure, it is likely to bring more serious
consequences, such as aggravating equipment damage and increasing the risk of environmental pollution.

4. Nuclear Facilities Double Zero Feature
Based on the characteristics of the nuclear facilities quality problems, the double five steps and methods of
aerospace system double Zero can not be applied directly. It is necessary to modify the aerospace double zero
according to its own characteristics.
4.1

Application of Hierarchical Management

Because of the large nuclear facilities system equipment and the complex quality problem and the difference
consequences of quality problems, if all problems are conducted in accordance with the requirements of the double
zero process, mechanism analysis, measures, responsibility, regulations, repetition, is likely to cause resource waste,
increase operating costs in time and economic. Therefore, hierarchical management is implemented.
For general quality problems, that is, quality problems that do not involve nuclear safety, problem analysis,
measures, and shutdown verification can be conducted. For the quality problems which seriously affect the nuclear
safety, the aerospace double zero can be applied to deal with them.
4.2

Theoretical Deduction Replaces Problem Recurrence

Due to the quality problem of the nuclear facilities equipment characteristics, part of the problem recurrence
is difficult. At this point, we can repeat part of the problem within an acceptable range in time cost and the economic
cost, but this must be verified by theoretical calculation and analysis, simulation and experimental simulation method,
to avoid the accuracy of fault location and mechanism analysis, keep the quality problem to zero.

5. Recommendation for Quality Problems to Zero of Nuclear Facilities
When there is a quality problem requiring to zero in nuclear facilities, it can be considered from the following
aspects:
(1) Quality and safety management
Based on the documents of quality and safety management, we shall analyze the consistency and compliance with the
upstream management regulations, and its suitability in combination with the actual status of nuclear facilities. In
particular, whether the quality and safety organization can fully operate, whether the safety and quality responsibility
is implemented, etc.
(2) Operation procedures
Quality problems in nuclear facilities are most likely caused by incomplete operation procedures or operation manuals
of system equipment. At this point, we should start from the operation procedure, analyze the logic and rationality
of its operation, combine the operation experience, and consider whether the preconditions of equipment operation
are complete.
(3) Technical analysis of the problem equipment
Design, manufacture, test, inspection and other records inspection and analysis shall be carried out for the faulty
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equipment itself. Meanwhile, the treatment methods and results of non-conformance or defect problems existing in
these processes shall be considered.
(4) Draw inferences
After solving quality problem, quality management department shall give feedback of to quality problems information
to other units and companies timely to check the possibility of occurrence of the quality problems with similar
mechanisms, and take corresponding preventive measures to avoid the recurrence of the same quality problems.

6. The Closing Words
Quality problems to zero is an important means to ensure the operation quality of nuclear facilities, an important
guarantee to prevent the recurrence of quality problems, and an effective method to improve the quality level. The
characteristics of nuclear facilities system determines the quality problem to zero can't apply aerospace system
“double zero” method directly, we should draw lessons from aerospace double zero method and train of thought
to establish a set of complete, smooth running, the results clearly, implement effective quality problem to zero system
of nuclear facilities management, to improve the weak links in the quality management system and prevent them
at their source, so as to promote the improvement of technology and management, better ensure the quality and
reliability of nuclear facilities and raise the level of quality improvement.
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Abstract
Xiaomi is a company with a strong influence on products in the fields of mobile phones, AIoT, and software.
“Be friends with our fans” has been Xiaomi's core value for the past ten years. This article introduces how Xiaomi
builds the QTI criteria through multi-channel data feedback and in-depth user participation in the research and
development process, obtained by weighted calculation based on multiple indicators with the friendliness from
user to official and the friendliness from official to user as the core. And also tell how QTI is applied to improve
the quality of thousands of products in hundreds of Xiaomi Group’s businesses. In the 4.0 industrial era, Xiaomi’s
unique and innovative ideas on how to meet the personalized needs of each user through industrial intelligence
have been found of great value to the enterprises’ development in Asia and even the global market.
Keywords: User Voice、QTI、Alpha Test Development Process

1. Introduction
1.1

About Xiaomi

Xiaomi was officially established in April 2010. It is an Internet company with mobile phones, smart hardware,
and AIoT platforms as its core.
Xiaomi relentlessly builds amazing products with honest prices to let everyone in the world enjoy a better life
through innovative technology. The company has applied the Internet development model to develop product models,
uses geek spirit to make products, uses the Internet model to solve the premium brought by the intermediate links
of product sales, and strives to enable everyone in the world to enjoy high-quality technology products from China.
In terms of smartphone business: In 2019, Xiaomi’s revenue of the smartphone segment reached RMB122.1
billion, up 7.3% year-over-year. In terms of sales: Xiaomi shipped 124.6 million units of smartphones in 2019.
Xiaomi is committed to continuous innovation, with an unwavering focus on quality and efficiency, which is
the key to the steady rise of the company's smartphone business.
Throughout the whole year of 2019, Xiaomi continued to explore the fields of wireless fast charging, imaging
technology, 5G research and development, and future mobile phone forms through Xiaomi 9 Pro 5G, Xiaomi CC9
Pro, Xiaomi MIX Alpha 5G surround display concept smartphone and other products, made sufficient technical
reserves for the market opportunities brought by 5G in 2020. In December 2019, Redmi K30 5G, the first 5G mobile
phone under the Redmi brand, was launched. As a "5G pioneer", Redmi K30 5G starts at RMB 1,999, making
it the first 5G smartphone priced below RMB 2,000 in the Chinese market.
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On February 13, 2020, Xiaomi launched the Mi 10 series, becoming the first flagship 5G smartphone in 2020.
The first sales of Mi 10 exceeded 200 million yuan within one minute, and the first sales of Mi 10 Pro exceeded
200 million yuan in 55 seconds. The Mi 10 Pro received the highest scores from DxOMark for the overall camera,
video, and photography performance.
In terms of AIoT：In 2019, Xiaomi’s revenue of the IoT and lifestyle products segment was RMB62.1 billion,
an increase of 41.7% year-over-year. Xiaomi continues to enrich its IoT product portfolio, strengthens the
interconnection between products, and expand its leading edge in smart life. A number of AIoT product categories
are in a leading position in the market, including smart TVs, wearable devices, and smart speakers, which are
important IoT products that play the role of the control center in the field of smart life.
As of December 31, 2019, the number of connected IoT devices (excluding smartphones and laptops) on IoT
platform reached 235million units, an increase of 55.6% year-over-year. The number of users who had five or more
connected devices reached 4.1 million, an increase of 77.3% year-over-year.
Xiaomi has formed a brand effect in the IoT field. Well-known brands can reduce consumer cognitive costs
and generate a strong boost to sales. Therefore, based on the scale of the IoT platform, Xiaomi's advantages in
the field of smart life are still expanding.
In terms of Internet: In 2019, Xiaomi’s revenue from Internet Service reached 19.8 billion, up 24.4%
year-over-year. For the fourth quarter, revenue was RMB5.7 billion, up 41.1% year-over-year. In December 2019,
the global monthly active users(“MAU”) of MIUI increased by 27.9% year-over-year to 309.6 million with mainland
China’s MAU of MIUI standing at 109 million.
1.2

About Mi Community

Mi community was officially launched in August 2011. On the 16th of the same month, Xiaomi mobile phone
1 was officially released on the occasion of the first alpha test version of MIUI system. As a platform for
communication between Xiaomi officials and users, the Xiaomi community has always been carrying the mission
of collecting Mi Fan suggestions and feedback, organizing welfare activities for all Xiaomi users, and delivering
the latest developments of Xiaomi.
The latest iteration was released in September 2019 which was optimized and reconstructed based on the original
community. It is committed to becoming the base camp for all Xiaomi users, and creating a one-stop service that
integrates information, social, welfare, alpha test and other functions platform.
At present, more than 2.6 million users are active in the new version of the Mi community every day, docking
with more than 300 business units within Xiaomi, and more than 8000 official staff of Xiaomi settled in Xiaomi
community. On average, the number of suggestions and feedback posts from users every month reached 250,000,
and more than 420,000 users participated in new function research and problem feedback.

2. User's Deeply Participated Development Mode
There is no user-oriented testing process in the traditional development process, After the product manager has
designed the product, the R&D staff will develop it, and then the professional tester will check and accept it to
ensure that the problem is fixed before launch. Although this method can ensure the quality of functions, the
development cycle will be prolonged, especially for large-scale functions, which require more use case regression
tests, which may cause the launch time to be delayed by more than 1 to 2 weeks.
As a young company, Xiaomi took only nine years to make the Fortune Global 500 list. It has taken the alpha
test to its extreme and formed a unique development model with deep user participation. By recruiting core user
groups to experience their own minimal viable products, collecting feedback for rapid conversion and improvement,
at the same time increasing user participation and improving user reputation.
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Xiaomi’s User's Deeply Participated Development Mode mainly consists of two parts: a closed-loop alpha testing
mechanism and an efficient user feedback processing mechanism. Below we will separately introduce the principles
and characteristics of these two mechanisms, and reveal how Xiaomi can rapidly iteratively optimize its products
through this development model.
1.1

Alpha Test Flow

The MIUI system launched the first alpha version on August 16, 2010. Since then, the alpha project has been
released to the alpha user group at a weekly update frequency. It lasted for ten years and has now reached 460
weeks. As of 2020, there are more than 3 million users who have applied to participate in the MIUI alpha test.
Whenever the latest MIUI alpha test version is released, they will download and experience it immediately, timely
feedback on problems that occur during use, and put forward new suggestions. The developers accept feedback
and process it, and continues to
accumulate new feedback after the
next version is released and
updated. The overall process is
shown in Figure 1.
With their help, the alpha
version of the MIUI system has
been continuously optimized to
Fig. 1. User's Deeply Participated Development Mode
provide a guarantee for the product experience for 109 million official version of MIUI users.
At the same time, users participating in the alpha test are also very excited about the opportunity to try new
features and have face-to-face communication with developers. Everyone kindly refers to the release of the MIUI
alpha version as "Orange Friday", because the new version is usually released every Friday.
2.1.1 Create Alpha Test Project
Through the Xiaomi community, any software business can release an alpha version and create a closed circle
to recruit users to participate in the alpha. To prevent other users from spreading the alpha test package privately
and leading to rampant piracy, we ensured through the verification of imei and oaid. Only users who have passed
the alpha test standards set by the business can complete the alpha test package installation and experience the
new version.
2.1.2 Recruiting Alpha Test Personnel
To allow the business side to recruit users who match their user profile to participate in the alpha test, we allow
the business side to set up a questionnaire on its own. Users who apply for the alpha test must pass the test and
reach the score specified by the business side to obtain the alpha test qualification.
At the same time, with the mechanism of automatically obtaining alpha test qualifications for answering questions,
official personnel do not need to process user applications one by one, which greatly improves processing efficiency.
2.1.3 Welfare Based on Alpha Test Score
The difficulty is how to ensure that the users participating in the alpha test project are continuously active, and
can output effective feedback for business personnel to iteratively optimize the product. In order to allow users
participating in the alpha test to continuously output feedback, we have designed a scoring system based on the
user’s active behavior to incentivize high-quality alpha test users, and use warnings or clear the alpha test
qualifications for inactive users. Reach the goal of optimization.
The alpha test score statistics are based on 30-day user behavior data, and the statistical objects are users who
participate in the alpha test project. The alpha test score is determined by the role and behavior
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The calculation method of the role score: If the user has a special identity, a higher basic score can be obtained;
for ordinary users, we calculate the score based on the completeness of the user profile.
Calculation method of behavior score: different weights are given to users through their posts, comments and
other interactive behaviors. According to this weight, the behavior score of users participating in the alpha test is
calculated.
2.1.4 Product Iteration Optimization
After collecting user feedback, the official staff will arrange the priority according to the current function
development schedule, repair the experience problems and develop new requirements. After the new version is
completed, it will release the alpha test in the community again, and wait for users to give new feedback after
updating. So as to establish a good closed-loop processing mechanism.
2.2

Efficient User Feedback Processing Mechanism

The participation of a large number of users has brought a lot of feedback. At present, the daily average number
of suggestions and feedback generated by the Mi community can reach 8,000. Officials who settled in the Mi
community encountered many difficulties in handling suggestions and feedback:
Large amount of processing, long time-consuming: if you want to process all the feedback, it will take an average
of more than 1 hour a day, which is a great pressure on the official staff.
Repeated feedback: many users give feedback on the same problems. It is not necessary for officials to deal
with them one by one. However, if they do not respond to users, their enthusiasm for feedback will be reduced.
Difficult to find high-value feedback: since the staff must read all posts one by one posted by users, which
makes it difficult to find high-value feedback.
Based on the above problems, MI community has designed a set of efficient feedback processing mechanism,
so that the official can handle user feedback and absorb effective information more easily.
2.2.1 Feedback Processing Flow
The core of efficient feedback processing is to solve the problem of large amount of feedback and repeated
feedback, and at the same time, filter out the high-quality feedback content and submit it to the staff. Therefore,
we designed the feedback processing flow shown in the figure, changed the traditional "user post official processing"
mode, and created the concept of "proposal".
Proposal is a new form of content, which is obtained by aggregating one or more posts reflecting the same
problem by a special user group. The feature of the proposal is that the name is simple and clear. It can describe
the
specific
problems
and
phenomena in one sentence, so that
the processor can quickly grasp the
information. At the same time,
when processing feedback, the
official staff can notify all
participants with one times of click
key, so as to realize the effect of
official processing a proposal,
covering and processing hundreds
of posts at the same time, and
notifying tens of thousands of users
participating in the proposal, which
greatly improves the processing
Fig. 2. Alpha test score algorithm
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efficiency.
Next, we will introduce the specific problem handling process in detail：

Fig. 3. Feedback processing flow

Path 1:①User posting feedback; ②Special user group members make judgments; ③For simple or known solutions,
they can be directly answered; ④After completion, the user confirms that the problem is solved.
Path 2: ①User posts; ②Special group judgement, unable to solve the problem; ⑤Summarize the posts into
proposals, and summarize the repeated posts into the proposal together; ⑦Official staff process the proposal,
One-click notification to all participating users; ④Users Confirm that the problem is solved;
At the same time, as shown in step⑥, when the proposal has been created, users who encounter problems
do not need to post again, they can directly feedback by participating in the proposal, and wait for the official
processing announcement received after the proposal is processed.
Based on this processing method, official personnel can quickly process a large number of posts by processing
the proposal, and at the same time judge the importance of the proposal based on the number of participants in
the proposal and the number of associated posts, and give priority to processing.
On April 27, 2020, the MIUI12 closed beta version was released. A large number of closed beta users have
experienced and feedback. The official staff only processed more than 750 proposals, and simultaneously mapped
22,000 posts, and notified 460,000 participants who participated in the proposal.
When the staff processes 1 proposal, they can process 30 posts, cover 602 users, and directly increase the
processing efficiency by 29 times.
2.2.2 Training System for Special User Groups
We call users who are fanatical and loyal to the Xiaomi “Mifan”. In the Mi community, we will select a batch
of Mifan to serve as a special group of the community. They are assigned to different positions to assist official
personnel in participating in the management of the community.
In the efficient feedback processing mechanism mentioned above, special groups play an important role in post
processing. They answer the simple questions raised by users, and submit the difficult problems to the official after
summarizing them into proposals. How to let a user become a qualified special group, we have a set of professional
mechanism from recruitment, training, assessment management.
2.2.2.1

Classification of Users in Special Groups

According to the needs of different positions, the special groups of users in the Mi community are divided into
the following categories, corresponding to different business scenarios:
Answer Group: Mainly conduct user help-seeking answers and proposal summaries, and help others to solve
the problems encountered when using mobile phones/other hardware products free of charge.
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Circle Owner: Responsible for the operation and management of the circle, select high-quality content, maintain
the atmosphere of the circle, improve the quality of the circle, and make more users willing to participate in the
interaction.
Inspection team: has the right to offline posts and banned users, and is responsible for cleaning up the illegal
content and users of the entire site to ensure a friendly atmosphere in the community.
Creation group: responsible for content creation, output high-quality content for the community for other users
to read.
2.2.2.2

Recruitment and Training of Special Groups

Becoming a special group needs to meet certain basic conditions: a certain degree of activity in the community,
and a certain level of knowledge of mobile phone hardware and software. We will also evaluate the individual
ability of the answering group by answering questions, and those answering groups that have passed the assessment
for a long time will also participate in the maintenance and update of the answering database to ensure that the
newly added special group meets the standard.
When a new user becomes a member of the special group, we will assign an excellent special group mentor
to him. During the one-month internship period, he will complete a series of tasks under the guidance of the mentor
to ensure that he is clearly special Responsibilities of the group to understand which behavior is illegal. The instructor
will evaluate and score his operation. After the internship period is over, only those who pass the instructor's
assessment can become formal members of the special group.
2.2.2.3

Management and Assessment of Special Groups

Through data statistics, we can monitor the number of operations of each special group in a complete natural
month. Each different operation has different weights according to the difficulty of its operation, and comprehensively
calculates the monthly operation of this special group member Score, as the basis for his assessment.
At the same time, evaluation will be carried out every week, and special group members whose operation scores
do not meet the standard will be warned. If they are repeatedly warned and do not improve, they will be cancelled.
2.2.2.4

Incentives for Special Groups

The incentives for special groups are divided into two dimensions, material incentives and spiritual incentives,
to express our gratitude for their spirit of spending a lot of personal time on helping other users because of their
love for Xiaomi.
Material incentives consist of basic rewards and bonuses. As long as the operation score reaches the standard,
the basic rewards can be obtained. For the special group with the highest operation volume, different bonus incentive
levels are divided and rewards are issued. The gold coins obtained can be exchanged for items in the mall of the
Mi community.
Spiritual motivation is reflected in many aspects: 1. The special group has a special identity in the community
to distinguish ordinary users; 2. The special group has a medal of honor and quits after working for a certain period
of time, and will receive the title of [Honorary Veteran] ; 3. Become a special group and have the benefit of
participating in offline activities held by Xiaomi.
Through the dual motivation of material and spirit, as well as the sincere love of users, the mechanism of the
special group can be cycled.
2.2.3 Feedback in the Development Process
Summarizing user feedback into proposals and submitting them to official staff for processing can effectively
improve processing efficiency. However, in the modern Internet development process, the process of manually
receiving feedback, recording it in the business backlog and then resynchronizing it still consumes energy.
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So we have opened up Xiaomi's internal mail system and R&D tool jira, so that it can more efficiently connect
with official personnel.
2.2.3.1

Email Notification System

Set the email address for receiving information, and the official staff can designate to receive the feedback emails
of the business they are concerned about at any time of the week. We will display the suggestions and help requests
with the most feedback from users this week in the email to help the business determine what the current users
are most concerned about. We will display the feedback processing rate of the current business in the form of a
percentage to remind him that he needs to go to the background to deal with the problem as soon as possible.
The main purpose of opening up the email mechanism is to establish the awareness of official staff to receive
feedback regularly, and to be able to check their current processing status through emails and organize data.
2.2.3.2

Development tool

Jira is a tool used by Xiaomi's internal research and development to record the faults found and track the progress
of the processing until the repair is completed. By connecting with jira, the feedback generated in the Xiaomi
community can be created and displayed in the R&D staff's Kanban with one click. Processing jira can be
synchronized to the state of the proposal in the Xiaomi community.
At the same time, in order to allow key issues to be discovered faster by R&D, so as to avoid handling experience
problems caused by delayed feedback in the community. We have set up Jira’s automatic creation mechanism: when
the number of participants in a proposal reaches the set threshold in the community, we will automatically generate
Jira and determine whether the problem has been mapped to the correct module.
If it is not created under the correct module, it will enter the jira pool to be classified, waiting for professionals
to judge and classify, and then hand over to the correct module. After the business R&D personnel have processed
the jira, the status of the proposal in the community is synchronously modified, and all users participating in the
proposal receive a processing notification. Realize the automatic operation of the entire feedback process.

Fig. 4. Automatic creation of jira process

3. Definition of QTI
The core of QTI is quality and trust, quality revolves around products, and trust comes from users. Therefore,
how to define users' recognition of products and trust in brands is the core of establishing QTI indicators.
We divide the QTI indicator into two parts, namely "The friendliness from user to official" and " The friendliness
from official to user ". Each part is weighted by the parameters of multiple modules to obtain the corresponding
value.
We will not use QTI as an important indicator of the ranking of business units, in order to force them to increase
the QTI index. We believe that if we want to create a friend-like relationship between users and officials, we need
a frank and open environment. Therefore, QTI will only be used as a business’s evaluation of the current situation,
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and will only be compared vertically
with the historical situation. Since
different businesses face different
user groups and have different
characteristics, we hope that the
business will set its own goals based
on the real situation of the business.
3.1

The Friendliness from User
to Official

The friendliness from user to
official is composed of three parts:
user group value, user behavior, and
user evaluation score. We use these
Fig. 5. Definition of QTI
three indicators to calculate the
official friendliness of users to the business. Each indicator is calculated comprehensively by the scores of multiple
factors.
3.1.1 User Group Value
The value of the user group does not use money to measure the benefits it can bring, but to judge the value
of the user group in this business circle to show its future improvement space. Mainly include the following items.
Fans number：Count how many fans have joined the circle currently. The larger the number, the more user
groups are concerned about this circle, and the higher the user value is relatively speaking.
Number of newly added fans: The number of newly added fans per unit time. The larger the number, the higher
the user's interest in this circle at the current stage, which proves that there are more potential user groups and
higher user value.
Number of active users: The number of users who have active behaviors per unit of time reflects the user's
willingness to be active in the circle. The more active the number, the greater the user value and the higher the
stickiness to the circle.
User interaction rate: the proportion of users with interactive behaviors to the number of active users. Interacting
users can generate greater value than ordinary active users. Therefore, the higher the user interaction rate, the higher
the activity of users in the circle, and the greater the user value.
3.1.2 User Behavior
User behavior refers to the interactive behavior of users with respect to officially released content. The higher
the index, the more interested the user is in the officially released content, which reflects the user's trust value
and willingness to pay attention to the official content.
Official content interaction volume: user interaction data with officially released content. The higher the value
of this data, the more users like to interact with the official, and it also reflects the frequency of official releases
from the side.
Official content reading: users' reading data of official content. It means that users have a strong willingness
to read the official content. The higher the data, the more interested the user is in the official content.
3.1.3 User Evaluation Score
This score is a comprehensive evaluation given by the user to the official, used to organize and measure the
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user's satisfaction with the official. The higher the score, the higher the user's satisfaction with the official and the
higher the trust value of the official. This score has the highest weight in the entire ‘friendliness from user to official’
indicator.
3.2

The Friendliness from Official to User

The friendliness from official to user also consists of three parts: official presence, official activity, and user
feedback processing. Through this indicator, it can be shown that the business side is close to the user, whether
it has really improved the product quality and won the trust of the user.
3.2.1 Official Settlement Situation
The official settlement situation reflects the specific data of official personnel entering the circle. The higher
the score of this indicator, the closer the relationship between the official and the user, and the stronger the
willingness to communicate with the user.
Settlers number: the official number of settled in the circle. The larger the value, the more officials attach
importance to communicating with users, and the more officials attach importance to receiving user feedback.
Active settlers’ number: The number of active officials who have settled. Settling in is only an instantaneous
behavior. The activity after entering shows that the official is really often communicating with users. The weight
of this indicator will be higher than the previous one.
3.2.2 Official Activity
Through official behaviors, it reflects the active level of the official presence and records its willingness to
communicate with users.
Official posts amount: the content posted by the official account in the circle over a period of time. The higher
the number of posts, the more information the official has to convey to users, and the stronger the demand for
communication between the official and users.
Official Interactions: The amount of official interactions with users in the circle during a period of time. The
higher the amount of interaction, the stronger the atmosphere of communication between the official and the users,
in this continuous interaction, a good user relationship is cultivated.
3.2.3 User Feedback Processing
This indicator is a core indicator that measures ‘the friendliness from official to user’. Through the official
handling of the suggestions and feedback provided by users, it reflects whether the official respects users’ opinions
and whether the business experience and product quality have been improved based on the user’s perspective.
Feedback post processing rate: Calculate the processing status of user feedback posts. The higher the post
processing rate, the smaller the number of users who have not responded, and the more user-friendly perception.
Proposal processing rate: represents the official handling of proposals. The higher the processing rate, the higher
the official acceptance of user feedback and the response.
Suggest proposal adoption rate: represents the number of users’ suggestions that have been officially adopted.
Merely responding to the proposal can only be handled on behalf of the official, but adopting suggestions is the
real step for the official to improve the product experience through user feedback.
Feedback proposal resolution rate: the percentage of users who confirm the resolution of issues raised by users
after they are officially processed. Similar to the suggestion, only the user confirms that the problem is solved can
it prove that the official action has effectively solved the product quality problem, which can reflect that the official
treats the user truly and friendly.
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4. The Application of QTI
In the third section, we learned how the Mi community defines the QTI calculation method. After getting this
index, how do we apply it to improve the quality of specific products? Is it marketable?
Next, we will use software, hardware, and AIoT products to look at the application of QTI in the development
model of Xiaomi's user deep participation from three perspectives.
4.1

Application in Software Development

The MIUI system is the most important software ecosystem for Xiaomi mobile phones. In the Mi community,
the MIUI system circle alone has 1.64 million fans joining, and an average of 6,000 new people join this circle
every day.
There are about 150,000 people participate in MIUI-related suggestions and feedback every week. Official staff
will process a large number of feedback posts and proposals based on QTI goals. Software failures will be fixed
in time, and high-value parts will be optimized for user suggestions.
Taking an optimization proposal for one of the business processes as an example, the user hopes to add the
ability to intelligently associate a complete search term based on keywords in the search function of the radio
software. After demand analysis, the radio business has optimized this feature. After the feature is launched, data
analysis has found that the conversion rate is only about 53% compared with the traditional function. Users who
search in this way after the new feature is launched, the conversion rate can reach 70%, an increase of 17% click
conversion rate, effectively improving business data.
In addition to this case, the MIUI system has a lot of functions. It establishes a processing rate target based
on QTI. During the processing, suggestions that are very helpful to the business are collected. After the optimization
is launched, the business data is improved and the User experience and product quality.
4.2

Application of Mobile Phone Hardware

As the main business of Xiaomi, there will be a lot of alpha testing work to ensure the quality of the mobile
phone every time a new model is released. However, due to the complexity of hardware problems, the probability
of recurrence in different environments is different, leading to many problems that users find first to fix after the
new version of the mobile phone is released.
For the hardware business, the main impact on the QTI index is the handling rate of the problems encountered
by the most people. If you can guarantee the timely handling of these, then the QTI index of the hardware business
will be guaranteed.
Thanks to the ability of user feedback to link jira, whenever a major problem occurs in the business circle,
if the number of people who encounter the problem reaches the threshold, the corresponding R&D staff will receive
an automatically created Jira notification, and then arrange emergency treatment which can ensure the immediacy
of problem handling.
In a specific case, after a new alpha test version of Mi 10 was released, many users reported the sound quality
change problem of the mobile phone hardware, which triggered the automatic creation of Jira threshold. The
corresponding developers immediately received the message and started processing Feedback.
Through rigorous sound test and comparison, it is finally concluded that the actual hardware has not been
damaged, possibly due to volume fluctuations caused by a certain software setting, which has been repaired after
investigation. Subsequently, the official personnel closed jira and issued an announcement under the proposal to
inform users of the solution to the problem, and received a large number of users' approval.
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4.3

Application in AIoT

In addition to the hardware and software of mobile phones, QTI is used to improve product quality and improve
user experience. Xiaomi's rich AIoT product line also uses this indicator as a benchmark, combined with community
feedback tools, to absorb many strategies that are beneficial to business improvement.
Take Xiaomi ai speaker as an example. As a leading smart speaker product in the industry, in the first half
of 2019, the voice interaction between the user and Xiao Ai reached 10 billion times. A large amount of user
feedback has also been brought about by a large amount of use. After the regular processing of Xiao Ai Team,
they have maintained a stable user demand pool. When there are spare R&D resources, they can be optimized to
improve user experience.
For example, many Chinese users have reported that they hope to support the identification of dialects in different
regions of China. After evaluating the audience's user base, Xiaomi ai speaker anchored the first batch of dialects
that need to be optimized based on the number of user feedback, and then cooperated with speech recognition head
companies iFLYTEK, Alibaba, and Google to design a new acoustic model , To enhance the user's voice interaction
experience in this dialect.
After the functional alpha test was launched, it received a lot of praise, which directly increased the sales of
Xiaomi ai speaker in the corresponding language regions, built brand reputation, and gained a larger user market.

5. Summary
2020 is the tenth year since the founding of Xiaomi. We have become the fourth largest mobile phone
manufacturer in the world, with ROM in the first echelon of Android camp, MIUI, a global product with 300 million
monthly activities, and AIoT ecological chain products covering all aspects of people's intelligent life. As the
youngest company among the fortune 500 companies, many people are studying how Xiaomi succeeded and what
methodology it used to quickly occupy the market and gain a large number of users.
In fact, the core reason is very simple. Xiaomi's products are not only the pursuit of quality, but also the
company's beginning since its inception. Based on the philosophy of all Xiaomi employees “make friends with users”:
we are producing products that users can trust. Provide users with services that are inseparable like friends, so that
everyone can enjoy the fun of technology.
User's deeply participated development mode is a way that is closer to user and uses Internet thinking to quickly
iterate products, which is more efficient than traditional MVP products. In the past few years, MIUI's ability to
stabilize the first echelon of the Android Rom camp is closely related to it. The combination of QTI with it will
produce incredible chemical effects. In the process of efficient communication with users, we can always find out
where the current problems are and make corrections, which is bound to improve efficiency and results.
Xiaomi’s users, we call them Mifans, and they are happy to call themselves that way too. It can be said that
Mifans are the most distinctive group of all brands’ fans. They are not superstitious of a brand or a person. What
they care about is cost performance, service, and quality. Many of them are geek lovers and have programming
skills. When they approve a certain product, they will advertise it to the people around them. Similarly, once they
identify that a certain product is not worth buying, they will also ask others to avoid it.
We have no other way to win the support of Mifans, except to use cost-effective products and sincere service
to make them trust us like friends. Happily, we did it. In the next decade that Xiaomi is about to start, our Mifans
group is getting bigger and bigger, and the user base participating in Xiaomi's unique development model is also
increasing. Faced with opportunities and challenges, after a series of explorations, we believe that with this set of
QTI measurement system can help us effectively improve product quality and user experience, and provide an
effective reference for the development of various businesses.
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What is the core methodology of Xiaomi's success? Just one sentence: make friends with users.
Because of Xiaomi's values, we got Mifans. Because of the support of Mifans, Xiaomi has experienced a decade
of rapid growth.
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Abstract
For electric/gas storage water heaters, improving the structural stability, hot water corrosion resistance, durability
and manufacturing stability of the tank has been the primary goal and requirement of industry development. This
article takes enamel coating process as its main focus, discusses the overall quality control methods and technical
improvements starting from the structural design, steel plate selection, production process, inspection methods and
other related processes, that resulted in a comprehensive improvement of the manufacturing quality of the General
Electric Appliance (Short for GEA) electric water heater tanks. Through the comparison of relevant performance
test results, the finished products have shown major improvements in enamel surface density and smoothness,
enamel coating thickness uniformity, and enamel coating adhesion. The products also show improved results in
reliability simulation test, such as pressure cycle testing (exceeded 1.1 million cycles without failure), and
hydrostatic pressure test (no leakage or permanent deformation under 2 times rated pressure).

1. Introduction
The needs of consumers for hot water are contineously increasing together with the gradual improvement of
living conditions, and the demand for large-capacity water heater products is also increasing. At the same time,
it also puts forward higher requirements for the service life of the product. The warranty time of the water heater
in the industry has also been continuously increased. How can we manufacture large-capacity water heater tanks
that meets consumer expectations and can be used for a long period of time with out any failure has been key
demands of the industry. During the product service period, enamel layer is the part that contact hot water directly,
so the quality of this layer is one of the key factors that affect the total service life of the product. Because the
enamel process is the last process of tank fabrication, so its quality improvement is not simply a separate
improvement of itself, but also including the improvement of structure design, material selection, forming, welding,
pre-treatment, and other related processes through the whole tank manufacturing process. Some of the factors that
affecting enamel quality have been shown in Fig 1.1.
Some improvments of quality contol metod and process technology will be described in the following chapters,
including tank structural design, selection of steel panel, selection of enamel material and enamel spray method.
Test results of tank performance reflecting these changes will also be described in the article.
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2. Tank Structure Optimization and Steel Plate Selection
Good product quality is the result of good product design. To ensure the quality of manufacturing process and
final products, it is very important to control the quality of product design. For water heater tanks, how to ensure
that the appropriate materials are being selected and designing a durable pressure-bearing structure are our primary
focus. The requirements of steel plate, thickness calculation, overall structural design and stress simulation will be
discussed during the following content.
2.1

Steel Plate Selection
Generally, the steel plate that used for manufacturing water heater tanks shall meet below requirements:

 Good forming performance: to meet the processing requirements of stamping, rolling, bending, punching, etc.;
 Relatively high strength and high-temperature (above 850°C) strength: since the water heater tanks need to
be fired once or twice during the enamel process, the ability to maintain high strength during and after multiple
firing is extremely important;
 Excellent enamel coating performance: including anti “Fish Scale” performance, adhesion performance, air bubble suppression performance and appearance quality;
 Resistance to deformation during high temperature: no major deformation should occur during the firing process
 Good surface quality: The surface defects of the steel plate not only affect its coating and enameling performance, but also affect production and processing efficiency. Some serious surface defects affect enamel quality
even after being cleaned and repaired, which will have a negative effect on the service life of the product.
Due to the long-term pressurized service condition, the material used for making water heater tank must have
a relatively high yield strength. Hot-rolled steel are widely used in the industry because of its high yield strength,
fairly good surface quality and reasonable price. Q235B structural steel plate is usually used in the industry in the
past, but because of its poor enamel ability and high risk of occurring “Fish Scale” defects, this material have been
gradually replaced by other types of hot-rolled steel plate that more suitable for enamel, such as “BTC” series from
Baosteel. “Fish Scale” defects are half-moon shaped cracks in enamel coating, which occur immediately or even
hours or days after the firing operation. We have carried out “Fish Scale” defects test and mechanical properties
test for samples that chosen from “BTC” series, and finally selected BTC330R as the steel used for tank
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manufacturing. According to the test results, the yield strength of this material remains higher than 300MPa after
two firing process. And no “Fish Scale” defect founded after high temperature (>140°C), low temperature (-18°C)
and long time (2 weeks) storage, which proves an extremely low risk of “fish scale” defect. The relevant test
parameters and results are shown in Table 2.1 and figure 2.1.

Table 2.1 Fish Scale Test Specifications and Results

Test Parameters
Steel plate thickness
Enamel thickness range on front surface
Enamel thickness range on back surface
Baking temperature
Baking time
Freezing temperature
Freezing time
Sample storage time
Test Result
After baking
After Freezing
After storage

Value
2 mm
267-298 μm
195-245 μm
140 °C
2 Hrs.
-18 °C
2 Hrs.
336 Hrs.
“Fish Scale” defect
None
None
None

Fig2.1 Appearance of Sample After “Fish Scale” Test

2.2

Steel Plate Thickness Calculation and Structural Design Optimization

The steel plate thickness and the structural design should be considered all together during the design process
of water heater tank. By studying the relationship between plastic strain and thickness on different shape design,
we can optimize the structure of our tanks and find the right thickness for different volume water heater.
Below is one example of different curing design on top head of water heater tanks:

Sample 1

Sample 2
Fig2.2 Different Design of Top Head of Tank
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Sample 3

The plastic strains on different thickness under the same stress have been estimated on different structure shown
as below:

Fig2.3 Plastic Strain Versus Thickness Under Same Stress

Sample 1 shows a larger degree of deformation versus thickness under the same pressure compare to sample
2 and 3 according to the simulation results which indicating this design isn’t a good design for top head of water
heater tank.
After eliminating the inappropriate design plan, we carry out stress-strain simulation analysis on the remaining
plans respectively, and finally established the appropriate design. Figure 2.4 shows an example of stress-strain
simulation on one part.

Fig2.4 Stress-Strain Simulation on Water Heater Tank Top Head

3. Selection and Performance Tests of Enamel Material
Different from other enameled parts (such as cooking ware or parts of range oven), the enamel layer inside
the water heater tanks is exposed to hot water for a very long time (average 8-10 years). Therefore, higher
requirements are put forward for a series of physical properties of enamel coating, such as hot water resistance,
acid resistance and anti “fish scale” defect, etc. We performed the following performance tests during the enamel
material selection process:
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3.1

Resistance to Hot Water

Hot water resistance test was proceeded according to the method described in ISO28706-2, several materials
have been selected to run the test. All the samples have been prepared under the recommended conditional receiving
from material suppliers. Test results are shown in the figure below:

Fig3.1 Weight Loss Against Boiling Water Versus Time of Different Samples

It can be seen from the test results that sample 4 has the lowest weight loss in boiling water and shows the
best boiling water resistance properties.
3.2

Resistance to Acid

Since the tap water is currently added with chlorine for disinfection, chlorine will generate a small amount of
hypochlorous acid in the water, making the water weakly acidic. Usually the PH value is around 6.5. Therefore,
the strong acid resistance ability is required for this enamel layer. Anti-Acid test was proceeded according to the
method described in ISO28706-1/9 as using 10% citric acid solution for 15 minutes. All the same have passed
this test and sample 4 showed no visual change on surface which indicates an AA class performance (highest).
3.3 Resistance to “Fish Scale” Defects
All of the samples have passed “Fish Scale” test which have already been described in chapter 2.1.
3.4

Enamel Adhesion Test

Under the recommended firing process, all samples have shown relatively good enamel adhesion (above class
2). Sample 4 have shown a class 1 adhesion. The summary of test results is shown below.

Table 3.1 Test Results of Enamel Coating Properties

Test Item

Sample 1

Sample 2

Sample 3

Sample 4

Weight Loss of Second Period(g/m2)

4.4

3.9

4.2

3.1

Anti-Citric Acid

A

A+

A+

AA

None

None

None

None

Class 2

Class 2

Class 2

Class 1

“Fish Scale” Defect
Enamel Adhesion

Sample 4 shows a better performance from the test results and can be selected for the final use.
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4. Inprovement on Enamel Spraying Process and Thickness Control Method
As an important part of the whole enamel process, different enameling methods and the control of various
enameling parameters will have a direct impact on the final enamel products. According to the needs of different
products, the coating methods can be divided into dip coating, flow coating, wet powder spraying, electrostatic wet
powder spraying, electrostatic dry powder spraying and so on. For water heater tanks, the most commonly used
coating method in China is flow coating. The advantages of this method are easy to operate, mature and stable
process, relatively low requirements for enamel slip, but on the contrary, there are also many disadvantagies for
this method: difficult to control the thickness of coating, relatively high material usage and waste, relatively high
material cost, relatively poor coverage and uniformity of enamel coating. Based on the fact that GEA products are
American type tanks and to avoid some disadvantages of flow coating, we decided to use wet powder spraying
method after comprehensive consideration.
Compared to flow coating, wet powder spraying has the following advantages: better coating thickness control,
relatively low material usage, relatively good enamel coverage, good enamel layer uniformity. Because the large
volume of GEA water heater tanks (150-200L) we have designed a tank fixed, spray gun rotating and spraying
process. Because spraying method puts forward higher requirements for the physical properties of the enamel slip,
we need to control more properties including density, viscosity, particle size and rheological property of the enamel
slip. Some other parameters that effect the spraying process like nozzle diameter, spray air pressure, atomizing shape,
and enamel slip feed pressure should be also taken into account. Parameters obtained after a series experiments
are list in the following table.
Table 4.1 Optimized Parameters of Wet Powder Spray

Items
Particle Size
Viscosity
Rheological Property (Slump)
Density
Enamel Slip Feed Pressure
Spray Air Pressure

Range
20-30 g/200 mesh
18-21g/100cm2
6-10 Rounds
1.75-1.85g/cm3
0.19-0.29MPa
0.30-0.55MPa

Test method for measuring enamel coating thickness have been improved while controlling the spraying
parameters. Normally, the thickness of enamel coating is measured after firing process. But in fact, it’s already
late because the whole enamel process has been finished at this point. So, we have performed a series of experiment
to established a relationship of thickness between spraying, drying and firing process. So that we can monitor the
enamel thickness during the whole process to achieve better control. The thickness of enamel coating at the same
spot of 50 samples have been measured at three different stage during enamel process: after wet spray, after drying
and after firing. Results are shown i n below figure.

Fig4.1 Enamel Thickness Measurement at Different Stage of Enamel Process
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According to the measurement results, enamel thickness at wet spray and drying stage are approximately the
same. And thickness decreases by 35%-45% after firing. By doing this, we can measure the thickness of the coating
right after spraying, if any defective products are found, they can be easily repaired and we can also adjust equipment
in time.

5. Performance Test and Comparison on GEA Versus Regular Water Heater Tanks
Several performance tests have been carried out on GEA water heater tanks and regular China domestic water
heater tanks (refer as “regular tanks”) as below:
5.1

Enamel Coating Properties

5.1.1 Enamel Thickness Uniformity
30 GEA tanks and 30 regular tanks have been prepared and enamel thickness has been measured at the top,
middle and bottom position. Results have shown below:

GEA Tanks

Regular Tanks

Fig5.1 Thickness Measurements on GEA tanks and Regular Tanks

As shown in figure 5.1, the thickness uniformity of the GEA tank
enamel coating is better, the difference in thickness of each position is
small (around 190-250μm), and the thickness standard deviation is low
(Stdev 14.31-16.22) which proves a good consistency, and for the
comparison group (regular tanks), the difference in thickness of each
position is relatively bigger (180-400μm), the enamel coating is thicker
at the bottom, the standard deviation is higher (Stdev 24.44-52.94), which
proves a relatively poor consistency.
5.1.2 Enamel Adhesion
The samples for adhesion test are being cut from the actual GEA tanks
and regular tanks. The test is conducted and results have been evaluated
according to BS EN 10209. All sample have achieved class 2(very good)
and above adhesion. Samples acquired on GEA tanks achieve very close
to class 1(excellent) adhesion as shown below.

Fig5.2 Test Result of Enamel Adhesion on
GEA Sample

5.1.3 Enamel Surface Quality
Electric spark detector can be used to detect defects on the enamel surface. By applying a voltage between the
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sample and probe, electric spark will occur at the defect spot. We can evaluate the enamel surface quality by counting
the spark number on a certain area (600 cm2). The spark number for GEA sample is 1 and for regular tank is
8, indicating the number of defects for GEA sample is much less than regular sample.
5.2

Tank Performance

5.2.1 Pressure Cycle Test
This test is a simulation on pressure change of water during the product use. Test result can reflect the service
life of the product on a certain extent. GEA tank showed an astonishing result: no leaking for over 1.1 million
cycles. And the regular tank leaked at 250,000 cycles.
5.2.2 Hydrostatic Pressure Test
Both of the tanks have shown a relatively good hydrostatic pressure test results: no leakage or permanent
deformation under 2 times rated pressure.
The test results and comparison conclusions are shown in the table below:

Table 5.1 Test Results of Tank Properties (GEA Tanks Vs Regular Tanks)

Test Item

GEA Tanks

Regular Tanks

Enamel Thickness

200-240μm

180-400μm

Adhesion
Surface Quality
Pressure Cycle
Hydrostatic Pressure

Class 2
Spark: 1
1,100,000 (No leaking)
No Leak

Class 2
Spark: 8
250,000
No Leak

Judgement
Better enamel coating
uniformity
Same
Better surface quality
Longer service life
Same

6. Conclusion
Several improvements on design, manufacturing process and quality control such as the usage of stress-strain
simulation during structural design, improved selection standard for steel plate and enamel material, innovation on
enamel process and thickness control and other topics are described in this article. All these seperated improves
resulted in a comprehensive improvement of the manufacturing quality of the GEA electric water heater tanks.
Compare to regular tanks, the finished products have shown major improvements in enamel surface density and
smoothness, enamel coating uniformity, and enamel coating adhesion. The products also show improved results in
reliability simulation test, such as pressure cycle testing and hydrostatic pressure test. Based on those improvements,
the final product can well meet the requirements of consumers for product durability and service life.
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Abstract
Deployment is the central activity the team has to properly perform in exercising quality function deployment
(QFD). As a methodology for implementing total quality assurance, there are two kinds of deployment in QFD:
(1) interpretation, and, (2) conversion. The former kind helps in dealing with the origin, that is, the needs, while
the latter kind helps translate items of one aspect, for instance, customers’ needs or given requirements, into items
of another aspect, such as features, parts and processes. To facilitate teams on making effective translation and
obtaining greater benefits from using QFD, the aim of the paper is twofold. First, it is to discuss both the conversion
kind and the interpretation kind of deployment. The practice of conversion deployment for assuring the make and
the production quality will be briefly reviewed and followed with an overview of the basic steps, essential
techniques and useful tools for operating interpretation deployment. Second, it is to introduce the translation
mechanism suggested by Modern QFD. The joint use of customer voice table and maximum value table of Blitz
QFD® for speeding up the deployment process will be explained.
Keywords: Quality function deployment (QFD), conversion deployment, interpretation deployment, quality
assurance, Blitz QFD®, Modern QFD, ISO 16355

1. Introduction
Deployment is the central activity the team has to properly perform in exercising quality function deployment
(QFD). As the name suggests, QFD methodizes formulating solutions and/or making plans for producing a product
or delivering a service by deploying quality, that is, the needs of the customers and/or what to be required with
the product/service, into functions, that is, corresponding elements, such as characteristics, features, technical
parameters, processes, etc. Deployment, simply speaking, is turning. It is, of course, not the direct, linear kind of
turning that only makes a transmission of information. The migration from what to be needed or required to how
a product/service be designed or produced/delivered involves transformation of data. ISO 16355 refers deployment
as translation. The turning QFD makes is such comprehensive, thorough that exploration, elaboration, organization
and induction are involved. With a much fuller interpretation and conversion, the data that “turned” would effectively
inform the team on the subject matter that under studied.
There are two kinds of deployment in QFD: (1) interpretation, and, (2) conversion. Conversion deployment greatly
helps translate items of one aspect, say, certain given requirements, into items of another aspect, such as features,
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parts and processes which would collectively contribute to meeting the given requirements. However, it could not
help find out the items at the origin, that is, the needs of the customers. The devise of interpretation deployment
is a breakthrough as interpretation deployment could overcome the limitation of conversion deployment. Starting
from collecting the voice of the customer (VOC) all the way to identifying the important needs, interpretation
deployment effectively helps assure design quality. With performing interpretation deployment prior to conversion
deployment and architecting the modules to be addressed in a logical manner, the system QFD provides would
be a holistic method for assuring quality from design to production.
Although the underlying principles are generic, there is no single, one-size-fits-all way of doing deployment.
The team has to carefully design the structure and the flow, make plans for operating the process, and, search for
and use appropriate tools before able to do proper deployments for achieving the project goal (Akao, 1994a; Chan
& Mazur, 2017). To facilitate teams on making effective translation and obtaining greater benefits from using QFD,
the aim of the paper is twofold. First, it is to discuss both the conversion kind and the interpretation kind of
deployment. The practice of conversion deployment for assuring the make and the production quality will be briefly
reviewed and followed with an overview of the basic steps, essential techniques and useful tools for operating
interpretation deployment. Second, it is to introduce the translation mechanism suggested by Modern QFD. The
joint use of customer voice table and maximum value table of Blitz QFD® for speeding up the deployment process
will be explained.

2. Formulation of QFD
QFD is rooted in the fundamental concepts of quality assurance and extends the practice from assuring technical
quality to assuring design quality as well. For the development of QFD, Akao, one of the two founders of QFD,
revealed that there were two prime motives driving the research (1997). The first motive was how to determine
design quality. In the 1960s, Japan automobile industry was in a stage of rapid growth. In order to be more able
to satisfy customers, manufacturers had to make incessant model changes and numerous new product developments.
However, the time required and the costs involved, in the long run, were hardly affordable (Kogure & Akao, 1983).
Although the need for quality control in the product design stage was recognized but no concrete idea on how
to assure design quality had been suggested. The second motive was how to produce a QC process chart prior
to production start-up. At that time, the QC process chart was a chart used by the manufacturers for listing the
control points which had to be thoroughly checked within the production process so as to ensure quality. An idea
was arisen that if the preparation of the QC process chart could be moved up to product development and the
major issues of quality assurance could get clarified in this stage then design quality would also be assured. By
making use of the concepts of “network of quality” and control point, obtaining an inspiration from the “target
items for assuring quality to customers” on a chart that was used to review quality assurance setup for production
processes at Bridgestone Tire, adopting the quality charts introduced by Kobe Shipyard of Mitsubishi Heavy
Industries, making appropriate use of problem solving techniques and quality management tools; after studying and
conducting trial practice for some years, by the mid-1960s, the basic mechanism for doing deployment was basically
devised (Akao, 1990a;1990b; 1994b).
Akao’s research and studies have built the hardware, that is, the physical aspect, of QFD. For the software or
the human aspect, it is Mizuno’s “companywide” concept. Mizuno is another co-founder of QFD and “companywide”
is a central feature of companywide quality control (CWQC). Quality could not be totally controlled if each division
or department of the company only works on its own operation, Mizuno (1988a) explained. He emphasized that
total quality control (TQC) has to involve everyone from corporate management to workers and in all activities
from design to manufacturing, inspection, sales, procurement, energy management, accounting and personnel; and,
even has to keep up with consumers’ concerns with product safety and pollution (Mizuno, 1988b). Whilst quality
charts had been considered by Mizuno as a vehicle for facilitating communication between divisions and departments;
cross-functional team is the setup format for QFD operation. With collaboration expands, the formation of teams
is not restricted only to the members within an organization but extends to include the partnering members of the
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supply chain as well. In doing interpretation deployment, the inclusion further extends upstream to end-users and
stakeholders for collecting voices and information about their needs and concerns (Akao, 1995; Chan & Mazur,
2019).

3. Conversion Deployment
As early as in the early to mid- 1960s, Japan manufacturers had already made use of quality charts to help
convert the qualities demanded by buyers into corresponding parameters to assure the make and the production
quality of their products (Takayanagi, 1994). Some early QFD cases of the Japan automotive industry revealed the
use of quality charts to conduct conversion deployment for managing quality. For examples, Toyoda Gosei applied
QFD charts in formulating the assurance network for managing the quality of rubber and plastic parts (Aoki et
al., 1990), and, Hino Motors used the charts to link design quality to production methods and final assembly for
cost control (Tanisawa, 1994).
Conversion deployment greatly helps manufacturers of the B2B sector translate the requirements given by buyers
into features, parts and processes – items that are essential for and important to making and producing products.
However, conversion deployment could not help find out the items at the origin, that is, the needs of the customers.
For the B2C sector, customers are not intermediaries but consumers and users.

4. Interpretation Deployment
Interpretation deployment overcomes the limitation of conversion deployment. This added deployment is a process
starting from collecting the voice of the customer (VOC) from various sources, extracting need items from the
collected VOC, organizing need items into needs to, finally, identifying the important needs. The important needs
that identified are the control points for assuring the design quality. Upon completed interpretation deployment, the
team could continue with conversion deployment to assure the make and the production quality. These two kinds
of deployment of QFD together could enable manufacturers identify control points at every stage of manufacture
to implement total quality assurance.
4.1

Collect the Voice of the Customer

VOC is a raw form of data that would inform the supplier about the needs of the customers. However, it is
elusive in nature and seldom explicit. In order to collect VOC as complete as possible, multiple collection methods
are required (Mazur, 1991). Depends on the subject matter that under studied and the nature of the VOC, the set
of collection methods to be used would vary from project to project. The team has to carefully select the methods
that are appropriate to the project and feasible for execution.
Gemba visiting is a method commonly used to collect VOC in QFD. “Gemba” is a Japanese word meaning
“real place”, the place where real actions to be taken. Since many customers’ needs are often unvoiced, “going
to the gemba” therefore could help a supplier understand how and under what circumstances its product or service
was being used (Mazur, 1997). Gemba visits besides help in identifying the potential failure modes and root causes,
which often missed in conventional problem analysis; they are very effective for discovering customers’ latent and
unspoken demands. Therefore, the product or the service to be developed could surpass the basic requirements
(Nelson, 1992; Terninko, 2000; MacDonald, 2012). Here are some gemba examples. A plastic ware company adopted
the gemba technique and used it to encounter consumers in different situations to help the development of more
innovative concepts (Rings et al., 1998). In the project of designing a dinosaur robot for a theme park, the engineers
visited a petting zoo to observe how children interact with live animals (Bolt & Mazur, 1999). A phone manufacturer
conducted gemba visits in the metropolitan areas of Tokyo to capture the basic and the latent needs of cellular
phone users (Ronney et al., 2000). To improve customer satisfaction with bagel sales in the airports of the United
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States, the team discovered from gemba visits that customers wanted toasted bagels but had never offered before
(Lampa & Mazur, 1996). For the project of understanding how consumers identify with the brand of a beer, the
team members went to supermarkets to observe how people buy beer and went to pubs to observe how people
drink beer (Vongpatanasin & Mazur, 2009; 2012).
Interacting and dialoguing with customers is another method frequently used to collect VOC in QFD. In the
form of individual meeting, an example is a project a regional acute-care hospital in Singapore for making a service
plan. The team asked the patients to give their expectations with health providers (Lim & Tang, 2000). In the form
of focus group, an example is a project using QFD in designing maternity party dresses. In an afternoon tea meeting,
pregnant women and mothers-to-be shared their stories on attending banquets with their “big bellies” (Chan & Taylor,
2014; Tse & Chan, 2016).
4.2

Process the Collected VOC into Possible and Potential Needs

The collected VOC is processed in two steps. The first step is extraction, which is to bring out the embedded
meanings from the voice and to turn the embedded meanings into items informing the needs. For example, in a
surgery satisfaction survey, the requirements of “good appearance” and “small wound” were extracted from the voice
of “want unnoticeable scar” and “want to wear bikini” respectively (Akao & Kozawa, 2005). Similarly, in the
development of a finger vein authentication device, the requirements of “pleasant to touch” and “appropriate size
for a hand” were extracted from the voice of “pleasant to use” (Akao & Kazuhiko, 2007). Interpretation not only
applied to verbal expressions, but images, such as photos and videos, as well. For example, in the project which
was about finding out the passengers’ needs with the seat of high-speed rail in China, the team members extracted
need items from the photos they took on the train (Yang, 2018). After completed the extraction process, the second
step is to use the bottom-up clustering technique of affinity diagramming to group the need items into needs.
4.3

Identify the important needs

The identification of important needs is to put the needs into a survey for customers to indicate how important
the needs to them. Analytic hierarchy process (AHP), a decision making model formulated by Saaty (1994; 2007),
is a method Modern QFD strongly suggests. There are two reasons. First, AHP asks respondents to give judgement
by making pairwise comparison so that the received responses on the importance of the given needs would be actual
and more exact. Second, AHP uses ratio numbers to present priorities. As ratio numbers are mathematically operative,
subsequent deployment of the priorities therefore is feasible as the priorities could be transferred from one matrix
to another matrix with high accuracy (Mazur, 2015; Chan & Mazur, 2017; Chan et al., 2018a).

5. Classical QFD: House Deployment and Phase Deployment
Sawada (1979) of Toyota Auto Body coined the term “House of Quality” (HOQ) for the first quality table because
of its house-of-rooms shape and because of having "quality" in both the rows (demanded quality) and the columns
(quality characteristics) (Figure 1). The Four-phase Model, a customized version of QFD for auto suppliers that
exhibited in Figure 2, is developed with the “house” concept with which deployments are done in the form of
house-by-house and house-to-house. An example of making deployments in accordance to the guidelines provided
by the Four-phase Model is a case shared by the Mexican Industries in Michigan in establishing a production plan
for assembling the air bag for Cadillac “D” Car. Although the team members omitted Phase I Design Requirements,
they actively worked with the upstream partners and invited people of different professions in different positions
to join them on formulating Phase II Parts Deployment, Phase III Process Planning and Phase IV Production Planning
to devise a comprehensive plan for accomplishing the order (Pavia, 1993).
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Figure 2: The Four-Phase Model

Figure 1: The house of quality
Adopted from: Cohen, L. (1996). Quality
Function Deployment: How to Make QFD
Work for You, Addison Welsey, Diagram
4-1.

Adopted from: Cohen, L. (1996). Quality Function Deployment: How to
Make QFD Work for You, Addison Welsey, Diagram 18-1.

The two-way-matrix of the “house” provides a discussion template and a visual display for the team to conduct
very thorough investigation with the correlations between the “WHATs” and the “HOWs” that under studied, and,
the flow of phases guides the team finish clarifying one aspect before moving to another aspect. However, the huge
number of relationship weightings of each house has to make and the number of houses has to build require the
team considerable time to complete the entire process. In the face of ever shorter time and intense competitive
pressure as well as constrained financial and human resources, the single one-item-to-one-item way of pairing within
a house and the sequential one-house-to-one-house way of working across the phases would cause teams easily
fail in completing the whole set of deployments (Chan et al., 2018b; 2019).

6. Modern QFD: Translation in Blitz® QFD
The introduction of Blitz QFD® is to solve the time problem with doing QFD. With making deployments across
multiple columns of a spreadsheet, the full range of compact tables considerably shortens the time required by the
process. The spreadsheet is made up of two tables, with the customer voice table (CVT) on the left and maximum
value table (MVT) on the right. Below is an example illustrates how these two tables are operated in a project
of sleep center.

Figure 3: An excerpt of customer voice table and maximum value table in the project of sleep center
Source: Training material of Quality Function Deployment Green Belt® Workshop v2021a, QFD Institute USA
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CVT is used to translate all types of customer narratives and data into distinct expressions of customer needs,
defined as customer problem, customer opportunity, customer concern, etc. Upon completed the interpretation
deployment made with CVT, the team continues with doing conversion deployments with MVT to explore the details
of various aspects of the product/service for meeting the customer needs.
In Figure 3, the red arrows on the left hand side of the red vertical line, going from left to right, indicate the
flow from customer narratives into customer needs; and, those on the right hand side of the red vertical line, going
from right to left, note down from which customer needs the ideas about requirements are generated.

7. Conclusion
The interpretation and conversion deployment concepts, the cross-functional team setup, the systematic approach,
all these key features of QFD Akao and Mizuno devised and suggested more than half a century ago, have laid
down the fundamentality for implementing total quality assurance.
QFD is organic. It evolves with the development of the industry. Blitz QFD®, an important feature of Modern
QFD, is put forward for addressing the need of quickening up the deployment process. Whilst Classical QFD provides
useful guidelines and practical methods for collecting and processing qualitative data, AHP, another important feature
of Modern QFD, supplements the system with an easy-to-operate quantitative mechanism for making valid
deployments and performing the deployment process in a comprehensive way. Modern QFD, with the practice
specified in ISO 16355, would help enterprises of various industries enjoy higher efficiency and greater effectiveness
on using QFD for adding competitiveness and meeting new challenges.
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Abstract
HK Regulators have been advocating sound corporate governance in HK and in the past decade, HK has seen
a flux of statutory and non-statutory regulations in enhancing the level of corporate governance in commercial world.
While HK has quite a substantial number of NGOs (non-government, non-profit making and/or charitable
organizations), corporate governance seems not to be advocated as their commercial counterparts. Except those big
NGOs of an international nature, or governed under various ordinances, or under Government’s subvention etc,
quite often, the small to medium size NGOs (“SM NGOs”) are not quite properly governed.
This paper attempts to address this issue in SM NGOs, then explore ways for proper corporate governance or
enhancement.
This paper firstly sets out the principle/theoretical framework for corporate governance, under various authoritative
bodies.
Then the legislative framework is set out under the Hong Kong Companies Ordinance (“HKCO”) for an NGO
to be incorporated and maintenance compliance. Particular discussion will be on the reporting exemption and
business review exemption granted under the HKCO.
Other related legal considerations shall also be set out, such as that from the Inland Revenue Department for
charities, the Narcotics Division of Security Bureau on money laundering and terrorist financing etc.
Simple survey questionnaire shall be sent out to SM NGOs for empirical results. Several case studies shall be
made to illustrate the importance of corporate governance.
The researcher shall make conclusion and finally list out simple and easy to follow recommendations for the Board
of SM NGOs to adopt proper corporate governance in view of the SM NGOs limited resources. References shall
be made from guidelines from HKICPA, Hong Kong Social Welfare Department, Hong Kong Institute of Chartered
Secretaries Guidance Notes, Hong Kong Council of Social Service, National Council of Non-Profits USA etc.
The researcher also recommends that the “exemption reporting” and exemption from providing “business review”
under the HKCO not to be adopted but full reporting to be adopted where SM NGO holds significant public
funds/interest.
Keywords: NGO corporate governance, public interest/ stakeholders, ethical conduct, risk management and internal
control, accountability.
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1. Introduction
Hong Kong is one of the most important business centers in the world. Hong Kong remains ranking second
globally in the International Institute for Management Development's (IMD) World Competitiveness Yearbook
(WCY) 2019 and a well known financial hub in Asia despite the recent social unrest. Both governmental and
non-governmental regulators have been advocating sound corporate governance in HK to go in line with the global
trend. In the past decade, Hong Kong has seen a flux of both statutory and non-statutory regulations especially
from the HK Stock Exchange and the Securities & Futures Commission with the aim of enhancing the level of
corporate governance in commercial world. Commercial corporations have been implementing measures to improve
corporate governance, and regulators have been taking a closer look on monitoring corporate governance among
the commercial corporations, be it via legislation or via regulatory bodies.

2. The Issue
However, the researcher (having over 30 years working experience both in corporate governance field as well
as voluntary services in HK NGOs), observe that while Hong Kong has quite a substantial number of NGOs
(non-government, non-profit making and / or charitable organization), corporate governance seems not to have a
place of emphasis in these NGOs as other commercial limited companies (limited by shares) perhaps because the
NGOs are mostly voluntary organizations. Except those big NGOs of an international nature or those governed under
various ordinances, quite often, the small to medium size NGOs (“SM NGOs”) are not quite properly governed
or need improvements or enhancement in corporate governance etc,. Similar to their big NGO counterparts, these
SM NGOs are also usually voluntary organizations with public interests or objectives as a charity or other well
being missions. Hong Kong is indeed well known to have significant number of NGOs, be it big or small, providing
public voluntary charity services to supplement the Government’s support. NGOs have been making contribution
with a great impact to the community. Good corporate governance is especially important in these SM NGO which
does not have direct Government or other regulatory body’s supervision, and which are public companies utilizing
public funds:
This paper attempts to address the issue of this missing gap phenomenon in SM NGOs as both regulators and
non-regulators have not particularly attended to corporate governance on these NGOs, with the aim of raising the
awareness of corporate governance therein and thereby raising the value of these SM NGOs. This research shall
define SM NGO as those with annual revenue of below or around HK$25 million as small to medium size. This
research then explore ways to set up proper corporate governance system or enhancement thereof in these NGO
using the simple and/or small scale approach to follow bearing in mind SM NGOs have limited or restricted resources
and professional expertise.

3. Research Methodology
This paper will first of all run through literature review, to find out the concept of corporate governance and
its evolution, and then set out the various principle, regulatory and legal framework. After that, get empirical data
from survey on SM NGOs Case studies will be make to illustrate the important of corporate governance. Then
draw conclusion on the situation of corporate governance of the Board or governing body in SM NGOs in Hong
Kong and make recommendations on the guidelines of implementing proper but simple to follow corporate
governance system or enhancement therein.
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4. Principle and Regulatory Framework
4.1

Background information/Evolution of corporate governance

Important work in governance was conducted in late 1980’s and early 1990’s by inter alia, the National
Commission on Fraudulent Financial Reporting (“Treadway Commission”) in the USA, and the Committee on the
Financial Aspects of Corporate Governance (“Cadbury Committee”) in the UK. In October 2001, Enron broke. This
was a US energy company employing 20,000 people. It used creative accounting, fraud and corruption to claim
it had US$101 billion in revenue. There was use of special purpose vehicle for off balance sheet liabilities. The
concern of corporate scandal led to the 2002 US Sarbanes-Oxley Act. Under the post Enron circumstances, corporate
governance was further brought to the global level when the Organization for Economic Co-operation and
Development (“OECD”) Principles of corporate Governance 1999, was updated and expanded in 2004.
4.2

Principle & regulatory framework

An authoritative source for the definition of corporate governance can be found in the OECD Principles of
Corporate Governance, which were revised again as the G20/OECD Principles of Corporate Governance (2015).
The Principles offer the following definition.
OECD’s Preamble on the Principles of Corporate Governance states that: “Corporate Governance involves a
set of relationships between an organization’s management, its board, its shareholders and other stakeholders.
Corporate governance also provides the structure through which the objectives of the organization are set, and
the means of attaining those objectives and monitoring performance are determined.”
The report of the Cadbury Committee 1992 (“Cadbury Report”) identified three commonly accepted fundamental
principles of good corporate governance. They are – Openness, Integrity and Accountability. They were used to
apply to the corporate governance of listed companies and with a particular emphasis on financial reporting. However,
they have been accepted to have a wider application as being relevant not only to financial reporting but more
broadly to a company’s key processes, practices and communications.
As to the key qualities on personal level that are required of governing board members and senior management
of public sector bodies in order to fully discharge their responsibilities, notably contained in its first report of the
Nolan Committee, published in May 1995 . The Nolan Committee identified key personal qualities, well known
as the Seven Principles of Public Life, which are Selflessness, Integrity, Objectivity, Accountability, Openness,
Honesty and Leadership. It is thought that emphasis should be placed on the personal qualities since they are the
foundation upon which good governance is built.
In 2001, the International Federation of Accountants (“IFAC”) issued a report entitled “Governance in the public
Sector: A Governing Body Perspective (“IFAC Study”). The IFAC Study provides a comprehensive international
benchmark for public sector corporate governance which states that: “public sector entities have to satisfy a complex
range of political, economic and social objectives, which subject them to a different set of external constraints.
They are also subject to forms of accountability to various stakeholders, which are different to those that a company
in the private sector has to its shareholders, customers etc.”. (stakeholders) “each with a legitimate interest in public
sector entities, but not necessarily with any ‘ownership rights”.
A regulatory body in Hong Kong, Hong Kong Institute of Certified Public Accountants has issued a publication
HKICPA Corporate Governance for Public Bodies – A Basic Framework (2004).
HKICPA applies the various Fundamental Principles and underlying Personal Qualities in the following main
areas of the governance of public sector organizations extracted as below.
 Standards of Behaviour
 Organizational Structures and Processes
 Risk Management and Control
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 Accountability, Reporting and Disclosure
HKICPA guideline then derives a set of recommendations on public sector corporate governance. The scope
of the recommendations is adapted from the IFAC study and quoted as below.

Table 1 - Regulatory framework of corporate governance Extracted from HKICPA Corporate Governance for the public Bodies – A Basic
Framework (2004)

Standards of Behaviour
• Ethical conduct
➢ Personal Qualities
➢ Leading by example
➢ Integrity, honesty and objectivity
➢ Openness and accountability
➢ Selflessness and dealing with conflicts of interest
• Codes of conduct
Organizational Structures
Risk Management and
and Processes
Control
•
•
•
•

Regulatory accountability
Accountability for public monies
Communication with stakeholders
Roles and responsibilities
➢ Governing board
➢ Chairman
➢ Non-executive members
➢ Executive management
➢
Human
resources
and
remuneration policies
➢ Staff training

•
•
•
•
•
•

Internal control
Risk management
Internal audit
Audit committee
External audit
Budgeting
and
management

financial

Accountability, Reporting
and Disclosure

• Internal reporting
• External reporting
• Use of appropriate accounting
policies and standards
• Performance measures

5. Legal framework
In Hong Kong, the available legal structures for an NGO could be:
 a trust
 a society established under the Societies Ordinance
 a company under the Hong Kong law namely the Hong Kong Companies Ordinance (Cap 622) (“HKCO”)
(usually incorporated as a company limited by guarantee), or
 a statutory body formed under specific ordinance of the Hong Kong Government.
The use of a trust structure is normally requires the trustees to have very high personal responsibilities at law.
The ruling council should be registered under the Registered Trustees Incorporation Ordinance. Registering as a
society under the Societies Ordinance has the main drawback of unlimited liability. The most appropriate structure
and commonly used by HK NGOs, be it big or small, to minimise liabilities of directors would be a company
limited by guarantee incorporated under the HKCO. This paper shall therefore look into the legislative framework
under the HKCO for an SM NGO to be incorporated and maintenance compliance as a limited company by
guarantee, which is explained as follows.
The constitutional document required under the HKCO is the Articles of Association (“AA”). The AA constitutes
a contract between the company, its members and among themselves. The AA sets out the objectives of the
organization, rules, protocols applicable to the company, including relating to membership, member meetings,
directors appointment and responsibilities, directors meetings, authorisations to deal with day-to-day business of the
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company, committees, company secretary etc.
In Hong Kong, for an NGO to be established as a company limited by guarantee, apart from the write up of
the AA, the basic legal setup and maintenance requirements for a company limited by guarantee include:
5.1

Under the Hong Kong Companies Ordinance (the following sections are sections under the HKCO)

 appointing at least two directors (Section 453);
 the directors must be individuals (Section 456), who are at least 18 years old (Section 459); and not undischarged
bankrupts (Section 480)
 directors must adhere to their fiduciary duties. The Hong Kong Companies Registry has issued “A Guide on
Director’s Duties” in March 2014. The fiduciary duties of directors are now codified in the company law. Under
Section 465 of the HKCO, a director is legally required to conduct in a manner comparable to that of a reasonably diligent person with (i) the general knowledge, skill and experience that may be reasonably expected of
a person carrying out the functions carried out by the director.
 Appoint a resident company secretary (individual or body corporate). The company secretary is a responsible
officer as with the director and can be liable for the company not complying with the compliance obligations
of the company (Sections 3(2) and 474-475).
 Have at least one member.
 Must have a registered office in Hong Kong
 Directors must minute directors and members’ meetings and the minutes kept for 10 years. The minutes, signed
by the chairperson, serve as evidence of the matters therein unless proven to the contrary. The written records
without a meeting of directors should be provided to the company and are effective as with minutes of physical
meetings.
 Subject to additional requirements under the AA, where a director is directly or indirectly interested in a transaction, arrangement or contract, or a proposed transaction, arrangement or contract, that is significant in relation
to the company’s business, and the director’s interest is material, the director must declare the nature and extent
of the director’s interest to the other directors in accordance with certain requisite procedures (Sections 536-542).
This requirement also extends to shadow or alternate directors (Section 540)
 Maintain proper accounting records: Directors must prepare for each financial year, financial statements that
comply with the requirements of the HKCO (Section 379). Directors need to arrange a practicing auditor to
audit on these statements (section 405). The directors should send 21 days before the annual general meeting
the financial statements for the financial year, the directors‘ report for the financial year and the auditor‘s report
on those financial statements. (Sections 357(2), 429-430, 571 and 576), and lay before the annual general meeting for adoption by members of the company.
 A company must, in respect of each financial year of the company, hold a general meeting as its annual general
meeting (AGM) within nine months after the end of its accounting reference period, but in any event not more
than 18 months from incorporation or 15 months from the last meeting (Sections 369 and 431).
 A company could dispense with the requirement for holding of annual general meetings altogether, by passing
a written resolution or a resolution at a general meeting by all members. The Company then is required to
file a copy of the written resolution to the HK Companies Registry within 15days of the passing of the written
resolution. (Section 613). In this respect, the HKCO specifies special requirements to protect members of the
company.
 Directors are required to keep various registers, including register of members, register of directors etc.
 Information as to trusts are not to be entered in the members register, but companies are now required to keep
a significant controllers register identifying beneficial owners holding more than 25% interest in the company,
which is subject to narrow exceptions. This applies to all companies within the chain of title from the company
to its beneficial owners (Sections 634 and 653H).
 must submit an annual return to the HK Companies Registry (“CR”) together with certified true copies of the
relevant financial statements, directors’ report and auditor’s report within 42 days after the annual return date,
which is nine months after the end of the company’s accounting reference period.
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 There are statutory provisions for various filings to the CR, including notifying CR of any change in the company’s particulars, such as change of directors, secretary, registered office, and other particulars of the guarantee
company within a certain time period.
Under the Model Articles under HKCO of a Company Limited by Guarantee (https://www.cr.gov.hk
/en/companies_ordinance/docs/AA_Sample_D.pdf) – the day-to-day ‘business and affairs of the company are
managed by the directors, who may exercise all the powers of the company’. This means that the board of directors
is also in charge of the day-to-day operational governance of the NGO.
However, under Model Article 4, it is stated that the directors may, ‘if they think fit, delegate any powers that
are conferred on them under these articles to any person or committee’ on any terms and conditions they deem
fit and to alter or revoke the delegation. However, the important point is that delegation does not absorb the Board
of its responsibility to be accountable for the actions of its delegates.
There are many statutory provisions of the HKCO where non-compliance could amount to an offence that carries
with it fines from Level 1 of HK$2,000 to Level 6 of HK$100,000 (in addition to any daily default fines, and
at times, imprisonment). The fine levels are not stated in the HKCO, they are set out in the Criminal Procedure
Ordinance (Cap 221), Schedule 8.
5.2

Under the Hong Kong Inland Revenue Ordinance (Cap 112) (“IRO”)

 NGOs need to submit annual profits tax return together with the audited financial statements to the Inland
Revenue Department. They shall be exempted from paying tax on surplus if they obtained tax exemption status
as a charity under Section 88 of IRO.
5.3

Under the Hong Kong Business Registration Ordinance (Cap 310) (“BRO”)

 Unless NGO obtained tax exemption status under Section 88 of the IRO, NGO needs to apply business registration licence under the BRO, and pay business licence fee annually.
5.4

Financial Statement & Director Report - Exemption Reporting under the law requirement of the Hong
Kong Company Ordinance

 Section 380(4)(6) of the HKCO provides that the financial statement of a company must be prepared in the
applicable accounting standard. A statement in financial statement confirms that they have been prepared in
accordance with applicable accounting standards and if not, provide the particulars and reason. However a “small
guarantee company” or a guarantee company that is the holding company of a “group of small guarantee companies” is automatically qualified for simplified reporting if its total annual revenue or aggregate total annual
revenue (as the case may be) does not exceed HK$25 million. The accounting standards that will be appliable
to a company falling within the reporting exemption is Small and Medium-sized Entity-Financial Reporting
Standard (“SME-FRS”) and Small and Medium-sized Entity-Financial Reporting Framework (“SME-FRF”) issued or specified by the HKICPA which is the body prescribed in the Companies (Accounting Standards
(Prescribed Body)) Regulation for issuing or specifying the applicable accounting standards under section
380(8)(a).
Exemptions reporting or simplified reporting from full reporting means : No requirement to disclose auditor’s remuneration in financial statements.
 No requirement for financial statements to give a “true and fair view”
 Subsidiary undertakings may be excluded from consolidated financial statements in accordance with applicable
accounting standards.
 No requirement to include business review in directors’ report.
 No requirement for auditor to express a “true and fair view” opinion on the financial statements.
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Exemptions from Business review in directors’ report : In order to give more information to the members for the purpose of assess how the directors have performed
their duty, a director should prepare business review in the directors report except the companies qualified for
simplified reporting
The business review includes :






A fair review of the company’s business;
A description of the principal risks and uncertainties facing the company;
Particulars of important events affecting the company that have occurred since the end of the financial year;
An indication of likely future development in the company’s business;
An analysis using financial key performance indicators;
A discussion on the company’s environmental policies performance and the company’s compliance with the
relevant laws and regulations that have a significant impact on the company;
 An account of the company’s key relationships with its employees, customers and suppliers and others that
have a significant impact on the company on which the company’s success depends.
In short, an SM NGO or a group thereof which has annual revenue or aggregate annual revenue of less than
HK$25 million are exempted from full financial reporting and exemption from providing business review in its
directors’ report section of audited financial statements. Hence much less disclosures are required as well as no
requirement on “true and fair view” of the financial statements.
For those certain SM NGOs, who hold significant public funds or public interest, the directors should consider
whether to take up or not these exemptions or not but to give more disclosure and transparency to stakeholders
to an extent according to their situation.

5.5

Charity Status under Section 88 of the Inland Revenue Ordinance

5.5.1 Being an NGO does not mean that there is no tax payable. The Hong Kong Inland Revenue Department
(“IRD”) must designate the organization as Section 88 tax exempt under the IRO to have status as a charitable
organization (“S.88 charity NGO”). IRD had issued A Tax Guide for Charitable Institutions and Trusts of a Public
Character (“Tax Guide”) relating to tax exemption to companies granted with charity status under Section 88 of
the Hong Kong Inland Revenue Ordinance.
The Tax Guide makes it clear that, a charity must be established for any of the following exclusive charitable
purposes to benefit the public or a class of the public, namely:
(1)
(2)
(3)
(4)

relief of poverty
advancement of education
advancement of religion, and
other purposes of a charitable nature beneficial to the community not falling under any of the preceding heads.

The purposes under the first three heads may be in relation to activities carried on in any part of the world,
but those under the fourth head will only be regarded as charitable if they are of benefit to the Hong Kong
community. The tax advantages accorded to charities are that donors will get tax deductions on their donations
to the charities, the NGOs profits are also exempt from tax if earned in the course of carrying out the charitable
objects (like selling religious sound tracks for religions) substantially for use in Hong Kong. There would also be
exemption from business registration fees.
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5.5.2 Public Benefit
The charity must be for public benefit which encompasses two aspects-public and benefit. The benefit must be
to the public in general or to a sufficient section of the public. In the latter case, the opportunity to benefit must
not be unreasonably restricted by geographical or other restrictions.
5.5.3 Governing Instrument
An appendix of the Tax Guide requires clauses which should be in the governing instrument, namely the Articles
of Association of the Company, to
-

prohibit distribution of income or properties to its members
members of governing body may not receive remuneration (although may be relaxed in certain circumstances.)

With respect to the requirement of no remuneration to be paid to the governing body, in the 1978 report of
Charity Commissioners of England and Wales UK, the principle is set out as follows:
“Shortly, our views are that a power to remunerate trustees is not acceptable, although
where there are special reasons remuneration on a reasonable scale within limits set by the
governing instrument may be permissible if (i) the trustee or trustees have special for its more
effective administration. This, however, must always in our opinion be subject to the overriding
provision that (ii) the number of remunerated trustees must be less than a majority of the
quorum (of meeting of trustees) and that (iii) any such trustees must be absent from meetings
and discussions concerning their own appointment conditions of services and remuneration
and must not vote thereon.”
5.5.4 Application for Exemption
The Tax Guide also set out the documents required for an application for Section 88 exemption. Change is
circumstance e.g. alteration of its governing instrument, cessation of operation, dissolution or winding up, must be
notified to the IRD within one month. A charity which becomes chargeable to tax must inform IRD within 4 months
after the end of the basis period of the relevant basis period of the year of assessment.
5.6

Money Laundering/Terrorist Financing

5.6.1
As charities solicit donations or hold public funds there is a risk that charities be exploited by terrorists
and terrorist organizations to raise and move funds, provide logistical support, encourage terrorist recruitment or
otherwise support terrorist organizations and operations. There have also been cases where terrorists create “sham”
charities or engage in fraudulent fundraising. Such misuses not only facilitate terrorist activities but also undermine
donor confidence and jeopardise the integrity of charities. Most charities in Hong Kong are highly localised, i.e.
they only receive government grants or local donations, or only serve the local community. The risk of them being
abused for terrorist purposes is low as assessed in the Hong Kong Money Laundering and Terrorist Financing Risk
Assessment Report published by the Government in April 2018. However, it is now the global trend to combat
anti-money laundering and terrorist financing. In this respect, Hong Kong has been placing emphasis of importance
in anti money laundering and combat terrorist financing risks and compliance especially in view of the complex
environment nowadays in Hong Kong, and globally, and need to be aware mitigate any possible threat and to preserve
the integrity of our charity sector.
5.6.2 Statutory Requirements
Money Laundering
Under Section 25(1) of the Drug Trafficking (Recovering of Proceeds) Ordinance (Cap 405) (“DTROPO”) and
Section 25(1) of the Organized and Serious Crimes Ordinance (Cap 455) (“OSCO”), money laundering is an offence
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for a person who, knowing or having reasonable grounds to believe that any property which, in whole or in part,
directly or indirectly represents any person’s proceeds of drug trafficking or indictable offence, deals with that
property. Maximum penalty is a HK$5,000,000 fine and 14-year imprisonment.
Terrorist Financing
Under the following provisions of United Nations (Anti-Terrorism Measures) Ordinance (Cap 575) (“UNATMO”)
which has been fully implemented since 1 January 2011, it is an offence if a person:
provides or collects property, with intention or knowing or having reasonable grounds to believe, that the property,
in whole or in part be used or will be used to commit one or more terrorist acts (section 7)
 makes property or financial services available to or for the benefit of terrorist or terrorist association. (section
8)(eg. Funds from a trust used to finance bomb making for terrorists could constitute such an offence)
 Maximum penalty is a fine and 14-year imprisonment.
The Anti-Money Laundering and Counter-Terrorist Financing Ordinance (Cap 615), amended since 1 March 2018,
requires financial institutions and designated non-financial businesses and professions to conduct customer risk
assessment including charities and other “not for profit” organizations which are not subject to monitoring or
supervision (especially those operating on a “cross-border” basis)
The Narcotics Division, Security Bureau of the HK Government has issued “An Advisory Guideline on Preventing
the Misuse of Charities for Terrorist Financing” which was first drawn up in 2007, and updated in 2018 taking
into account of latest recommendation 8 and other relevant information of the Financial Action Task Force (“FATF”),
setting out the legal requirements and practical guidance against terrorist financing. FATF was established in the
G7 Summit, Paris 1989. Its current membership comprises 35 member jurisdictions and two regional organizations.
Hong Kong has been an FATF member since 1991. FATF is an inter-governmental body that sets international
standards on combating money laundering (“ML”) and terrorist financing (“TF”). FATF has developed 40
Recommendations based on which the international community has been strengthening efforts to combat ML and
TF and members are obliged to follow.
Of FATF’s 40 Recommendations, Recommendation 8, as set out below, requires FATF members to protect
non-profit organizations (“NPOs”), including charities, from TF abuse –
Countries should review the adequacy of laws and regulations that relate to non-profit organizations which the
country has identified as being vulnerable to terrorist financing abuse. Countries should apply focused and
proportionate measures, in line with the risk-based approach, to such non-profit organizations to protect them
from terrorist financing abuse, including:
(a) by terrorist organizations posing as legitimate entities;
(b) by exploiting legitimate entities as conduits for terrorist financing, including for the purpose of escaping asset
freezing measures; and
(c)

by concealing or obscuring the clandestine diversion of funds intended for legitimate purposes to terrorist
organizations.

Reporting: Section 25A of the DTROPO and section 25A of the OSCO make it an offence if a person fails to
disclose to an authorized officer (i.e. Joint Financial Intelligence Unit “JFIU”3 ) where the person knows or suspects
that property represents the proceeds of drug trafficking or of an indictable offence. JFIU is jointly operated by
Hong Kong Police Force and the Customs and Excise Department at the Police Headquarters. It was set up in
1989 to receive and analyse STRs, and disseminate the same to relevant units for investigation.
The UNATMO implements relevant Resolutions of the Security Council of the United Nations in preventing
and suppressing TF and criminalising the wilful provision or collection of funds for terrorism. Section 12 of
UNATMO requires any person who knows or suspects that any property is terrorist property such as any donations
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or funds received or handled by your charity, to disclose to the JFIU the information as soon as is practicable
after that information or other matter comes to the person’s attention by filing a “suspicious transaction report”
(“STR”) to JFIU through the system “STREAM”. The maximum penalty for failure to file an STR is a level 5
fine (HKD 50,000) and imprisonment for three months.
It should be noted that once an STR is filed, “tipping-off” is an offence. Under section 12(5) of UNATMO,
a person commits an offence if knowing or suspecting that an STR has been filed, the person discloses to another
person any information or other matter which is likely to prejudice any investigation which might be concluded
following that STR. The maximum penalty is a fine (without cap) and three years’ imprisonment.

6. Survey
6.1

Objective

The objective of the survey is to obtain some empirical date from SM NGOs on their board practice on corporate
governance, ie, the extent of which they have been adopting, and the areas that they need to adopt or
improve/enhance in order to have a more proper corporate governance framework. As a contribution to the society,
the researcher will afterwards separately compile a simple guide for corporate governance and send to those
surveyed SM NGOs who have given contact address, for their reference for adoption or enhancement in corporate
governance, and thereby for the betterment of the society.
6.2

Target

The target is SM NGOs in Hong Kong. In this paper, the researcher will define those NGO with total annual
revenue under HK$500,000 as small NGOs; those HK$500,000 to HK$25 million is medium size NGOs. This is
in line with the HKCO’s definition of a “small guarantee company” which has annual revenue not exceeding HK$25
million. Also the researcher follows he definition from the Hong Kong Council of Social Service (“HKCSS”) to
define those as small NGO if the number of full time employees is less than 5 persons, and as medium NGOs
if number of employees is less than 10.
6.3

Survey Methodology

Survey questionnaire through an on-line survey platform with a cover email consists of 28 questions covering
NGOs background and various areas of their board practice was sent to 205 SM NGOs by email and some 25
by WhatsApp for on-line completion. The NGOs names were picked up through the search on the HK Companies
Registry’s search system for companies registered as limited by guarantee, and picked up from the “List of charitable
institutions and trusts of a public character, which are exempt from tax under section 88 of the Inland Revenue
Ordinance” on the HK Inland Revenue Department website. The researcher then searched their email addresses on
their websites or other means through internet. The questionnaire is set in Chinese for better understanding by NGOs.
The survey lasted for three months from early July to early September 2020. Regular reminders were sent during
this period. Some telephone follow ups were made.
Out of the 205 emails sent, 27 were bounced back. There were 192 (including 178 emails and 14 whatsapps)
NGO visited the online platform but only 71 respondents who did the questionnaire. The reply rate is therefore
36.9%. However there was one NGO whose annual revenue is greater than HK$25 million which is a bigger size
organization and not this survey’s target and therefore not a valid respondent for this research purpose. All the
respondents have less than 10 full time employees and so meet the SM NGO definition. The final number of valid
respondents is hence 70, although out of which some SM NGOs skipped some questions.
The HKCSS led by a team of survey personnel has conducted a HK NGO Governance Health Survey 2018
which covered all NGOs in Hong Kong, including large and international and small. (Their approach is different
that their survey is on taking index on the level of satisfaction that the HK NGOs assess themselves. For this paper,
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the survey is on areas that the SM NGOs boards have done and have not done). The HKCSS got 77 NGO
respondents including large and small NGO. This paper’s survey got 70 NGO respondents excluding large NGO,
and therefore the samples size should be of good enough representation.
6.4

Empirical Survey Results

The respondent SM NGOs come from various sectors including churches, organizations promoting Chinese
medical treatment and Chinese medicine, clan associations, care of minorities, alumni associations, project
management, commerce associations, youth service, youth entrepreneurship support, elderly services, school
organization body, life & death education and care, education support, acupuncture promotion, drug addict healing,
profession promotion, religious body, women service and training, caring organization, drug addict rehabilitation
support, animal protection, global economic and peace promotion, care of the needy, music therapist association,
logistic industry association, environmental promotion, construction safety promotion, heritage association, charitable
foundations, financial consultants association, overseas education establishment, cultural exchange promotion, country
relations promotion, commercial industrial relation, various charity services association. The first 4 questions relate
to nature of the SM NGO, total annual revenue, number of full time employees, and whether they are S.88 charity
NGO or not. Around half 52.8% are S.88 charity NGOs and half 47.1% are just ordinary SM NGOs. The results
to the remaining 24 questions (translated to English) are as follows:

Table 2 - Empirical Survey Results of SM NGOs Corporate governance practice
Question

Greatest %
of answer

Percentage of other answers

Observation on corporate governance
inadequacy for most of the SM NGOs

5. Do you issue appointment
certificate/appointment
letter to directors?

None 63.6%

- Only appointment certificate
14.5%
- Only appointment letter
12.7%
- Have both certificate & letter
9%

Duties, legal obligations, commitment as
a director not laid out to directors.

6. Do you brief directors on
the organization’s
constitution, legal &
fiduciary duties?

None 45.2%

- Only brief constitution
26.4%
- Only brief constitution &
legal duties 13.2%
- Brief all duties 7.5%
- No professional to brief 7.5%

Not understanding the legal structure, the
basic legal requirements especially under
the HKCO, nor the fiduciary duties as a
director.

7. How is director’s
orientation(“O”)/developm
ent(“D”)?

None 44.2%

- Only when need arises
38.4%
- No O, but has D 11.5%
- Has O, but no D 3.8%
- Has both O & D 1.9%

No formal organized briefing
development of directors.

8. What is the term of
appointment?

2 years
36.3%

- No fixed term 32.7%
- 1 year 16.3%
- 3 years 14.5%

2 years is acceptable, however no fixed
term also is of a higher percentage which
may lead to stagnation & less chance to
expand the board.

9. How do you arrange
directors’ declaration of
interest?

Not arranged
47.1%

- Declare only on appointment
22.6%
- Declare only when there is
need 16.9%
- Once a year 13.2%

Independent and unbiased decision not
emphasized. Also there may have
unknown conflict of interest.

10. Do you have division of
duties between board &
management?

No 70.3%

- Yes 29.6%

No division of duties is not that important
especially in small NGOs as the
management duties may be divided
among directors.
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and

Question

Greatest %
of answer

Percentage of other answers

Observation on corporate governance
inadequacy for most of the SM NGOs

11. Do you think you have a
good mix of directors in
respect of gender, age,
profession?

Agree 53.7%

- Very agree 22.2%
- Not quite 12.9%
- Not agree 11.1%

This is a good practice for board
diversity, since “agree” and “very
agree” add up to 75.9%

12. Do you have board
retreat?

No 70.3%

- Only when need arises
18.5%
- Once a year 9.2%
- Once in two years 1.8%

Lack of opportunities for reflection and
forward looking strategic discussions.

13. Does your salaried chief
executive also act as a
director?

We have no
salaried chief
executive
56.6%

- No 37.7%
- Yes 5.6%

SM NGOs not always have a chief
executive due to budget constraint. Also
if tax exempt charity, it is generally
restricted for the salaried executive to act
as director by law.

14. Who will perform
appraisal on the chief
executive?

Not applicable
71.1%

- by the Board, once for a
while13.4%
- not by the Board 9.7%
- by the Board, once a year
5.7%

Most SM NGOs do not have Chief
executive which may due to budget
constraint.

15. Do you have
self-assessment on the
Board as a whole?

No 87%

- Yes, once a year 11.1%
- Yes, once for a while 1.8%

No opportunity to self-reflection and
judge own collective performance.

16. Do you have
self-assessment on
individual director?

No 87%

- Yes, once a year 9.2%
- Yes, once for a while 3.7%

No opportunity to assess individual
director’s performance.

17. How often you hold board
meeting?

Not fixed
38.8%

-

Most SM NGOs do not hold regular
board meetings. Board meetings are
important for exercising governance.

18. What is quorum for your
board meeting?

Not less than
½ of total
directors
53.7%

- Not less than 1/3 of total
directors 25.9%
-Not less than 1/5 of total
directors 9.2%
- Not less than 1/4 of total
directors 5.5%

Good practice since more directors for
quorum.

19. Can a director vote on
transactions which he has
conflict of interest?

No 84.6%

- Yes can. 11.5%
- Yes but under specified
conditions 3.8%

Good practice as directors should act for
the best interest of the NGO.

20. What is attendance rate of
directors?

Over
75
percent
of
directors
61.1%

- 50% - 74% attendance rate
31.4%
- 25% - 49% attendance rate
3.7%
- less than 25%, 3.7%

Although majority 61.1% of SM NGOs
have high board attendance rate, but still
there are nearly 40% of SM NGO does
not have. Need improvement.

21. How often does your
board approve update
financial report?

Once a year
44.4%

- At every board meeting
31.4%
- Once for a while 22.2%
- Others 1.8%

No financial control

22. Will you prepare annual
budget?

No 62.9%

- Yes, and will obtain board
approval 24%
- Yes, but not regularly to
board for approval 9.2%
- Others 3.7%

Not good financial management

once in two months 18.5%
once a month 16.6%
quarterly 12.9%
once a year 7.4%
once in half year 5.5%
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Greatest %
of answer

Question

Percentage of other answers

Observation on corporate governance
inadequacy for most of the SM NGOs

23. Will you conduct dur
diligence on significant
donors?

No, since
already
familiar with
these donors

- Not applicable (no
significant donors) 35.8%
- No 15%
- Yes, only for over certain
amount 5.6%

This is acceptable as most* SM NGO
have already know significant donor.

24. Do you conduct risk
assessment exercise?

No 64.8%

- will do if need arises 27.7%
- yes, once a year 7.4%

Risk assessment should be conducted to
avoid fraud, corruption etc. to enhance
internal control. It is now more important
in view of global trend of anti-money
laundering/terrorist financing.

25. Do you have
sub-committees?

None 44.4%

- Executive Committee 33.3%
- Nomination Committee 24%
- Other types of Committee
24%
- Audit Committee 7.4%
- Remuneration Committee
1.8%

Setting up of sub-committee or task force
will be beneficial to specialize on special
task and invite other expertise.

26. Do you have policies of
- internal control
- risk assessment
- conflict of interest
- procurement
- investment
- whistleblower
- stakeholder communication

None 48.9%

- has internal control policy
34.6%
- has stakeholders policy
22.4%
- has conflict of interest policy
20.4%
- has risk assessment policy
18.3%
- has procurement policy
18.3%
- has investment policy 16.3%
- has whistleblower policy
12.2%

Most NGOs do not have any policy for
controlling purpose. For those who have,
they mainly have the internal control
policy.

27. Do you have succession
plan?

Not specified
74%

- Yes 25.9%

Succession planning is a recommended
practice
to
ensure
the
smooth
development of an NGO.

28. Do you buy directors and
management liability
insurance?

Not necessary
87%

- Yes, also annual review
11.1%
- Others 1.8%

Most surveyed SM NGOs do not buy
insurance may due to financial resources
and may also due to lack of awareness of
their legal and fiduciary duties’
liabilities.

The survey result shows most of the surveyed SM NGOs have not adopted most of the, ie 21 out of 24, proper
or recommended board governance practices set out in the survey questionnaire as outlined in the above table. The
only 3 areas that they have good practice relates to board meeting quorum, board diversity, and prohibition from
voting when there is conflict of interest in a transaction.
Fig 1 - Some key areas of corporate governance extracted from the survey result and presented as follows:6. Do you brief directors on the
organization’s constitution, legal &
fiduciary duties?
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9. How do you arrange directors’
declaration of interest?

15. Do you have self-assessment on
the Board as a whole?

17. How often you hold board
meeting?

7. Case Studies
There are two cases in recent years for study to illustrate the important of corporate governance.
7.1

The Sports Federation and Olympic Committee of Hong Kong

Recently the Audit Commission (“Commission”) of the HK Government released its Audit Report No.74
(“Report”)F on the Sports Federation and Olympic Committee of Hong Kong (“Olympic Committee”) in April 2020.
The 141 page Audit Report revealed a number of corporate governance problems of the Olympic Committee, which
receives fundings from the HK Government.
The major corporate governance failures or issues includes the following: (1)

Cost Control (overspending)
 The Commission reported that: “Throughout the period 2014-15 to 2018-19, the committee secretariat has
recorded soaring operating deficits, increasing from HK$33,000 [US$4,300] in 2014-15 to HK$588,000
[US$72,000] in 2018-19.”

(2) Procurement
 The Report found that procurement rules were not properly followed. There were 47 cases of goods and services
procurement, involving about HK$6.6 million [US$852,000], between 2016-17 and 2018-19. In 20 of them,
only a single quotation had been obtained.
 24 of the procurements were in fact reimbursements of expenses. 2 of the procurements did not conduct tendering as required by the laid down rules.
 The Olympic Committee spends HK$20 million a year of public money which has been abused.
(3) Lack of sub-committee meetings
 14 out of the 29 sub-committees had not held any meetings between March 30, 2017 and December 31, 2019.
 The Commission said that “could be a cause for concern” because “meetings are an important forum where
ideas can be exchanged and issues can be discussed in an interactive manner”. It also said “Audit considers
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that [the Olympic Committee] needs to review the frequency of meetings of individual committees to ensure
that the functions of the [board and subcommittees] are effectively carried out,”
(4) Transparency issue in athlete selection criteria
 At a public hearing of the Hong Kong Legislative Council’s Public Accounts Committee following up on the
Audit’s Report No 74, committee members slammed the governance of the Olympic Committee on their selection of swimmers for the 2018 Jakarta Asian Games.
 “They [seem] to have a different set of standards when choosing swimmers,” said Legislative Council member
Lam Cheuk-ting. “Those who come from a big swimming club are given preference and this is not fair. They
are using public money to send athletes to the Games and they must be held accountable for their decision.”
 Another member of the Public Accounts Committee, Shiu Ka-fai, also questioned the rationale of sending an
athlete who had undergone surgery before the Games. “The athlete’s result in Jakarta proved he was not competitive enough,” he said. “If he was not able to regain his best form in time, the selection committee should
have given his place to another athlete.” It was cited the case of a swimmer who was the fastest in Hong
Kong in his event but was not selected, and instead someone below his standard took his place at the Jakarta
Games.
 The Commission noted a lack of clear criteria for selecting athletes to take part in international games. The
Report cited a case in 2018 when 11 of the 17 athletes were chosen for the Asian Games, on grounds that
were not stated in a circular distributed previously to sports associations. They included four selected because
they had won sports scholarships in Hong Kong. It was criticised as being unfair that athletes were not informed
the selection criteria included being a scholarship athlete at the Sports Institute would gain marks.
(5) Appeal mechanism
 It was also surprised to learn that any review of the selection was also done by the same selection panel.
There had never been any appeal made by national sports associations, including the swimmer’s case at the
2018 Asian Games although there is appeal mechanism stated in the constitution.
(6) The Independent Commission Against Corruption’s “Best Practice”
 “The Independent Commission Against Corruption has drawn up a ‘Best Practice Reference for Governance
of National Sports Associations – Towards Excellence in Sports Professional Development’ in 2011 for many
years but it seems there has been little progress,”
(7) No Declaration of interest
 The Olympic Committee introduced the procedure for declaration of interest. However up to January 2020,
only 5 out of 29 sub-committees have implemented.
Professor Chung Pak-kwong, of Baptist University’s department of sport and physical education, called for an
overhaul of the Olympic Committee’s leadership. He said “It has grown into an empire and transparency and
accountability are not in their dictionary,” said Chung, who is the former chief executive of Hong Kong Sports
Institute. “The top guys in the committee’s board are just too used to relying on money from the government. They
seldom need to explore ways to improve the efficiency of the committee.”
This case shows that poor corporate governance leads to the fact that not the best athletes are chosen thereby
affecting Hong Kong’s overall performance on international competition; also it leads to the fact that public money
was abused with the result that most of the public money is wasted. (Some news clippings are shown in the Appendix
of this paper.)
7.2

Hing Tak School Scandal

This is a case of the principal Ms Chan Cheung-ping of a school in Hong Kong which receives funding from
HK Government, who had various mis-management and fraud. It is a case of failure of corporate governance of
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an NGO. The failures are as follows :(1) Principal Chan forced the teachers to go to Shenzhen China and HK China border to distribute promotion leaflets
to solicit potential China mainland students. This may infringe the China mainland law.
(2) Principal Chan installed various cad-cam video camera in various spots of the school premises. This infringed
the Private Data Protection Ordinance (Cap X).
(3) Hing Tak School is accused of flaking by inflating student numbers, and keeping the names of over 20 mainland
pupils who had been absent for up to two years on the roster so as to keep those “Phantom students” or “shadow
students” to deceit and to avoid the cut from Hong Kong Government’s funding or even closure if student
number declines.
But Stephen Lui, who was appointed by the Education Bureau to the school board, said according to his
experience as a principal of three different schools, any long absence when a student can not be contacted usually
leads to the pupil being deemed to have left the school.
(4) Violation of hiring and promotion procedures: Hing Tak School said that on one occasion, a job interview took
place one day after the hiring notice was posted – a violation of recruitment procedures. The school suspects
that the sole applicant to the post, has close ties to principal Chan.
School authorities said that, according to regular procedures, roles should first be advertised within the institution
so that qualified teachers may opt for an interview. If existing teachers are deemed unsuitable, schools may
contact the Incorporated Management Committee (the governing body) (“IMC”) for approval to initiate external
recruitment and for approval of the chosen candidate.
(5) Resignation of teachers raised from 2014’s 17% to 2016’s 30%. Some students have already 5 teacher-in charge
replaced for them. Some teachers had their promotion every year for 3 consecutive years.
(6) Fake Document: Principal Chan submitted a fake form of job interview record conducted in 2016, to Education
Bureau, Hong Kong.
(7) Bribery: teacher who applied sick leave had to pay 6 pieces of cake coupon or $300 cash for each day of
sick leave.
After the sandal came to the surface, Hing Tak School finally passed a motion to fire the principal, Chan
Cheung-ping. Apart from breach of Education Ordinance, the motion was based on Section 9 of the Employment
Ordinance, which states that an employer may terminate a contract of employment without notice or payment
if the employee wilfully disobeys a lawful and reasonable order, engages in misconduct, is guilty of fraud or
dishonesty, or is habitually neglectful in their duties.
This case, shows the mis-management and fraud of the ex-principal and, above all, a corporate governance
failure of the Governing Body, the Incorporated Management Committee (“IMC”) of the school. The IMC had
not done its role of supervising the Principal (ie. the management head of the school)
There were the issues of transparency, accountability to stakeholders, bribery fraud etc. It was also learnt that
most of the members of the governing board IMC had no knowledge on school management and only relied
on and believed the Principal on matters of the school, and received no training. (News clippings is shown
in the Appendix of this paper.)

8. Conclusion
As NGOs are entrusted, inter alia, by the stakeholders and entrusted with public funds and/or for public interest,
proper corporate governance should be enhanced also to small to medium size NGOs, and not just with attention
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drawn on commercial organizations by the regulators in Hong Kong, or on big NGOs governed by their international
constitutional codes or by various ordinances or by the Government etc. With the growing stakeholder expectations
around corporate accountability and the growing global concern on anti-money laundering and terrorist financing,
it is time to address this issue and integrate into their organizations with the benefit of adding value potential to
these SM NGOs.

9. Recommendation
9.1

Corporate governance guide

In order to make it easy to follow by SM NGO to improve or to enhance their corporate governance, it is
recommended to write up a simple user friendly corporate governance manual or guide for these SM NGO.
A corporate governance guide or manual can help an NGO make clear to its Board and management the legal
obligations, structures, processes and principles that it should use to achieve the NGOs objectives and to monitor
the NGOs performance and it is a helpful tool for any NGO.
There are best practices that should be adopted regardless of an organisaiton’s size, resources or nature. However,
for SM NGOs which usually do not have the resources to undertake formal and full flown corporate governance,
they can adopt to an extent suitable to their needs and scale under allowable resources or take up those suggestions
recommended here which are applicable to their circumstances.
9.2 The corporate governance guide/manual is proposed to be as follows, which as said, should be tailored to
individual SM NGOs circumstances & needs :Table 3 – Proposed corporate governance guide or manual

1. THE ORGANIZATION

- Background, Legal Status, Services
- Vision, Mission and Value
- Strategic Direction

2. GOVERNANCE STRUCTURE

- Board of Directors
- Composition of the Board, Terms of Office

3. DUTIES AND RESPONSIBILITIES OF THE
BOARD

-

4. DIVISION OF BOARD AND MANAGEMENT
ROLES

- Role of the Board
- Role of the Management
- Division of Board & Management roles

5. BOARD MEETINGS

- Articles of Association
- Protocols, Procedures and Rules for Effective Board Meetings
- Minutes

6. CONTROL & RISK MANAGEMENT

-

Budget, Internal Reporting
Internal control and Risk Management
Audit of financial statements
Directors & Officers Liability Insurance

7. CODE OF ETHICS

-

No remuneration to directors
No distribution of income to members
Conflicts of Interest
Transparency and Accountability
Non-Discrimination and Equal Opportunities
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legal compliance
Fiduciary Duties of directors
Delegation to Committees
Board orientation, development, review and renewal/succession

9.3

Guidelines and explanations
The followings are the guidelines and explanations in developing the guide or manual:

9.3.1 Section 1 will introduce the background and nature of the organization. It states the legal status which in
this paper referred as a company limited by guarantee incorporated under the HKCO. If the SM NGO is given
a charity status under section 88 of the IRO, then states so to give a higher confidence to stakeholders and to
alert that potential donations are tax deductible for donors’ advantage.
It then briefly describes the services it is embarking. It states the vision, mission and value and any statement
slogan thereof. Strategic direction is also set.
9.3.2 Section 2 will state out that the governing structure is the board of directors or other equivalent name such
as “Council” or “Executive Committee” (but means same as the Board under the HKCO). Any office bearer positions
should be listed out and one of the directors shall be the chairman. When determining the composition of the board,
consideration should be given to what qualities and perspective are required of the board members. Diversity of
board members, such as gender, age, expertise, equal opportunity, culture inclusion should be considered. The Board
should determine its optional size based on its needs.
Directors should have a term limit. It is common for the term to be 1-3 years to avoid stagnation, offers
opportunity to expand circle of contacts and expertise, provides a smooth channel to remove unproductive board
members. On the other hand, there should be mechanism for re-appointment to allow flexibility and to keep valuable
board members.
9.3.3 Section 3 Directors shall bear the overall compliance responsibility of the organization under the HKCO.
The basic legal requirements under the HKCO, IRO, and BRO can be listed out in the manual here as follows
9.3.3.1

Legal Compliance Under HKCO:

 maintain a local registered address in Hong Kong
 must maintain at least two directors, and all of its directors must be natural persons, one of the directors can
be the same person as the secretary of the company
 appoint a resident company secretary (individual or body corporate)
 have at least one member (individual or body corporate)
 notify CR of any change of directors and secretary
- resignation/cessation
- new appointment
- particulars (e.g. address) change
 notify the CR of any changes in the company’s other particulars recorded in the CR
 renew its annual business registration
 maintain proper accounting records which are required to be kept for 7 years and prepare annual financial
statements
 appoint a practising accountant to audit the annual financial statements
 hold an annual general meeting the first of it within 18 months of incorporation and not more than 15 months
interval between two AGM’s at which the company’s audited financial accounts and directors’ report are adopted, directors and auditors are appointed/reappointed, and auditors remuneration fixed
 submit a profits tax return together the annual audited accounts to the IRD
 submit annually employer’s return on employees’ remuneration to IRD
 submit an annual return to the CR together with certified true copy of the relevant audited financial statements,
directors’ report and auditor’s report within 42 days after the annual return date, which is nine months after
the end of the company’s accounting reference period (ie. financial year end), and
 need not pay the business registration fee or file a profits tax return with the IRD (if it has been recognised
as a S.88 charity NGO.
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9.3.3.2

Fiduciary duties

Here can list out the general fiduciary duties of directors of duty of care, duty of loyalty, duty of obedience.
Directors are referred to a Guide on Director’s Duties issued by the Companies Registry in March 2014, or can
list out the said duties of the Guide here.
9.3.3.3

Committees

The establishment of committees will depend on the need of the Board or the operation nature and size of the
SM NGO. The types of any committees formed under the Board can be listed in this section. Examples of committees
can be Executive Committee, Audit Committee, Board Nomination Committee, Remuneration Committee, Human
Resources Committee, Internal Control Committee, Procumbent Committee, Investment Committee, Risk
Management Committee, and even Governance Committee etc. Other Committees can be set up to steer specific
initiatives or programs. It is recommended that an NGO can have the basic audit, nomination and remuneration
committee to demonstrate commitment to corporate governance to donors and thirty party sponsors (including
Government). If the size or the resources of the organization does not warrant formal committees, ad hoc task force
can be formed to take up specific requirements at specific time and dispensed with after the task requirements have
been met. Terms of reference (including functions, responsibilities and limits of authority) should be defined. It
needs to be borne in mind that despite of any committees set up, the Board remains with the ultimate responsibility
of corporate governance of the NGO.
9.3.3.4

Board orientation, development, review and succession

It is recommended that orientation to new or existing board member (to refresh orientation) be conducted to
brief them on the organization, their legal, fiduciary and governance responsibilities, and any expectations on them.
Site visit to the organization’s premises or facilities is suggested to give a “physical touch” of the organization’s
work. It is a good practice for a director to complete and sign upon appointment, in a form declaring he is not
an undischarged bankrupt nor has he had criminal record and also make declaration of any interest with the SM
NGO. It is also a good practice to present a certificate of appointment and/or letter of appointment to formalize
and honor their appointment. For more formal NGOs, the appointment letter can lay out job description reflecting
collective governance of the Board as well as individual expectations and obligations.
Directors are encouraged to attend periodic trainings or development to keep updated their knowledge with the
organization’s services or expertise. Board learning and sharing activities outside meetings on strategic discussions
can be considered.
The Board should undertake regular review or appraisal to assess its strengths and weaknesses and develop
strategies to address any limitations. Even minor improvements to a Board’s performance can have significant impact.
Review on individual Board member can be on his attendance, any disruptive behavior, whether he acts in the
interest of the NGO etc.
The process of Board renewal or succession planning should be open and transparent in accordance with the
Articles of Association of the NGO. The task can be delegated to a nomination committee or a panel. The Board
should approve the specification (including the knowledge, experience, skills, attitudes required etc) of the role as
recommended by the nomination committee. Interview can be conducted and appointment on merit. Committee
assignments can be rotated to give Board members experience and opportunity to lead, as a part of succession
planning.
9.3.4 Section 4
9.3.4.1

Role of the Board

The Board leads the NGO and are collectively responsible for ensuring the NGO delivers its objective, apart
from meeting with legal and fiduciary compliance. Primary roles includes:-
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 Strategic direction: The Board set the direction for the organization, approves and monitor the NGOs core strategies, and make sure financial and human resources are in place.
 Management supervision: The Board is responsible for recruiting, support, appraise, and compensate the management head, and ensure the management team is operating under the Board’s direction. Annual assessment on
the performance of the management head can be conducted.
 Risk management & internal control: The Board is responsible for ensuring the integrity of the NGOs financials,
internal control and risk management are in place and followed. This will be more elaborated in Section 6
below.
 Accountability: The Board is accountable to the NGOs stakeholders such as the NGOs members, donors, the
Government (especially those NGOs receiving Government funding support), the service users, the public etc.
The Board therefore should act, communicate and make information available in a transparent manner. This
will be more elaborated in Section 7.
9.3.4.2

Role of the Management

The head of management leads the management team and reports to the Board. This management head is
responsible for the daily operation including setting up an efficient operational structure, executing the strategic
policies adopted by the Board, achieving the performance targets set by the Board, and provide operational inputs
to the Board for decision making.
9.3.4.3

Division of Board and management roles

The below table shows the division of Board and management role. The division is especially meaningful for
those small NGOs with the directors also at the same time involve in the operational matters, so as to distinguish
themselves between strategic and operational roles.
Table 4 - Proposed Division of Roles Between the Board and Management Team

TASKS

RESPONSIBLE PARTY
BOARD

MANAGEMENT

- Direct the planning process





- Provide input to long term strategy and goals





- Approve long term strategy and goals



A. PLANNING



- Formulate annual plans or objectives
- Approve annual plans or objectives
- Prepare performance reports to track achievement of strategy and
goals
- Track achievement of strategy and goals







B. FINANCIAL MANAGEMENT


- Prepare preliminary budget
- Finalise and approve budget




- Monitor that expenditure is within authorised budget
- Approve expenditures (if outside authorised budget)




- Prepare financial statements
- Approve financial statements




- Draft financial management procedures and policies
- Approve financial management procedures and policies




- Finalise and approve funding arrangements with the government
- Ensure annual audit of accounts
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Adopted from the HK Social Welfare Department’s “Leading Your NGO Corporate Governance A Reference
Guide for NGO Boards” June 2002
9.3.5 Section5: Board meetings
Board meetings are when the Board exercise their governance authority and should be held on a regular basis.
The procedures/rules should be set out according to the Articles of Association relating to convening meetings
(including meetings via electronic means, quorum, voting, managing of conflict of interest in transactions, as well
as attendance requirement). It is good practice to prepare consent agenda, send the agenda together with the material
pack good in advance of board meeting to allow board members to review beforehand. The purpose of consent
agenda is to liberate board meetings from administrative routines thereby allowing time to focus on meaningful
discussions of real important issues. A copy of the Articles of Association (ie the constitutional document) should
be given to the directors upon appointment in an orientation pack. Minutes of Board meeting and all resolutions
passed by directors without a meeting have to be documented, approved at the subsequent meeting, and kept for
10 years as required by HKCO. Notify the change of location for minutes record keeping to the Companies Registry
within 15 days of the change.
9.3.6 Section 6: Control and risk management
9.3.6.1 Boards of NGOs, regardless of size, must ensure funds are used properly, assets are protected as they are
stewards. Fraudent transactions are blocked and detected early such as under the Prevention of Bribery Ordinance,
the Theft Ordinance. Apart from the legal obligations explained above, the NGO can set out other control compliance
requirements under other applicable laws of the NGO to which the NGO is subject to, e.g. under the Hong Kong
Education Ordinance.
Controls can include internal control, internal reporting, external reporting. Internal controls can include internal
authorizations for bank signatories, payment, and other authorizations, separation of key functions.
9.3.6.2

Internal reporting

Internal reporting include formalizing and set out the lines of reporting, close reporting relation between each
line. For control on financials, the Board is ultimately responsible for the financial reports although it can delegate
to the management to prepare and audit committee, if any, to review. It is good practice to prepare an annual budget
for approval, and management shall report to the Board at no less frequently than quarterly and explain the variations
between budgeted and actual. Financial statements using the appropriate accounting standards should at the same
time be prepared and reviewed by the Board. Audit committee comprising of certain directors and/or independent
external parties, or financial sub-committee/task force for small NGOs can be considered to be set up to review,
monitor the integrity of the NGOs financial statements, internal controls, risk management systems, and
recommendation on the appointment of auditor and remuneration thereof.
9.3.6.3

Risk management

Risk management should be on risk based approach instead of rule based, that is, assessment is on the level
of risk, namely to implement enhanced risk assessment on those with higher risk. Written policies can be drawn
up for areas of significance to the NGO, such as procurement policy which is typically an area that can be highly
vulnerable to abuse and bribery. The Board should ensure also policies are in place to protect the stakeholders
and reputation of the NGOs. In view of the global effort to combat money laundering and terrorist financing, policies
can include due diligence on potential working partners, significant donors, etc. other policy can include investment
policy to protect assets of the NGO. There can be also whistleblowing policy and communication policy with
stakeholders. It is good practice to review annually the risk management system is in good order, and also review
any risk potential and mitigation plans made by management.
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9.3.6.4

External reporting/audit

Audit of financial statements: A standard paragraph in a typical SM NGOs auditor’s report in the audited financial
statements states that “The directors are responsible for the preparation of the financial statements in accordance
with the SME-FRS issued by the HKICPA and the Hong Kong Companies Ordinance, and for such internal control
as the directors determine is necessary to enable the preparation of financial statements that are free from material
misstatement, whether due to fraud or error. Those charged with governance are responsible for overseeing the
Association’s financial reporting process.” Therefore even through where the Board has delegated the audit function
to an audit committee, the Board is ultimately responsible for the financial statements to be presented fairly. Although
the HKCO offers exemption reporting/simplified reporting on the financial statements and exemption from providing
business review from directors report for an SM NGO whose annual revenue is less than HK$25 million, if an
NGO receives significant public funds or support, or public interest these exemptions can be considered not to be
adopted but enhanced disclosure should be made regarding finance and the NGOs development or even does not
take the simplified reporting but take up full disclosure reporting and director’s review depending on the
circumstances of the NGO.
There are very limited indemnities and ratification rights under the HKCO for director’s wrongdoings (Sections
465-473). Directors therefore need to consider purchasing directors and officers (D&O) liability insurance to cover
possible exposures to liabilities.
9.3.7 Section 7: Code of Ethics
9.3.7.1 As the input of the head of management in board meeting deliberation is instrumental and valuable for
informed decision making, he will attend board meetings “in attendance”. That is he is not a director so as to separate
the line between oversight and execution. Exception is where applicable law requires for example the Education
Ordinance requires the principal of a school to be also a member of the governing board.
9.3.7.2 For a S.88 charity NGO, the Guide can state that directors do not receive remuneration. There is exception
under exceptional circumstance, e.g. a church pastor who receives remuneration can also be a director under certain
conditions to be complied with and there cannot be distribution of income to members of the NGO.
9.3.7.3 Conflicts of interest: A conflict of interest arises when the “private interest” of a Board member conflict
with the interest of the NGO or the Board member’s official duties. Board members should remain independent
and unbiased and act in the best interest of the organization. The Board should adopt a conflict of interest policy
including declaration of actual and perceived interest upon appointment and annually, and maintain a register for
that purpose. The policy should also coves that a director cannot vote in a transaction wherein he has interest.
9.3.7.4 Transparency and accountability: The Board needs to be open, transparent, responsive and accountable to
stakeholders especially those who provides funding or support. The Board must decide who the stakeholders are
and establish procedures that foster effective communication with them. On the other hand, accountability and
transparency must be balanced with the Board’s confidentiality requirements, such as those relating to data privacy
and any confidentiality undertakings under agreements entered into by the NGO.
9.3.7.5 Non discrimination and equal opportunities: The Board could set policy with clear targets (where practicable)
to promote and applies equal opportunity and diversity in all areas of its activities.
The researcher fully recognizes the diversity of NGOs in Hong Kong, each with its own historical background,
vision and mission, size and organizational structure, etc. This reference guide with the understanding that the
practices suggested are not intended to be rigidly followed by every NGO Board. Indeed the size of the NGO and
other factors may affect the extent to which some of the suggested practices can realistically be adopted. NGO
Boards are however encouraged to test their corporate governance against these suggestions to see if improvements
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are necessary or beneficial. The researcher hopes that the recommendations here can help SM NGOs to
improve/enhance their corporate governance and thereby raise their value and contribute to the society at large.
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Abstract
Nowadays most of the countries face population aging that brings government a great pressure because it
concerns astronomical reserve of resource taking care of the health and retired elderly in coming years. Declines
in the fertility reinforced by increasing longevity have produced and will continue to produce unprecedented
changes the structure of all societies, notably the historic reversal in the proportions of young and older persons.
Unprecedented demographic changes, which had their origins in nineteenth and twentieth century’s and is
continuing well into the twenty-first century, is transforming the world. Most of countries have been reviewing
existing age of retire. However, government should also need to find a way caring for the health of elderly after
60 so that the elderly of this group still can contribute to society. The existing retired care resource from
government is limited in many countries including China. Despite of China got a great improve of economy for
the past 40 years, still it has been learning to improve the quality life of people in the country. Population ageing
is an existing common issue in China. However, healthcare issue is emphasized in this Century especially people
born at the period of baby booming. This paper attempts to address the healthy ageing of elderly longevity, it
needs quality of life both psychological and physiological.
The aim of this paper is to study a synergy effect between Timebank and designed innovative elderly healthcare
technological model for elderly keeping their good health condition, in return, the elderly could release their
contribution of both experience and service to society even they retired. If the paper reaches an initial result that
the model can be succeeded, the government can save a lot of medical expense for the elderly every year. A
further comprehensive research and experiment is needed after this paper before a trial working model start
operation.
Research was done in Hong Kong, Taiwan and China, Japan and Europe of Time Bank situation.
First part of this paper is to explain and understand the current situation of timebank in some countries.
The second part of this paper propose the concept of using health-related IoT technologies to healthcare
management business model. An optical science is introduced and a human health centric artificial controlled
lighting system is also mentioned to be used in whole environment of the club. The cloud platform will be used
to monitor the health status and big data to analysis of the elderly, and make improvement if necessary.
Third part of it will introduce ‘Timebank’ vs ‘Innovative Elderly Healthcare Business Model’. The model
providing a platform of different types of service for healthcare insured members, aim at healthy with quality
living correlate with volunteer social service.
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Introduction
Time Bank
An increasing number of scholars became interested in studies on the Timebank, and social network analysis
has now become the most common method to analyze the type and relationship of a network applying to Timebank
stakeholders.
Time Banking is a bartering system for service, where people exchange service for labor-time based credit, rather
than money. The term “Time Banking” was coined and put forward by American lawyer Edgar Cahn, who advocated
its use to supplement government social services. It is to encourage the kinds of giving and receiving that will
help to build and support families, neighborhoods and communities.

Five Core values
‘Everyone is an asset’ Everyone of us has something of value to share with someone else.
‘Some work is beyond a monetary price’ There are some form of work that money will not easily pay for, like
building strong families, revitalizing neighborhoods, making democracy work, advancing social justice. Time credits
were designed to reward, recognize and honor that work.
‘Reciprocity in helping’ Helping that works as a two way street empower everyone involved – the receiver as
well as the giver. Paying it forward ensure that, together, we help each other build the world we all live in.
‘Social Network’ Helping each other, we reweave communities of support, strength and trust. Community is
built by sinking roots, building trust, creating networks. By using Timebank, we can strengthen ad support these
activities.
‘Respect for all human beings’ Respect underlies freedom of speech, freedom of religion, and everything we
value. Respect supplies the heart and soul of democracy. We strive to respect where people are in the moment,
not where we hope they will be at some future point.

IoT Technology
The 5G era has arrived. The Internet of Things (IoT) is the trend in the next -generation technologies. How
we use these technologies to improve the quality of life of the elderly population while reducing strain on healthcare
systems and minimizing their operation cost. Although IoT and wearable applications for elderly healthcare purpose
have many existing solutions from service providers, there is a further need to summarize these current applications
bringing it to a combined value add level to solve the existing problem. This paper provides insights into existing
areas of IoT/wearable applications while presenting new research opportunities in emerging areas of application,
the insight could be useful to healthcare solution designers and developers in defining technology supported futuristic
healthcare strategies to serve elderly people and increasing their quality life. The IoT revolution is reframing modern
healthcare with assuring technological, social, and economic prospects. The count of elderly people who stay alone
is increasing exponentially. Advancements in terms of monitoring them remotely are the need of the time, and IoT
growth has leveraged the same. Elderly persons face a lot of challenges in conducting their day-to-day life, the
challenges range from memory loss, susceptibility to diseases, and impairments making them live in a survival mode.
IoT assistance can be deployed for elderly monitoring with aid of smartphones, vial signal monitors, smart wearables,
smart devices and smart system like smart health optical system. IoT technique combined with Big Data and Cloud
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can be used effectively to give numerous solutions to the problem of remote healthcare monitoring. Currently, there
are systems that facilitate self-care and extend the independence of ageing population. Such system is often known
as assisted living system. The main aims of the system are to enable elderly people to independently live longer
in their homes and community of their retired life, to enhance living qualities, and to reduce costs for society and
public health system. Assisted living systems can help support elderly persons with their daily activities in order
to help them maintain healthy and safety while living independently.
Data are needed to collect leads to define the system requirements and features. Survey will be done on elderly
homecare in Europe, China, Hong Kong, Taiwan. Contents of survey are in the level of Nutrition, Medication
Adherence, Physical Activities and Socialization, Family Support, Space and Comfort.

Problem
For Timebank to be truly sustainable, the cost of building timebanks and the larger infrastructure should be
carried mostly by the movement itself. However, many timebanks struggled to achieve their goals with too little
money, and at the overarching movement, organizations like Timebanks USA also face a sustainability challenge.
There is a great need for a way to solve the sustainability Timebank working model and capital while taking into
account the synergies of medical care solution for elderly as well.

Literature Review:
This paper is to research using Timebank idea correlate with technological healthcare business model. Most of
elderly care entities have limited resource of fund, elderly looking for social platform which can bring healthy,
happy and sustainability model…
Time Bank situation
This paper also examines the development of time banking in Hong Kong. Time banking has become an
international movement with participants include people in different age group, local businesses, staff from
participating organizations and even the organization themselves. This diversity of time banking systems in different
areas modifications of time banking system can increase their uses, functions and effectiveness, and also can improve
their versatility so as to provide tailor-made applications on different problems in different situations. To improve
the present situation of Timebank less attended and neglected in Hong Kong, it is necessary to study the modification
of Timebank system so that more extensive and effective applications can be provide.
According to Edward Wu, the Associate Professor of Nation Chung Cheng University reporting at 2016 in Taiwan
Community Work and Community Research Journal, the implementation of timebank in Taiwan did not think so
popularization. However, neither the public sector nor the private sector has given up on the pursuit of shared and
mutual help value. Since 1995 various Timebank programs with their own characteristics have been implemented
in Taiwan. Some programs design time currency as the core concept, combining the community economy used for
varies service providing. The form of service exchange not only promotes mutual assistance in the community, but
also activates the consumption within the community. To the fact that Taiwan society demand for long-term care
service, some program introduced of care passbook or deposit book to solve manpower shortage problem.
Statistics show there were over 249 million elderly people aged 60 or above in China as of the end of 2018.
Accounting nearly 18% of the total population in China. The ration of elderly people is expected to reach 25%
by 2035. A guideline was issued by the State Council in 2019, supporting elderly care institutions to provide
home-based service. According to a survey From China Youth Daily Wednesday, more than 65% of the around
5000 respondents said they would to try timebanks. Currently, timebanks have been piloted in some cities, most
of which operates on a community basis. Nanjing has been experimenting with timebanks since 2012, with the
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number of registered volunteers reaching 26,000.
The research is also done regarding Japan time bank by Mayumi Hayashi. Japan Fureai Kippu (Ticket for a
Caring Relationship) refers to mutual support networks of members of all ages, targeted at providing care for older
people through exchanges of time credits. This has attracted increasing attention as a potential contribution to the
‘Big Society’ with an ageing population. However, despite its pioneering role and scale, relatively little is known
about the details and outcomes of Fureai Kippu, and meanwhile simplistic and optimistic generalizations predominate.
According to its historical analysis and empirical evidence, seeks to address these gaps by examining the origins
of Fureai Kappu, its early expansion, post-2000 slow down and responses. It considers the practical contributions
and varied benefits potentially offered by the system, along with its operational difficulties. The conclusion is that
Fureai Kippu is so complex that not only evaluation difficulties but lack of sustainable business model.
Timebanking in Switzerland, they can use any time saved up their own care provision later in life. The St Gallen
government hopes the pilot project will lower social service costs and encourage local solidarity as it copes with
a steadily ageing population. Switzerland’s demographic time bomb continues to tick louder and louder. Whereas
only one in ten residents were over 65 in 1960, five decades later the ratio is one in six. The state pension system
is also suffering from underdevelopment. According to the Federal Statistics Office, four actively employed people
fund the state pension of one retired person. Forty years from now this share will fall to two employees. The ageing
population especially those in need of special care, represents a major challenge for local authorities. According
to care home Federal Statistics Office of Switzerland, more than 75% of elderly people in Swiss care homes have
health problems, with almost wo out of five suffering from dementia;
67% had great difficulty in performing daily tasks such as eating and getting dressed. Other health issues included
heart and blood pressure problems, diabetes and rheumatism. The average age of those surveyed was 83 years old.
The report also found that home care residents had fairly regular calls or visits from friends and family. Some
55% were visited at least once a week, with 12% having daily visits. Only 2% had no contact with the outside
world at all.
Hexitime ( borne the Q Community Timebank and Skill Exchange ) is a skill share and Timebank platform
in UK. It helps people in healthcare to exchange improvement skills and ideas in and ‘open access’ system. Members
earn and exchange time credits on the platform by offering and requesting help to / from each other- all without
real money changing hands. The first 100 days, for example, saw members post 65 offers of help and 36 requests
for help – everything from human factors training and pediatrics process mapping through to 1-2-1 coaching on
how to best process mental health data and the delivery of a complexity informed improvement webinar. First and
foremost, Hexitime is a timebank. When members join the timebank, they can access the skills and expertise of
the health and social care community – so long as they are prepared to give something back. This approach offers
and an alternative approach to ’day-rate’ improvement resources. All exchanges are for improvement and all
exchanges are equitable. Skills exchanges can therefore work across a number of organizational, regional or national
levels. Hexitime also provide members, and the organizations they work for, with a free platform to exchange their
ideas – helping both their professional development and their improvement projects. Members can pose their
questions and challenges on Hextime.- gathering the ideas and insights of the Hextime community – and turning
the best ideas into projects.

Research Methodology
The first step of this study is to go through related literature review of Timebank status in different countries
and find out existing problem. Secondly, design a questionnaire to access with retired and go to retired elderly
what they are looking for a desired healthy retired life as well as exploring with elderly how they feel of the
Timebank concept. Finally, in response to the existing problems of Timebank and after completions the questionnaire
with the elderly. I began to design business model studying the hypotheses solutions for future Timebank optimization
of the overall operating scope correlated with IoT operation model of elderly healthy retired life. A franchise model
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will be applied in this model which could broaden the operation of business with no limitation of boundary.

Research Design
According to data from Statistics MRC (2018),
the global Smart Medical Market was US$182.6
billion in 2017, and it is predicted to reach
US$665.4 billion by 2026, and the predicted annual
compound growth rate will reach 15.4%.
The main growth market momentum include:
promoting policies to improve the health
infrastructure,
increase
the
incidence
of
cardiovascular disease, the world's aging
population.

Global Health Care Industry Market

Timebank Optimize Operation Scope
The following diagram introduce the study of synergy of technology driven sustainability model between
Timebank and Innovative Elderly Healthcare Platform.
There are many different loyalty points solution providing platform in the market. Mutual agreement can be
signed with a suitable loyalty solution providing platform link up with dedicated Timebank APP with no boundary.
There are many synergy can be happened since elderly could also exchange their service points for loyalty points
of products as well as services provided by the club. A loyalty program need not be one-dimensional. It can be
empowered with a bigger reach and more redemption options. Loyalty programs are ripe for innovation that would
make them easier to use. It opens opportunities of redemption and member acquisition. Reserve interfaces for
different loyalty solution platform to link up with and enhance the utilization of Timebank APP. Therefore, Timebank
could be widely used in daily life. Of course, elderly can save their service point in Timebank for future used
if it is needed.
Blockchain technology need to be consider using in these operations models which enables a ledger of
transactions to be shared across a network of participants among Timebank, healthcare service and loyalty program
since it is a complex program.
Time Bank vs Elderly Healthcare Correlate Model

121

From IoT to Healthcare Management Business Model
Apply Management ······························································································································ Level 4
Application – Reporting, Analytics, Control /
Collaboration & Processes – People & Business Processes
(Personal Health Management, Distance Care Management)
Processes Cloud Data Management ··································································································· Level 3
Data Accumulation – Storage / Data Abstraction –Aggregation & Access
( Medical Cloud Platform, Cloud Calculation, Artificial Intelligence)
Connection System ······························································································································ Level 2
Connectivity-Communication & Processing Unit /
Edge Computing-Data Element Analysis & Transformation
(Wireless Communication, Signal Communication Module, IoT, MoT)
Edge ······················································································································································ Level 1
Physical Device and Controller – IoT
(Smart Medical Device, Smart Medical Lighting*[a], Physiological Sensor Device, Environment Sensor Device,
Intelligence Robot, Wearing Device)
The future will be constructed with artificial intelligence, block chain and cloud big data new healthcare-oriented
business model

Information Electronization
Deploy varies sensing devices, positioning system, wireless transmission and cloud platforms to improve operational
efficiency.

Information Intelligentization
Obtain information from a large number of electronic cloud data databases, use machine learning to learn and
improve by artificial intelligence, which can assist in health diagnosis and medical advice
IoTà Smart Device. System à Smart Caring
Introduce IoT basis Human Health Centric Artificial Controlled Optical System
Lighting base on evidence content that make you happy.
The Nobel Prize in Physiology or Medicine 2017 was awarded jointly to Jeffrey C. Hall, Michael Rosbash and
Michael W. Young “ for their discoveries of molecular mechanisms controlling the circadian rhythm”. Their
discoveries explain how plants, animals and humans adapt their biological rhythm so that it is synchronized with
the Earth’s revolutions. Using fruit flies as a model organism, Nobel laureates isolated a gene that controls the
normal daily biological rhythm. They showed that this gene encodes a protein that accumulates in the cell during
the night, and is then degraded during the day. Subsequently, they identified additional protein components of this
machinery, exposing the mechanism governing the self-sustaining clockwork inside the cell. We now recognize that
biological clocks function by the same principles in cells of other multicellular organisms, including humans. With
exquisite precision, our inner clock adapts our physiology to the dramatically different phases of the day. The clock
regulates critical functions such as behavior, hormone levels, sleep, body temperature and metabolism. Our wellbeing
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is affected when there is a temporary mismatch between our external environment and this internal biological clock,
for example when we travel across several time zones and experience “jet lag”. There are also indications that chronic
misalignment between our lifestyle and the rhythm dictated by our inner timekeeper is associated with increased
risk for various diseases. Now some hospitals in Europe are turning to light to treat depression, strokes and
Parkinson’s disease, using it to hit the reset button on our internal clocks. From green light soothing the pain of
migraine, to blue light reducing organ damage during surgery. A special kind of receptor in our eyes transmits
information directly to the body’s master clock, as well as other brain areas that control mood and alertness. These
cells are particularly responsive to bluish light, including sunlight. These receptors enable light to act as a powerful
reset switch, keeping the clock in our brain synced to the outside world. But this clock can fall out of sync or
weaken as part of ageing or a range of disorders – a problem doctors are now starting to treat with light. Some
hospitals in Europe and the US are installing dynamic “solid state” lighting, which changes like daylight over the
course of a day. Such lights can, for example, shine bright whitish-blue in the morning, grow warmer and dimmer
throughout the day, and turn orange or switch off at night. Now Anders West at Glostrup Hospital in Copenhagen
and his team have shown it helps people recover from strokes. Up to a third of people are depressed in the weeks
following a stroke, while up to three-quarters experience fatigue and poor sleep. “These symptoms can have an
adverse effect on cognitive function, recovery and survival,” says West. “I think we’re going to see a complete
revolution in lighting and architecture in a very short space of time” He presented data at the Society for Light
Therapy and Biological Rhythms conference in Berlin in June 2017, which showed that people recovering from
strokes score lower for depression and fatigue, and show more robust circadian rhythms when exposed to solid
state lighting. Hospital lighting also seems to have a dramatic effect on severe depression, which often involves
a disrupted circadian clock with delayed sleep periods. At the Berlin conference, Klaus Martiny of the Psychiatric
Centre in Copenhagen presented research showing that people being treated for severe depression were discharged
almost twice as quickly if their rooms faced south-west in comparison with those whose rooms had a north-west
aspect. Depending on the time of year, the intensity of daylight in the south-west rooms was 17 to 20 times brighter.
“These are very depressed patients who tend to stay in their rooms and isolate themselves, so they’re more exposed
to differences in light intensity,” says Martiny. The 67 people in the study had been randomly assigned rooms,
and those who stayed in the brighter rooms were discharged after 29 days on average, compared with nearly 59
days for those in darker rooms. “We don’t know the precise mechanism, but I think it’s to do with exposure to
the morning light, which advances and stabilizes their sleep-wake cycles,” says Martiny. His team’s findings are
now informing the design of a new psychiatric center, due to open in Copenhagen in 2022.The biological clock
is involved in many aspects of our complex physiology. We now know that all multicellular organisms, including
humans, utilize a similar mechanism to control circadian rhythms. A large proportion of our genes are regulated
by the biological clock and, consequently, a carefully calibrated circadian rhythm adapts our physiology to the
different phases of the day. Since the seminal discoveries by the three laureates, circadian biology has developed
into a vast and highly dynamic research field, with implications for our health and wellbeing. The circadian clock
anticipates and adapts our physiology to the
different phases of the day. Our biological
clock helps to regulate sleep patterns, feeding
behavior, hormone release, blood pressure,
and body temperature.
A IoT basis Human Health Centric
Artificial Controlled Optical System will be
used in elderly healthcare club in order to
providing very good comfort environment
both short stay or long stay apartment. The
equipment will be equipped in different room
release different wave length for different
aspect. The biological clock of human body
is involved in many aspects of our complex
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physiology. The circadian clock anticipates and adapts our physiology to the different phases of the day. Our
biological clock helps to regulate sleep patterns, feeding behavior, hormone release, blood pressure, and body
temperature. The system can help our biological clock preventing fall out of sync or weaken as part of ageing
or a range of disorders.
Develop personal health and wisdom and long-term care management, integrate personal physiological
measurements, health information, health
education, and publicity services to
effectively integrate and home care cloud
platform.
Promote healthy aging of full-process
healthcare monitoring system and prevention
of chronic diseases. “Internet + Health”
industry is developed in every country, and
it needs the governments’ vigorous support
and commercial entities to develop.
The healthcare management model for
elderly smart health is introduced and trial
used in the society strengthening prevention
/ self-care awareness can delay the
progression of chronic diseases, thereby
reducing the incidence of complications and
reducing medical expenses and manpower
expenditure.

Good Living HabitSustainable Health CarenessEarly
PrecautionEliminate Health RisksAccurate TreatmentLiving
Quality

Insurance
Insurance is one of the keys to success of this proposed model. Different services provide are based on different
kind of membership. In this study will explore Timebank operational APP correlate to club member service.
The health insurance growth 6 percent in 2016 as compared to the prior years in two main regions of North
America and APAC. The United States continues to lead the growth in health premiums in North America,
with an absolute growth of about €40 billion and at a rate of 6 percent annually in the 2015–16 period. This
growth can be attributed to medical inflation, increasing employment, and some carry-over of the benefits
from former US President Obama’s healthcare policies. In APAC, China generated a CAGR of 52 percent and
33 percent in the years 2014–15 and 2015–16, respectively, and this trend is expected to continue in the near
future. This growth is being driven by the aging population in China, which has boosted demand for health
insurance.
In emerging markets, private health insurance premiums are a small percentage of total health expenditure and
are significantly lower than the “out of pocket” and the “others” categories of expenses. Mature markets have
stronger healthcare systems and private health insurance providers, which is typically reflected in most of
these markets by the premium expenditure being larger than the “out of pocket” expenditure. The global
health insurance industry is currently dominated by the United States, which accounted for around 70 percent
of health premiums in 2015. The annual share of emerging markets is expected to increase in the coming
years as income levels rise, coverage widens, and more private health insurers enter the fray. The rapidly
growing markets of China and India are poised to lead this growth and increase APAC’s share of the global
private health insurance premiums from 4 percent in 2015 to 11 percent in 2020.
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Research Questions
Questionnaire of PostDoc research paper of Timebank vs Elderly Healthcare Platform

1. Your age
A)

30-40

B) 41-50

C) 51-60

D)

61-70E) 71-80

F)

80 above

2. Sex
A)

Male

B)

Female

3. Are you retired?
A)

Yes

B)

No

4. If yes, when were you retired?
A)

Just retired

B)

1-5

C)

6-10

D) 11-15

E) 15-20

F)

21-25

5. If no, when will you be retired?
A)

1-5

B)

6-10

C) 11-15

D)

15-20

E) 21-25 F)

No plan yet

6. Do you know any elderly health service in HK?？
A)

Yes

B)

No

7. Do you know any elderly health service in other countries including China and Taiwan rather than in HK?
A)

Yes

B)

No

8. How do you think of the environment of the elderly home / organizer in HK?
A)

Very poor

B)

Poor

C)

Moderate

D)

Satisfy E) Very satisfy

9. How do you think of the quality and content of the elderly home / organizer?
A)

Very poor

B)

Poor

C) Moderate D)

Satisfy

E)

Very satisfy

10. Do you think the entrainment facilities are well-equipped in the elderly home in HK (including the private elderly
home)?
A)

Very poor

B)

Poor

C) Moderate

D)

Satisfy

E) Very satisfy

11. Do you think the health guidance is sufficient in the elderly home in HK?？
A)

Very poor

B)

E) Very satisfy

F)

Poor

C)

Moderate

D)

Satisfy

Not provided

12. Do you think provide an all-rounded health monitor service is necessary?
A)

Yes

B)

No

13. If there is a elderly clubhouse, do you think a comfortable environment can act as a social space for elderly?
A)

Yes

B)

No

14. Do you wish the elderly home can take care of your physically as well as mentally health?？
A) Yes

B)

No

C) No comment

15. Do you wish to find a comfortable an all-rounded services elderly home? (If no, please jump to Q.20)
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A) Yes

B)

No

C)

No comment

16. If the elderly home is for member only, will you consider to join a membership?
A)

Yes

B)

No

17. (Please answer this question even you are not a member) If the elderly home provides different insurance plans
to exchange to services, will you consider to join the insurance plan?
A)

Yes

B)

No

18. Which is/are the elements that you care the most? (Can choose max. 4 options)
A)
B)
C)
D)
E)
F)

Personal health monitor service
Club facilities
Environment
Provide entertainment / music / learning resources
Provide short stay service
Provide long stay service

19. Will you determine it is a superb club base on the modern technology and sensory effects application?
A)

Yes

B)

No

20. Are you willing to contribute in social service in your retired life?
A)

Yes

B)

No

21. Do you know “Time Bank”?
A)

Yes

B)

No

22. (Please answer even you do not know Time Bank) Will you use the concept of Time Bank to plan to contribute
in social service in your retired life?
A)

Yes

B)

No

23. Will you donate the earned points in the “Time Bank“ to the elderly in need to exchange to services and necessaries?
A)

Yes

B)

No

24. If the earned points in the “Time Bank“ can exchange to services, will you do so?
A)

Yes

B)

No

25. If you are a member of the club, will you share this club service to your friends?
A)

Yes
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B)

No

Interpretation
The questionnaire is designed for the opinion of retirees and imminent retirees on the entities that provide elderly
care services. The desirability of membership-based elderly health clubs for retirement. Timebank’s philosophy and
willingness to provide voluntary services to others.

Conclusions
Case studies conducted through questionnaire surveys initially found that the answers are ideal for those who
wish to have service of an Elderly Healthcare Club after retirement. Although 41% of the respondents have never
been heard of Timebank. However, all of the respondents expressed their willingness to provide voluntary service
through the Timebank concept in the future. Only 14% out of 100% of the respondents said they would not buy
insurance for the club membership.
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Recommendations
Further comprehensive research need to do after this paper before a trail model is applied. Need to survey on
timebank situation and elderly concerned requirements in more countries in order to design the whole infrastructure.
Keep attention to the latest technological developments so that the system can be more thoughtful when operation
started. In Future, the concept of Timebank needs to be widely promoted and cooperation with different
non-government organizations and charity. Members enjoy healthy ageing and happiness with friends through
different services and facilities in the Club, through the activities jointly organized by Timebank and Healthcare
Club, members can get happiness from heart as well.
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Abstract
The COVID-19 outbreak become a critical international health issue in Mar 2020 and it will lead economic
transformation during and after this period. People’s behavior, including consumer behavior and priority, have
been changed for controlling the spreading of coronavirus and keeping people’s health. In order to adopt such
changes, business innovation is significant for survive of companies in this period. Thus, integration of Business
Model Canvas (BMC) and Extension Innovation Method is proposed for business innovation. BMC used to exam
the business feasibility in existing situation. But it needs to transform into new way for COVID-19 period that
customer requirement and behaviors were changed. This paper reviews the impact of COVID-19 on economics,
and describes Business Model Canvas (BMC) and the basic theory of Extenics and the Extension Innovation
Method of METS (Model-Extension- Transformation-Selection). It then integrates the METS into BMC and comes
up with a new Extension Business Innovation Model (ExBIM) Approach. The applicability of the ExBIM approach
would be discussed along with a case study in the online education in CityU.
Keywords: Business Innovation, Extenics, Extension Innovation Method, Extension Business Innovation Model
(ExBIM)

1. Introduction
COVID-19 outbreak affected the world economic. China is the first place affected by coronavirus spreading
and first country locked down the whole infected region. In the first two months of this year, China ’s passenger
car sales plummeted by 90%, smartphone sales fell by 40%, and retail sales fell by 21%. After March 2020, the
proportion of manufacturing employees who resume work in the province will reach 70%, except Wuhan (SEMI,
2020). However, most offline consumptions are still impacted after the outbreak (see Fig.1) (Xin Huang, et al.,
2020).
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Fig. 1. China offline consumption is still impacted after the outbreak

The trend of the accelerated growth shift to online channels during the crisis such as lockdown, store closures
and consumers' unwillingness to communicate face-to-face with sales and service personnel (Xin Huang, et al., 2020).
In observable future, the following three effective infection control measures that employed in Hong Kong are
inevitable. They are frequency handwashing, social distancing (at 1~1.5m) and wearing disposable surgery face
mask (Lotto K.H. Lai, 2020).
In this adverse economic situation, most business need innovation to recover and survive. So that Business Model
Canvas (BMC) is employed to examine the new economic behavior after COVID-19 (Osterwalder & Pigneur, 2010).
BMC is popular over the world because of three features included “Simplicity”, “Practice-orientation” and
“Plug-and-Play principle” (Ching HY & Fauvel C. (2013)). However, it was criticized by Kraaijenbrink (2012) as
below:
i)

It excludes organization’s strategic purpose (Only financial success drive)

ii)

It excludes a notion of competition

iii)

It mixes levels of abstraction

It indicated BMC has limitations on dynamic strategies generation on changing world especially on COVID-19
pandemic. Thus, Extension Innovation Method is introduced into the BMC for business innovation so as to solve
some business contradiction problems.
Prof. Cai Wen is father of the Extenics for generating innovative solution to solving the contradiction
problems. Extenics is an original China New Science which studies the possibility of extending things and rules
and methodology of developing innovation with formalized patterns for resolving contradictory problem. Extension
innovation method (especially on 4 Steps of Extension Innovation Method) is to bridge the theory into practical
fields so as to generate creative strategies, as well as, the solution for contradictory problems. It is found that
Extension Strategy is very suitable and useful for business innovation.
In this paper, Business Model Canvas (BMC) and 4-steps Extension Innovation Method named METS
(Model-Extension-Transformation-Selection) were selected for Business Innovation approach and integrated into
Extension Business Innovation Model (ExBIM) for problem solving using creative way during COVID-19 outbreak
period.
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2. Business Model Canvas
A business model is a holistic concept embraced business related elements including pricing, mechanisms,
customer relationships, partnering and revenue sharing, etc. Every company included education institution would
like to survive that must prepare a viable business model. Business Model Canvas (BMC) developed by Osterwalder
& Pigneur (2010) included four areas of company, namely Customer Interface, Value proposition, Infrastructure
Management and Financial Aspects. These four areas are further divided into a set of nine interlinked building
blocks namely Customer Segments (CS), Value Proposition (VP), Channels (CH), Customer Relationships (CR),
Revenue Streams (RS), Key Resources (KR), Key Activities (KA), Key Partnerships (KP) and Cost Structure (CT).
The framework of BMC using CityU degree program as sample demonstrated in Fig. 2.
Osterwalder & Pigneur (2010) and Miki Imazu (2013) described the model starting from Customer Segments
(CS). CS identifies the different groups of people/ organizations which an enterprise aims to reach and serve. In
CityU as example, CS included different types of students such as undergraduate, post-graduate, research and
businessman. From CS moving to Value Proposition (VP), VP defines a bundle of products and services which
would create value for a specific CS like our professors in different fields. It needs a Channel (CH) to provide
means for company to communicate with and reach its CS to deliver VP. Before COVID-19, we employed
face-to-face lectures and laboratory work. Further, different types of relationships of Customer (CR) a company
shall be built with specific CS. For example, we have Student Development Service (including Counselling) and
Alumni Relationship Office. Consequently, Revenue Streams (RS) indicates the value a company generating from
each CS, i.e. cost subtracted from revenues. This route is called “Customer Value Infrastructure”.
Another route named “Business Value Infrastructure” starts from Key Resource (KR) that illustrates the most
critical assets required to support Key Activities (KA) which is the most important operations a company must
do to make its business model work (value-added process). KR included professors, lecturers, supporting staffs,
library and laboratories. KA involved teaching, laboratory workshop, visit and exchange, etc. KA can be enhanced
by Key Partnerships (KP) which provides a network of suppliers and partners such as HKSQ and HKIE for course
accreditation, as well as, Science Part for visit and startup technology transformation. Finally, Cost Structure (CT)
is all costs incurred to operate a business model that should be considered.

Fig. 2. The Business Model Canvas with the Nine Building Blocks (e.g. CityU Programme)
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3. Extenics and Extension Innovation Method
3.1

Introduction of Extenics

Prof. Cai Wen has studied the basic theory and methodology to dealing with incompatible problems since 1976.
Then his first paper named “Extension Set and the Issue of Incompatibility” published in China’s Journal of Scientific
Exploration in 1983 that is the birthday of Extenics. It is an original China New Science for studying the possibility
of extending things and rules and methodology of developing innovation with formalized patterns to resolving
contradictory problem. The contradictory problem (P) is defined as the goals (g) can’t be reached under current
condition or limitation (l). The formula is P = g ↑ l. (Yang, C.Y. and Cai, W., 2013)
The basic-element (B) is the logic cells of Extenics including matter-element (M), affair-element (A) and
relation-element (R) (See Fig. 3). Basic element is an ordered triad composed of the Object (O), the characteristics
(c), and its measured values (v), denoted by B = (O, c, v).
For matter-element, element name used as Object that M = (Om, cm, vm).
For affair-element, action used as Object that A = (Oa, ca, va).
For relation-element, relation name used as Object that R = (Or, cr, vr).
Many of them needed to take transformation of matters and then could solve contradiction problem.
3.2

Extension Innovation Method

Extension innovation method is to bridge the Extenics theory in various practical fields especially suitable for
proposal of new product and service, creativity in new projects and strategies, as well as, the solution for
contradictory problems. In order to simplify the method for commercial / industrial application, Four Steps of
Extension Innovation Method is proposed. (See Fig. 4) The four-step approach is under
Model-Extension-Transformation-Selection (METS). The first step is to establish the model based on basic-elements
(object, characteristic, value) and the model called “Extension Model”. Extension Analysis contained four methods
and they are “Divergence”, “Correlative”, Implication” and “Opening-up”; and another methodology for Expansion
is Conjugate Analysis. Extension transformation is the tool of transferring contradictory problem into compatible
problems that is the third step. Since extension transformation generates huge ideas, we need the theory and methods
of priority degree evaluation that is the last step.

Fig. 3. Basic-element family – key elements to form Extenics model
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Fig. 4. The 4-step of Extension Innovation Method (METS)

METS could diverge ideas and then to converge those ideas to be
practicable that called “Diamond Thinking”. However, it purposes to be
expanding diamond thinking continuously like PDCA cycle. Thus, it calls
METS Cycle (See Fig. 5)

4. Extension Business Innovation Model
After introduced BMC and METS, it observes that nine interlinked building
blocks in BMC could employ METS cycles to create a new ideas for business
approach to adopt new situation such as COVID-19 limitations. All blocks
focus into value propositions and core asset. Each block can employ Extensions Fig. 5. Extension Innovation Method METS Cycle
Innovation Method (METS Cycle) to generate different idea and strategies for
improvement through innovation way. The selection of block is depended on
the business situation that which one faced to challenge or contradiction. Nine boxes could be consolidated into
four large groups (meta-concept) as a mind map of BMC (Gavrilova et al., 2014). It is suggested Mind Map BMC’s
consolidated into four groups below:
i) Products (contain – KA & VP)
ii) Customers (contain – CR, CH & CS)
iii) Environment (contain – KP & KR)
iv) Finance (contain – CT & RS)
Where VP shared to all blocks.
The steps to implement the ExBIM are showed as follows.
i)

Identify your business sections based on nine interlinked building blocks in BMC.

ii)

Follow the two routes named “Customer Value Infrastructure” and “Business Value Infrastructure” to find
out the core blocks which need to innovate for new challenges (e.g. COVID-19). In this case study,
Channels (CH) and Key Activities (KA) are identified.

iii)

Modelling based on Extenics’ basic element

iv)

Find the core problems based on Extension Models

v)

Then perform Extension Analysis

vi)

After that employed Transformation to generate different business strategies based on the core blocks.
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vii)

Finally, it needs to select the suitable strategies according to dependent function in “Selection Phase”.
One of key factor must be considered named “Indispensable indicator” that all strategies selected should
not be violated. In this case study, no risk for student and staff to be inflected COVID-19 virus during
study and work in university are indispensable indicator.

All blocks in BMC are considered and exercised the extension innovation method that created many innovative
ideas/strategies. Those change will enhance the Value Proposition (VP) and achieve the purpose of business
innovation. The overall model could be presented by integrated all blocks into one model for four group and under
a big METS Cycle. The final approach named Extension Business Innovation Model (ExBIM) (See Fig. 6). The
details implementation of ExBIM will be discussed in the case study of online education in CityU below.

(Remark: Yellow hollow circle is identified
focus area in case study)

Fig. 6. The development of Extension Business Innovation Model (ExBIM)
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5. Case Study
Using CityU degree teaching as example, the main activities based on BMC and Extenics before COVID-19
are showed as follows.
For BMC, Customer Value Infrastructure is focused for this study that “CS to VP to CH (plus KA) to CR
to RS”. Students are our Customer Segment (CS) and CityU Value Proposition (VP) is our professional team and
infrastructure. We provide quality education service through the Channel (CH) included face-by-face teaching, group
discussion, technical visit and laboratory workshop those are our Key Activities (KA). Communication Channel
included social media, email, website, visit and tradition media like TV and newspaper. Lastly, we built up Customer
Relationship (CR) using Student Development Service (including Counselling) and Alumni Relationship Office, etc.
Using METS to describe the key process, the first step is Modelling. Affair-element and Matter-element are
employed to demonstrate the project (P), goal (g) and condition (l) in this case study.
5.1

Model Phase:
Goal (g): Related to Customer Channel (CH) and Key Activities (KA)
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Condition / Limitation (l): Related to Customer Channel (CH) and Key Activities (KA)

Core Problem: P = go↑lo
Goal (g):

Condition (l):

The core problem was found that to avoid COVID-19 outbreak, most government in the world implemented
isolation policy that advice people stay at home. Public service staff are home office or shift duties so as to reduce
the people-to-people connection. Therefore, we need a new way to perform our routine duties. In order to solve
this core problem of contraction, we either change the goal or condition. However, the indispensable indicator is
no risk for student to be inflected COVID-19 virus in university during teaching or laboratory practice activities.
In response to the COVID-19 outbreak, CityU took the lead in implementing campus-wide and real-time online
teaching for postgraduate and undergraduate students according to schedule, starting from 7 February 2020. CityU
was the first of the eight University Grants Committee-funded universities in Hong Kong, and even in the world,
to implement online teaching in response to the pandemic.
Thus we extended the goals A1, A2 and A3 from on-site venue activities into online home-based teaching mode.
After the transformation, some corresponded activities should be considered through relation network and implication
effect. The following transformation activities are selected through METS and fulfilled the core program in goal
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and condition (P = go * lo)
5.2

Extension Analysis Phase:

T11A1 = A1’ and T12A1 = A1’’

T21A2 = A2’ and T22A2 = A2’’

T31A3 = A3’ and T32A3 = A3’’
5.3

Transformation Phase:

For A1, we used online lecture or recorded Video lecture to insert onsite lecture so that student could study
at home and only staff are teaching in university Lecture Theater or room. If only use recorded video to teach,
there is no interaction with students.
For A2, student’s project presentation could be either presented online or recorded into video. It was found that
online for 70 students to discuss are difficult for time management but video record is fairer that every team used
15min to present their project and avoid any technical problem during presentation.
For A3, it is most difficult to overcome the laboratory work for chemistry. My course teaching to calibration
laboratory equipment including balance, thermometer and glassware. It needs practice and calculate the result for
reporting. So that A3’ and A3’’ are solution to demonstrate the procedure of calibration and calculate the result
for reporting.
The proposed solutions are showed as follows.
i) T11A1 (Online Lecture)
ii) T12A1 (Recorded Video Lecture)
iii) T21A2 (Online Presentation)
iv) T22A2 (Video Presentation)
v) T31A3 (Perform Video Demonstration)
vi) T32A3 (Perform Using Past Data Set)
vii) T11A1 ˄ T12A1 (Online and Video Lecture)
viii) T21A2 ˄ T22A2 (Online and Video Presentation)
ix) T31A3 ˄ T32A3 (Video Demonstration & Using Past Data Set)
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5.4

Selection Phase:

The judgement of solution is based on dependent function which use for selection phase. For simply presented
the idea, the discrete dependent function (k) is employed based on the five measuring indicators: MI = { MI1, MI2,
MI3, MI4, MI5}; MI1 = Knowledge Transferability, MI2 = Practicability, MI3 = Interaction Level, MI4 = IT Facility
Support and MI5 = Safety. And the weight coefficient is denote as α = (α1,α2,α3,α4,α5) = (0.2, 0.2, 0.2, 0.2, 0.2)
The discrete dependent functions are showed as follows:

According to different requirements of the practical problem, the superiority of object / solution Zj is showed
below.
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The new teaching, course work and laboratory work approach should be consider their knowledge transferability,
practicability, interactive level, IT facility support and safety responsible to students and staff. After evaluation all
factors, the results are showed as follows.
Solution of Transformation
i) C(Z1) = T11A1 (Online Lecture)
ii) C(Z2) = T12A1 (Recorded Video Lecture)

MI1
0.2
0

MI2
0.4
0.4

MI3
0
-0.4

MI4
0.4
0.4

MI5
0.4
0.4

Total
1.4
0.8

iii) C(Z3) = T21A2 (Online Presentation)

0

-0.2

0.2

0.4

0.4

0.8

iv) C(Z4) = T22A2 (Video Presentation)

0.2

0.2

-0.4

0.2

0.4

0.6

v) C(Z5) = T31A3 (Perform Video Demonstration)

0.2

0.2

-0.4

0.2

0.4

0.6

vi) C(Z6) = T32A3 (Perform Using Past Data Set)

0.2

0.2

-0.2

0.2

0.4

0.8

vii) C(Z7) = T11A1 ˄ T12A1 (Online and Video Lecture)

0.4

0.4

2

0.4

0.4

1.8

0.4

0.4

0.4

0.4

0.4

2

viii) C(Z8) = T21A2 ˄ T22A2 (Online and Video
Presentation)
ix) C(Z9) = T31A3 ˄ T32A3 (Video Demonstration &
Using Past Data Set)

0.4

0.4

0.0

0.4

0.4

1.6

The most suitable strategies for teaching lecture, student team project presentation and student laboratory
workshop are selected based on the evaluation by discrete dependent function. Three strategies are showed as follows:
i)

Campus-wide and real-time online teaching for postgraduate and undergraduate students according to schedule
using Zoom and recorded in video also provided under Zoom for student re-study afterward. Therefore, students
kept interaction with professors through chat box during lecture for discussion.
ii) Student team project presentation need to produce a video for professors’ review but it will miss the interaction
directly. In order to keep the presentation time management smoothly, it suggests to ask students prepared video
and playing during the lecture for discussion. It will achieve both time management and interaction.
iii) Laboratory workshop is most challenge. It suggested to use video for calibration demonstration first and then
using past data set for calculating the result. Professors will discuss it during the online lecture again and
make sure student could issue laboratory report.

6. Conclusion
Extension Business Innovation Model (ExBIM) employed Extension Innovation Method (METS) is verified to
be effective and efficiency for education sector during the COVID-19. Using Business Model Canvas (BMC) to
identify which part of business model need to have a new way for solving business contradiction problem and then
employed METS providing different strategies. In CityU case, the business model parts of Channels (CH) and Key
Activities (KA) are focused and verified to be successful for different type of online solutions. ExBIM combined
BMC and METS could reduce the scope of core problem and solve business problem under nine interlinked building
blocks more effective and efficiency
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#TechGen 4 NextGen: Leveraging Technology for Student Learning
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Rathin Khandhadia: rathin@myglobalschool.org, +65 8268 4542
Dr. Nupur Naithani: nupur@myglobalschool.org, +65 9199 1910
Mihir Gosalia: mihir.gosalia@globalindianschool.org, +91 98210 28887

Abstract
This article describes how Global Indian International School SMART Campus has leveraged on technology
to bring about positive, productive and sustainable impact on learning outcomes of students and prepare them
for 21st Century. We are in age of Information Technology where smart devices are used in every aspect of our
lives. It is important that we are agile and adaptive to ever changing technological landscape. Keeping in mind,
Voice of our students, parents and other stakeholders, we explored various opportunities and benefits of connecting
technology with education and developing an exciting new vision of 21st century education for sustainability and
responsible citizenship. This best practice has brought about a complete Innovation in K-12 schooling for students.
This has increased alignment of our pedagogy with the mission of the organization i.e. to be a global role model
for teaching and learning and ensuring all round development for students. A three pronged approach namely
Man-hours / man power saving, Skill development and Conservation of Environment was adopted to develop and
deploy this best practice across our school. The results of this best practice shows that 33 hrs/year teaching hours
saved, reduced cycle time for lesson plan preparation and delivery in class, 25% cost reduction in stationery items
and usage of paper and reduction in man power costing. After several technological initiatives students’ academic
results have improved in 2019 compared to previous years. In 2019, 71% students scored above 35 grade points
in IBDP, 13 students secured A* in Cambridge IGCSE and 56% students secured above 90% in CBSE grade
12 exams. This has enabled school to initiate and provide new activities for students and provided teachers’
additional time to be involved in more activities and students get to spend more time with these technology
initiatives.
Keywords: K-12 SMART Campus, Innovation, Technology, Voice of Customer, Sustainability
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Abstract
Tata Steel is amongst the top-ten global steel companies with a crude steel production capacity of 26.5 million
tons per annum. It Offers Wide Range of grades for a host of applications, Pan-India network of distributors to
serve at customers’ convenience, Steady availability in various thickness & width combinations, cut-to-length
sheets/slit coils from certified service centres, etc.
Tata Tubes sales approximately 45,000 tons of Finished Goods every month. This Raw Materials are required
to be present in plant across different SKU to produce goods and seamless service to customer. The main concern
of management was that how much buffer they should keep for a SKU to run operation smoothly. Moreover,
need of the hour was to build a system through which it is possible to quantify how many tons of buffer to
be kept for a month for a SKU. There need to be a balance between quantity of inventory, inventory carrying
cost and serviceability to our customer.
To address this above business objective a recommendation engine is built via forecasting approach. This
Recommendation engine is catering to the Tubes Division in Tata Steel. It helps in determining the quantity of
raw material to be kept in inventory a month ahead to meet demand of customer across the globe. Before
proceeding with forecasting, we have used Hampel filter to identify and replace outliers across all SKUs’ record.
This forecasting approach is unique in its characteristics. This approach is capable of handling large number of
SKU’s where each of this SKU is unique in its nature. Like few SKU’s is required throughout the year , whereas
few are such that they have demand only in a particular quarter of year, we have categorized a large number
of SKUs according to their demand trend in a year to forecast. This approach has an unique feature like for each
SKU model can decide the forecasting parameters(p,d,q) in dynamic way. If someday the demand of a certain
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SKU decreases, it will not suggest keeping buffer of that SKU. This solution approach has used ARIMA,
SARIMAX, CROSTON technique to forecast. The model has the flexibility to run if any new SKU is added
or any old SKU has moved out.

Keywords: Tata Tubes, Forecasting, Buffers, SARIMAX CROSTON, ARIMA

1. Introduction
As a manufacturing unit, it is very clear that we have a challenge at our hands to run our business in an effective
way in a world market that is already in a challenging shape from an economical point of view. In addition, we
are very much aware of the impact Steel production has on the environment and climate and are consciously finding
new ways to improve our ways of working. To put this project in perspective, one must understand that technical
innovation in developing country is happening on a very different level and pace as it does in a developed nation.
Indian industry is still in transformation phase from Industry
3.0 to Industry 4.0. So, bringing innovation using Analytics is creating enormous change and includes a huge
challenge of dealing with automation, adoption, and training. We have selected this project as a representative project
of a suite of project; a project that creates change and hope that we can achieve so much more.
Tubes Division of Tata Steel Ltd. transport tubes (Finished Goods) of various dimension to end customer/ retailer
/ dealer / distributor / stockyard through roadways. To produce these finished goods, they need raw materials
beforehand for seamless production and supply and thus the requirement to store these raw materials arise. These
finished goods are produced across different plants, and for each category of finished good they need different
varieties of raw material according to different plant, grade, thickness. These different variety of raw material as
per their grade, thickness and other attributes are known as SKUs, which is around 500-600 different varieties of
raw materials. It is an uphill task for business to determine how much of these raw materials should be in the
inventory and how much amount they should keep before a month ahead for next month’s operation.
Demand Forecasting [1] is the key activity which controls all other activities of Supply Chain Management.
It is the key driving factor in planning and decision making in Supply Chain Management as well as Enterprise
level. All major firms truly depend on the efficiency of demand forecasting to take major decisions such as capacity
building, resource allocation, expansion and forward or backward integration, etc. Forecasting is a prediction or an
estimation of an actual value in a future time. It is usual that there might be forecast error as actual results differ
from the projected value, long time horizon has chance of more error. This is important to measure the forecast
error for adapting corrective action plan. The development of advanced technology enables the Supply Chain
Management stakeholders to share real time data and information across the network which helps dual benefit to
inventory and customer service. Slow items with intermittent and lumpy demand patterns can make up a substantial
part of an organization's inventory. They are difficult to forecast and some of the most popular forecasting methods
are unsuitable. Existing forecasting methods that work excellent with smooth and linear demand patterns become
less accurate with increasing erratic, lumpy and intermittent demands. Moreover, increasing number of stocks keeping
units (SKUs) in service supply chains have computational limitations. This is because demand keep on fluctuating
their demand classes that result in uncertainty and consequently, leads to higher target stock levels (TSL) and lower
reorder point (ROP) to ensure higher customer satisfaction. This raises interest in using machine learning and
statistical method for service supply chains to improve demand forecast accuracy.

2. Literature Review
In all sectors, demand forecasts are of great importance. Indeed, predicting the demand facilitates the decision
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on the amount to produce and thus on the supply of the raw material and inventory management. A robust supply
chain management system requires the presence of managers who are aware of the necessity of collaboration between
different functions: planning, procurement, manufacturing, and logistics. Over time, we feed our database to build
a history that will be used to make our forecasts. After developing our model, which is the purpose of our article,
we will easily have the planned application transmitted to the planning function. The latter carries out its production
plan related to suppliers.
Demand Forecasting is an activity of estimating the future demand of a product that a consumer will purchase
over a specific period. It is generally associated with forecasting sales and manipulating demand. A firm can make
use of the sales forecasts made by the industry as a powerful tool for formulating sales policy and sales strategy.
Thus, it is an important component of the strategic decision-making. To make good forecast, in-depth understanding
of the different forecasting methods is of utter importance for practical implementation. Exponential smoothing is
commonly used in automatic forecasting systems. However, when only a small amount of historical data is relevant
to future demands, the ad- hoc start-up methods used in exponential smoothing produce unexpected results. With
large data sets, an exponentially smoothed average implicitly weighs the data in a declining manner, like discounting.
This pattern is important in that it minimizes a measure of forecast error. When statistical forecasts were nearly
optimal, adjustment had little effect. When the forecasts were less accurate, adjustment improved accuracy. These
results suggest the value of graphical review and adjustment of statistical forecasts as explained by Thomas
R.Willemain [2].
In production an essential need of forecasting is the area of product demand. This relates with both prediction
of volumes mixes so as the organization can plan its production schedule and organize appropriate its inventories
Makridakis and Wheelwright [3]. Due to the nowadays difficult economic conditions that the whole business markets
face up the importance of forecasting has become more imperative than ever. Marketing practitioners regard
forecasting as an important part of their jobs. For example, in Dalrymple [4], 93% of the companies sampled pointed
out that sales forecasting was ‘one of the most critical’ aspects, or a ‘very important’ aspect of their company’s
success.
In recent years, emergency materials demand prediction methods have tended to be geared toward incorporating
artificial intelligence, with a significant amount of research focusing on the traditional approach of artificial
intelligence that attempts to simulate the human brain. Despite the resultant considerable attention being paid to
the rich variety of methods that are available in such areas as big data mining and the application of smart devices,
in searching for demand forecasting approaches toward emergency resources, few studies to date have focused on
such an approach. Over recent years, a combination of smart devices based on big data analysis as well as other
conventional forecasting methods has been proposed to satisfy the dynamic demand prediction for emergency
resources.
Louis Fourt and Joseph Woodlock [5] described novel methods of using consumer panel statistics to predict
the success of new grocery products. The method presented a reliable and easily usable prediction model for test
markets or initial national marketing. It had the desirable feature of separating the very good and the very bad
quickly. Hence it proved a reliable method for early selection of the most promising fraction of innovation.
Raymond Y.C. Tse, [6] suggested that the following two questions must be answered to identify the data series
in a time series analysis: (1) whether the data are random; and (2) have any trends? This is followed by another
three steps of model identification, parameter estimation and testing for model validity. If a series is random, the
correlation between successive values in a time series is close to zero. If the observations of time series are
statistically dependent on each another, then the ARIMA is appropriate for the time series analysis. Meyler et al
[7] drew a framework for ARIMA time series models for forecasting Irish inflation. In their research, they
emphasized heavily on optimizing forecast performance while focusing more on minimizing out-of-sample forecast
errors rather than maximizing in-sample ‘goodness of fit’.
To model time series, we can work with the traditional statistical models including moving average, exponential
smoothing, and ARIMA. These models are linear since the future values are cramped to be linear functions of past
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data. During the past few decades, researchers have been focusing much on linear models since they had proved
simplicity in comprehension and application. Time series forecasting models are mostly used to predict demand.
Under an autoregressive moving average hypothesis, Kurawarwala and Matsuo[8] calculated the seasonal variation
of demand by using historical data and validated the models by examining the forecast performance. Miller and
Williams[9] mixed seasonal factors in their model to improve forecasting accuracy, the seasonal factors are calculated
from multiplicative model. Hyndman[10] widened Miller and Williams[9] work by applying different relationships
between trend and seasonality under seasonal ARIMA hypothesis. The classical ARIMA approach becomes
prohibitive, and in many cases, it is impossible to determine a model, when seasonal adjustment order is high, or
its diagnostics fail to indicate that time series is stationary after seasonal adjustment. In such cases, the static
parameters of the classical ARIMA model are considered the principal constraint to forecasting high variable seasonal
demand. Another constraint of the classical ARIMA approach is that it requires many observations to determine
the best fit model for a data series.
The behaviour of the time series may be affected by the cumulative effect of some processes. For example,
stock status is constantly modified by consumption and supply, but the average level of stocks is essentially
dependent on the cumulative effect of the instantaneous changes over the period between inventories. Although
short-term stock values may fluctuate with large contingencies around this average value, the level of the series
over the long term will remain unchanged. A time series determined by the cumulative effect of an activity belongs
to the class of integrated processes. Even if the behaviour of a series is erratic, the differences from one observation
to the next can be relatively low or even oscillate around a constant value for a process observed at different time
intervals. This stationarity of the series of differences for an integrated process is a crucial characteristic viewed
from the statistical analysis side of the time series. Integrated processes are the archetype of nonstationary series.
A differentiation of order 1 assumes that the difference between two successive values of Y is constant.
Box and Jenkins [11] was founded on the contributions of Yule [12] and Wold [13] to develop a practical
approach to perform ARIMA models. The Box–Jenkins [11] principle consists of three iterative steps of model
identification, parameter estimation, and diagnostic checking steps. The principle rule to identify the model is that
if a time series is obtained from an ARIMA process, it should have some theoretical autocorrelation properties.
By matching the theoretical and empirical autocorrelation patterns, we make it possible to identify one or several
potential models for the given time series. Box and Jenkins [11] proposed to use the autocorrelation function (ACF)
and the partial autocorrelation function (PACF) of the sample data as the basic tools to identify the order of the
ARIMA model. As far as the identification step is concerned, we should produce a stationary time series, which
is a required condition to find the ARIMA model, so, we mostly need data transformation. The statistical
characteristics of a stationary time series such as the mean and the autocorrelation structure are constant over time.
We usually need to apply differencing and power transformation to the data to remove the trend and stabilize the
variance before an ARIMA model can be fitted. After that, it becomes easy to calculate the model parameters and
then specify the model. These parameters are estimated so that the overall error is reduced. Finally, we move to
the diagnostic checking of model adequacy. In this last step, we make sure that the hypothesis we made about
the errors are contended. The diagnostic statistics and plots of residuals can be used to assess the adequacy of future
values to our data. If the model is not adequate, we must make other estimation of parameters followed by the
model validation. Diagnostic information can help us come up with new models. Box– Jenkins [11] model constitutes
a process approach to follow and repeat till reaching a high degree of satisfaction about the model and having
reduced errors. Consequently, we can freely use this model to forecast our variable. Researchers approve that the
estimation of parameters requires many observations. Consequently, there are some limits for using ARIMA model.
Nevertheless, once we apply ARIMA model, we reach a high quality in the opposite of the time series models.

3. Problem Statement
Material is divided into components as per production process, namely, MTA (Make to Available) [14] and MTO
(Make to order) [15]. Those materials for which demand to be catered quickly are categorised as MTA. Business
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user maintain inventory as buffer for these MTA materials to cater market demand faster.
These buffers are built after having inputs from the Marketing and Sales teams which gives the data points
on the various fast-moving SKU’s based on historical data.
In this regard, there may be situations, where stock outs happen due to incorrect prediction of buffer inventory
resulting in potential loss of sales. Again, contrary to the point there may be situations, where excess inventory
may be maintained as buffer and gradually converts into high aged inventory resulting loss in profitability.
Increasing the inventory volume with the repeatable SKUs will result in improvement in revenue realization.
The objective of the project is:
To shortlist SKUs which can be stocked as buffer
To find the quantity/buffer size of these SKUs.

4. Data Analysis & Model Building
Data analysis will be represented with various trends, graphs and correlation plots (ACF, PACF).
Model Building will be described with detailing of the model selection and step by step modelling.

Fig. 1. In picture SKU wise sales analysis – Coefficient of Variation and Repeatability

We received data of all raw materials across different plants of Tubes division. We cleaned the data and created
SKU. A SKU is a combination of Plant, Grade & Thickness. We noticed that requirement of these raw material
SKU’s is different across a year, also the quantity of demand is not very consistent.
We first tried out ARIMA model with a defined range for p,d,q to forecast . What we observed is that for
those SKU’s where demand amount is varying less, rmse (root mean squared error) was less, but otherwise error
was high.
To counter this above mentioned we used a technique of outlier detection – Hampel filter [16], this technique.
This technique helped us to identify outliers in each SKU’s data and replace those outliers with median value.
We also created one temporary variable which calculated the repeatability and Coefficient of variation (CV) of
a SKU’s demand. Repeatability is how many times in each time a SKU is sold, Coefficient of variation (CV),
also known as relative standard deviation (RSD), is a standardized measure of dispersion of a probability distribution
or frequency distribution.
To proceed with analysis, we have considered SKU’s which have minimum 12 instances in past data and among
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those at least 5 instances should be greater than zero. We categorized the SKU’s based on repeatability and
Coefficient of variation (CV) scores. Four categories are – Smooth, Lumpy, Erratic, and Intermittent.
When there are time intervals with no demand occurrences for an item of inventory, demand is said to be intermittent.
Demand is erratic when there are large variations in the sizes of actual demand occurrences. Demand that is both
intermittent and erratic is referred to as lumpy demand.
Classify SKUs into Smooth (ADI < 1.32 & CV2 < 0.49), Intermittent (ADI(Average inter- Demand Interval) >=
1.32 & CV2 < 0.49), Erratic (ADI < 1.32 & CV2 >= 0.49), Lumpy (ADI >= 1.32 and CV2>= 0.49).

Fig. 2. This picture depicts the behaviour of demand for Smooth, Intermittent, Lumpy & Erratic SKUs.

Demand for a stock-keeping unit (SKU) is said to be intermittent if there are periods in which demand is zero.
When demand is intermittent and there are large variations in demand sizes, demand is said to be lumpy.
We have used automated AUTO.ARIMA [17] model for forecasting of smooth SKUs and Croston method for
Intermittent and Lumpy SKUs.
Before using this approach, we have evaluated four other solution approaches to solve this business problem,
like – SARIMA, Holt-Wilter’s Exponential Smoothing, Simple Exponential Smoothing & Simple Moving Average.
None of these methods were giving acceptable results for all these SKUs. So we tried out this approach of
AUTOMATED ARIMA & Croston method to forecast.
In automated Auto Arima we took the p,d,q parameters from AUTO ARIMA and then applied those values
in an ARIMA model to forecast for a SKU. If the value is not suitable for one SKU, we incremented the p,d,q
with 1 values to find out the optimum value of p,d,q for a SKU and then forecasted with those values. This approach
dynamically chooses the optimum value.
For Intermittent and Lumpy SKU used Croston method of forecasting. In 1972, J.D. Croston
[18] published “Forecasting and Stock Control for Intermittent Demands,” an article that
introduced a new technique to forecast products with intermittent demand.
Croston used a technique close to the one used by Holt & Winters to answer these questions. For the different
exponential smoothing models, it looks at both the previous estimation of each variable (i.e., demand level &
periodicity) and its most recent observation.
Croston’s method (CR) was developed to forecast intermittent demand, employing separate exponential smoothing
estimates of the average demand size and the average interval between demand occurrences. Croston noted that
under SES, a biased estimate arises since forecasts are based on an average of the recent demand occurrences. This
bias is greatest immediately following a demand occurrence. Because inventory replenishment decisions are usually
taken after a reduction in stock, there can be serious consequences of an upward bias in the demand forecast. To

150

address this upward bias, Croston proposed a method using separate exponential smoothing estimates of the average
demand size and the average interval between demand occurrences and combining these to obtain a demand forecast
(Croston, 1972) [18].
Demand level
Let us note our level estimate a (like for the exponential models) and note the actual demand observations d.
We will update our level estimate only when we have an actual observation, so that
If dt > 0 then at+1 = dt + (1 – α) at .

(1)

If dt = 0 then at+1 = at .

(2)

As in the different exponential smoothing models, we use a learning parameter alpha (0 < alpha < 1) to allocate
importance to the most recent observations or the historical ones.
Periodicity
Let us note the estimation of the time between two demand occurrences p (for periodicity), and the time elapsed
since the previous demand occurrence q. It will only update p when we have a demand occurrence
If dt > 0 then pt+1 = α q + (1 – α) pt
If dt = 0 then pt+1 = pt

.

.

(3)
(4)

Note that it will again use alpha as the learning parameter. This is the same parameter we used to estimate
the demand level.
Forecast
The forecast is straightforward: it is the demand level (a) divided by the periodicity (p).
ft+1 = at / pt .

(5)

Summary
We can then summarize the whole model.
 at+1 = dt + (1 – α) at .
If dt > 0

pt+1 = α q + (1 – α) pt .

(6)

ft+1 = at / pt .

If dt = 0

at+1 = at

.

pt+1 = pt

.

ft+1 = ft

(7)

.

The statistical performance of selected ARIMA models were also performed for Root mean square error (RMSE),
mean absolute deviation (MAD) and Mean average percentage error (MAPE) during the diagnostic and forecasting
(Calibration) period.
We got around 70 % average accuracy (MAPE) after implementing this approach in Tube’s Division and it
is helping business to take better decision in advance leveraging data and analytics.
New buffer = 30 inventory days (reduction by 3 inventory days) Current inventory 52000 Tonnes (reduction
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by 5000 Tonnes)
Total annualized benefit from this model= 5000 x 40000 x 12.1% =INR 2.4 Cr.
This approach helped in the way where capital is not being tied up to hold inventory more than what is required
as well as keeping the necessary quantity of material to serve customer seamlessly. In a way decision taken after
seeing this model’s forecast results helped in minimize the gap of demand and supply.

Fig. 3. Trend & Seasonality in SKU1

Fig. 4. Trend & Seasonality in SKU2

Fig. 5. Trend & Seasonality in SKU3

Fig. 6. Trend & Seasonality in SKU4

Fig. 7. Trend &
Seasonality in SKU5.
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4. Code of Automated Arima
for i in range(0, len(df.SKU.unique())): print(i)
print(df.SKU.unique()[i])
Model_Data = df[df.SKU == df.SKU.unique()[i]] Arima_model =
auto_arima(Model_Data[‘Qty’],
exogenous=None, start_p=0, d=0, start_q=0)
LRresult = (Arima_model.summary().tables[0])
LRresult
s = LRresult.data[1][1] if (s
== "SARIMAX"):
s = "SARIMA(0,0,0)"
start = s.find('(') + 1
end = s.find(',', start)
p = pd.to_numeric(s[start:end]) start
= s.find(',') + 1
end = s.find(',', start)
d = pd.to_numeric(s[start:end])
start1 = s[end:20].find(',') + 1
end1 = s[end:20].find(')', start)
q
=
pd.to_numeric(s[end:20][start1:end1])
print(p,d,q)
fitARIMA = ARIMA(Model_Data[‘Qty’], order=(p,d,q))
print(p,d,q) while True:
try:
fitARIMA.fit(disp=0) break
except ValueError: q = q + 1
p = p + 1 print(p,d,q) break
while True:
try:
fitARIMA.fit(disp=0) break
except ValueError:
print(p,d,q)

d

=

d

+

1

while True:
try:
fitARIMA.fit(disp=0) break
break
break
fitARIMA = ARIMA(Model_Data[‘Qty’], order=(p,d,q))
while True:
try:
fitARIMA.fit(disp=0)
"TRUE" break

model_run

=

except ValueError:
model_run = "FALSE"
break
except:
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model_run='FLASE' break

fitARIMA = ARIMA(Model_Data[‘Qty’], order=(p,d,q))
print(model_run)
if model_run == "TRUE":
model_fit = fitARIMA.fit(disp=0)
fc, se, conf = model_fit.forecast(n_Time)
forecast_df
=
pd.DataFrame(fc,columns=['Prediction'])
forecast_df['SKU'] = df.SKU.unique()[i]
if(i == 0):
forecast_df_final = forecast_df.copy()

else:
f o r e c a s t _ d f _ f i n a l =
forecast_df_final.append(forecast_df)

5. Flowchart
See below a block diagram representation of this solution approach

6. Conclusion
The model that we have presented has all the state-of art statistical methods used in the demand forecasting
fields. In the results above we see that the results of Automated ARIMA and Croston based model gives a better
result due to the fact of nullifying the over- forecasting and under-forecasting and bringing the forecast values near
to the actual. These results are far better than considering individual algorithms used in the two models. Accurate
forecasts are very important for the demand planning team. The forecast accuracy of existing forecast methods
developed for irregular demand patterns is low. This is true particularly for erratic SKUs where demand is very
uncertain. The reason is unpredictable and lesser usages of those finished goods and varying costs and lead times.
The data used in this research and building the model is using the past three years monthly raw materials data.
The important factor to be considered is the stability of the model. Two open-source platforms Python & Excel
are used to build the model. After the results are generated, Ensemble of results is validated and generated using
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the Microsoft Excel. In the future work, different techniques will be considered and researched. Time-Series and
Machine Learning to be built in one platform and check how the minimization of mse (Mean Squared Error) produces
the forecast.
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Abstract
Productivity of any establishment is one of the most important yardstick regardless of the industry. Steelmakers
also, like any other industry, all over the world are constantly striving to improve their productivity leveraging
continuous technological advancements, data sciences, and cross learning best operational practices. The LD Shop
1 of Tata Steel India is the world benchmark in the productivity in the 2 BOF Vessel X 3 Billet Casters operations
tapping over 60 heats from two vessels on an average daily basis. However, the productivity enhancement is an
ongoing journey in the dynamic market which has recently seen a precipitous drop in the steel prices, throughput
in conjunction with the conversion cost from hot metal to steel is the topic of the day. The refractory cost forms
a major chunk of this conversion cost. It is quite evident that from an initial investment on the converter refractory,
one would like to take as much output as one can to end up in a profitable proposition with increased productivity,
set apart the downtime costs associated with the relining of the converters. In LD Shop# 1 various changes have
been undertaken suiting to the operating conditions to improve the vessel life to more than 7000 heats. The
developments under the technological intervention includes the introduction of facilities such as slag splashing for
enabling utilization of slags to cover refractory lining, laser scanners to monitor the wear profile, and quick tap
systems for reducing the holding time of metal on weak area. Extensive simulation with R&D and subsequent
plant trials were conducted to maximize the effectiveness of slag splashing. Along with technological interventions,
operating process control are aimed for achieving optimum turndown condition and slag properties. Maintaining
the minimum bottom elements with optimum combination of flow and location are some of the operational practices
aligned to improve the vessel life. Finally, the wear profile from previous converter campaigns and various
improvements such as modified bricks for top cone, developing different types of patching and gunning materials
based on different situations. The paper details the various measures that enabled reaching the benchmark converter
life.
Keywords: Steelmaking, Manufacturing, Process Management, Refractory, Converter

1. Introduction
LD Shop 1 has 2 converters feeding three billet casters through the Ladle furnace route. The configuration renders
the BOF converters as the bottleneck of the steelmaking and casting throughput from the shop. The fact that the
LD shop is a world benchmark in productivity, tapping over 62 heats from two vessels on an average daily basis,
in this configuration demonstrates the tremendous volume of operational load on the converters. Therefore, for
envisaging any growth in the overall productivity of the shop, the availability and utilization of the converters are
the prime area of focus. In such a scenario, maximizing the converter life is warranted to reduce the down time
of the converter for relining in a year.
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The LD shop was commissioned in 1983 and numerous initiatives have been undertaken since its inception to
embark on an ongoing journey of improving the converter life. Major modifications have been switching from
Tar-dolo lining to Mag-C refractory lined converter to enhance converter life, commissioning of the laser based
scanner of vessel to aid the human naked eye to improve the quality of vessel inspection & identification of weak
area and introduction of mechanized equipment to reach hard to access areas through hand gunning. Alongside these
upgradations regular, huge improvements were undertaken in the operational practices and quality of the refractory
bricks to retard the erosion rate of the converter refractory from the operations. The following figure showcase the
evolution of vessel life essentially for the last 15 years at LD#1

Fig. 1. Year-wise trend of average life at LD#1

The paper, however focusses on the recent significant developments which have enabled to reach to a converter
life of more than 7000 heats. The differences in the operating, maintaining and technological parameters are captured
through the comparison of the two of the higher life campaigns. The details of the converter campaigns are tabulated
as under:
Table 1. Campaign details of the two campaigns

Campaign No
1
2

Start date
26th
16th

February 2017

September 2019

End Date
01st

September 2017

11th

May 2020

Converter Life
5841
7127

2. Operational Constraints & Failure Modes of Converter Lining
2.1

Benchmark Number of Heats per day.

The rate of production at LD#1 culminating into the number of tapping renders very little time for converter
to cool down and slag to solidify on the weak areas of the converter protecting the direct exposure to the refractory.
This accelerates the erosion rate. The following figure shows the evolution in terms of number of heats per day
by two converters.

Fig. 2. Comparison of No of heats per converter per day.
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Additionally, the time for repair maintenance is also very less and opportunity based when pull from the downside
is less. If the comparison were to make between the two campaigns, it can be observed that there is a shift in
the instances where the no of days at which the converter is tapping more than 30 heats. The following figure
shows the number of the heats per day per converter for camp 2 period. More than 87% days, the converter in
campaign 2 has tapped more than 25 heats per day and above 40% days, more than 30 heats per day.

NO O F H E AT S P E R D AY P
E R C O NV E RT E R
50.0
%
40.0
%
30.0
%

45.5%

2.1%

1.1%
<10

10-14

3.1%

40.4%

7 . 95 . 9
15-19

20-24

Fig. 3. Comparison of No of heats per converter per day.

2.2

High Instances of Liquid Charge

Such a high productivity rates coupled with infrastructural constraints is also responsible for higher number of
cases of liquid charge i.e. the charge that constitute only hot metal. This adversely impacts the erosion of charge
pad as scrap acts as a cushion for charge pad.
2.2.1 High Tapping Temperature
Another operational aspect of the converters at the LD#1 shop is the high tapping temperatures. The reason
is twofold. One is to compensate for the temperature loss due to the need for maintaining high buffers in the system
to feed three continuous casters of relatively higher combined capacity compared to converters. The other reason
is the high alloy addition. The average temperature is around 1660oC which is around 15oC higher than the usual
tapping temperature of the shop. Consequently, in the direct heats, i.e. heats which are not routed through the ladle
furnace stations, the aim temperature is around 1720oC
2.2.2 Reduction in Process Lime
Last but certainly not the least is the incessant drive to reduce the cost of operation and improvement in the
quality requirements for remaining cost-competitive in the market. Consumption reduction for prime fluxes such
as lime amongst others, forces to lower down the operating regime of basicity which again exercise additional
pressure on the converter. The figure shows the trend of lime consumption over the years at LD#1

Fig. 4. Process Lime rate over the years (kg/tcs)

Therefore, in the condition that are extremely precarious for the refractory health of the converter, extending
vessel life any further poses a serious challenge. Continues efforts for curbing deterioration the frequent failure
modes. The analysis of the condition of the lining in terms of the refractory thickness during the latter part of
the campaign have shown that the major areas of concerns where the thickness have crossed alarming limits and
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even resulted in failures are mainly the top cone & charge pad area. Hence, every attempt to increase the vessel
life must focus on the venerable area. Apart from charge pad and top cone bottom was also a concern as erosion
in bottom has direct implications on the availability of bottom elements which are crucial for producing low C
& P steel without further impairing the converter.

Fig. 5. Wear patterns of different regions in a converter (a) Bottom (b) Charge pad (c) Trunnion and (d) Top cone

3. Mechanism of Wear of Refractory Lining
The different regions of the furnace are exposed to
varied contrition of thermal, chemical and mechanical
stresses. Thermal stresses are the results of exothermic
oxidation reaction, gas temperature, metal infiltration and
discontinuous operation for varied reasons. Mechanical
stresses reside due to the hot metal and scrap charging
activities, impact abrasion, bath agitation forces and the
stress due to the cantilever loading of the bricks
themselves. Finally, chemical stresses emanate from
corrosion due to slag additives, oxidation and slag
reactions.
The figure shows the elevated view of the converter
and different stresses that interplays at different regions
Although every region is exposed to a combination of certain stresses,
the predominant forces at charge pad area is the mechanical stresses, at top
cone is the thermal stress and at the bottom is the chemical stresses though
There are numerous theories that attempts to, at the least, qualitatively
explain the refractory wear mechanism. The underlying principles
circumscribing these theories emphasis the role played by the slag properties,
oxidation reactions and gas-slag-metal interfaces. Understanding the
underlying mechanism goes a long way in optimizing the operating
parameters to prevent preferential erosion of some area or even to congregate
the erosion in some area in case of excessive build up.
Fig. 6. Figure showing the interfacial

In MgO–carbon refractory, the MgO grains are coated with carbon using
interaction between slag, gas and refractory
pitch. From the top cone to the trunnion region, the attack of FeO on the
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carbon sandwiched between the two layers of the MgO is shown in the following schematic.
The figure shows that a direct contact of the slag and refractory is hindered by the formation of the gas between
the two interfaces. The FeO present in the slag reacts with the CO at the slag-gas interface to form CO2 This
formed CO2 reacts with the C present in the gas-refractory interface to form CO.
FeO + C =

Fe + CO

FeO + CO = Fe + CO2
CO2 + C = 2CO

(1)
(2)
(3)

Carbon removal due to its oxidation by FeO and CO2 is considered one of the main causes of chemical wear
of MgO–C refractory bricks. Once the carbon is dissolved (or eaten up) by the above reactions, the MgO grains
become exposed and begin to dissolve due to action of CaO, FeO and SiO2 present in the surrounding slag, or
even become loose and fall of into slag. However, the poor wetting of refractory by metal may limit the carbon
dissolution rate. For bottom, the erosion mechanism is different. The slag only comes in the direct contact of the
bottom during & after the tapping, which is although a short span, the slag properties greatly impacts that if the
slag will solidify on the bottom walls or erode the same gradually.
Considering the above factors, slag making is one of the most important aspect that converges into the operating
regime for the steel makers.

4. Operational & Maintenance Considerations of Converter areas
4.1

Top Cone Area

In the past many campaigns, top cone failures had been a major cause of limiting the vessel life. To augment
the production, the converter was upgraded from 130 T capacity to 160 T capacity. However due to the infrastructural
volume constraints, the inner volume of the converter could not be proportionally increased which, coupled with
high operating temperature and less time for bricks to cool down between two consecutive heats, top cone erosion
is a rapid phenomenon. The incidents of bricks falling from a specific area from the top cone have serious safety
and operational concerns. In such cases, heavy gunning is required to fill the voids taking hours of operational
time of converter. More importantly the instance causing greater safety risks in continuing the operations.
To overcome the concerns, various improvements were brought about from the quality of the bricks to procedure
of the bricking in the top cone area during the relining of the converter.
4.1.1 Top Tightening Practice. During the relining of the converter, after the cone bricking is done, the gap
between the top place and the brick line is locked to eliminate any looseness in the stacking. Conventionally,
the top tightening is done by cutting the bricks to the size to fit in the gap. However, even with the most adequate

Fig. 7. Difference between the top cone tightening by cut bricks and plastic ramming mass
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workmanship, gaps are left in the inside. Therefore, to avoid the possibility of the cavity inside the brick layers,
plastic ramming mass in place of the size cut bricks to fill the gaps between the lip plates and the brick layered
top cone.
The ramming mass undergoes relatively less shrinkage by the virtue of its properties. This enables to prevent
the loosening of bricks during the campaign and arrest falling of top layer brick.
4.1.2. Quality of bricks. Improvement was done in the quality of top cone bricks. In order to lower the
erosion by preventing or delaying the exposure of the MgO grains, the free/residual carbon percent of the
bricks was increased by about 2%. The change improved the modulus of rupture, which is defined as the
maximum stress a rectangular test piece of specific dimensions can withstand in a 3-point bending test
until it breaks, increased by over 6-8% allowing greater endurance with respect to the thermos-physical
stress. Another important criterion for designing the refractory of the top cone bricks is that they must
have higher resistance to abrasion. The higher the cold crushing strength of a material is the greater should
be the resistance to abrasion and hence bricks with improved CCS were used to line the converter at
the top cone area.
4.1.3 Top cone cooling. The higher operating temperate and lower time between the consecutive oxygen blowing
sequences have a detrimental impact on the erosion of the top cone. The radiant heat reflected from the off-gas
hood, the convective heat from the vessel interior and radiant heat during tapping and slagging off into the steel
ladle and the slag pot exerts huge thermo-physical stress. To control the temperature of the cone section and
thus retard the wear rate, top cone cooling
arrangement was commissioned. A horizontal
header ring near the lip ring supplied main
water to the vertical channels welded to the
cone.
However, the top cone cooling could did not
proved to be fruition in the long run due to the
maintenance considerations. The expansion of
Fig. 8. (a) Arrangement of top cone cooling (b) Channel profile
the top cone due to the heat and the subsequent
non-uniform cooling of the arrangement led to
crack formations. High temperature at the junctions also made the maintenance difficult and hence top cone cooling
facility was eventually discontinued.
 4.1.4 Slag Splashing. Slag splashing has been recently introduced at LD#1. In the initial phase of the utilization phase
of slag splashing, it did not prove to be very effective. There
were many crucial areas which were left out of any effect
of the slag splashing. To improve upon the effectiveness of
the slag splashing practice tai lored to the converters necessity, various water modeling experiments and subsequent
plant level trials were conducted.
Various iterations were done on the quantity of slag, the
flow of N2 , the position of lance and the ideal condition of
slag. Based on the modeling, it was established that If lance
is held static, the projection of slag directly hits a point and
from this point flows through the walls of the converter which
eventually takes more time and convers less wall area. Also,
Fig. 9. Water Modelling apparatus for trials on slag
splashing
the projection of slag particles was not able to reach the cone
area. Therefore, variable lance position was defined during the splashing to cover the maximum area. The lance
height changed in two steps in the initial and the later part of the splashing duration of typically 3 mins. The quantity
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of slag retained was fixed between 12-14T although this was purely based on the estimation based on the input
hot metal analysis & flux addition in the preceding heat.

Fig. 10 The difference between the coverage of slag splashing for different pattern of lance position for the slag splashing duration

Further, the condition of the slag was defined in order to selectively practice splashing for better deposition.
These conditions precluded the heats with very high turndown temperature (>1680), re-blows and even slightest
of metal retention in the converter. Also, addition of 0.5-1 T dolomite before splashing to condition the slag was
established increased the effectiveness of splashing. The following figures shows the improvement in the thickness
of top cone after changing variables for slag splashing

Fig. 11. Improvement in the thickness of top cone after changing variables for slag splashing

After these efforts, along with the operational improvement through rigorous process control which has been
subsequent sections, the top cone profile showed significant improvement in the overall wear rate when compared
to the previous campaigns. The following figure demonstrates the wear profile of the campaign 2.

Fig. 12 Top cone erosion profile

However, there are few challenges that are yet to overcome for maximizing the effectiveness. First and the
foremost is the frequency of the splashing cycles which is very low, about 20% of the number of heats cast, when
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compared to the other plants across the world, around 50% over the entire campaign. Second is the high temperatures
of converter due to number of heats and high tapping temperatures which does not allow the slag to sustain on
the converter lining and thus build-up of a slag layer over another layer could not be achieved.
4.2

Charge Pad Area

Charge pad is the first impact area when hot metal and scrap are charged into the converter. The charge pad
proves to be the weakest area of the converter owing to the combination of mechanical, thermal and chemical impact.
The erosion rate at the charge pad was much higher than the rest of the areas of the converter.

Fig. 13. Charge Pad wear pattern

Efforts were taken maintaining the operational discipline for oxygen blown metal does not resides on the charge
pad in the period of waiting of converter to be tapped for any reason. Additionally, vessel was rocked with the
slag with good sticking characteristics to accumulate the slag on the charge pad at periodic intervals
 4.2.1 Use of Quick tap drops. The quick tap drops facilitate the measurement of the temperature post the
oxygen blow by dropping a capsule with a heavy weight and a sensor from the top eliminating the need for
vessel to tilt for manual temperature measurement thus reducing the resident time of the blown metal on the
charge pad. This also reduces the safety hazard possessed in the activity of manual sampling.

Fig. 14 Schematic diagram of tilting converter and charge pad erosion due to higher resident time of blown steel

The probe has a sensor attached to the steel weight which is attached at the lower end of the long probe. The
steel weight ensures that the probe does not loses the direction of the descent. A vertical heat resistance cable is
suspended in the body of the probe which transmit back the data after measuring the temperature through the sensor
before it burns. In this way, the sensor is consumed per reading in one heat. This innovative system was indigenously
designed tailored according the plant space constraints and operational needs.
However, the utility of the quick drop system is limited to the steel grades wherein there is a broader tolerance
in terms of an upper limit on the requirement of steel ‘C’ and ‘P’. In other quality critical grades, the sample
and temperature measurement cannot be avoided.

163

4.2.2 Patching mass. Due to the high erosion rate, after the converter life crossed 3500 heats, charge pad was
frequently patched by the application of wet patching mass in the interval of 1-2 days. Patching materials of various
suppliers are used. The patching material is typically around 90% MgO and requires 30-60 mins of soaking time
depending upon the quantity applied for. Gunning in the surrounding areas are done parallelly for locking the
patch in the depressed area of the charge pad.
Despite the efforts, charge pad remains an avid area of concern and further work has been taken to work upon
improving the quality of the bricks.
4.3

Bottom & Knuckle Area

The maintenance of bottom is very crucial as it facilitates the longer life of the TBM elements which are very
critical to the capability of the converter to produce high quality steel at lower operating costs. There are 8 MHP
elements in the converter. Therefore, various operational practices were adopted to maintain the bottom area of the
converter. These included the addition of raw dolomite in the bottom before the blow start and maintaining the
hard blow throughout the blow. This was achieved by setting the blowing bath height lower than that of the actual
bath height determined by the scanning of the vessel and the laser based bath height measurement system.

Fig. 15. Actual vs set bath height throughout the Camp 2

 4.3.1 Multi-Hole Plug elements & Bottom wear. The converters at LD#1 are fitted with 8 MHPs which are
positioned in an asymmetrical manner to increase the effectiveness of the churning. Based on the studies conducted on the wear pattern of the bottom, the interaction of the multi-hole plugs play important role. The
erosion pattern of the regions near the MHP were studies for the time the MHP was open and with the average
flow rate and it was established that the wear rate of the bottom increases with the number of active elements
(multi-hole plugs) and the flow of the individual MHP.

Fig. 16. The wear pattern of different active MHP regions wrt average flow rate

164

Therefore, it follows that it is of utmost importance to evaluate and establish a local optimum which enables
a lower wear rate of the bottom and aids achieving lower turndown P. One of the method to gauge the effectiveness
of the MHPs is the CO product. Therefore, the CO product viz-a-viz the number of open MHPs were plotted.

Fig. 17. Relation between CO product and total gas flow

This graph illustrates that the three is a significant decrease in the CO product until the flow reaches a threshold
value of total flow which, in this case, is 2.5 Nm3/min or 150 Nm3/hr. Further, To determine the number of open
bottom elements ideal for the achieving the local optima, gas flow w.r.t the different numbers of bottom elements
was calculated and was concluded that the 2-4 active MHPs are capable of generating the required gas flow.

Fig. 18. Relation between total gas flow and number of active MHPs

With the results obtained from the above analysis, the MHPs were operated in the groups of two active at one
time and the wear of the bottom was controlled for the rest of the campaign.

5. Operational Improvements
5.1

Cycle time reduction

To enable the vessel maintenance maintaining the same or even better throughput rates, efforts have been directed
towards reducing the cycle time of the converters. The key focus areas have been towards the improving the
availability of the converter and and reducing the tap to tap time.
5.1.1. Tap Hole Sleeve life and Re-sleeving Time. Oxygen Blown steel is tapped through tap hole. Owing to
the wear of the refractory due to flow of metal, the tap hole sleeve is worn out. When the wear is to an extent
then the sleeve must be changed to prevent slag going ladle. Various improvements have been done to increase
the sleeve life to reduce the number of re-sleevings activity in the unit time and increase the vessel availability
for production and refractory maintenance. The design of the tap-hole was changed from the straight sleeve to
the ISOJET-C which is tapered to achieve uniform streamline flow and prevent vortex formation towards the
inner side of the sleeve.
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Fig. 19. Average sleeve life over the years at LD#1

Subsequently, a Taphole Breaking and Drilling (TBD) machine for mechanized breaking and drilling of old sleeve
and placing the new sleeve to reduce the re-sleeving time. Various other incremental improvements were brought
about to reduce the re-sleeving time from over to 120 mins to around 70 mins on average saving humungous time
per re-sleeving.

Fig. 20. Average re-sleeving time over the years at LD#1

5.1.2 Other enablers
 Use of quick tap drops as discussed earlier also aided in reducing the cycle time by 2-3 mins savings the
need to tilt the converter and manually inserting the probe.
 Increase in the oxygen flow of the main oxygen was brought about to reduce the main blow time.
5.2

Process control

The process and the end blow condition played an important role in determining converter lining wear. Measures
to control the turndown conditions and slag properties were taken to doctor the slag as to improve the slag sticking
properties. It is believed that the main factors which affect the kinetics of dissolution of graphite flakes lying between
the MgO grains in the MgO–C refractory lining trunnion and the top cone regions are the attacks by the temperature,
FeO in slag and CO2 in gas. FeO can easily penetrate the MgO grains along grain boundaries and reach those
places where graphite flakes are present and possible cause of wear in top cone region is also the oxidation of
carbon in the brick by CO2 gas and direct attack by FeO thrown from the jet impact region. Therefore, the process
parameters in controlling the temperatures, off-gas properties through the adjustment of pressures at the hood and
slag morphology plays unpresented role in determining the life of the converter.
5.2.1 Turndown C. The practice of deliberately turning down at higher TD %C was adopted in order to give
the slag a good sticking characteristic. The retained slag from such a slag was is used for coating the vessel by
rocking the vessel from the tap pad to the charge pad area. In view of the same, it was religiously avoided
to turndown at C lower than 0.03%. The CO value of the off-gas analysis during the end phase of the blow
was therefore strictly monitored and used for termination at about 0-2% and before the stack O2 reaches 2-3%.
The graph shows the shift of the turndown %C regime in the two campaigns.
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Fig. 21. Distribution comparison of the TD %C for two campaigns

5.2.2 Turndown Temperature. At LD#1, the BOF converters, being a bottleneck facility, are operated at higher
average turndown temperature for compensating the higher temperature drop for high buffers in the system and
higher alloy additions. Therefore, this accelerates the rate of erosion of the vessel refractory. That also reduces
the effectiveness of slag splashing. However, the attempts were taken to reduce the turndown temperature not
compromising the adequacy for buffers and other operating conditions. The Graph shows the minute shift in the
operating regime with respect to the temperature.

Fig. 22. Distribution comparison of the TD %C for two campaigns

5.2.3 Slag Fe. The % Slag Fe control greatly affects the erosion of the refractory lining. Therefore, various
measures were taken to control slag Fe. The ore addition was restricted to the added from 30% to 75% of the
blow only. Instead raw dolomite was used towards the end of the blow which would act as both the coolant
and slag conditioner. Thereafter, the precautions followed with respect to the blow termination for controlling
the turndown C also helped to control the Slag Fe. Also, the blow profile was altered to reduce the parentage
of soft blow in the beginning and end of the blow.

Fig. 23. Distribution comparison of the Slag % Fe for two campaigns

All these measures helped to contain the Slag Fe in the desired range to achieve the desired Turndown Phosphorus
at one extreme and reduce the erosion on the other.
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Fig. 24. Distribution comparison of the TD Phos for two campaigns

6. Conclusion & Way Forward
The operational discipline is the key to maintain the vessel refractory once relining has been completed. All
practices like control of tap temperature, TD ‘C’, Slag Fe and high MgO slag should be made to cover the bricks
with slag coating from the beginning of the campaign. Achieving turndown C above 0.03% with low temperature
and slag Fe in the range of 15% -17% were aimed to achieve the optimum balance between the quality of the
steel required and the lowest wear rate. Rigorous monitoring of these parameters would facilitate the sustenance
of established best practices with respect to protecting the lining from the rapid wear. Efforts are underway to increase
the life of TBM elements to cover higher percentage heats viz-a-viz increasing vessel life as this would enable
the control over the operating parameters necessary for achieving
Different practices for specific, particularly weak areas, must be exercised and reviewed in periodic manner.
However, charge pad remains the area of concern for the preferential rate of erosion. Apart from establishing
adequate operating practice which is being worked upon, trials of newer materials would be undertaken to reduce
the frequency of gunning. The maintenance philosophy for different area of the converter employs different practices.
The rocking of vessel with MgO enriched slag results in build-up of the charge pad, tap pad and knuckle areas.
Slag splashing to cover the top cone and gunning to fill specific affected areas.
The effectiveness of the slag splashing depends upon various factors such as quantity of preceding heat retained
slag volume, quality, duration of splashing, lance height and movement. The conclusion from plant level trials based
on water modelling simulation, the variable height during the splashing sequence increases the surface area of the
slag coverage and is favourable for increasing the effectiveness. However more work is required to be done to
improve the efficacy of slag splashing targeting the weak areas. A more quantitative approach to measuring the
same is needed to attain the required level of success.
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Abstract
Performance of any Blast furnace is evaluated by its productivity, fuel cost and hot metal quality. Silicon and
Sulphur content of Hot metal is considered as the major quality parameters. In recent operations control over Silicon
in hot metal with Indian raw material quality is one of the most critical challenges. Low silicon in hot metal
increases efficiency of steel making process and lowers the cost of steel production. In Tata steel Blast furnaces,
hot metal silicon was in the range of 0.8% to 0.9%, much higher than world benchmark figures of 0.3% to 0.4%
at European and Japanese Blast furnaces. This paper presents the process optimization done through advanced
data analytics at H blast furnace to reveal relationship of silicon with controllable parameters especially coke rate.
The data analysis shows that Silicon transfer in Hot metal is highly dependent on chemical and physical properties
of Blast furnace slag, blowing parameters. Interference with hot metal temperature, input material and slag
chemistry along with coke rate was the prime focus of analysis. By reducing the coke input (lower coke rate
operation), we can achieve low Si in hot metal even at higher hot metal temperature, which is required in Indian
scenario of high Alumina operation. The outcome of the project has been implemented at H Blast furnace and
has resulted in 30% reduction in hot metal silicon from the base level of 0.9% and thereby H Blast Furnace
pioneered as lowest Silicon hot metal producer and quality leader among Tata Steel Blast furnaces.
Keywords: Blast furnace, coke rate, silicon control, hot metal quality
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Abstract
In any Organization, Sales & Operations planning is a very critical process but is often mired with inefficiencies
around inventory management, material without order, delayed orders, high lead time, discounts etc. The proposed
solution helps to solve these problems through Cloud enabled Machine Learning System and completely automated
real time S&OP (Sales & Operations Planning) to make the process intelligent.
Co-Product is defined as undesired or unplanned Steel without order produced in Slab Caster or Rolling Mills.
Co-Product gets generated due to Chemistry, size/shape deviation and scheduling requirements. Co-Product Stocks
are either sold through pre-fixed discounts or Auctions and fetch much lower realization.
The Paper proposes a novel Analytics Engine to improve Value realization by enabling sales fitment of CoProducts into Prime Products thereby reducing Value Leakage. Scope of the Paper is Hot Rolled Sales. The Solution
primarily consists of 2 Modules: 1) Prescriptive Model (applicable after Slab is Cast) - Recommend rolling section (Width & Thickness) of Hot
Rolled Coil from Slabs Without Order to improve Prime Fitment. Random Forest and XGBoost techniques of
Machine Learning were used to prescribe the best fit & easily saleable coil width & thickness along with likely
Customers for Sales Managers to log Orders on WOO (Without Order) Slabs.
2) Predictive Model (before Slab is Cast) – Recommends likely Grade of WOO Slab (with Virtual Slab Id)
to be produced from Order Book along with probable Customers for Sales Managers to log Orders even before
the Slab is Cast. The concept of Virtual Slab Id based on Prediction Model has been introduced in SAP for the
first time.
Both the above 2 Order types logged by Sales Managers in SAP are called AMRIT Orders.
Both the Prescriptive & Predictive Models are end-to-end automated with data sources from multiple systems
through GCP (Google Cloud Platform) and Output integrated to SAP for Sales Managers to log AMRIT Orders.
This is the first Co-Product Management system in Steel Industry built on Machine Learning. Annual Potential
benefit is Rs 15 Crores.
AMRIT – Advanced analytics to Make relevant products at Reduced discounts by Indicating the product with
Total visibility
Keywords: Co-Product, Prime Product, Slab, Coil, Value Leakage, Prime Overrun, MOQ, Scheduling, Machine Learning,
Random Forest, XGBoost, WOO, GCP, BODS, ETL, SAP, MES, Virtual Slab, Big Query, Prescriptive,
Predictive, Analytics Engine, S&OP, discount, Advanced Analytics, Overfitting, AMRIT.
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1. Introduction
Modern-day steel making is an interplay of numerous tightly integrated processes. Beginning with procurement
of raw materials - primarily iron-ore, coking coal & limestone – which pass through chain of metallurgical processes
viz. iron making, primary steelmaking, secondary steelmaking & rolling for the products to reach their final form.
It culminates with the sale of finished goods supported by a network of supply chain, logistics and sales and delivery
processes, and often augmented with further downstream finishing process. In such a dynamic and highly complicated
scenario, planning for sales and orders is often beset by certain challenges like variability in demand, supply, visibility
of supply chain, high lead time for sales of co-products/WOO (WithOut Order) Steel generated, syndication across
different stakeholders, high inventory during lean period, sub optimal capacity allocation, among others. Hence the
role of a proactive Sales & Operations Planning(S&OP) that can create an order pipeline and plan, sense and respond
to changes along with reduction in Co-Product/WOO Steel is paramount.

1,2,3,4,5,6,7,8,9,10,11
12

are part of the organization Tata Steel Ltd.
is part of the organization Tata Consultancy Limited, partnering with Tata Steel Ltd.

2. The Problem – Co-Product Steel extra to Sales Order linkage
One of the perennial challenges faced by Sales & Operations Planning faces specific to the steel supply
chain is the pre-emptive generation of co-products. A Co-Product is defined as undesired or unplanned material
without order produced or generated during the process of production at operating units.

Fig. 1. The generation of Co-products in any generic process

2.1

The Co-product conundrum at Tata Steel
In the Steel supply chain at Tata Steel, the two major types of products are produced which are as follows:

 Long Products: Wire Rods, Steel Reinforcement bars/Rebars, etc.
 Flat Products: Hot Rolled, Cold Rolled & Cold Rolled Galvanized Coils and Sheets.
Once, the raw material (Hot Metal i.e. Molten Iron) is processed and purified, and goes through the Primary
& Secondary Steelmaking process, the Liquid Steel can be cast into slabs as an intermediate product for the coils.
In this paper, our focus is solely on the Flat Products business. A Continuous Slab Caster casts the Liquid Steel
from the previous stages into a semi-finished product, Slabs which are then heated and rolled in the rolling mills.
Slab is the first solid form of Steel cast from Liquid Steel. Slab Casters can produce slabs of a range of grade
and sections (slab width).
In the steelmaking process, while the aim is to produce steel of a given grade and section – generally to be
fitted to a Prime Order, additional unplanned grades of steel/dimensions of steel are generated due to metallurgical
and process constraints. They are produced due to various reasons as below: 1)
2)
3)
4)

Slab form due to Chemistry deviations (Strike Rate) leading to Down-gradation or Diversion,
Coil form due to deviation in shape, surface or mechanical properties,
Also due to scheduling requirements (Prime Overrun or MOQ (Minimum Order Quantity) or
Some quantity is also produced as Co-Products by design due to Mill Constraints.
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Co-Product Stocks are inherently slow moving as they are not produced as per Customer Order and are unplanned.
They cause inventory stock build up, which leads to blocking of working capital as well as inventory space. In
the extant process, these are either sold through pre-fixed discounts or at Auctions and fetch much lower realization
even if the Products are of Prime Grade, i.e. steel grades capable of being sold at higher margins are sold at discount,
hence contributing to a leakage in revenue.

C
S
Fig 2. The steelmaking process at Tata Steel after raw material processing at the Coke Sinter Iron Plant
(CSI) for ironmaking, LD1 and LD2 are Linz-Donawitz Basic Oxygen Furnaces that produce molten steel that
is then cast into Slabs and rolled into Coils in the Hot Strip Mill (HSM) & TSCR and Cold Rolling Mill
(CRM).
2.2

Attempted solutions

To address this co-products conundrum, various approaches have been tried. Due to technical and process
limitations, it is not possible to entirely eliminate the production of co-products. However, an attempt can be
made at ensuring maximum linkage to Customer orders and selling as Prime Products thereby reducing the
discounts. A Slab of a particular Grade & Width is rolled into various HR (Hot Rolled) Coil Width & Thickness
as per Order. It was explored & found that certain HR (Hot Rolled) Coil Width & Thickness was more preferred
than others for certain Grades. Hence Analysis was started to find out if co-product slabs can be rolled in
preferred HR Coil Width & Thickness based on past data so that its easily saleable to the Customer as Prime
Product without any discount. For this, some basic statistical alternatives were explored. Initially, a statistical
recommendation model was designed taking into account Recency, Frequency and other known variables with
an underlying assumption that the importance of the factors such as recency and frequency determine the
customer pattern of purchase of variants of steel. However, this model was later replaced by an Ensemble
Machine Learning based approach. since, the importance of the variables are not static but are dynamic and
the earlier method was prone to falling into biases. Ensemble methods are meta- algorithms that combine several
machine learning techniques into one predictive model in order to decrease variance (bagging), bias (boosting),
or improve predictions (stacking). [1] In this case machine learning algorithms were proven to be more robust
and accurate across a wide range of time periods over evolving business practices and changing Customer
needs.

3. The Proposed Solution: Multi-model system-integrated solution that can plan, sense, and
respond
An end-to-end solution is designed for the problem that is unique in its kind. With a lot of data now available
that gives visibility into the production plan as well as anticipated orders, and the advent of advanced analytical
tools, an analytical solution was developed as an enabler of critical decision-making. The multi-fold solution enables
us to plan, sense and respond to minimize revenue losses incurred by aiming for anticipation of co-product steel
and fitting them into Prime (non-discounted) Orders.
The solution was named AMRIT, which is expanded as Advanced analytics to Make relevant products at Reduced
discounts by Indicating the product with Total visibility. Amrit is the name of a mythical sweet Nectar derived
by the churning of the Ocean by gods and demons in Indian Mythology. Here too large data was churned to find
out the sweet sizes/sections (like Nectar) preferred by Customers. The solution works majorly in two following forms.
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3.1

Predictive Model: Plan (before the slabs are cast)

When an order is logged, based on the characteristics of the orders, the volume of co-product or additional
product generation can be estimated. This volume of co-product that is yet to be generated down the line is estimated
daily based on the orders from the customers. To fulfil the orders, some additional volume of steel or co-products
are generated. The designed solution helps in estimation of the following:
1) The characteristics of the co-products to be generated
2) The volume of the co-products to be generated
With the characteristics and the volume of co-products that is yet to be generated, virtual slab ids are created.
The sales managers can book these virtual slabs at a right time for the right set of customers even before the Physical
Slab is Cast.
This prediction model thereby enables Sales Planners to shape prime demand by getting additional time window
for finding the right customers of the volume of co-products that is yet to be generated, hence, saving inventory
stock- ups and reducing materials, which need to be sold at a discounted price.
3.2

Prescriptive Model: Sense and Respond (after the slabs are cast)

Once the slabs are generated, not all the slabs are rolled. Some of the Co-Product slabs (Without Order) remain
in the inventory as semi-finished goods. This piling up of inventory is a pain-point. In order to address this ordeal,
a recommendation engine based on machine learning model is designed. Based on the historical coil data, highly
probable sections (HR Coil width and thickness) that have the propensity to sell and the most probable customers
are recommended for each slab. This recommendation engine also suggests those sections that have comparatively
low inventory and high demand in the market.
The recommendations prompt the rolling planners to roll the slabs in the recommended sections to improve the
slab inventory churn while the best-fit customer recommendation aids the sales managers to approach recommended
customers for Orders to maximize sales as Prime Product without discount.
3.2.1 Analytical Approach
The recommendation engine is an Ensemble Machine learning method
created by stacking of two powerful machine learning algorithms namely,
Random forest and XGBoost. These algorithms are trained on historical coil
production data. The recommendation engine takes in account the following
factors:
1)
2)
3)
4)

Historical patterns of coil production and sales
Characteristics of coils and slabs
Historical data for inventory
SME (Small & Medium Enterprise) Segment Sales Enquiry or the market demand
5) Mill or production constraints
6) Historical pattern of co-products

Fig 3. A 360-degree view of all the
datasets that serves as an input to the
model

Data Preparation: The data collated from the various platforms are
cleaned, missing values imputed and used for Feature Engineering. Feature
engineering is the process of transforming raw data into features with a view of information gain resulting
in better accuracy on unseen data. With this view a list of additional, derived variables were created from the
existing datasets and, after checking for collinearity and variance inflation factor, were added to the predictor
variables.
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Several coils have various uses across industries and their customers vary from automotive customers to the
Tubes manufacturers and hence, the customer requirements in terms of steel characteristics also vary largely. In
order to produce such a wide range of steel, several grade and dimensions of steels are produced. From this wide
arena, the best probable steel characteristics are suggested by prescriptive model by leveraging the powerful machine
learning based algorithms. In order to achieve this, we use the below analytical technique:
Firstly, the coils are identified in the following as per their sales pattern:
1) Coils that get sold at a prime price
2) Coils that get sold at a discounted price
3) Coils that do not get sold
The machine learning algorithms selects the best-fit coil dimension (width and thickness) and customers based
on the historical coil data that are sold at a prime price. This ensures minimal loss of revenue.
However, not only is the historical coil data important, but also other key drivers in decision-making such as
the following:
1)
2)
3)
4)

Price of the coils
Current inventory position of the coils
Market demand or the open enquiries from the SME (Small & Medium Enterprise) segment customers
Rollability constraints of the mills

The models are trained on a historical dataset consisting of the above factors, which are tracked since a set
start date (in this case April 2018) the ensemble machine learning algorithms to provide prediction for the upcoming
without order slabs.
Random Forest: Random Forest is a classification technique that combines thousands of decision trees, trains each
one on a slightly different set of the observations, splits nodes in each tree considering a limited number of the features.
The final predictions (in this case Prime HR Coil Width & Thickness) of the random forest are made by averaging
the predictions of each individual tree. This recommendation from this model provided the best accuracy and reduces
chances of overfitting. [2]

Fig 4. How Random Forest Decision Tree traverses the data to arrive at a prediction

XGBoost: Following the recommendation from the Random Forest, XGBoost is another decision-tree-based
ensemble Machine Learning algorithm that uses a boosting framework. This provides a matrix of different
section recommendation with a probability value for each slab. The slabs with highest probability values are
shortlisted and are recommended by the recommendation engine. [3]
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Fig 5. How XGBoost traverses the trees generated by Random Forest to arrive at the minimum error solution

Using the above two techniques, the best accuracy was obtained. Also, on using the above two algorithms,
chances of overfitting is greatly reduced and thereby the quality of the prediction accuracy is maintained. The model
recommends the top 5 Width x Thickness combinations (section) that have the highest possibility of sale for each
co- product Slab generated as well as the Top 5 Customers likely to order.

Fig 6. A small snippet of the complex decision tree making for Random Forest

3.2.2 Integration with the system and processes thru Google Cloud to SAP
The success of any solution lies in its adoption and sustainability. Hence, this solution was created with a view
of complete automation of the Machine Learning solution, and the recommendations from the model being integrated
into the decision-making systems used by Sales Planners & Sales Managers. Both the Prescriptive & Predictive
Models are automated from end-to-end with data sources from multiple systems (SAP, MES (Manufacturing
Execution System) etc.) being loaded through BODS (SAP BO Data Services is an ETL Tool (Extract Transform
Load)) & Big Query onto a cloud Datalake hosted on GCP (Google Cloud Platform). The Machine Learning Model
is hosted on an AI Platform on the same Google Cloud Platform, scheduled to run daily with daily refresh of data.

Fig 6. System Architecture of AMRIT Solution.
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Output integrated to SAP for Sales Managers with the recommendations of Section and Customers displayed
on a screen where Orders are logged. Both the above 2 Order types logged by Sales Managers in SAP are called
AMRIT Orders (tagged in SAP as AMR_PRES & AMR_PRED respectively).

Fig 6. A snapshot of the SAP Order logging screen with recommended Width, Thickness and Customer suggested by the model

4. Results
Table 1. The month on month performance of both the models since deployment. The percentage accuracy of
the models has been shown in the above table. There has been a significant improvement in the process.
Model

Aug-19

Sep-19

Oct-19

Nov-19

Predictive Model

82%

96%

97%

93%

Prescriptive Model

61%

85%

75%

68%

The below graph shows the planned vs the actual volume of prime fitment that has increased for the months
after the models have been deployed. There actual volume has been seen to supersede the planned volume every
month. However, from the period Mar-20 to Jun-20, the model usage was hold off due to the Covid-19 pandemic.

Fig 8. Volume of Co-products fitted into Prime (high margin) orders via the AMRIT system Kindly note that the actual numbers have
been masked as per the organizational policy however, the trend of the above lines are maintained ‘As-Is’.

The overall vision to reduce revenue leakage through co-products can be realized from the below month on
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month trend of the volume of co-product generated which has been decreasing significantly month on month before
the Covid-19 pandemic.

5. Conclusion & Way Forward
The proposed Analytics model significantly improves Value Realization for Co-Products (Without Order Steel).
26,000 tonne of Co-Product were sold through AMRIT Orders and fitted to Prime leading to accrued benefit of
Rs 2 Crores in 4-5 months of Fiscal Year 2019-20. Annual Potential benefit is Rs 15 Crores. In last 2 months
alone (Post COVID19 Lockdown), 28,000 tonne of Co-Product were sold as Prime without discount through AMRIT
Orders. It has enjoyed very high adoption by Sales Managers across India with plans to expand the scope to more
products and Business Units within the Organization.
In addition, some significant benefits were seen in orders. There was a wider geographical spread of customers
who were able to be serviced by co-products at higher margins, compared to earlier when most co-products generated
were push-sold to certain customers in certain regions at discounted prices. There was also a wider variety of grade
and section combinations recommended by the Model, including some niche combinations, which fetched better
margins from customers who had those specific requirements. The wider variety of section combinations also helped
meeting more specific Customer requirements.
There was also a unique achievement for IT in this project, it was the first project in the organization to be
hosted end-to-end on the Google Cloud Platform and hence the work of this project initiated the creation of a Data
lake, i.e. a single store of all data from various systems. This is extremely advantageous for Analytics and
Visualizations to be done directly from the cloud without the necessity of recreation of the data pipelines.
Way forward
 Currently the Predictive Model is based on Production Norms and Business Rules, a Machine Learning enabled
Predictive solution may be attempted in near future
 Analytics enabled regrading of co-products on the basis of Slab Chemistry Matching Steel Mech. Property requirements as per application is also an aspirational target.

References
[1] Bagging and Boosting Lecture, Cornell University, USA.
Link: http://www.cs.cornell.edu/courses/cs578/2005fa/CS578.bagging.boosting.lecture.pdf
[2]. Random Forests, Leo Brieman et al, Statistics Department, University of California, Berkeley, USA Link :
https://link.springer.com/content/pdf/10.1023%2FA%3A1010933404324.pdf
[3] XGBoost: A Scalable Tree Boosting System, Tianqi Chen et al, University of Washington, USA Link:
https://arxiv.org/pdf/1603.02754.pdf

177

India-06 I ANQ-080

Application of SPS techniques for reduction of
Wireless Communication Interruption
Nitin Tilak,

Prasad Kulkarni ,

Deepak Vispute

TATA MOTORS LTD
CVBU, Pimpri, Pune, Maharashtra,411019
nitin.tilak@tatamotors.com, Phone -02066134747

Abstract
Wireless Communication is widely used in industries. Automobile industry is major user of this technology where
it is used for various IT applications and Production management systems. But realtime applications such as
communication of PLC systems for control of machines and monorail systems become more critical. Seamless
wireless system communication is vital to avoid loss of production as well as ensure safety at workplaces.
Keywords: Wireless, communication , PLC , transfer , Control signals

ProblemElectro monorail system is installed at Vehicle Assembly line to transfer frames from one conveyor to another
conveyor. The sytem has PLC base automation system with PLC at main control station and at all trolleys transferring
frame assembly by moving in the loop. These PLC communicate each other on Wireless system for transferring
positions of trolleys in the loop to main control station and exchange of control signals for managing various
functions of system.
This system had cronic problem of communication interruption, This was resulting in stoppage of complete
system. Production of complete line was getting affectged. Manual recovery of the system was required to restart
the operation of line. Average 30 incidences were observed in shift resulting in downtime of line by 20 to 25 minutes.

Assessment of the problem
The Problem was chronic and repetitive nature.Regular maintenance activities had no effect on occurances of
the problem. It was causing loss of production. No specific reasons were known to resolve the problem,
Structured Problem Solving techniques werw used earlier to resolve various critical quality problems. Hence,
it was decided to use these techniques to resolve this problem along with technical expertise.
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Intervention
Team of Electronics expert, Maintenance engineers and consultants formed.
Goal set for “reduction of number of incidences of communication interruption from average 30 numbers to
less than 3 numbers “.
DMAIC methodology implemented . Brainstorming sessions in team done as well as ultiple sessions with
technical experts were conducted to ivolve probable causes.
Various Statistical methods used to validate probable causes. Optimum setting levels of various inter related
system parameters obtained by conducting full factorial DOE.

Conclusion
Structured Problem Solving techniques helped to arrive correct conclusion about validation of various causes
based on factual data.These techniques channelized technical expertise and knowledge more effectively for identifying
efficient methods and optimization of interactive parameters.
Number of incidences of communication interruption are reduced from 30 to 4.
This also helped to standerdise use of Wireless Technology on shop floor by formulating Guidelines document.
This project emphasised that use of Structured Problem Solving techniques in Maintenance function can be
done for resolving cronic problems of machines and equipments with complex latest technology.

179

India-07 I ANQ-075

Automation of Daily Management at Indus
Uday Mahajan and Achint Pathak

uday.mahajan@industowers.com
Abstract
The telecom sector lies at the frontier of evolving technology. The constantly changing telecom technology and
increasing competition demands faster tower restoration time and tower innovation. New technology also drives
consumer expectations for faster rollout and lower costs. In this rapidly transforming marketplace, the relationship
between OPCOs, tower infrastructure companies and partners takes on added importance. Tower companies need
to reduce tower delivery time, create defect-free towers and thus optimize costs.
To deal with all these challenges, Indus Towers opted for Total Quality Management (TQM). Daily management
is an important pillar of TQM. Indus Towers adopted the concept of RWM in FY2015-16. We renamed daily work
management as Routine Work Management (RWM) as at Indus our work is more of a routine nature. Indus’ wide
geographical spread and large size prompted us to automate RWM.
In this case study, we explain a structured approach used to implement and automate RWM. We defined the
main parameters to be achieved and the activities which helped in achieving the parameters were also defined for
each hierarchical level. We also prioritized the modules/systems used for submitting the data post-performance of
RWM activities. The structured and automated RWM system was launched in a comprehensive system to ensure
that all the data could be viewed in the form of graphs and tables with the real-time compliance of the RWM
performance.
The automation of RWM led to manifold benefits. Firstly, it helped structure and standardize the RWM among
the field staff (which accounts for almost 75% of Indus’ workforce). Secondly, automation helped us remove data
dependencies on other functions/system. Thirdly, it helped us reap additional benefits like achieving an optimum
number of reviews without the use of paper, e-miles, etc. and without compromising on the quality of RWM
performance.
Fourthly,
automation
became our key driver in achieving
contagious improvement as it enabled us
to
monitor
the
data/performance
/compliance at each level (pan India,
circle, zone, cluster and tower level).
Lastly and most importantly, automation
and adoption of RWM was one of the
critical achievements of Indus Towers in
TQM and was a big contributor in our
successful claim of the Deming Prize in
2018. Automation also helped reduce the
tower uptime and tower delivery time
(RFAI). Through automated RWM we
further achieved a greater focus on quality
An Illustration on Linkage between TQM Elements along with RWM @Indus
and reduced costs.
Towers
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Abstract
With nearly three decades of distinguished experience in hot rolling, Hot Strip Mill, Tata Steel Jamshedpur
( HSM TSJ) boasts a wide share of flat product market.The main applications of our products are in Auto ,cold
forming, Structurals and Tinplating sectors. With HSM TSJ, being one of the oldest hot rolling mills in the country,
one of the major challenges is to roll the coil with acceptable norms in the current technologically outdated setup
of Down coiler #1 (DC#1). Failure to do so, results either in gratuitous increase of inventory and reprocessing
of coils leading to losses, or could result in customer complaints. In addition to this, reprocessing involves gas
cutting in some cases, which is extremely hazardous. We lose nearly 3.5 crores every year (excluding the inventory
holding losses)in terms of wrap losses due to poor coiling. The demand to sustain profitability in the ever volatile
market of flat products had inspired us to evolve our coil shape in current setup with no financial aid. DC#1
guides are pneumatic hence making them technologically very inferior to the advanced setup of Down coiler
#2(DC#2) or any other hot rolling mill. These pneumatic guides are not strong enough to hold and guide the
coil leading to defects like BCL (outer wrap shifting), staggered winding. The current paper encompasses our
journey, trials taken to eliminate the defects like outer wrap shifting, staggered winding and Telescopic coil (inner
wrap shifting) and reach the benchmark coilshape using existing levers.
Keywords: Coil shape, Outer wrap shifting, pneumatic guide, Staggered winding, telescopic coils

1. Introduction
Down coiler is one of the major facilities in Hot Strip mill that is used to coil the strip that is extracted from
finishing mill(FM). A steel slab is rolled into a strip of a prescribed thickness through the finishing mill stands
(6 stands F1- F6 available at HSM TSJ) of a hot rolling mill, the strip is cooled by the cooling equipment of
a run out table (ROT) at a cooling rate and a cooling pattern prescribed according to steel grade and thickness
and then, it is wound into a coil on a down coiler (DC). HSM TSJ has two down coilers, hereby mentioned as
DC#1 and DC#2. As shown in fig 1, Down coiler consists of side guides which has the function of pushing strip
to the center ahead of the pinch roll and mandrel. The pinch roll is used to deflect head of strip on to mandrel,
which is guided around mandrel by means of wrapper rolls arranged around the curved apron plates [1] as shown
in fig 2. The wrapper rolls press the strip against mandrel whereas the apron plates bend the head end on to next
wrapper roll. These wrapper rolls follow a profile named [5] step control – the wrapper rolls retract when one
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wrap is finished and the head end of strip approaches corresponding wrapper roll and comes again into contact
with strip once the head end has passed away. This is to prevent ridge marks of head on to subsequent wraps.
These wrapper rolls continue to be in contact with the strip following step control until frictional forces between
wraps of strip will prevent slippage and tension is established, post which wrapper rolls retract. Once tension is
established, mandrel keeps pulling the coil by tension control and pinch roll goes to regenerative mode [2] to create
back tension between it and mandrel.
When the head end leaves Finishing mill, the head end of strip might not be in center of the roller table, when
this kind of strip is coiled in down coiler, it leads to telescopic coil (TCC - inner wraps protruding) as shown
in fig 4. When the tail end of strip doesn’t leave Finishing mill in center, this leads to outer wrap shifting causing
a bad coil (BCL) as shown in fig 3. When the coil is wrapped with some of the wraps shifted sideways occasionally
as shown in fig 5, it leads to a defect called staggered winding. Staggered winding was a never seen before coil
defect at HSM and was an enigma, this shape defect had attracted many customer complaints. DC#2 has advanced
force control active hydraulic guides, while DC#1 has weak pneumatic guides which are position controlled [1],
hence leading to defects like outer wrap shifting and staggered winding. HSM had produced
MT in FY20 of which nearly 2.4% of coils had been held due to bad build up (BCL & TCC). In the graph
attached to fig- 6, it could be seen that number of coils affected due to BCL in FY20 accounted to 1.75% of
total production and this figure has been on rise for the last three FYs. Graph attached in Fig 8 shows that DC#1
had been the main area of concern. Graphs attached in fig 7 & 9 show that TCC generation has also been on
steady rise for the last 3 FYs as well, with DC#2 contributing more due to higher travel length of strip. Abnormal
increase of TCC generation in DC#1 in Fy20 will be discussed.
The preliminary objectives are as given below:
1. To reduce outer wrap shifting defects of coils from DC#1 without any technological update.
2. To eliminate staggered winding
3. To reduce defects due to inner wrap shifting in the coils.

Fig 1: Diagram of Down coiler equipment in HSM

Fig 2: Drawing of downcoiler mandrel, wrapper roll, curved apron plat
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Fig 3:Outer wrap shifting
defect(BCL)

Fig 4:Inner wrap shifting
defect(TCC)

Fig 6: BCL trend year-wise

Fig 8: BCL trend coiler-wise

Fig 5: Staggered winding

Fig 7: TCC trend year-wise

Fig 9: TCC trend coiler wise

*Coils affected by staggered winding were not held up at HSM, it had attracted customer complaints, post which action was taken

2. Methodology and Trials
This section involves the methodology involved in solving the coiling issues by leveraging existing levers.
2.1

Outer Wrap Shifting

The inability to control the behavior of tail of strip in FM eventually leading to shifting of outer wraps happens
typically in thinner section (≤ 2mm) and in hard grades. As can be seen in graph attached to fig 10, the thinner
the coil, the more prone it is to outer wrap shifting.
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Fig 10: BCL performance w.r.t thickness

i)

Reduce the Jerk in Strip When Tail Leaves F6:

In thinner sections, due to the less mass density of strip, heavy jerking tendency was noticed when the tail
leaves F6, leading the tail of strip to sway away from center causing outer wrap shifting as shown in fig 11

Fig 11: Demonstration of spring effect when tail leaves F6

This kind of jerking tendency happens when a hard material is pulled with high tension by the mandrel. The
strip between mandrel and F6 is under heavy tension in these situations and when the tail (under heavy tension)
leaves F6, leads to jerking tendency as strip behaves like a spring that was suddenly released. Trials were taken
to reduce tension in coil [2][3] to study this assumption. We had started first by coiling the entire coil with low
tension, this resulted in bulging/ loose inner wraps but it was noticed that the strip upon leaving F6 showed lesser
jerk compared to earlier. The next step in our trials was to reduce the tension in tail alone by using pushbuttons
available in pulpits, this resulted in good condition of inner wraps and had given a tension free strip when it had
left F6. So, we could establish that reducing the tension with which mandrel pulls before tail leaves F6 will help.
In further trials, we reduced the tension in tail before it leaves F6 in auto by 40% in auto for thickness less than
4mm, and achieved our best results when we reduced our tension by 50% before tail leaves F6.
Summary of trials

S.no

Trial

Trial -1

Less tension applied throughout coil

Trial-2
Trial-3
Trial-4
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Reduction of tension manually by pushbutton before
tail left F6
Reduction of tension by 40% on auto before tail left
F6
Final trial of Reduction of tension by 50% on auto
before tail left F6

Limitations
Poor coil buildup, bulging and
loose inner wraps seen
Manual interference
Slight jerk tendency seen in hard
and thin sections (1.6 mm)
Best results seen

ii)

Control the Effect of Camber / Shifting from FM in Down Coiler:

As discussed earlier, the inability to control the behavior of tail of strip in FM eventually leading to shifting
of wraps happens typically in thinner section (≤ 2mm) and in hard grades. This happens due to the difficulty to
the FM operator to predict tail’s behavior and swivel correctly to keep the tail of the strip in center. However,
it was noticed that a small shift in tail from center line on ROT used to create big shifts in the outer wraps, by
the time coiling was finished. We had a hypothesis that this phenomenon is happening because of the high pinching
force as depicted in fig 12.To test this assumption, we started operating at low pinch roll force of 40KN (The
typical pinching force we operate is around 70 KN) ,this was leading to poor quality of build up as there is not
enough back tension between mandrel and pinch roll .We took a second trial where we started reducing the pinch
roll force from 70 KN to 40KN in the tail portion of the strip,[2] but before the tail had left F6. When this was
done, when the tail left F6, we were seeing jerking tendency as the strip between F6 and mandrel is not tension
free because of the less back tension between mandrel and pinch roll due to low force. We took a third trial, where
we reduced our pinch roll force from 70Kn to 40 KN after the tail had left F6, we noticed that coils have a good
quality build up for body of the coil, and when the tail left F6, there was no jerking tendency leading to good
coils.

Fig 12: Demonstration of excessive shifting of material when pinch roll force is higher
denotes center line of material in case of no shifting/ camber from FM

Summary of trials

S.no
Trial-1
Trial -2

Trial -3

iii)

Trial
Low pinch roll force of 40KN throughout
the coiling process
Pinch roll force reduction from 70KN to
40KN in tail end portion of strip before
strip left F6
Pinch roll force reduction from 70KN to
40KN in the tail after strip left F6 at ramp
of 10KN/s

Limitations
Poor coil buildup due to lack of back
tension between mandrel and pinch roll
Jerk tendency seen in the strip when the
tail left F6 as pinch roll wasn’t sharing
tension
Best results seen here

Control Camber from FM itself:

To reduce the camber in tail from FM itself, one of the prerequisites is to have FM in good condition. To
ensure this the following was checked
 Friction test was done for the HGCs of all the stands. Hysteresis of the HGC cylinders and its step response
was checked. A sample of friction test results has been attached in the fig 13. Based on the response test,
F6 cylinder was changed on priority in April 2020. Having cylinders in good condition will allow the quick
response of operator to take fruition when there is any sudden levelling demand at FM when tail is rolled.
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Fig 13: Friction test results for HGC of F1-F6

 Looper profile – Inter-stand looper needs to be perfectly cylindrical. Tapered roll can cause shift of material,
localized wear at any location can cause flatness issues. Hence looper profile were inspected periodically and
were changed in case of abnormalities.
 Guide’s condition – The guide needs to be parallel wrt floor level i.e. guide level on O/S and D/S needs to
be the same. Uneven guide height can cause material’s shifting towards one direction. Guide’s centerline should
match with housing center line. These conditions are checked every shutdown.
 Scheduling rules have a big role to play in controlling the camber from FM as well. It was noticed that when
there are continuous thickness jumps in a schedule the strip is prone to camber as mill adaptation might take
time and the operator might face difficulty in understanding the levelling demand. Two types of thickness jump
is illustrated in a schedule for further understanding.

 The other prerequisite to have the tail of strip leave in center from FM is to give better visibility and understanding to operator. The operator generally adjusts the levelling in Finishing mill stands based on the shifting
of outer wraps in the coil that comes out of Down coiler, if the outer wraps have shifted towards Drive side
(D/S), then he would adjust the levelling in FM accordingly to bring the tail of strip towards Operator side
(O/S) in the next coil and vice versa. We have noticed that there are three ways that tail could leave Finishing
mill as illustrated in fig 14

Tail shape twisted towards O/S
(Levelling at FM to be done to
bring material towards D/S
to get it to center)

Tail shape twisted towards D/S
(Levelling at FM to be done to
bring material towards O/S
to get it to center)

Fig 14: Illustration of tail shape when strip leaves F6
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Straight tail shape
(Desired fashion to
leave FM)

We had noticed that even when the tail had shifted towards D/S (say) as shown in fig14 when it left FM, it
doesn’t necessarily mean that outer wraps of coil had shifted towards D/S. This could be attributed to the fact that
when there is heavy camber from FM, since the coiling dynamics gets destabilized, the wraps shift in a random
manner when the guides are unable to guide the strip. So, when an operator adjusts the levelling purely based on
looking at the shifting of wraps of coil from DC, it would not essentially be the correct action. Hence, levelling
at FM should be based on looking at the tail shape rather than feedback of coil shape.
iv)

Improving the Guiding Capacity of the Weak Pneumatic Guides

It was observed that whenever there is heavy shifting of tail from FM, the guides in DC#1, since pneumatic
were not able to hold their position and allow the strip to shift abnormally leading to the outer wrap shifting, however
in DC#2, since the guides are hydraulic and were powerful, they hold their position and correct the camber from
FM. So, this clearly indicated that the guides of DC#1 didn’t have enough strength/ pressure to hold the position
unlike dc#2 and our problem might be solved if the pressure of guides is increased. The typical operating pressure
in DC#1 for thinners (≤2mm) is around 5bar, while the maximum operating pressure possible of our system is 10bar.
There was no need to increase the pressure for body of the strip as this would unnecessarily increase the wear
of liners, hence a trial was taken to increase pressure in tail to 8bar after strip has left F6 and the results were
promising.
2.2

Staggered Winding:

As discussed earlier, staggered winding happens due to the wraps of strip not perfectly sitting on each other
causing an irregular lateral shift of material when coil is coiled. When this kind of coil defect occurred, during
coiling phase, strip was seen to be swaying about center line on the ROT. This was seen only for the coils being
coiled in DC#1. Since, the guides in DC#1 are pneumatic and are not in force control, this swaying of strip was
not getting controlled, but up on further analysis, the root cause was identified.
When the strip had left FM for DC#1, there was no oscillation in the strip after FM w.r.t center line, not even
after the strip had reached DC and coiling continued, but at the same time, oscillation of strip was being seen
near the DC area after the strip had gripped the mandrel and the swaying of strip continued throughout coiling.
So, this observation had helped us to narrow down the area of concern to DC. The approach to solve this oscillation
of the strip was that an equipment engaged throughout the coiling is malfunctioning as this defect was being seen
throughout the coil.
There are only 3 elements/ equipment that are engaged throughout the coiling
a.
b.
c.
a.

Pinch roll and pinch roll gap adjustment control/ hydraulics
Rocker arm unit where pinch roll is mounted
Mandrel

Pinch roll and pinch roll gap adjustment control/ hydraulics

This coil defect was being seen even after multiple pinch rolls were changed, but when the same roll was used
in DC#2, this coiling defect wasn’t seen there. This eliminated any issue with the roll. There was no fluctuation
in the pinch roll forces, but on trial basis, the pinch roll gap adjustment control was checked by changing all the
concerned gap setting cylinders, balancing cylinders, all the corresponding servo valves, pressure transmitters and
position transducers, the main hydraulic line was checked for any abnormalities too, the p-gain in the P controller
of gap setting control was tried at a low value of 0.1. But none of these trials led to any improvement, based
on the trials and result we had eliminated the area of pinch roll
b.

Rocker arm unit where pinch roll is mounted

Any play in rocker arm could cause disturbance when pinch roll is engaged. Suspecting issue in rocker arm,
as part of trial, we had changed the rocker arm unit in which pinch roll is mounted, drawing of rocker arm is
attached [1] in fig 15 for better understanding. But changing this unit didn’t yield any results. It was concluded
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that rocker arm was not the area of concern.

Fig 15: Rocker arm unit where pinch roll is mounted

c.

Mandrel:

We had checked if there is any sudden drop in the mandrel tension for affected coils as any problem with
the tension in the coils could cause this kind of lateral shifting in coil buildup, but there was no abnormality found
here as well. But, up on inspection on site, there was a heavy radial play seen in the mandrel; the out board bearing
arm which is supposed to be in contact with the mandrel on O/S was seen to be losing contact with mandrel during
coiling thereby causing this radial play. (Mandrel is supported by a fixed plumber block bearing on the D/S, on
O/S it is supported by retractable out board bearing arm as seen [1] in fig 16 to facilitate removal of coil). Since
mandrel was not being firmly supported by outboard bearing arm, this was resulting in radial play of mandrel.
We had a hypothesis that during coiling, since the mandrel was not rigid and was radially moving, this radial
movement caused the strip to sway and caused this look of staggered nature in coil. With this hypothesis, we had
rectified the gap between mandrel and out board bearing by adjusting the eccentric pins as highlighted in the fig
16. There was great improvement in coil shape post this.

Fig 16: Outboard bearing arm arrangement
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Trial with Entry side guides
Since, the guides are in position control for DC#1, these guides were not in constant contact with the strip
unlike the guides of DC#2 which are in force control. This allowed the strip to sway in case of any abnormalities
in DC. So, to improve the guiding capacity of guides, auto closure of guides by 20mm is done as soon as strip
enters pinch roll (guide opening of DC#1 is width+ short stroke+ offset(approx. 25mm)), this resulted in good coil
shape as well.
Summary of trials

S.no

Trial taken

Limitation

Trial-1

Pinch roll gap adjustment was checkedcorresponding valves, cylinders, pressure and
position transducers were changed, pinch roll
profile was checked as well

No improvement in coil shape post changes

Trial – 2

Rocker arm unit was changed

No improvement in coil shape post change

Trial – 3

Out board bearing arm was made to come in
to firm contact with mandrel

Great improvement seen in coil shape post
change

Trial- 4

Auto closure of guides post the material
entry in to pinch roll

Better coil shape seen, could give good
shape until liners had worn out even when
there was an issue with outboard arm

2.3

Telescopic Coils (Inner Wrap Shifting)

As discussed earlier, Inner wrap shifting occurs when the head end of the material has deviated from the center
line when the coil left FM. But, it was observed many times (post a problem in shutdown which would be discussed)
that even when the head end hadn’t shifted much from center line, DC#1 used to create a coil whose head end
had projected much more from the body of the coil, but in case of DC#2, the coil shape was as per the shifting
of the head. So, we had a hypothesis that DC#1 was aggravating somehow the shifting of inner wraps in case
of camber.
Optimization of Step control timing:
DC#1 mandrel was changed as part of time based maintenance in one shutdown in August 2019, post which
there was an issue with rate of mandrel expansion. This caused delay in tension establishment, increasing duration
of step control, thereby causing the wrapper rolls to be in touch with the strip for a longer time. In the attached
graph, the % coils affected by TCC trend from DC#1 could be seen to be drastically increasing post mandrel change
in fig 17

Fig 17: %TCC generation trend in DC#1
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The hypthesis for this phenomenon was
 Until the wrapper rolls are in contact with the strip, they cause a steering effect on the coil based on the
roll profile, causing the wraps to shift more.
 Until the wrapper rolls are in contact with the strip, coiling phenomenon is happening in a confined space.
When coiling continues in confined space, it is happening due to virtue of material being pushed in to the
confined space, only when the wrapper rolls gets retracted, the coiling happens due to material pulled by
mandrel. Mandrel pulling a coil through tension generates better coil shape than when material is being pushed
on to it.
Too little of step control time can cause cobble due to slippage (material not gripping on to mandrel), too much
of step control time seems to be generating TCC. Considering these factors, a trial was taken to reduce step control
time from 3 seconds after tension establishment to 1.5 seconds after tension establishment criteria is met (Made
similar to as in DC#2). We had very successful results post that.

3. Results and discussion
3.1

Outer wrap shifting

S. No

Actions taken

1

Reduction of tension of strip in tail before
strip leaves F6 for
DC#1 coils of thickness ≤ 3mm

2

Reduction of pinch roll in force in tail after
strip left F6 for DC#1 coils to 40KN

3

Control camber from FM itself
a. Through monitoring tail shape
b. By having healthy mill condition

4

Improve guiding efficiency by increasing side
guide pressure in tail to 8 bar

Effective from mentioned date
Tension decreased by 40% in tail on Jan 1st
2020, decreased by 50% in tail on Feb26th
2020
2nd March 2020
a. Process cameras are yet to be installed, but
when visual feedback is given to FM operators
manually, fetched good results
b. HGC of F6 was changed in April 2020
Active since July 1st 2020

A graph has been attached with the trend of BCL generated in DC#1 w.r.t thinner sections (≤ 2mm) rolled
in each month before and post the changes in fig 18. Post the changes, steady decrease in coils affected by BCL
could be seen

Fig 18: BCL trend in DC#1 ( % of generation w.r.t production of thinners(≤2mm))
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* BCL generated in April and May 2020 hasn’t been added as production was severely affected due to Covid-19
3.2

Staggered winding

These coils were not getting rejected at HSM, but attracted many customer complaints. After the adjustment
of gap of outboard bearing arms with the mandrel, we were able to consistently produce coils as shown in Fig19.

After

Before

Fig:19 Before vs After comparison of coil shape

3.3

Telescopic coils (TCC- Inner wrap shifting)

A graph of % TCC generated in DC#1 has been added along with the changes made in step control time. There
was a cobble in DC#1 due to slippage in May 2020, post which step control timing had been increased.

Fig 20 – TCC generation trend in DC#1

*TCC generated in april-19 and May-19 hasn’t been added as production was severely affected due to covid-19

As could be seen in fig 20, step control timing has a direct correlation with the generation of TCC (TCC
generation decreased when step control timing was reduced, but immediately increased post the increase of step
control time)

4. Conclusion And Future Scope:
Good coil shape in DC#1 is a challenge owing to the weak pneumatic guides unlike the technologically superior
guides in DC#2 or any other advanced coiler in a hot strip mill. This paper described the methodology to contain
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the coil shape defects with the existing levers.
Methodology similar to Design of Experiments (DOE) was followed to reduce defects like Outer wrap shifting,
Staggered winding and Inner wrap shifting in coils. Trials were taken, observations were noted and the parameters
yielding best results has been discussed in detail. Its effectiveness has been studied and validated with results in
actual operation scenario. The number of coils affected by outer wrap shifting had fallen from 23.5% (average of
FY20 before any changes were made) to 12.98% of the thinners rolled in July 2020 post the changes.
Current quality of coil buildup had been shared post the rectification in the out board bearing arm, done to
eliminate staggered winding. Dependency of TCC generation on step control timing had been established. For
improvement in TCC, reduction in step control time again would help.
To improve the visibility of camber in tail clearly to operators, image of the appearance of tail has been shared
and deployment of high definition process cameras post F6 has been proposed. For further improvement in coil
shape, probably upgradation of DC#1 guides to hydraulic might help.
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Abstract

Product delivery management is the process of collaborating, planning, designing, development and maintenance
of the product along with its testing and deployment in various environments. Traditional methods proved
inadequate to handle the customer expectations on the deliverable product which transforms along with rapid change
in technology. In recent years, DevOps and Agile are considered as a buzz word for Product delivery management
as they emphasize on collaboration with customers and frequent delivery. However, we often noticed that the
industry follows either DevOps for fully automated continuous integration and deployment pipeline to enable
frequent releases or Agile to rapidly adapt to the changing requirements, better customer collaboration and
cooperation with different teams. In this paper Product Delivery Management is explained with an analytical case
study which proves how the product delivery can be enhanced both in time and quality when followed DevOps
for continuous deployment and agile methodologies for rapid adaptation and collaboration to meet the industry
needs.
In manufacturing domain, most of the scrum based development projects have an operational dependency which
usually delays the delivery of the product in a stipulated time. It is considered normal till now but with the faster
changing industry needs we are in a position to bridge this gap. This case study has a detailed analysis of faster
product delivery by bridging the gap between development and operations using DevOps policies and customer
and DevOps team using Agile policies. Product delivery index is measured between a DevOps team and a pure
development team for a product with operational dependencies using Scrum, XP and Lean methodology. Faster
operational resolution is achieved with advanced tracking of blockers, risk and dependencies. This analysis will
answer the question can DevOps fused with Agile to give a better and faster product delivery.
Keywords: Product Delivery Management, DevOps, Agile, Continuous Delivery, Case study.
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Abstract
New Bar Mill (NBM), Tata Steel uses hot rolling process to convert billets into rebars. One billet can produce
several thousand meters of rebars which have to be cut into sizes along length as required by customers. The
rebars are first cut into multiple of customer length at divide shear and the fed into Rotary Entry System (RES)
which then feeds it into cooling bed rake from where they are cut into final customer length. RES at NBM is
seventy-eight- meter length and consists of thirteen segments connected using couplings with drive at head end
and channels on periphery through which the bar passes. The rebars enter RES at speeds of above thirty-six meters
per second and their speed must be reduced by pinch rolls before RES while passing through the channels. The
channels then rotate and then the bar falls on cooling bed rake. RES of each line consists of four channel which
at ninety degrees apart. During every cycle RES rotates four times each by ninety degrees. Deviation in rotation
can cause the bar to knock inside RES or failure causing mis-rolls or cobble.
RES is the entry point to produce the rods in NBM. RES home position is monitored by a striker and proximity
sensor for home position confirmation per cycle. Hence a need was arising to give visibility of RES home position
to operators. RES cross markers are perpendicular to each other and rotates clockwise and anti-clockwise. After
each rotation, a rod will insert in rod channel from hot steel billet. RES is playing a vital role to produce a proper
bar from billet. After each rotation, the cross marker should align with a white top marker of RES. If it is not
aligned with the white marker, rod will not be inserted properly in rod channel and it will create cobble, which
will stop the production. Image processing technique was used to identify deviations of RES rotation to home
position, if there is continuous deviation, angle data is being captured to show user the trend of deviation for
user to take proactive action to prevent cobble.

1. Introduction
Tata Steel Limited (TSL) Hot rolling process carried out at NBM consists of reheating of billets to above
recrystallization temperature followed by reduction of cross section in rolling mill and subsequent in line heat
treatment and sizing of product length to customer length. The overall flow process depicted in figure 1. The rolling
process is carried out in mill stands grouped as roughing followed by intermediate stands and then finishing mill.
The mill stands in NBM consists of No-Housing type stands with two rolls rotating at same speed in opposite
direction. The gap in between the rolls is lower than the input stock, hence the material while being rolled reduces
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in thickness and increase in length. This leads to decrease in cross sectional area and increase in velocity of outgoing
stock from a stand as compared to incoming stock. So, in a tandem rolling mill the cross-sectional area of stock
gradually reduces and speed increase while going downstream in rolling lime. In a continuous mill matching speed
of adjacent mill stands to achieve a constant mass flow through the mill is very important as otherwise high tension
can stretch reduce the cross section of the var making shape control very difficult. After passing through all the
stands, rebars passes through intermediated mill and at Power Slitter divided into two and further passed through
no twist mill and then through water boxes and with help of breaking pinch role speed is slowed down for entering
into RES. RES plays very important role in the hot rolling process flow, as it’s continuous process with faction
of seconds gap between two consecutive billets. In case of any obstruction in the process will lead to delay in
production and many times lead to cobble. RES is positioned at the end of the process flow just before cooling
bed for accumulating the rebars on the cooling bed.

Figure1: Overall Mill Process Flow

2. Literature Search
Extensive research has been conducted to explore various methods for automated data capturing and the
architecture to be followed for deployment of image processing algorithm (Porob, et al., 2107). For detecting the
object from the background Circular Hough Transform algorithm used and same can be applied in finding RES
objects (R. Hussin, 2012). The detection of circular and elliptic shapes is a common task in computer vision and
image recognition. Some methods rely on converting gray-scale images to binary ones using edge detection
techniques and calculating numerical shape descriptors. (J., 1997) studied some simple shape descriptors. One of
them, known as elliptic variance, is especially useful for detecting ellipses.
Low level edge detection operators do not guarantee continuous boundaries of objects. This makes many image
analysis tasks difficult, especially for noisy images. The aim of contour grouping algorithms is to connect edges
that are supposed to be sub-parts of the same object. Contour grouping techniques were concentrated mainly on
detecting salient curves ( (S, 1991); (Zhu Q., 1996). Their improvements favor closed (W., 1996) shapes rather
than long and smooth ones.
Detecting circles is an important part of object recognition in image processing and computer vision, the adaptive
method explained in (Lestriandoko & Sadikin, 2020) to detect circle shapes in digital image. The method of
estimating five arc parameters is robust in presence of moderate amount of noise as explained by (Kierkegaard,
1992).

3. Proposed Solution
NBM consists of 16 mill stands 2 NTM finishing blocks and 4 RES for aligning rebars into cooling bed. RES
is the entry point to produce the rebars in NBM. The RES looks like a circular disc with a cross marker (see
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Figure. 2). This RES cross markers are perpendicular to each
other. The RES rotates clockwise and anti-clockwise. After each
rotation, a rebar will insert in rebar channel from hot steel billet.
Therefore, RES is playing a vital role to produce a proper bar
from steel billet. After each rotation, the cross marker should
align with a white marker which is marked on top part of RES.
If it is not aligned with the white marker, then the rebar will
not be inserted properly in rebar channel and it will create cobble
situation which will stop the production.
In present situation, operation team monitor the RES rotation
Figure 2: Rotary Entry System (RES)
manually. The client does not have the rotation information for
each rotation event. Therefore, client want to monitor the RES rotation for each second and try to store the rotation
information in Database (DB). So that, they can analyse these data and take proactive action to avoid any delay
in the rebar production process to prevent the cobble situations.
To achieve the above-mentioned information, we proposed a Computer Vision based solution to monitor the
RES through CCTV camera.
Firstly, we converted video into frames
with help of python language and taking live
camera feeds. After capturing the frame from
IP camera. We got each frame in Red Green
Bud(RGB) format and convert to grey format
(see Figure. 3). After converting the frame to
gray scale, RES region extracted from the
converted image to extract angle information.

Figure 3: (a) Origianl image (b) Converted gray image

In the RES circular moving object there
are four white markers and one perpendicular
marker on static object on the upper side as
in figure 4. Each RES looks like circular
object. To locate circular object, we use
Hough Transform and get the statistics of 100
frame to get the all observations for each
RES and extracting white marker information
after every rotation.
After getting the crop region of all RES,
we apply range bound intensity-based
classification on top of crop region to detect
all RES indicator. After classification, we got
some candidate keys, which are, may be RES
indicator. For confirmation, we implement
region approximation and morphological
operation for better finding of the indicators
(see figure 5)
After getting all RES indication, we try to
find out the upper most indication (mark as
red colour in fig. 5) along with the centre of
gravity of that indication.
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Figure 4: Croped image of all RES

Figure 5: After indication localization

Now we calculate the angle between the centre
of gravity of the top most indicator and the
perpendicular line of circle from the centre of the
circle, which was the desired output of our project
(see in figure 6).
Then we store this derived angle information
for each frame into the database. Deployed this
development as a live solution, where live camera
Figure 6: Final output after angle finding
feed is taken, and angle information is extracted
and stored in database. Dashboard is developed for
usage of the solution, where live angle trend can be observed with live processed video for user to take proactive
action for cobble avoidance, see figure 7

Fig 7: Processed Output Video with real time trend of deviations from home position
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Abstract
“Quality” as a organizational drive, even with wide scope and importance, is still not deep rooted in the entire
industry value chain. It is being addressed as more of a reaction to the situation than a normal way of working,
specially in the Indian Auto component Industry domain. Traditionally Quality is seen as a functional goal than
organizational initiative. In last couple of decades there is a significant change in Quality approach by many
organizations which has helped these organizations to create their own Quality image and identity. This movement
of Quality improvement is showing a definite progress in last decade in Indian Automotive Industry however it
will take a long for achieving a required maturity level which will help us building our image as “A Quality
Brand” at Global scale.
Quality performance in the entire value chain can be achieved by creating a right balance of all impacting factors,
as like in natural Ecosystem. “An Ecosystem is group of organisms and their physical environment that function
together as one unit. It is like a community in nature where everything helps each other in some way so the whole
community can be healthy” If we analyze the structure of ecosystem and correlation of factors with each other,
it creates a larger picture of right balance and community benefit at large. In this research, I have tried identifying
the success factors of a natural Ecosystem and then studied on the similar grounds the factors which are required
for a Quality Ecosystem. The key success factor in natural Ecosystem is “Right Balance” of al l factors and strong
dependable correlation among these factors. When I compare this logic with Quality performance of the auto
component Industry, I see examples of “Unbalance” in key factors and also missing link of correlations among
the key factors, which in my view ,are the major reasons for weak Quality Trust Index of Industry, al large.
This research paper elaborates the current challenges being faced which are the hurdles in building a quality
image and a trust bond for quality performance, in Indian Auto component Industry. The research also identifies
the key contributing aspects in the entire value chain, which forms an “Ecosystem for Quality” and propose the
measures on achieving the right balance of these aspects, which will help strengthening a “ Quality Trust” bond
among the key stakeholders.
The research paper is a combination of my learning experience with industry, and a summery of literature review
from earlier research done in this subject which also can be good insight for setting the right tone and direction
for this research.
The consistency and predictability of Quality performance defines the Quality Trust Index. It is important to
now what enables a consistent Quality Performance and what determines the predictable quality performance.
The research concludes on identifying these enabling factors , for which if we ensure a right balance, we can
assure the Quality Performance and Build Quality Trust.
Finally, a conceptual model of “Ecosystem for Quality” will be helpful for the Industry professionals to build
a comprehensive system in their respective organizations to improve the Quality Image and will also contribute
in “Building Quality Trust” of Indian Auto Component Industry, at large.
Keywords: Quality Trust, Image, Ecosystem, Auto Component Industry
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Abstract
A blast furnace stove preheats the combustion air required for the Iron making process using regenerative
principle. A failure investigation of blast furnace stove domes was performed using statistical analysis to reveal
interplay of various operating parameters affecting its health. In contrast to the metallurgical analysis and simulation
approaches reported in literature, present work highlights the significance of operating parameters on the reliability
of the stove domes. It was observed that one of the domes were failing repeatedly whereas the other one was
working in an uninterrupted manner. Both the stoves were made of the same steel grade and with similar fabrication
route was followed and hence the difference in metallurgical factors was ruled out. To understand this difference
in performance of the domes, their process parameters were analyzed from the time of installation for next 12
years. These parameters included dome temperature, waste gas temperature and pollutant concentration such as
SOx and NOx contents. Careful data analysis using R showed pronounced difference in process parameters for
the failed and healthy domes. It was observed that failures occurred when a combination of pollutant concentration
and dome temperature was satisfied for a sustained period of time. These conditions corroborated well with the
existing theories of dew point condensation induced stress corrosion cracking. Eventually, a regime of safe,
alarming and extremely dangerous operating conditions were identified which can provide the guideline for
uninterrupted operation of stove domes.
Keywords: stove domes; blast furnace; statistical analysis; failure analysis; stress corrosion cracking.

1. Introduction
Hot blast stoves are essential element of iron making through blast furnace route as these provide preheated
air for combustion of coke inside the furnace [1]. Over the years, research and technological developments have
been focussed on reducing the coke rate of the blast furnace and the role of higher preheated blast temperature
in achieving that has been pivotal [2]. These stoves operate on regenerative principle and there are two periods
of operation (ref. Fig. 1), namely: (i) on-gas, and (ii) on-blast. During “on-gas” period, the chequer bricks of the
stove is heated up by burning gas and combustion air within the chamber and allowing the heat to be transferred
from these gases to the stove. In contrast to this, during “on-blast” duration, cold blast is passed through the
pre-heated chamber and absorbs heat from the chequer bricks. At any stage, two stoves are “on-gas” and one is
“on-blast”. It has been reported that the stove needs to be heated between 1300-1350 °C for adequate process
efficiency [3].

199

Key parameters that dictate the process efficiency as well as the health of the stove are stove’s dome temperature,
waste gas and grid temperatures, air and fuel mix ratio, pollutant concentrations, especially NOx and SOx content.
Earlier work of Rieger et al. showed that the NOx content of the gas increased with the stove dome temperature
[4]. They showed that there is a critical limit above which the formation of NOx is greatly accelerated and obtained
a reasonably good correlation between the values obtained from computation fluid dynamics (CFD), literature and the
data obtained from the plant. This is consistent with the concept of thermal NOx formation [5]. One of the first works
on the effect of changing operating conditions of stove on the NO formation was carried out by Harp et al. [6]. Their
work corroborated with the finding of Sucker et al., who showed that the formation of nitrogen oxides are promoted
by the higher temperature of the dome and that certain positions of the stove experiences maximum formation of
NO [7]. Higher formation of NOx has detrimental effect on two fronts. There are legal restrictions on its concentration
in effluents and a higher NOx is known to contribute to stress corrosion cracking [8].

Fig. 1: Schematic showing the operation of stove in “on gas” and “on blast” conditions

The uninterrupted operation of stove is of paramount importance in achieving full potential of blast furnace in
terms of optimized production and coke rate. Although, there are limited reports in open literature on detail failure
investigation of stove domes, stress corrosion cracking is believed to be one of the prominent mechanisms of dome
failures. Ikelen and Nugteren reported the detailed failure investigation of the stove and attributed the failure to
have occurred in inter-crystalline stress corrosion cracking mode [9]. Stress corrosion cracking (SCC) occurs when
there is a combination of susceptible material, tensile stress and corrosive environment [10]. Such failures
predominantly occur in region of higher tensile stresses, either externally imposed or residual in nature in locations
such as weld joints. SCC in stove shells is believed to initiate with condensation of NOx and/ or SOx on the
refractory surface (inside) and subsequent diffusion through it to reach the inner wall of the dome. On condensation,
it forms acidic products which are highly corrosive in nature and can lead to formation of pits. Cracks often initiate
from these pits under the combined influence of tensile stress and corrosive environment. Since in most of the cases,
grain boundaries allow for the least resistant path for corrosion and crack propagation, failures manifest as
intergranular fracture termed as intergranular stress corrosion cracking (IGSCC) [11]. Although, there are limited
reports on dew point corrosion and SCC for stove dome, well documented literature is available on failure of
components like boiler and economizer tubes under similar mechanism. Pal et al. showed dew point corrosion of
economizer tubes around the weld zones and attributed these to lowering of the flue gas temperature [12]. Likewise,
Subramanian et al. concluded the failure of a boiler economizer tube in dew point corrosion mechanism and attributed
it to lowering of the temperature of flue gas exit temperature below a critical value (dew point temperature) [13].
In order to prevent such failures, they recommended closer monitoring of process parameters, desulphurization of
gas and use of jet of 10 % NaOH solution. Failure of other components such as wet coke quenching car liners,
stainless steel pipes and flanges have also been reported to occur due to stress corrosion cracking when favourable
conditions of tensile stress, susceptible material and corrosive media are met [14-15].
Despite the availability of a number of works on industrial failures encompassing the domain of dew point
corrosion and SCC, most of them have adopted similar approach of metallurgical analyses with some correlation

200

with plant process parameters. In the present work, we have proposed a purely data-driven approach to understand
the large difference in in-service performance of stoves of two different blast furnaces. All important process
parameters of stoves of these blast furnaces (1 and 2) are critically analysed right from their installation and an
attempt has been made to compare the performance of these stoves.

2. Methodology:
Investigation consisted of collection of history of failures of different stoves of two blast furnaces 1 and 2.
Portable x-ray fluorescence spectroscopy (XRF) was used to get an idea about material chemistry of the stove shell.
Collection of raw data for stoves of blast furnace 1 and 2 was conducted from its date of commissioning till August,
2020, with the frequency of one data point per day for each parameter. The database is then checked for missing
values and corrupt/ inaccurate records. After this process, programming is carried out in R language for initial
investigation and exploratory analysis to draw statistical inferences. For temporal visualization of data, all the
parameters of each stove are plotted with time as x-axis. Histograms are plotted to get the overall distribution of
each parameter for blast furnace 1 and 2. NOx and SOx are added to get total pollutant content in waste gas since
both of them forms acidic products upon condensation and are known to contribute to dew point corrosion. Since
the presence of outliers affect the shape of histograms, these are binned to improve its interpretability. Values of
pollutant higher than 200 ppm is indicated by a single bin in the histogram. Similarly, single bin is assigned for
grid temperature with values less than 150 °C and values higher than 350 °C and for dome temperature with values
less than 900 °C. In R language, ggplot2 library is used to
perform all the above-mentioned operations.
As earlier discussed, SCC and dew point corrosion are
governed by temperature as well as the concentration of pollutants
such as SOx and NOx, it is imperative to categorize the operational
parameters of stoves in to different regimes, namely, high, medium
and low. For all the stoves, 1st and 3rd quartile values for each
parameter is obtained using boxplots. Also, for comparing stove
operation parameters across the domes in blast furnaces 1 and 2,
all the parameters of blast furnaces stove were combined to form
a global dataset. The quartile values of this dataset are then derived
and stove data are again categorised into mentioned regimes. These
values are summarized in Table 1.

Fig. 2: Overall view of the stove domes

Table 1: Quartile values of local and global datasets for different operation parameters of stoves

Quartile
Blast furnace
Stove 1
Blast furnace
Stove 2
Blast furnace
Stove 3
Blast furnace
Stove 1
Blast furnace
Stove 2
Blast furnace
Stove 3
Global Data

1
1
1
2
2
3

1st
3rd
3rd
1st
1st
3rd
3rd
1st
1st
3rd
3rd
1st
3rd
1st

Dome temperature
Pollutant
Grid Temperature
(°C)
(°C)
concentration (ppm)
1308
97
268
1224
58
251
1329
97
281
1275
58
266
1334
97
265
1275
58
251
1339
76
256
1319
43
235
1338
76
257
1317
43
233
1340
76
262
1318
43
243
1335
89.7
268
1279
52.6
245
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3. Results and Discussions:
3.1

On-site observations and history of failures:

Fig. 3: Summary of chronology and location of failures in stove domes of blast furnace 1

On-site observations showed that the failures of stove domes predominantly occurred from the upper portion
where it is believed to have maximum formation of NOx. Fig. 3 shows the chronological order of different failures
in stoves of blast furnace 1. It was installed in June, 2008 and the first failure occurred almost after eight years
of installation in Feb, 2016 in stove 1. The leakage was
from the weld location near the bolt, which may have
high residual tensile stress. Thereafter, the next failure
occurred in september, 2018 again from the weld zone.
In December, 2019, two different failures occurred in
stove 1 and again these were related to the welds. The
most recent failures in the stove 1 occurred in the
month of February, 2020. Out of two failures, one
occurred from the weld, whereas the other one was
unrelated to the weld. In stark contrast to the stove 1
of blast furnace 1, stove 2 experienced no leakages
despite being installed at the same time as stove 1.
Stove 3 sufferred its first leakage in the month of
February, 2020.
Therefore, in total, blast furnace 1 stoves
experienced seven different instances of leakages and
out of these six were related to the weld zones.
Furthermore, it is interesting and intriguing to note that
despite supplying preheated blasts to the same furnace
and being installed at the same time, stove 1 started
failing much earlier and at much higher frequency.
Fig. 4 shows the summary of failure(s) in stoves of
Fig. 4: Summary of chronology and location of failure in stove
blast furnace-2. These stoves were installed at much
domes of blast furnace 2
later stage in march, 2012 compared to stoves of blast
furnace-1. Despite that, stove 3 of blast furnace 1 failed twice in the month of January, 2020 (around eight years
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after installation). These two failures also occurred from the weld zones near the upper portion of the stove.
3.2

Chemical analysis of the stove dome shells
Table 2: Summary of chemical analysis of the stove dome shell

Test Location

C

Mn

S

P

Si

Cr

Mo

Representative stove dome shell

*

0.80

*

*

*

0.01

0.29

As per EN 10028-2-2003
16Mo3

0.12
0.20

0.12
0.90

0.01
0.25
0.35
0.3
maximum maximum maximum maximum

0.25
0.35

* Portable XRF is not capable of determining these elements.

Portable XRF suggested the presence of Mo in the steel grade necessary for improved creep and corrosion
resistance. Based on the chemistry of alloying elements (ref. Table 2), chemistry complied with the EN 10028-22003 16Mo3 steel grade. Therefore, any failure due to inferior chemistry was ruled out.
3.3

Effect of external variables

Fig. 5: Temporal variation of (a) atmospheric temperature in Jamshedpur, (b) rainfall with the event of failures
superimposed on it [16]

Temporal variation of atmospheric temperature and rainfall in Jamshedpur [16] is depicted in Fig. 5. Over the
years, temperature has followed a cyclical pattern as shown in Fig. 5 (a). It is interesting to note that among nine
failures, eight have occurred in prime winter season when the minimum temperature is close to 15 °C. The only
other failure occurred in the month of September when the minimum temperature was around 25 °C. None of the
failures took place in summer season. This indicates a lower external temperature probably promotes failures. This
may be related to higher tendency of condensation as well as lower toughness of the material as the temperature
goes down. Similar to atmospheric temperature, rainfall also followed a cyclical trend. The first and second failures
in 2016 and 2018 seems to be unrelated to the rainfall. However, seven failures occurred between December to
February 2020 and in previous two years, there was significantly higher rainfall as depicted in Fig. 5 (b).
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3.4

Variation of operational parameters of stoves

Fig. 6: Temporal variation of (a) dome temperature, (b) grid temperature,
and (c) pollutant concentration in different stoves of blast furnace 1

Fig. 6 shows the temporal variation of dome
temperature, grid temperature and pollutant
concentrations of all the three stoves of blast
furnace 1 from the time of its installation. Dome
temperature is predominantly varying between
1200-1350 °C. Additionally, there are dips in
the dome temperature below 1200 °C to as low
as 900 °C. It was noted that, initially, for all the
three domes, temperature was mostly around
1300 °C or higher. However, from September
2010 to December, 2016, it appears that there
is a shift in the regime of dome temperature
towards lower temperature range. Furthermore,
the temperature of dome 1 appears to be
consistently lower than that of dome 2 and from
January, 2017 to March, 2019 dome
temperatures of all three stoves are nearly
similar and towards somewhat higher side. This
is again followed by a large dip in the stove
temperature of dome 1 and it stayed in lower
regime till December, 2019, when a number of
failures occurred in stove 3 (2 in Dec, 2019 and
2 in February, 2020). It should be noted that
unlike instantaneous failures such as ductile and
brittle fractures, SCC is progressive in nature
and therefore, the effect of unfavourable process
parameters
may
not
be
reflected
instantaneously. Grid temperature is an indicator
of the effectiveness of heat transfer of the waste
gas to the chequer bricks of stove. In general,
a higher grid temperature would indicate
inefficient heat transfer. Some periodicity in the
variation of grid temperature was observed as
shown in Fig. 6 (b). During particular time
periods, September, 2015 to June, 2018 and
September, 2019 to June, 2020, grid
temperature of stove 1 was on the lower side
compared to the other stoves of blast furnace 1.
Pollutant concentration was relatively lower
from the time of installation up to September,
2009. Thereafter, there is a change in its regime
to relatively higher values between 100-150
ppm. This is undesirable as a higher (SOx +
NOx) concentration is known to lower the dew
point of the gas.

Fig. 7: Temporal variation of (a) dome temperature, (b) grid temperature,
and (c) pollutant concentration in different stoves of blast furnace 2
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Fig. 7 (a) shows the time dependent
variation of dome temperature of different

stoves of blast furnace 2. For first six months after installation, dome temperature of all the three stoves were much
lower as compared to the desired temperature range of 1300-1350 °C. However, after this, dome temperature ramped
up to around 1350 °C and mostly remained around that till January, 2018. It is worth noting that the temperature
of domes in all the three stoves were similar, which was not the case with the stoves of blast furnace 1. These
domes operated at relatively lower temperature for two instances of two months duration. Sharp dips in dome
temperature corresponds to periodic maintenance, shutdowns and other external variables. Similar to dome
temperature, grid temperature is also maintained in a narrow range. It can be observed that grid temperature of
all the stoves shows a linear increase, starting from month of September, 2016 to April, 2019. Although less
prominent, periodicity similar to grid temperature of blast furnace 1 stoves is visible in blast furnace 2 stoves as
well. Pollutant concentration of blast furnace 2 stoves is below 100 ppm for extended period of more than 5 years.
Due to unavailability of raw data for pollutant during initial years of operation, it is difficult to comment if
concentration value is lower or higher than 100 ppm.

Fig. 8: Histograms showing distribution of dome temperatures for different stoves of (a)blast furnace 1, (c) blast furnace 2, distribution
of grid temperature in different stoves of (b)blast furnace 1, (d) blast furnace 2, (e) distribution of pollutant concentration in stoves of blast
furnaces 1 and 2.

Histograms were plotted for different process parameters for each stove of both the blast furnaces to gain more
insights. From Fig. 8 (a), it is evident that different stoves of blast furnace 1 operated in different regimes of
temperature. Although all the three stoves showed negative skewness in the data for dome temperatures, the overall
distribution for stove 1 had greater spread, especially towards the left (lower temperature) compared to stoves 2
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and 3. In contrast to this, the dome temperatures of all three stoves were having identical distribution for blast
furnace 2. Fig. 8 (b) shows the normal distribution of grid temperature for stoves of blast furnace 1. Stove 1
and stove 3 showed somewhat similar distribution as indicated by a large overlap zone, whereas the grid temperature
of stove 2 was on the higher side. Ideally, a combination of high dome temperature and low grid temperature is
considered to be desirable from the viewpoint of effective heat transfer from the gas to the chequer bricks and
superior is the operational efficiency. Considering this, it seems that stove 3 had the best operational efficiency
among the stoves of blast furnace 1. Stoves of blast furnace 2 showed a bimodal distribution of grid temperature
with two peak values. This is possibly due to the fact that the grid temperature of all the stoves showed a linearly
increasing trend from the month of September, 2016 to April, 2019 after an earlier period of nearly stabilized grid
temperature. The distribution of pollutant concentration of blast furnaces 1 and 2 are depicted in Fig. 8 (e). Pollutant
concentration for both the furnaces showed slight positive skewness. The extent of positive skewness for blast furnace
1 was greater than that of blast furnace 2. A higher pollutant concentration is undesirable from the view point of
SCC.
3.5

Defining failure susceptibility index

In order to estimate the health of the stoves using a single analytical value, we have introduced “failure
susceptibility index”. It should be noted that this index can only account for the tendency to failure under dew
point corrosion and SCC, which are the most prominent and likely mechanisms of failure for stove domes. However,
there can be odd instances of failure due to thermal fatigue or creep, in extreme conditions and such cases should
be treated differently. As the Dome temperature and pollutant concentration has already been classified based on
quartile values of global dataset, the severity of any given combination is quantified. Quantification is done for
all the possible scenarios (9) that can emerge from combination of dome temperature and pollutant concentration.
It is evident that low dome temperature and high pollutant concentration will be the worst case scenario, so an
index of 3 is assigned. The same index is also assigned for low dome temperature and medium pollutant as well
as medium dome temperature and high pollutant since the behaviour of the combination will be similar. In terms
of dew point corrosion, safest situation arises when dome temperature is high and pollutant concentration is low,
hence an index of 1 is assigned. All the indices are given in detail in table. Higher the failure susceptibility index,
worse is the situation from the point of view of SCC or dew point corrosion.
With the help of R program, we were able to count the frequency of occurrence of the individual scenario in
a particular month. Table 3 summarizes the logic defining different scenarios to calculate failure severity index.

Table 3: Logic defining different scenarios to calculate failure severity index

Pollutant
Concentration

High

3

3

2

Medium

3

2

1

Low

2

1

1

Low

Medium

High

Index for scenarios

Failure susceptibility index is defined as following:

Failure Susceptibility Index
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=

Dome Temperature

Fig. 9: Failure susceptibility indices of different stoves of (a) blast furnace 1, (b) blast furnace 2

Failure susceptibility index (FSI) of stove domes of both the blast furnaces is presented in Fig. 9. In case of
blast furnace 1, the difference in FSI between different stoves is prominent. In the initial period after the installation
(between May, 2008 to June, 2009), FSI of all the stoves of the blast furnace 1 was similar and close to 1. A
sharp increase in FSI for all the three stoves was observed beyond this point. However, for any given time from
September, 2009 to January, 2015, FSI of stove 1 was well above other two stoves. This extended period of higher
FSI would have accumulated the greater extent of damage in this stove that manifested as its leakage in the month
of February, 2016 (winter season). Whereas stove 2 and 3 experienced occasional rise in the FSI, stove 1 remained
at higher risk for sustained duration. Again, from January, 2016 to September, 2017, FSI of stove 1 was greater
than the other two stoves. Thereafter, FSI of all the three stoves grossly fluctuated in similar fashion until May,
2019. It should be noted that SCC is progressive in nature and therefore cumulative effect of higher FSI for longer
duration of stove 1 is attributed for its repetitive failures. Stove 2 performed the best as it experienced relatively
lower FSI.
In case of stoves of blast furnace 2, the data for pollutant concentration was unavailable for initial 2 years after
the installation. In general, FSI of stoves of blast furnace 2 were lower compared to those of blast furnace 1. This
suggests better operational practices and parameters in blast furnace 2 compared to blast furnace 1. Unlike blast
furnace 1, FSI showed not prominent difference between the stoves of blast furnace 2. There was a period of 1
year between July, 2016 to July, 2017 when FSI of stoves 2 and 3 were higher compared to the stove 1 that
eventually failed. Therefore, in case of blast furnace 2, FSI could not successfully predict the failures. However,
it is worth noting that the two failures in stove 3 of blast furnace 2 also occurred in winter season when temperatures
are lower and can promote SCC. Few possible reasons that may explain this anomalous behaviour of stoves of
blast furnace 2 are: (i) large difference in initial operational parameters between the stoves which are missing, (ii)
metallurgical defects in the weld zone (location of failure) such as inadequate post-weld heat treatment leading to
high tensile residual stress that can expedite SCC. Therefore, these factors also need to be taken in to account before
making any conclusion.

207

4. Conclusions
Based on this study of detailed data analysis of different stoves of two blast furnaces, following conclusions
are made:
1.

A new failure susceptibility index is proposed considering the combined effect of pollutants (SOx + NOx)
and dome temperature to predict the likelihood of failure in dew point corrosion and stress corrosion cracking
(SCC) modes. It could successfully explain why a particular stove dome of blast furnace 1 suffered from
repetitive failure, whereas the other stove dome of the same furnace remained safe and intact.

2.

Failures and leakages predominantly occurred from weld zone in stove domes of both the blast furnaces.
This is most probably due to the presence of tensile residual stresses therein, which is known to expedite
the SCC.

3.

SCC is prone to occur when there is low stove temperature and a high concentration of corrosive pollutants
such as SOx and NOx.

4.

For the first time, it is shown that the failures of domes are much more likely to occur in winter season
when temperatures are lower. A lower temperature can not only promote condensation but also have detrimental effect on the toughness of the material; particularly for the weld zones.

5.

In general, stoves of blast furnace 2 operated in safer regime with lower failure susceptibility index. This
is due to higher dome temperature coupled with lower fluctuations and also smaller concentration of pollutants (SOx + NOx). However, one of the domes still failed which could not be explained by operational
data alone. This point towards manufacturing or welding issues. These can be ineffective post- weld heat
treatment leading to formation of metallurgical notch or tensile residual stresses.

6. In order to prevent/ delay failures of these stoves, following measures are recommended:
(i)
Operating with process parameters to achieve lower failure susceptibility index, that is, at higher dome
temperature and lower level of pollutants.
(ii)
Some external insulation can be provided on the dome walls to minimize the effect of ambient
temperature.
(iii) Adequate post-weld heat treatment and higher section thickness of the dome shell to minimize stresses.
(i)
Shot peening to introduce compressive residual stresses.
(i)
Relooking at the refractory/ dome shell insulation by proper coating that can act as barrier for these
gases or at least reduce the diffusivity to delay the failure.
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Abstract
Dealers need to het inventive for better performance (ie., here it’s purchase from distributor). To efficiently
distribute the kitty to respective dealer it’s needed to determine the maximum capability and expected performance
of that dealers. Here a measurement index has also been developed so that it’s maximum capability & expected
performance should not be under or over estimate. XGBoost forecasting model is proposed to forecast the expected
sales of dealer taking Various Market Factors, Distributors Health data, Seasonality & sales growth impact into
consideration. To compute the maximum capability of any dealer 2 - Sigma Limit of its performance is used.
Followed by this we have developed an optimization model such that Kitty Distribution gets maximized among
dealers of a specific distributor subject to total kitty gets secure even with their maximum performance & high
performing dealers always get better incentive than others. Altogether a system has been developed in google cloud
platform (GCP) such that it’s needed to distribute the total kitty such that bigger dealers which higher purchase
proximity and with better consistency should get higher incentive and dealers with smaller capabilities should starts
getting incentives with very little purchase considering its latest growth rate. Hence this scheme also encourages
dealers to grow and perform better to get better payout
Keywords: Dealer Scheme, XG Boost Model for Forecasting, Central Limit Theorem, Confidence Interval,
Optimization, Google Data Studio

1. Introduction
A division of Tata Steel Ltd, Global Wires Business (GWB) is one of the largest steel wire manufacturers in
the world. Tata Steel Global Wires manufactures a wide range of wires catering to the needs of various industry
segments such as automobile, infrastructure, power, and general engineering. Automotive, Infrastructure, Galvanized
Wire are mainly coming under its Product Range. Tata Steel Wires provides incentives to its dealers to improve
the performance of dealers in terms of sales.
Earlier there was no such prediction model/system that can provide business an idea on what can be the minimum
performance for every dealer to get incentive (Incentive in Rs/Ton) and at what level of performance specific to
a dealer, the toughness increases so that he deserves more incentive for giving the extra effort to crack the toughness.
Also, the estimate maximum capability of that dealers for that target period when the kitty will be distributed.
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1.1

Objective of the Study:


Estimate the minimum ability & maximum capacity to purchase for the target month when the dealer scheme
will be implemented
Create validation index which can give the confidence to judge the dealer’s capability with certain minimum
over & under estimation. Over estimation of the dealer’s basic performance and under estimation of its highest capability.



Based on this prediction, need to distribute the total kitty that can maximize the dealer’s incentive based on
their capacity for that month subject to secure the total kitty amount & starting incentive amount should be
proportionate to their basic capabilities.

2. Approach
2.1

Identification of Eligible dealer

First, we tried to define and find the eligible dealers among the entire present dealer list. The definition of eligible
dealer is as follows:
a.
b.

c.

At least 1 ton of total sales in the latest 1 year for the period of evaluation to judge whether the dealer
is active in recent days
For some dealers we find, having outperform growth/de-growth in last one or two months. Discussing
with business, we find that it’s due to dealer’s internal development which can be difficult to measure,
of the dealer are in recent years. To check this issue, we deployed the second criteria for eligible dealers.
Criteria 2 is the actual sales in the validation period should not exceed by two times of the standard deviation of the sales in the 6 months period in the last FY. Here Validation Period means the last to last
month of the target month.
Considering the seasonality of the product, the dealers must have at least some sales (greater than 0MT)
in the last FY in the same period of 6 months in around the month wherein the scheme is launched
this year

2.2 Prediction for the Target Month
With the eligible dealers, we predict the expected sales of every single dealer using a multivariate time series
Model. Here, we have used XGBoost or Extreme Gradient Boosting. In the Boosting training stage, the algorithm
allocates weights to each resulting model. A learner with good a classification result on the training data will be
assigned a higher weight than a poor one. So, when evaluating a new learner, Boosting needs to keep track of
learners’ errors, too. It is an ensemble of decision trees algorithm where new trees fix errors of those trees that
are already part of the model. Trees are added until no further improvements can be made to the model. XGBoost
provides a highly efficient implementation of the stochastic gradient boosting algorithm and with hyper parameter
tuning makes the model even more robust and scalable. Using XGBoost Modeling we tried to take care of the
historical observations along with the additional inputs.
2.2.1 Why did we select the XGBoost Model technique?
1.

The dealer sales performance data is quite intermittent. For any ARIMA or ARIMAX model, if the data
pattern is less complicated, these algorithms tend to be a good fit
2. The identification of peak and depths were important in this dataset. Sometimes, the sales have alternate
patterns of peak on fall while at times it becomes quarterly. The model is trained as per the variability
in the past data and the pattern of peak and fall is seen to be well-captured using XGBoost Regression
3. To estimate the performance of the dealers, past sales performance is indeed an important factor. However,
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the other attributes of the dealer play an important role as well. Based on the importance of these attributes,
the sales predictions vary

Fig1: The above figure highlights the advancement to XGBoost Algorithm from Decision
Trees

Here, Counter Potential of dealer,
Monthly&
Quaterly
Growth,
Monthly
seasonality, quarterly Growth Ratio, dealer’s
estimated stock replenishment time, Market
indicators are found as important factors to
predict the estimated Sales E(X) for the target
month.
Followed by the Expectation, we tried to
estimate the variation in target season by
taking the standard deviation +/- 3 month of
that target month for last two years. To
address the Maximum Capacity and minimum
basic expectations, confidence interval is
calculated. The central limit theorem in
statistics states that, given a sufficiently large Fig2: Dealer Sales Trend and Estimated Optimum Capability for the Target
Month
sample size, the sampling distribution of the
mean for a variable will
approximate
a normal distribution regardless of that variable's distribution in the population. With more than three years
monthly data we have considered sample size as large sample.

2.3

Model Validation Indices

Criteria 1
 Percentage of Eligible dealers who are not able to meet the minimum sales target.
 Higher this percentage indicates that model is unable to capture the minimum expectation from the dealers’
sale and deprive many dealers to get any incentive and hence makes a significant portion of the kitty idle.
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Criteria 2
 Percentage of Eligible Dealers who have superseded their estimated maximum capability
 Higher this percentage indicates that model is unable to capture the maximum capability of the dealers to perform & easily exhaust the kitty.
 Increase of error % due to criteria 1 will generate idle kitty and increase of error % due to criteria 2 will
exhaust the total kitty easily without proper distribution. However, as discussed with business criteria 1 is more
significant than Criteria 2
2.4

Optimization:

Once the performance capacity for each dealer is predicted, a Simplex Optimization is built on top of this to
Maximize the incentive of eligible dealers such that the total expanses should not cross the total kitty amount.
Following the basic rules of principle agent theory Kitty is distributed among dealers where owners/ Principal (here
it’s Tata Steel) and its agents (here it’s dealers) both interest were taken care well.
The main objective is to incentivize or motivate the dealers such that the sales growth can be achieved. To
do so, these agents, identified as dealers, are provided with a scheme or payout design based on their previous
performance and the expectation from him in the target period (i.e. the target month, here). If the dealer performs
below the expectation or fails to achieve the bare minimum, the dealer will not be compensated. If the dealer manages
to perform above the algorithmically determined range, he will be getting some incentive. However, if the dealer
performs more than expectation, he will be compensated very well. All these limits are determined algorithmically.
Leveraging the above theory, the promotional amount is distributed across all the dealers such that the overall
amount is optimally allocated across dealers based on not only their historical sales performance but also the other
attributes of the dealers such as their capacities.
For every dealer, based on the expectation of sales, the performance band is defined which has a lower and
an upper limit. The lower limit (Ua) is defined as the one standard deviation less than the expectation of sales
rounded down to nearest values of 0.5,2,5,10 and so on. The upper limit is 95% above the expectation of sales,
which is around 1.96 of the estimated standard deviation.
Hence, no payout will be provided if any dealer fails to meet the lower limit.
Slab 1: The bare minimum incentive of the dealer
Slab 2: Higher payout is received if the performance is at least 20% more than the expectation of sales
Slab 3: Lucrative payout is received if the performance exceeds the upper limit
Objective Function:

(1)
Where,
1.
2.
3.
4.
5.

∑𝑥 𝑚(𝑥) ∗ 𝑈𝑙 (𝑥) ≤ 90% ∗ 𝑇𝑜𝑡𝑎𝑙 𝑘𝑖𝑡𝑡𝑦 𝑎𝑚𝑜𝑢𝑛𝑡
Avg. Maximum per ton Amount for each Dealer for the month ≤ I
The highest per ton max payout should not exceed 1.2* Avg kitty amount
Per ton max m(x) will be constrained by the expected sales performance of different consecutive Ua(x) groups.
The lowest per ton max payout constraint (a user defined/decided variable)

Here,
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x= Dealer eligible for the target month;
Ulc (x) = Percentage contribution of maximum capacity of dealer x; m(x) = per ton max payout for the dealer
x (Decision Variable);
Ul (x) = Maximum dealer capacity of dealer x; Ua(x) = Minimum Expectation from dealer x;
I = Average Max. per ton incentive provided to individual dealer in Manual system for all dealers(x) who are
eligible for the target month.

3. Results
3.1

Prediction Model Validation Output of Hot Trial results
Distributor
Name
Distributor 1

Product
Category

# Eligible
Dealers

Category 1

143

#Dealers
below Ua
12

#Dealers
above Ul
27

Criteria 1
(Model
Accuracy)

Criteria 2
(Model
Accuracy)

92%

82%

3.2. Dashboard in GCP data Studio

Fig3: Dealer Scheme optimization interactive Dashboard on GCP data Studio

*Names has been covered as par the Organizational Policy

3.3

GCP Implementation

The entire framework of the model is host in Google Cloud Platform (GCP). GCP Data Lake is used for data
warehousing. Big Query is used for fetching the data and connect through the coding platform, which is the
Jupyter-hub. The prediction models and the optimizer are built using packages such as XGBoost and Pulp in Python
and the output of the results are stored back to GCP Data Lake. These tables are used for updating the User Interface
directly or the dashboard built in Google Data Studio. The Data Studio fetches the data directly from the GCP
Data Lake. This online dashboard link is shared to the users who can visualize the results pre-emptively.
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4. Conclusion & Way Forward
 Through this analysis business will be able to know about those dealers who will not perform significantly
for the target month/ season.
 As the model is developed in Machine Learning frame work, so in future any further dealer attribute and/or
market information will be well managed and can easily incorporated in the model.
 Benefit Realization: In the potential benefit calculation, this project got the approval of more than 60% savings
of kitty with well distribution and identification of dealer performance for the target month with 80% and above
confidence.
 Multi- Application Model: With more than three years of data, this model can easily be leverage to any
brand/product-& similar pattern of data.
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Abstract
Blast furnaces (BFs) are the key receptacles of iron and steel smelting. In iron-making, solid raw materials,
e.g., iron ore, coke, limestone, are viciously burned and consumed from time to time, and the charging operation
needs to be accomplished by accurately estimating the current depth of the burden surface. Burden surface
monitoring is crucial to ensuring high quality steel production as it affects the optimization of charging operations
and the utilization ratio of heat and chemical energy.This work is aimed to examine the dielectric study of coke
samples for phased array radar. There are many approaches can be used to measure the dielectric materials, e.g.
capacitor methods, transmission line methods, cavity resonator methods, open cavity methods and so on. The cavity
resonator method is one of the most popular ways for measuring the dielectric materials. The absorption capability
of the coal during the process is evaluated by determining the corresponding penetration depth and reflection loss
enabling the burden profile measurement using phased array radar system. The results shed new light on the
mechanism of continuous burden distribution mechanism to enable sustainable operation practices at BF.
Keywords: 3 – 5 Dielectric constant, Coal, Burden Profile, Phased array

1. Introduction
A blast furnace is a vertical counter-current heat exchange and chemical reactor for producing hot metal. Solid
iron oxide burden is charged from top along with coke and flux, and as it descends in the furnace it is heated
up by the ascending gas and the iron oxides are reduced into hot metal by the reducing gas. In the blast furnace,
measuring the burden profile is indeed one of the most important task. Burden profile along with other ferrous
material contain iron and coal whose dielectric has to be measured to ensure proper working of the same.The upper
cylindrical part of the furnace is known as the throat and is protected by refractory brick. Below the throat, there
is the region with increasing diameter known as the shaft which extends to a cylindrical section or belly. After
the belly, the diameter decreases again in the bosh region, where the blast enters the furnace. The bottommost portion
of the furnace is called the hearth where the molten hot metal and the slag accumulate within a coke bed. The
inner volume of the blast furnace is also classified into different zones depending on the physical state of the burden
and the chemical reactions occurring. The uppermost part of the furnace constitutes of the lumpy zone, where the
burden remains solid. The iron ore, usually charged as hematite (Fe2O3) is first converted to magnetite (Fe3O4)
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and eventually to wustite1 (FeO) by the ascending reducing gas containing carbon monoxide (CO) which produces
carbon dioxide (CO2).
Microwave absorption of coal is known to be dependent on its dielectric properties. Several studies have attempted
to characterize the dielectric properties of coal. It is demonstrated that the organic fraction of coal presents low
dielectric loss, and it is essentially transparent to microwaves at room temperature. Some components with higher
dielectric loss in the coal matrix, such as moisture and some minerals including pyrite, may increase the microwave
absorption of coal. It is also reported that the microwave absorption of coal can be significantly affected by the
heating temperature. However, most published works only considered a relatively narrow temperature range
(generally <200 °C)16,17 and a detailed study on the microwave absorption capability of coal through the
characterization of the dielectric properties in a broad temperature range needs to be performed. The measurements
for permittivity have been introduced and applied since many years ago. The earlier concept of the permittivity
measurements is based on DC electrical resistance to determine grain moisture content. With the development of
microwave engineering, the measurement methods are enhancing, there are many new methods have been studied
and used in the measurement region, e.g. waveguide methods, cavity resonator methods, open resonator methods,
free space methods and so on. However, the methods shown different benefits and defects, the designer has to
understand the features of them and find out the property one to estimate the dielectric materials.
Use of radar data, which exhibit sensitivity to the dielectric and geometric characteristics of objects, weather
independent imaging capability and potential to acquire subsurface information, is one of the most promising
approaches. The coals to be charged in blast furnace may come from different sources/mines and possess different
properties. These properties include dielectric properties of coals along with their other physical and chemical
properties. These properties integrate a central role in choice of frequency for heating/processing the material, type
and geometry of applicator is best suited to processing the material and uniform will the heating of the work piece
be at processing temperatures. It also empowers to understand the change in material’s microwave absorption
characteristics during processing keeping in mind thermal runaway and thermal insulation in microwave processing
The interaction of coal with microwaves and heating of coal mass by microwave depend on coal’s dielectric
properties. Hence, these properties of coals need to be measured for determining the optimum frequency of absorption
for the phased array radar system.
Dielectric properties of the material to be measured are as follows:
 Dielectric constant (ε’): Material property which indicates how much energy is stored in material when microwave is applied externally.
 Loss constant (ε”): Material property which indicates how much energy is lost from material in form of heat
when microwave is applied externally.
 εr = ε’ – ί ε’’………eq(1)
 Where, εr is known as complex relative permittivity of material.
 Loss tangent (tan δ): Ratio of ε” and ε’, tells how much energy is converted to heat as compared to stored
or how effective is microwave heating [tan δ = ε”/ε’].
 Quality factor (Q): In context of material only (ignoring external factors in microwave setup), Quality factor
is the inverse of Loss tangent [Q = 1/tan δ].

2. MEASUREMENT METHODS
At microwave frequencies, the main aspects for affecting the dielectric losses in the materials are relating to
the dielectric properties and the radiation frequencies. Normally, the different dielectric materials will lead to the
different losses and reflections for microwave frequencies. To evaluate the dielectric properties from the different
materials plays an essential role in the microwave engineering. There are many approaches can be used to measure
the dielectric materials which are stated below.
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2.1

Parallel Plate Capacitor

The parallel plate capacitor [1, 2] is used as the test cell for measuring the
dielectric samples. The complex dielectric permittivity is gained by measuring the
change of capacitance and of conductance due to the device with and without
specimen, the fringing field affections are explained by mathematical corrections.
Figure 1 shows the measurement by using capacitor method.
2.2

Figure 1 Parallel Plate Capacitor
Measurement Method

Transmission Line

Transmission line method is suitable for the broadband frequencies,
including the arrangement slab or annular geometry, as illustrated in
Figure 2. The coaxial lines and waveguide are normally used to measure
samples [3] for the granular and liquid materials [4] and even for
materials inside a partially filled waveguide [5].
2.3

Figure 2 Transmission Line Methods

Microwave Cavity Resonators

The microwave cavity resonators as shown in Figure 3
are popularly used in measurement of dielectric constant and
permeability measurement area, obtaining the best
uncertainties [6] for permittivity and loss, which shows
approximately ± 0.2 percent in a permittivity of 2 and ±
3 percent in 100 mrad at 95 percent confidence level. This
method has an upper edge for dielectric measurements and
loss tangents over a wide range.

2.4

Figure 3. The Dielectric Material Measured by Cylindrical
Cavity Resonator

Free Space Methods

In free space method, the material to be tested are not required to specify the geometry, therefore this method
can be used to measure the materials at high temperature. It uses two antennas for transmitting and receiving, the
material is placed between these two antennas, the sample usually fixed on a slab, see Figure 5. To determine
the dielectric properties, the attenuation and phase shift are evaluated.
On the other hand, the reflection measurements are also possible for free space method [11].

(a) Transmission Measurement
Figure 4. Free Space Method
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(b)

Reflection Measurement

Table 1.1 lists some general comparisons for the above methods.

Accuracy(Low permittivity)

Accuracy(High permittivity)

High

High

Medium

Medium

High

Low

Medium

Medium

Capacitor Method
Tx Line
Cavity Method
Free Space

3. METHOD USED
For our analysis, the cavity resonator-based method has been used. Generally, the cavity resonator can be
constructed from circular waveguide shorted at both ends or built by a cylindrical metal box, i.e. cylindrical cavity
resonator [12]. The basic concept of the circular waveguide and the cylindrical cavity resonator are similar. An
illustration for the cylindrical cavity resonator. Inside the cavity resonator, the electric and magnetic fields exist,
the total energies of the electric and magnetic field are stored within the cavity, and the power can be dissipated
in the metal wall of the cavity resonator as well as the filled dielectric material. Besides, the filled dielectric material
will affect the resonant frequency and Q-value. The transverse modes used in the cavity resonators are the TE and
TM mode, which will provide the different dimensions, resonant frequencies and Q-values.
For the use of the cavity resonator, it has to be excited via the other coupling device. The energies are transmitted
from the external equipment to the cavity via the coupling device. For the TE and TM mode, the coupling devices
will be different.
The cavity has been designed and fabricated with the
material of construction being copper.
3.1

Calibration

For setting up the cavity, an initial calibration has been
performed at room temperature. Teflon rod has been used as
reference measurement and the measured values were
compared against the known values.

Figure 5. Measurement Setup

Vector network analyzer measures the change in frequency
(Δf) and quality factor shift (ΔQ) between empty cavity and
cavity with sample. These data are used to calculate dielectric
constant (ε’) and loss constant (ε”) as given by these
equations:

…………eq(2)

…………..eq(3)

Where,
fc = Resonant frequency of empty cavity,
fS = Resonant frequency of cavity with sample,

Figure 6. Teflon rods for calibration
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Qc = Quality factor with empty cavity,
QS = Quality factor with cavity with sample,

Length (mm)

Vc = Volume of cavity,

Diameter (mm)

Sample #1

Sample #2

17.8

17.8

4

6

VS = Volume of sample.

Multiple measurement has been taken using Teflon rods. The measured values of the dielectric constant for the
Teflon rods

(a)

(b)

Figure 7. Measured dielectric constant; (a) 4mm (b) 6mm

3.2

Measurement for coal sample

A clean dry GE-214 high purity amorphous silica sample holder tube (~4 mm inner diameter and ~60 cm long)
was used in each case. A thin quartz base is inserted by a glass blower partway up the sample-holder tube to
make the top of the tube into the equivalent of a long test-tube. A small hole was put in the base (~ 1.3 mm
diameter) to allow the cover gas (UHP argon) to flow up past the sample during the run.
Sample preparation and calibration techniques are often tailored to the properties of the specific samples. In
the present case, the coarse grains of coal were ground with a mortar & pestle to make a finer powder, which
was then pressed into pellets in a uniaxial press at ~ 21,000 psi. Surgical gloves or tweezers were used when working
with the clean samples to assure continued cleanliness.
The sample mass is determined before each measurement, and, along with the sample dimensions, is used to
calculate an initial bulk density.
In the present case, the runs consisted of increasing the sample temperature in steps of ~50°C up to 1000C,
and then reducing the temperature in -100C steps to 200C, then to room temperature. After each temperature step,
the temperature is held for ~ 6 minutes to allow the temperature in the sample to stabilize and become uniform.
After finishing each run, the mass was again determined (when possible) to within ±0.002 gm. The sample was
then removed from the holder, the holder re-inserted into the system, and the empty holder values measured in
100C steps up to high temperatures to test for contamination and background subtraction. A run has been done
in 100C steps up to 1400C with an empty sample holder to determine the shape of the “empty holder” subtraction
values.
Step 1: Collecting and weighing coal: Unpacking the received samples and weighing 2-5 g coal (or as required)
for pellet formation.
Step 2: Preparing mold for pellet formation: Crushing (if needed) with mortar and pestle arrangement and filling
the mold cavity with coal as shown in Figure 6.
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Step 3: Pressing of coal in mold with a manual hydraulic press as shown in Figure 7, removing pellet from
mold and collecting it in sample transportation box.
Step 4: Manual transfer of sample pellet (Figure 8) to measuring facility.

Figure 8a. Preparing mold for
pellet formation

Figure 8b. Pellet formation

Figure 8c. Sample pellet

The initial sample parameters were:
a)
b)
c)
d)
e)

diameter – 3.64 ± 0.05 mm
length – 11.5 ± 0.20 mm
mass – 0.151 ± 0.003 g
color/appearance – two stacked black rods
room temperature initial density – 1.26 ± 0.06 g/cc

The dielectric properties measurements were performed at room temperature, then in 50°C steps to 1400°C, then
in –100°C steps back down 200°C, then room temperature. The sample was then removed and the empty holder
measured at RT, 200°C, and then in 200°C steps to 1400°C. The holder was not contaminated.
3.3

Measuring process with data generation

3.3.1 Description of measuring facility
Equipment used for measuring experiment were- Copper cavity, copper samples for calibration, split furnace,
box furnace, Argon gas, gas cylinders and gas transportation tubes, mass flow controllers for gases, fused silica
sample holder, vector network analyser (VNA), LabView software, actuator for sample holder movement. The
pictorial descriptions of these equipment are given below. Their exact design and dimensions are to be procured
from MPN for in-house development in Tata steel.
3.3.2 Measurement procedure
The procedure starts with calibration with copper sample and then
with empty sample holder. Sample is then inserted in furnace for
heating. Heated sample is transferred to cavity for certain steps of time
and temperatures and VNA data collection is done. The above processes
happen in Argon atmosphere. Sample is then extracted and data is
collected in USB drive. Data for some of these steps are mentioned in
next section, where example of a coal sample (CCM-933) is given.

4. Results
Penetration depth is one of the very crucial factors when scaling-up

Figure 9 Insulated copper cavity with split
furnace mounted on it
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the MW technology for blast furnace coal processing. At the initial stage of heating, modest biomass size samples
could be processed during drying stage. However, once the temperature reaches the pyrolysis stage i.e. Between
300 °C and 500 °C, the thickness of the biomass layer can be increased due to high penetration depth at this stage.
Another technique is to perform hybrid heating by mixing biomass materials with carbon
such as char or graphite. With the help of this, large amount of coal could be processed. Certainly, the penetration
depth at 912 MHz is much higher than 2466 MHz, hence, major industrial MW system uses 912 MHz to process
large samples.

Figure 10 Measured absolute permittivity of coal sample

Conclusion
The dielectric properties of three different coal samples were measured during heating and cooling for the first
time under the pyrolysis process. The dielectric factors (always, and the loss of the element) showed a decrease
in volume during drying and pyrolysis, and a significant increase in laboratory phase values, was reflected in the
excellent nature of the material object. All types of selected biomasses were considered to be of low loss during
suspension and extraction of pyrolysis, but the MW input was significantly higher in the search phase. Therefore,
the ideal condition for initial processing will be a very large volume, with a modest fraction of the volume of
combined input. This can lead to the formation of the same volumetric equilibrium temperature. Above 400 ° C,
however, the growing biochar easily catches microwaves, and may require a completely different warming
configuration. Test errors are below the acceptable range below 450 ° C, but only increase when biomass is converted
to char (above 500 ° C). Overall, the dielectric structures and the penetration depth of biomass and biochar can
change significantly during MW preparation. The information provided in this paper can assist in designing, modeling
and modeling, controlling parameters and selecting the appropriate loading size and size under MW irradiation. It
can also help to increase the MW system in large biomass processing.
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Abstract
Even though there are many problem-solving tools and techniques, solving warranty problems has its own
challenges. This is due to difficulty in getting warranty parts, repairing by the dealer without knowing exact cause,
lack of information about usage condition, delay in getting information and inability to check certain parameters
on failed parts. There is also complexity in the causes of warranty problems. It cannot be categorized into typical
man, machine, material, method. Warranty can occur due to interaction multiple parts. It could be physical contact
of one part with other, energy or material transfer from internal parts or from external environment, degradation
of specific parts over a period of time, customer usage condition, external environment or part to part variation
due to manufacturing process.
Typically for warranty problem design team suspects manufacturing or usage. Since some are failing and many
are not failing, they consider it must be due to variation in manufacturing or usage. However, manufacturing team
believes, they are not shipping any non-conforming parts. Products are shipped after thorough inspection and
testing. All these adds more complexity as multiple agencies are responsible to solve these problems and initially
cause is not known.
Effective approach and tools include analysis of warranty MIS data using standardized approach with various
types of comparisons and trends, Specific ways of defining warranty problems using sub questions of 4W 1H
and “IS-IS NOT” analysis, usage of unique warranty clue generation checkpoints, Product Structure tree, Boundary
Diagram, Interface Matrix, 5 category of warranty causes, FTA, application of “Good – Bad Analysis” and Tukey’s
tests, Test of hypothesis, Technical observations made on failed parts combined with simulation studies etc. These
tools effectively used in warranty problem solving which are much different than usage of standard problem-solving
tools.
Systematic approach to solve warranty problem, usage of specific methods and specific tools can help
organizations to bring breakthrough improvements. Authors of this article have done extensive work in facilitating
warranty problem solving in last 10 years at multiple automotive OEMs and Tier I companies which has resulted
into significant results in warranty reduction. Over the years, various customized tools and methods are developed
by authors which has helped to solve warranty problems.
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1. Introduction
There are three basic aspects of products quality which customer looks for
1.

Product has to be safe to operate (SAFETY)

2.

It has to perform as per specifications (PERFORMACE)

3.

The performance should be same over period of time (RELIABLITY)

The first two aspects of the product quality are typically 100% tested before dispatch to customer, however
the third aspect of reliability starts as soon as the product reaches the customer and he starts using it. Any product
failure happened during the specified period (ie warranty period) results into warranty complaint and it results into
customer dissatisfaction, bad word of mouth, adds to COPQ and many more issues. And hence warranty complaints
are big pain to companies. There are continuous efforts from the organisations to reduce the warranty failures. They
achieve some amount of success however fail to do considerable reduction/ remarkable improvement in the warranty.
Following are few major reasons for the same;
1.

Lack of ownership as multiple agencies are responsible like designer, manufacturers, supplier, dealer etc

2.

Complexity/Challenging conditions in warranty problems and causes Lack of usage of structured approach
and effective tools

We will see in this paper:
1.
2.
3.

Challenges in warranty problem solving and how to overcome them
Methodology of warranty problem solving
Exclusive tools in warranty problem solving

2. Challenges in Warranty Problem solving
As against inhouse failure analysis, warranty failure analysis is a bit complex process due to many aspects such
as availability of information about conditions of usage, dealer technician’s skill level, interactions with other parts
of product, customer understanding, manufacturing variation, reliability aspect etc.
Table: 1 Difference between inhouse and warranty failure

Sr. No.

Requirement

1

Failed parts
availability

2

Product in which
part is failed

3

Failure information

4

Causes

5

Analysis

6

Validation of causes

7

Validation of
solutions

In house failure
Easily available, immediate
available for analysis, as is
condition available
Easily available
First hand info available at
Genba. It can be quick. Can be
immediately traceable.
Easily categorised under 5M
Parameters can be checked on
failed parts
Relatively easier, conventional
tools can be used
Easy, quick results

Warranty Failure
Not easily available, after failure delayed
availability, condition may get changed
Not available
Info through dealer technician, need to
depend on dealer and customer may not
report the problem or give product to
dealer immediately after failure unless it is
critical failure
5M is not applicable
Many parameters may not be possible to
measure on failed parts
Difficult, special tools required
Difficult, takes long time
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2.1

Availability of authentic real data

In case of inhouse failures, one can easily and immediately get information about how it failed, what are
symptoms, observation on failed parts etc as everything is available inside the factory. However in case of warranty
failures, as the failure has happened at customer end in the field, repair has done at service station/dealer, failure
is reported in typical format by dealer in monthly reporting (ie we get information at much later stage), getting
a real and authenticate data about the failures is a big challenge. Many times, dealer reporting is wrong, it’s vague,
not explaining
-

What is customer voice? What problem customer faced?
Whether the repair happened at service station or at roadside?
How did dealer analyzed the failure, what steps he followed to conclude the particular failure?
Any measurements done by dealer, what instruments or method used?
What are the important observations on the failed part?
What are the observations on adjacent interacting parts?

Recommendations
1.
2.
3.
4.

Organization should define detailed checkpoints to capture all the information during warranty failure.
Importance of the same should be effectively communicated to dealer technicians.
Warranty problem solving team should capture some live cases through visits or video calls as soon as
warranty is reported at dealer to know exact problem, method of diagnosis by technician, repair work
Warranty problem solving team should talk to dealer technician who is repairing or replacing the parts
from different dealers and also should talk to some of the users to understand the problems
Standardization of immediate actions and diagnosis procedure using FTA. Some fault could be due to user
understanding related. Creating clear user guidelines, pictures, does and don’ts in video form to make user
understand correct usage and can deal with some of the typical faults which customer can correct.

To understand the issue in better way, “Failed parts and Communication Flow” will give good clarity. Create
Management System Chart or Flow diagram. Clearly depict information flow and failed part flow. Some of the
questions to be addressed in flow diagram is shown in below table.
Table2: communication flow

Sr.No.
1
2
3
4
5
6

Customer

Dealer

QA

Description
When customer observes problem first? While driving or stationary
or first start of the day? What problem customer faces?
What customer informs dealer? Is vehicle brought at service
station?
What activities dealer does at service station? Write sequentially.
What equipment gauges are used?
What is dealer’s final conclusion? Under which head dealer
registers complaint in system?
Where does the failed part is sent, at service centre of supplier or
at plant?
How the failure is confirmed? Any equipment is used?

Example:
 Customer finds noise in the vehicle
 Customer informs the dealer that noise is coming while driving
 Dealer checks for source of noise – checks engine first, then drive shaft assembly, comes to conclusion that
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noise is from drive shaft
 Dealer opens the drive shaft assembly and checks whether any part is broken, any foreign material, play in
shaft. Dealer uses dial gauge for checking play. Dealer finds play to be ok. He checks bearing and finds bearing
is loose
 He then changes the bearing the play and reports as drive shaft bearing failed in the system
 The bearing is then sent to QA where analysis is done along with supplier
If there is FTA, it will be easy for dealer technician to quickly investigate the problem. Warranty team can
create such FTA along with design team and train dealer
2.2

Availability of failed parts

Availability of failed parts in sufficient numbers is very much essential for analyzing and solving the problem.
As against inhouse problem solving, for warranty issues, however many times
a.
b.
c.

Very few parts are available – because the failure rate is less and hence failure is not that frequent in
field
No part is replaced – in field, only rework is done and no part is replaced. Hence there is no part available
for analysis
Parts get damaged during transport while receiving

Recommendations
1. Right in the beginning, Identify the dealers where the particular issue is reported most. Inform the dealers
in advance about the project being undertaken and ask them to carefully pack and send the failed parts to
QA dept.
2. To get more information on failure, in case of less samples or In case of only repair work, make a check
sheet for dealers which should be filled when complaint is reported. Check sheet to include
a.
b.
c.
d.

all relevant information related to the repair
ask for the measurements and the method to measure, if any
clarifications of voice of customer and dealer’s observations
Visual observations on problem area and adjacent area
Table3: Dealer firsthand information check sheet example

Part name:
Part no.:
Model:
Sr.No.

Inner / outer bearing
Dealer name: ABC,
32xxM23980
Date: 12.05.2017

1

Any noise from wheel?

2

IS axial play measured? How? What
are readings?

Vehicle sr. no.: 0123456
Dealer observation
Remarks
Yes, abnormal noise heard from wheel
end
Yes, play measured by dial gauge.
0.18mm

3

What are visual observations on
bearing after dismantling?

Bearing seen with pitting marks,
bearing was broken

Any oil leakage observed?
Was grease present? How was
condition of grease?

Yes , oil seepage from the oil seal
Grease present but with lot of
contamination, metal parts observed

4
5

XYZ
Description

3. In case of only repair work: get photographs, videos of the reported part. Visit the service center and observe
the reported part thoroughly
Observation on failed parts: Observe each part very carefully and note all the observations
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Table 4: Failed part observation example

2.3

Sr.No.

Failed part no

1
2
3
4
5

1234
5678
9012
1345
6789

Rust on
shell
●
●
●
●

No grease

Grease
decolouration

●
●
●

Pit marks

Crack

●
●
●
●

●
●

Technical knowledge plays important role
The failure analysis of warranty part has to be done in all angles ie
-

Its design and adoptability to the usage, environment, overload etc
Manufacturing variation
Interaction with other parts
Past history of similar design and product

And hence thorough technical knowledge and understanding of the part functionality is necessary in analysing
the failure.
If the part design is proprietary design, then it’s further complicated as the design information is available with
supplier only.
Recommendations
The CFT for the problem solving should include all the relevant people for example persons from R&D, Supplier
quality, supplier design, QC, Production, Service. The service person is very important to represent the customer
usage, dealer technician’s representation. In case of proprietary design, if the design is from parent company outside
India, then include the concern design person from that country.
2.4

Effective functioning of CFT

The CFT should be multidisciplinary as explained above to have all expertise and knowledge available for the
project. However due to varied people from different companies (supplier/ overseas partner) being part of team,
it also becomes challenge to have smooth and effective functioning of the team.
Recommendations
For this, it must be very clear in the beginning that “What to Do?” and “ How to do?”. If it is clear, then
i.

detailed planning can be done with who will do what and by when. If this is made in the beginning and
communicated, then each member can do his work independently.

ii.

Also there has to be structured review meeting within team every week and with the mentor once in 15
days. The team leader plays extremely important role in this.

2.5 Duration to verify effectiveness of actions
After cause validation and identification of improvement solutions, the next action is the verification of the
effectiveness of the solutions. If we implement the solution and send the improved product in market and wait
for the results, then it will take lot of time to get feedback. If you want to see effectiveness in 3MIS, then it will
take at least 6 months to get feedback, if it is 12 MIS, then it will take 15 months to get feedback. And if the
solution is not effective then all the efforts and wait period is wasted.
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How to check the effectiveness in house
i.

Inhouse testing: Discuss with R&D and Identify the test which was done while realising the part/product
first time during initial development. Conduct the same test on improved part/product till failure. At the
same time, conduct the same test on old part/product till failure. Compare the results. The cycles/time
covered by new part should be significantly larger than that of old part. The cycles/life obtained in house
testing of old part/product can be related to avg life of failed parts and accordingly the cycles/life obtained
of new part can be confirmed to have increased life.
Some of the tests can be conducted by conducting actual application in test lab by manual arrangement.
For eg Electrical switch operation – on off operation ,
Holding clips in a mixer grinder jar dome – clamp declamp
Vehicle door - close and open
Door lock – lock and unlock

ii.

Simulation testing : If the time for lab testing is too high or not possible to conduct lab test of new part,
then use CAE analysis to confirm the effectiveness of improvement.
Example: Buckling failure in field

Fig.1 Failed part

i.

Fig.2 simulation with current
design

Fig.3 simulation with new design

Accelerated testing: Many times the time required for completing test as per standard test conditions is very high.
Hence to check effectiveness of improvement will take excessive time and will delay the implementation. In such
cases Accelerated testing will help to reduce the test time. This should be decided after discussing with R&D.
Example: A lead acid battery test cycle is
discharge at 10 A
Discharge time 2 min
Such 5000 cycles to be completed.

Charge at 2 A

Charge for 12 min

Now this test will require 48.6 days to complete the required 5000 cycles, even if we run 24 hrs test. This time
duration is too high with respect to overall project timeline. Hence accelerated test cycle can be run with following
parameters
Discharge at 20A Time 1 min Charge at 4A Time 6 min
This will bring down the time to 24 days.
2.6

Clarity about the Problem

It’s very important to have absolute clarity about the problem one is solving. The warranty problem is reported
from many sources, there is dealer report, service engineer may talk something, dealer technician opinion is different,
Sales people may talk something etc etc. And hence at the beginning, one has to clearly define the problem. A
standard 4W 1H is required to be modified to get deeper understanding of the problem
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Table 5: Modified 4W1H table

What

What is the problem?
What has the problem? (part no, Lot no, etc)

Actuator Noise
ABC model

What is the impact of the problem? (money,
people, time, etc)

Customer hears abnormal noise during usage of car
locking, has to bring the car to dealer to replace
actuator

Where is problem located on Product/Part?
Where does the problem occur in the process?

Where

Where was the problem observed in the process?
When was the problem first noticed?
When has it been noticed since?
Who is affected by the problem?
Who first observed the problem?
To whom was the problem reported?

When

Who

How

How much is the problem / impact of problem?
How is the problem being rectified / corrected?

Actuator gear noise
Process unknown
Not observed in the process, observed only in the
field
After 3 months of launch of new ABC model
Jan-2018
Car user, Vehicle OEM
Car owner
Dealer, dealer to OEM and OEM to plant
8 per 1000 vehicles, Warranty cost per vehicle is
5 rs and overall 2,00,000 INR warranty pay ut
By replacing the actuator

3. Unique Methodology of Warranty Problem Solving
It is said that : In problem solving, If you start with clarity, the clarity increases exponentially as you proceed
, but if you start with ambiguity/confusion, the ambiguity/confusion increases exponentially as you proceed”. And
hence the methodology of warranty problem should be crystal clear in the beginning itself.

Table 6 : Warranty Methodology and tools

Sr.No.

Steps

Activity

Tools

1

Problem definition

Define the problem as detail as
possible

Expanded 4W1H

2

Past data analysis

Collect past failure data, trend
analysis, stratification

Stratification, IS IS not analysis, 2p
test, chi square test, Vertical
Analysis

3

Current process analysis

Genba audit of current process

3G, Quick win analysis, Exclusive
Warranty clue generation
checksheet

4

Causes Identification

Brainstorming, technical knowledge
application to identify possible
causes

Product Structure tree, Boundary
Diagram, Interface Matrix, 5
category of warranty causes,

5

Cause validation

Conduct different tests to check
whether identified causes are
creating failures

Tuky’ test, hypothesis test, good
bad analysis, simulation tests CAE

6

Solution identification,
implementation and check

Identify improvement solutions for
the validated causes and finalise

Pugh matrix, CAE,
MEOST(accelerated tests)

7

Control

Establish controls over the changes
made in process/product

Control charts, Audits
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4. Exclusive tools in Warranty analysis
4.1

Is Is not analysis:

It is a tool to have logical comparison between conditions in which problem exists and conditions where problem
does not exist. The conditions where problem exists can be further detailed in





WHAT– the identity of the deviation we are trying to explain
WHERE– the location of the deviation
WHEN– the timing of the deviation
EXTENT– (how much)- the magnitude of the deviation

This is explaining present condition ie IS condition Identifying a unit that COULD BE failed but IS NOT
The locations at which failure COULD BE observed but IS NOT Such data would give us what we need to conduct
an analysis: a basis of comparison.
Once you have IS and IS not conditions, identify the distinctions which separates these two conditions of IS and
IS Not. This will start revealing the clues about the cause of the problem.
Then ask questions about changes. When we ask the following question of each distinction, “What changed in,
on, around, or about this distinction?”, we are going straight for the changes capable of suggesting cause.
4.2

Stratification Analysis of failure data
Stratification analysis uses the past failure data to understand the underlying information about failure pattern.

4.2.1 Stratification Analysis for warranty defect XYZ: in this analysis , we analyses the failure trends of particular
defect XYZ, of different products at different stage of product life cycle ie Design Validation, Manufacturing, Final
inspection, Customer and Warranty
Table 7: Stratification analysis for defects stagewise

Inference
•

Product A
Validation is able to capture failures and necessary actions are taken
Manufacturing process is able to catch defect at same stage avoiding defect pass to final inspection
Warranty and customer complaints are Zero – which is good

•

Product B
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Validation is able to capture failures and necessary actions are taken
Manufacturing process is able to catch defect at same stage, but some of the defects are also passed to final
inspection
Final inspection and design validation is effective, so no customer complaints or warranty failures
•

Product C
Defect is passed to the customer, final inspection is not effective

•

Product D
Design validation is not effective to meet customer usage pattern or wrong application of product

Remarks:
This analysis gives us complete picture about system lacuna for each product, which process requires improvement
so as to prevent warranty complaints. It is best to capture failures in early stages of product cycle so that failures
in warranty will be avoided. Further analysis can be done as follows:
•

You can do stratification analysis of data for 1 specific product with different failure modes (defects)

•

Specific defect

This will give answers to following questions:
•

Validation is effective to catch which defect and not able to catch witch defect?

•

Manufacturing process is cable to catch which defect, not able to catch which defect?

•

Final inspection is able to catch which defect and not able to catch which defect?

The aim is to improve the early detection of all failure modes.
4.2.2 Stratification Analysis for Warranty data: In this analysis, we analyses failure trend of different products at
different stages ie inhouse and at different warranty periods
Table 8: Stratification for warranty

Inference and questions for analysis
 Product A : Defects are detected in warranty, not detected during design validation and manufacturing, failure
increases after usage
Why degradation happening faster than, design validation? May be design validation is not considering more
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than 12 months in service. So if warranty period is more than 12 months, then lot of warranty complaints
are going to come. To improve the solution, one must look at the validation tests and its specifications. If
the test cycles specified are 1000 nos., then its not sufficient for more than 12 MIS as warranty. One needs
to first conduct validation tests till failure, compare the cycles with warranty failure period. Then define how
much cycles it should pass in validation tests to ensure no failures in 24/36 MIS. The next step is to improve
the design in terms of material/tolerances/dimensions etc so as to make it robust till 24/36 MIS. In short, this
is improving its reliability in field.
 Product B: Defect which can be detected by customer is passed.
Why we could not detect at final inspection? How can we improve our inspection and align our inspection
inline with customer expectations. Here either the acceptance criteria at final inspection and at customer end
are different or the final inspection stage is not enough capable to detect the defects. If the criteria are different,
then we need to align the final inspection stage according to customer expectations OR need to educate customer
about the acceptance levels. In case the final inspection stage is not enough capable to detect the defects, then
one needs to improve the stage by providing advance instruments, providing training to inspection operators,
providing limit samples etc.
For the warranty failures, if the gap between 3MIS and 12MIS/24/36MIS is not large, then the failures due
to usage are negligible(reliability) and focus on manufacturing inefficiencies. However if the gap between 3MIS
and 12MIS/24MIS is more than double then the reliability failures are prominent. One need to look into reliability aspect also.
 Product C: Failures in early usage
Why early failures? What are the defects in product which can lead to early failures? Failure in 3MIS are
generally due to manufacturing defect like assy issue, defective child part, wrong/loose fitment etc. These defects
could have been detected at final inspection stage. One needs to strengthen the final inspection stage to include
detection of these defects.
 Product D: Failures in design validation
What are the lessons learnt? What kind of lessons learnt which needs to be considered while designing next
product to do design right first time? – Its always better to have maximum failures during validation so that
one can take action and prevent future failures. These improvements are mostly design related and should be
taken forward in new designs
4.3

Clue generation

The past data analysis reveals lot many information about what has happened and hints about possible
differentiating factors related to warranty failure. In fact it gives important clues to work further. A comprehensive
clue generation check sheet helps in this regard.

Table 9: Warranty clue generation
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The answers to these questions give insights for next step of analysis.
If the answer to question no.6 ie “whether it is dealer specific “ is yes and showing 1 or 2 dealers having
significantly higher failures than other dealers ( dealer wise stratification), then the focus should be on those dealers.
Next analysis should include questions like -Why only these 1-2 dealers? Are the usage conditions significantly
different there? Are those properly trained to analyse this failure? Whether they are booking with wrong intentions?
IF the answer to question : “Whether problem reappearing after replacement of parts?” is Yes, then need to
conduct “ repeat complaint analysis”
Table 10: Repeat complaint Data

Chasis no.

1st complaint
KM

1st complaint repair
details

2nd complaint
KM

2nd complaint repair
details

If the repeat failure % is more than the original warranty failure %, then it is quite clear that only part replacement
is not the solution, rather one needs to study in deep to identify other interacting parts which are creating the problem
4.4

Cause identification

Unlike inhouse failure analysis, where during cause identification, 6Ms are used ie causes are identified under
6 heads such as Man, Machine, Material, Method, Mother Nature, Measurement System, in warranty problem solving
the causes are identified under 5 different heads they are
1.
2.
3.
4.
5.

Part to part variation due to manufacturing process
External environment (road conditions, temp, dirt, dust etc)
Degradation over period of time (natural wear)
Customer usage condition
Interaction effect with other parts(physical contact of one part to other, energy or material transfer from
one part to other)
A systematic methodology is followed to arrive at the causes under these heads.
Table 11: Cause identification steps

Step no.

Step

Activity

1

Product Structure Tree

Identify parts in assy/ subassy under consideration

2

Item Function Worksheet

Identify functions and failures of part under consideration

3

Boundary Diagram

4

Interface matrix

5

Parameter diagram

Define physical and logical relationship between part under
consideration and other parts in subassy with which it may interact
Quantify system interactions – physical contact/energy/material/
information transfer
Identify causes under 5 heads

Five types of noise factors :
1.

System Interactions – with external systems outside boundary or sub-systems within boundary

2.

Deterioration (Wear & Tear) – e.g. brake shoe wear

3.

Customer Usage – e.g. wrong application, overloading, etc

4.

External Environment – e.g. high temp, mud splash, humidity, etc
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5.

Assembly / Manufacturing Variations – e.g. wrong assembly, improper torque, uncontrolled tolerances

5. Cause Validation
A systematic approach towards cause validation can be defined as follows

Figure 4: Flow chart for warranty

5.1

Good bad analysis ( Tuky’s Test)

When the SSVs are measurable on the failed part. For example, they are product characteristics eg hardness,
dimension, yield strength, chemical composition, we can use this test to check whether the SSV is real cause or
not. For this test,
Example :
Y = Gear teeth

breakage

X = hardness of gear

Gear No.
3
4
8
1
9
16
5
11
7
6
12
2
15
10
13
14

Hardness
50
52
53
55
56
56
57
57
58
58
58
58
59
61
63
63

Condition
Good
Good
Good
Good
Bad
Bad
Good
Good
Good
Bad
Bad
Bad
Good
Bad
Bad
Bad

Top count – 4
Bottom count – 3
Total Count – 7
Conclusion: Valid cause

Figure : 5
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5.2

Test of hypothesis

In analysis phase , we are identifying SSVs and trying to check whether these SSVs are really cause or not.
So we are testing our hypothesis of those SSVs. Test of hypothesis is a statistical tool which helps us to take
this decision.
There are different hypothesis tests are available, t tests for comparing averages, variance tests for comparing
variances, p tests for proportions…
Example: Y = bearing failure (commercial vehicle)
SSV = Dusty environment of operation
Suppose the product is used infield in different environment due to application purpose, such as highway
application (not such dusty environment), mines to transport coal etc (extremely dusty environment). We can use
test of hypothesis to check whether the failures in both applications are same or mines application is significantly
high.
Suppose ‘P’ represents proportion failure, then
Null hypothesis Ho : P mines = P highway
Alternative Hypothesis Ha: P mines > P highway
Apply 2P (2 proportion) test using Minitab software(software for statistical analysis), you get ‘p’ value. If this
‘p’ value is <0.05 (significance value- decided by management to take a decision, generally 5%, ie 0.05), we reject
the null hypothesis and accept alternate hypothesis. If ‘p’ value is >=0.05, we do not reject null hypothesis and
accept it.
Example: See data below
Highway
application

Mines
application

Vehicles sold

5020

2212

Bearing failures
reported

164

55

The p value is 0.03 (<0.05)which implies to reject null hypothesis and accept alternative hypothesis. Our practical
conclusion is that field rejection in mines application is significantly higher than that in highway application.
Subsequently, the SSV, dusty environment is proved to be cause for the failures.

Practical implementation
The method and tools explained in this paper are being covered in our flagship training program of Six Sigma
Black Belt. The program runs for 15 days to 20 days depending on various tools needed for warranty and other
problems. It is being implemented in many OEM and tier1 companies for last 7 years. The effective implementation
has helped them in huge cost savings per year with drastic reduction in warranty failures. An exclusive 4 days
training program for warranty problem solving is also conducted along with coaching for various warranty project
applications.
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Conclusion
It is rightly said that: In problem solving, If you start with clarity, the clarity increases exponentially as you
proceed, but if you start with ambiguity/confusion, the ambiguity/confusion increases exponentially as you proceed”.
This paper is aimed to draw attention towards the complexity involved in Warranty problem solving and the
requirement of exclusive steps, methodology and quality tools to solve them. As in warranty most of the time buck
is passed from manufacturing to design to supplier quality to customer, the exclusive way of warranty problem
solving explained in this paper is expected management to understand usage of structured approach and effective
tools to solve warranty problems.
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Abstract
Purpose – The purpose of the research paper is to find out the most suitable measures to find the effectiveness
of any e-learning program .E-learning has gained importance in COVID-19 Pandemic.
Design /Methodology/Approach – The research design is Descriptive design as data is captured using a Questionnaire
.The research Type is Explanatory to find out the reasons for non accomplishment of ideal outcomes ,Co -relational
to find out the correlation between expectation fulfillment and factors such as familiarity of concepts and
Descriptive to study and describe various virtual learning platforms and their basic features .Correlation and
regression are used in the process .The e-learning programs were conducted by Indian Society for Quality
.Hypothesis testing is done to test some new ideas related to teaching methodology .
Findings - Effectiveness as described by (Cowan) is the ratio of actual outcome to the possible ideal outcome
.Another idea which is used is ideal inputs and ideal processes result in ideal outputs .So , achieving general
and psychological principles of teaching during lecture should ideally result in better cognition .Student awareness
on a topic to be taught should result in reinforcement of concepts and teaching goal attainment level should move
from awareness level to memory level (remembering of concepts) to understanding level (generalization of concepts
and application is possible ) to reflective level (formulation of hypothesis is possible to test new assumptions )
.
Practical implications – The paper gives insights on what may be assessed in inputs, outputs and process stages
to find out the effectiveness of the program.
Originality/Value – The existing literature on effectiveness of a training program is based on perception/evaluation
of the participants about a classroom based training program .The effectiveness questionnaire designed to capture
perception included points on assessment of students, level attained after training ,teaching and psychological
principle attainment ,teaching components effectiveness and what were probable reasons of shortfalls .
Keywords: Effectiveness, Diagnostic, Formative and Summative Assessment, Memory, Understanding, Reflective levels
of teaching
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1. Introduction
Corona Virus is spreaded across the globe and the cause of the virus is still not known .Across the globe some
preventive measures are taken to protect people from further spread and among these measures is the one taken
for school and college going students which ensures that their education continues through online mode .The impact
of the pandemic has been on the following –
1. Fuel consumption has reduced across the globe because of enforced lockdowns and restrictions
2. Imports and Exports are reduced by countries and India is aiming self reliance .Countries like India (11%),
Vietnam (10%) ,China (17.6%) , South Korea (33%),USA(8%),Japan (15%) earn the GDP percentage shown
in brackets from their exports .Some of these countries are already showing negative export growth rate.
(Sriram, 2020)
3. Personnel/Personal Protective Equipments has emerged as a new industry (Ramesh)
4. Work from home culture has increased
5. Manufacturing sector has suffered because of reduction in purchasing power of people and it’s inability to
continue production
6. Tech Giants like Microsoft , Amazon ,Facebook , Apple, Alphabet have shown revenue growth in USA
7. Retail bankruptcies have risen eg: JC Penny , True Religion etc.in USA
8. Learning Management platforms and Learning Management Systems have emerged
9. GIG Working- ( Short term fixed tenure employment ) based on Industrial Working Standing Orders Act
has increased
10. Unemployment rate has increased across the globe .

Figure 1. Impact on informal employment in different types of countries

Figure 2. Unemployment Rate in India in % (Unemployment Rate in India)
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11. Losses incurred by various sectors as reported by Society of Indian Automobile Manufacturers ,National
Real Estate Development Council Report ,KPMG International , CRISIL , Federation of Associations in Indian
Tourism and Hospitality (FAITH) are shown in the figure below .

Figure 3. Sector wise losses incurred by the worst hit sectors (Impact Of Covid-19 On Indian & Global
Economy | Info Corona With Rajdeep Sardesai)

12. According to (Impact Of Covid-19 On Indian & Global Economy | Info Corona With Rajdeep Sardesai)
India’s GDP forecasts by Moody’s investor service has declined from 2.5% to 0.2% for 2020-2021and Fitch
rating estimates have reduced from 5.1% to 2% .
13. Relief packages are announced everywhere and India has announced a COVID STIMULUS package of 20
lakh crores which is approximately 10% of the Gross Domestic Product .It will focus on farmers ,labourers
middle class , MSME’s .
14. Prior to Pandemic online teaching had gained popularity because of its ability to overcome barriers of time
and access as students who have access of internet can attend classes from anywhere and anytime in form
of recorded /live lectures. (Sudevan, 2020) has stated that after pandemic online teaching has become the
need of the hour .India comprises 320 million of the learners affected by pandemic .According to UNESCO
estimates 1.26 billion of world population is affected by school closure which 72% of the world’s student
population . (Choudhary & Sharma, 2018) stated that smart classroom method is expected to grow at a CAGR
of 20 %,number of internet users is about to increase from 460 million to 635.8 million and online Higher
Education market is expected to increase from 33 to 184 million US Dollars by 2021.
The Government aims at equity, access, excellence, value based education, relevance , quality of education but
in the present scenario the digital divide prevalent in India is a real challenge and emerging from it is another
challenge of stress management .Already some students have committed suicides in India because they were
concerned about their education because being poor they did not had access to online resources .
Table 1. Digital Divide in India (Numbers from Key Indicators of Household Social Consumption on Education in India report ,
2017-18) (Sudevan, 2020)

Rural Households
Urban Households

With Computer (in %)
4.4
23.4

With Internet (in %)
14.9
42

2. Literature Review
The number of articles reviewed –
The literature was reviewed with a view to understand what is essential for mapping the effectiveness of online
training programs and the reviewed literature was classified in 6 themes .
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Figure 4 Number of articles reviewed under various themes

2.1

Measures of effectiveness in empirical studies

Two kinds of definitions were observed .The first kind are the general definitions at the institute , program,
training level and the other type are defined based on the outcome achieved in specific type of training program.

Table 2 Definitions of effectiveness based on empirical studies

S.No
1

2

3

4

Author
(R.Krishnan)

(S.Poornima &
T, 2013)

(T, 2012)

(Trakru & Jha,
2019)-Shank

Training Program

Definition based on outcome of specified training program

Entrepreneurship
development
Program

Training is effective if the trainees launch their own enterprise
within a specific duration (eg:6 months).

Employee
development
program

The program is effective if participants perception is that they
are satisfied with respect to duration of the development
program ,development modules ,resource person ,development
programs provide an opportunity for exchange of experience
and information ,content and topics were covered within
scheduled timeframe ,feedback towards development modules
were considered, efficiency in the job improved after the
program , gives job satisfaction ,helps to reduce difficulties
during work and there is improvement after the development
program .

Training for State
Bank of Mysore
Head Office staff

The program is effective if employee perception is that
employee efficiency on job increased, it helped in improving the
interpersonal skills, technical skills, it reduced the difficulties at
work, it improved the participant, the participant did not face
any difficulties in applying the skills, knowledge acquired
during the training program to practice, it increases the ability
to take quick decisions, it gives job satisfaction.

E-Learning
effectiveness

Measures of effectiveness of external e learning training
programs are 1.learning gains with respect to student
performance 2.examination test scores 3.course completion rates
and these provide an overall indication of course success with
respect to students.
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Life skills
program
effectiveness

Effectiveness is defined as the improvement in the mental health
of participants that is improvement in the ability to cope up with
stressors(studies , exams, expectations of parents and teachers)
in life, systematic way of doing work to avoid unnecessary
tension, efficiency to handle and manage emotions.

(Chhadva &
Kacker, 2013)

Life skill
effectiveness on
adolescents

Effectiveness was measured based on the statistical tests to find
whether there was a significant difference in social etiquette and
communication,self esteem and hyigiene, participant knowledge
on life skills ,self care , non turbulence, social contact,
communication and responsibility ,anxiety state.

6.1

Marlow Svatek
2012

Life skill
effectiveness on
students in a
village

Effectiveness was measured based on it’s impact in reducing
dropout rates from schools and spreading awareness on issues
like reproductive health,disease prevention ,future planning and
self esteem.

6.2

Tahereh
Mahdevi

Life skill
effectiveness on
students in a
village

Effectiveness was measured based on it’s impact on happiness,
quality of life, emotional regulation and hence whether
significant on psychological health,social relationship and
physical health .

6.3

Botvin, GL,
Baker E,
Dusenbury L,
Botvin EM, and
Diaz T (1984

Effectiveness of a
drug abuse
prevention trial

Effectiveness was measured by reduction in the usage of
alcohol, smoking, drugs like marijauna, delinquency and crime.

6.4

Griffin KW,
Botvin GJ,
Nichols TR and
Doyle MM

Effectiveness of
universal drug
abuse prevention
approach

Effectiveness is measured for youth who are at high risk of
substance use initiation

6.5

Griffin KW,
Botvin GJ, and
Nichols TD

Effectiveness of
universal school
based prevention
approach

Effectiveness was measured with respect to preventing youth
violence and delinquency .Effectiveness was also mapped in
terms of reduction in decreased verbal aggression, physical
aggression, fighting and delinquency.

(BYadav &
S.Pingle, 2016)

5

6

2.2

Theoretical grassroots of effectiveness

Figure 5. Scope of defining effectiveness from institution to teaching aid type used during training
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Figure 6. Assessment of educational effectiveness process as per ISO 21001 (232, May 2018)

2.2.1 Theoretical Definitions of effectiveness
Table 3. Theoretical definitions of effectiveness

S.No

Author

Level

General Definitions defined at the level specified

1

(Worku,
2019)

Teaching Aid

Effectiveness means the extent to which media plays a role for learners
to bring changes it is supposed to that is to facilitate better understanding
during student’s learning as a result of using the medium.

2

(Cowan)

Applicable for
all levels

Effectiveness is the ratio of actual outcome to possible or ideal outcome.

3

Alfred et al

Institute

Ability of an institution to match its performance to established purposes
as stated in its mission .An institution is effective when results produced
match its mission within limits of costs and resources.

4

Midlands
Technical
College

Institute

An internal process of planning and evaluation that is intended to ensure
that the college’s performance matches it’s purposes, a global process
that uses assessment strategies to demonstrate accountability.

5

(232, May
2018)

Educational
Organizational
Management
System

Extent to which planned activities are realized and planned results
achieved.

2.2.2 Definitions of learning
According to (Chris Watkins, 2002) Learning is that reflective activity which enables the learner to draw upon
previous experiences , to understand and evaluate the present to formulate new knowledge and to shape future action
.The definition does not specify anything about teachers, facilitators and peers and prior conditions of the learner
(circumstances around which learning happens ,what is to be learned and the previous beliefs of the learner ).
Significant prerequisites of learning are student engagement, motivation and attendance according to (Trakru & Jha,
2019).
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2.2.3

Constituents of effective learning

Figure 7. Constituents of effective learning

2.2.4 Definitions of Training as given in (T, 2012)
1. Training is the act of increasing the knowledge and skill of employee for doing a particular job .
2. Training is a short term educational process by which employees learn technical knowledge and skills for
a definite purpose and utilize a systematic and organized procedure .

Figure 8 Teacher related essentials belonging to educational technology

244

Figure 9 Learner related essentials belonging to education technology (Chris Watkins, 2002) (Gardener)

The learner characteristics like learning style mentioned above plays an important role and the ways to map
these are many but their validity and reliability are not known . One of the ways to find out the same is through
Dermatoglyphics Multiple Intelligence Tests mentioned by (A.Valdez & Pathak, April 2014) and the other is using
Howard Gardener Model given in (Gardener).
Elements of teaching are teacher , teaching methodology , learner , instruction material and virtual platform
according to (Mangal & Mangal, 2018) .However apart from instruction , construction and co-construction are 2
other ways of gaining knowledge and hence the material for construction and co-construction will also vary .
Table 4. Difference between instruction , construction and co-construction (Chris Watkins, 2002)

Instruction

Construction

Co-construction

Tasks

Input and output tasks

For processing and
understanding ,synthesis

Generating knowledge

Resources

Teacher chosen resources

Student’s experience is a
resource

Access to world of resources

Social Structure

Teacher to many

Individuals ,pairs & groups

Changing groups , networks
& linkages

Role

Teacher as a teller ,organizer
& judge

Teacher as an enquirer

Teacher as a learner too

Time and pace

Teacher controls time and
pace

Longer time blocks , student
paced

Time has relevance

There is a difference between learning in a school or college and learning outside as the difference is listed
below.
Table 5 Important features of learning within an institute and learning outside (Chris Watkins, 2002)

Learning in an institute

Learning outside

Second hand learning as transmitted through a faculty

First hand learning

Influence of organizational culture is on the learning

Influence of society culture is there which is a wider
concept than organizational learning

Motivation is needed

Self motivation is there
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Assessed by others

Self assessed

It has a formal structure

It has few structures

Decontextualised (Not
surrounding an event )

related

to

circumstances

Tends to be individualistic

2.3

Has real context as realistic problem based learning is
there
Is co-operative /shared

Understanding E-Learnings

2.3.1 Definitions of E-learning
Year

2003

Author

Definition

Welsh

E-Learning or Electronic Learning is known as instructional content or learning
techniques eased by electronic technology and it aims at increasing the expertise
, overall knowledge and productive capabilities of the learners in a global
situation .
Web based learning that involves integration of internet with learning.

2003

Stockley

E learning as the means of delivering of a training or education program by
electronic means i.e.use of a computer or electronic device such as mobile phone
in some way to endow (give someone your property or leave it to them in your
will ) training ,education or material for learning .

2.3.2 Various initiatives in e-learning are –

Figure 10 E-learning initiatives in India
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Figure 11. MHRD & NME-ICT initiatives (Choudhary & Sharma, 2018)

Figure 12. Initiatives under Digital India Mission

Figure 13. Logos of some Indian initiatives

The major challenges in the e-learning development in India are lack of awareness ,unavailability of qualified
teachers, accessibility to digital infrastructure (internet penetration is only 15%) ,Lack of good quality e-content
.Other challenges are –lack of motivation among students ,absence of country wide policy for online education
,insufficient private players and digital illiteracy .
2.4.1 Teaching Methods/Methodology
Teaching methodology have evolved over the years .
During literature review one article was related to the FC method which was analysed while teaching
undergraduate medical students and some positive and negative views emerged which are shown below .In FC
method students are sent the instruction material in advance and then only selective topics are discussed based on
student recommendations and faculty choice .
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Feature

Traditional
Classroom

Traditional Classroom
with Transparency
based projector

ICT Enabled Classroom

Computer with Virtual
Platform and Power
point/Online Board

Indus Man Machine
Collaborative Learning
- Robot as a teacher
in class

Instruction
al Aid

Blackboard and
Chalk

Projector with
transparency

Computer and
Projector and Power
Point

Not required as
Virtual Blackboard
and pen is used

Robot Assists teacher
in Classroom

Internet
Required

No

No

Yes

Yes

Yes

Class is
attended
at

College /University
based classroom

College /University
based classroom

College /University
based classroom

Virtual Classroom

Classroom

Multimedia
is used

Can’t be used/ Hard
copies required

Can’t be used /Hard
copies required

May/May not be used

May /May not be
used

Yes

Eye strain

To some extent

To some extent

Lesser than virtual
classroom

Yes

To some extent

Classroom
is
designed
by

Architects

Architects

Architects

Software /IT Experts

Architects

Fuel
Savings

No

No

No

Yes

No

Recording
is possible
without
any
additional
setup

No

No

No

Yes

No

Figure 14. Evolution of Classroom teaching over the years (Teachers as robots)

Figure 15. Positive findings related to FC Method (Anand, 2019)
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Figure 16. Negative findings related to FC Method (Anand, 2019)

2.4.2 Teaching aids
Power point is one of the most important teaching aid which is an integral part of traditional as well as e-learning
teaching method .

Figure 17. Effectiveness of powerpoint presentations (Worku, 2019)
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2.5

Education Technology Essentials
The 3 levels of teaching as defined in (Mangal & Mangal, 2018) are shown below .

Table 6. 3 levels of teaching

Memory Level

Understanding Level

Reflective Level

Involvement of least thoughtful
behaviour

Falls in between , requiring the
involvement of the thought
behaviour in a moderate reasonable
amount

Involvement of higher cognitive
abilities and most thoughtful
behaviour .

Learner does not use thinking power
, reasoning power , doesnot care
about understanding of meaning and
their application .The whole effort
revolves around the acquisition of
factual information and gaining
knowledge through rote learning .

Use of one’s thought processes and
cognitive abilities takes place like
reasoning power , thinking power ,
imagination power , analysis ,
synthesis , comparison , application
, generalization , drawing inferences.

Learners carefully and critically
examine existing facts , ideas ,
insights and generalizations .

Chemical symbols, data and
sequence of historical events are
mugged up by students .

Students can identify relationship
between individual facts and
principles generated out of these
facts .

Learners are free to set
independent hypothesis , draw
their own conclusions , learn
new facts and have new insights
.

2.6

Factors that contribute to enhancing teaching learning digitally

The paper (Tewari & Birla, 2018) explored the impact of faculty’s digital skills on the learning experience of
students generally and specialization wise .Digital literacy means the ability to use ICT to find , evaluate , create
and communicate information requiring technical and cognitive skills according to (Digital literacy).It has large
number of positive impacts as it enhances the communication , interaction , problem solving, accessibility and
feedback of students . The good communication , interaction and accessibility facilitates teaching/learning experience
of students .
2.7

Emerging premises during the literature review

Table 7. Premises which were studied during Literature Review (Confucius) (Chris Watkins, 2002) (Ashutosh Muduli, 2018) (Worku,
2019)

Author

Year

Premise

2019

Use of ICT based multimedia is premised on the assumption that learners
attempt to build meaningful connections between words and pictures and
they learn more deeply than they could have with words or pictures alone.

(Ashutosh Muduli,
2018)

2018

The current study is based on the premise that the better the fit between
learning style of the learner and the instructional methodology adopted by
the instructor , the more favourable the learning outcomes .

Author

Year

Finding

Boumedyen (Trakru
& Jha, 2019)

2011

Classes that incorporate use of software and computers while teaching has
significant effect on marks even without taking online examination .
Marks obtained by those students who use multimedia in the classroom even

(Worku, 2019)
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Author

Year

Premise
if no software is used and the students correspond with the trainer through
email and appear for online examination is higher than the students for
whom multimedia was not used .
Marks scored by those students was the best who were neither taught
through books in the classroom nor with the help of physical models but
instead were taught with the help of a software and the students
communicated with the instructor on mail .
Teaching without the use of books gives better results and also improves
the performance of the students .

General
Kiboss
Wekesa
Kiboss and Ogunniyi

Zarabian

2000
2003
2005

Students who have used web based e-learning programs have made better
progress in dictation as compared to the students who have used the
traditional method .

2010

Concluded that to enhance student’s dictation learning quality , planners of
education must channelize their efforts to design web based programs and
integrate the curriculum with computers and the internet .
So,E-learning as a knowledge device causes students learning quality
improvement in dictation .

Confucious

I hear and I forget. I see and I remember. I do and I understand.

(Chris Watkins,
2002)

2002

Without reflection it is not sufficient to be engaged in any activity as the
learning potential is lost.

(Chris Watkins,
2002)

2002

Pupils rate activities such as research, group work, practical work and class
discussions twice as effective as promoting their learning using copying,
answering questions from a book dictation.

(Chris Watkins,
2002)

2002

According to Annie you learn more when you explain to people.
Learners create a joint product together and understand and they develop
higher order skills .

(Chris Watkins,
2002)

2002

Joint problem solving + explaining+ reciprocal teaching+cooperative
cultures+group investigation methods give better academic results and
learners develop interpersonal and management skills , improved
communication skills and positive multiethnic relations. Teachers role
becomes more concerned with high level enquiries and freed from mundane
tasks .

(Chris Watkins,
2002)

2002

Learners who see themselves as key players in their learning are not only
more self directed and collaborative but when this is not the case dependent
and cynical roles emerge and engagement reduces .

(Chris Watkins,
2002)

2002

Learners who build up the language and piece of knowledge together
become more reflective about their experiences ,strategic and versatile and
show improvements in academic performance .

(Chris Watkins,
2002)

2002

Learner characteristics which influence learning are current state , previous
competence and previous experiences and beliefs

(Chris Watkins,
2002)

2002

Teacher conceptions influence those of the learner.
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3. Objectives
The purpose of the research paper is to find out the most suitable measures to find the effectiveness of any
e-learning program .The minor objectives of the study are shown below –
1. To find out whether there is a correlation between familiarity of concepts and meeting of participant
expectation.
2. To find out who is more interested in training programs (life time /annual/paid members)
3. To find out whether there is a correlation between the teaching principle (planning )and participant expectation
fulfillment .
4. To find out whether the components of teaching are having a relationship with participant expectation
fulfillment.
5. To find the correlation between participant expectation fulfillment and different types of student assessments.
6. To find out the major reasons for non-fulfillment of expectations of the participants .
7. To find out the proportion of people in sample who gained memory level ,understanding level and reflective
level of understanding during each training and expected minimum and maximum proportion of people in
population achieving the same.
8. To find out the expected proportion of population gaining memory , understanding and reflective level of
understanding.
9. To find out whether there is a significant difference in the causes for shortfall of effectiveness stated by
different participants during all trainings .
10. To find out whether there is a significant difference in the effectiveness of teaching components in the eyes
of participants during all trainings .
11. To do the regression analysis for learning effectiveness as dependent variable and teacher , teaching
methodology, instruction material and virtual platform effectiveness as independent variables . 5.Hypothesis
Formulated

4. Research Methodology

Figure 18. Trainings conducted and number of participants who filled feedback form

The study is primary data based study as it involves preparation of a questionnaire and hence the design is
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also descriptive and research type based on objectives is descriptive , correlational and explanatory as well .
Development of Questionnaire during trainings 1-8
The questionnaire was improved during the trainings for causes for shortfall in effectiveness of teaching
components ( 14 reasons to 17 reasons ) ,levels of teaching (Gained awareness added to Memory , Understanding
and Reflective levels of teaching ) ,type of evaluation of students ( no evaluation of students added apart from
diagnostic , formative and summative evaluation ) .

5. The formulated Hypothesis are listed below H01-It is believed that there is no significant difference in the proportion of people stating reasons for shortfall
of effectiveness across different trainings .
H01a-It is believed that there is a significant difference in the proportion of people stating reasons for shortfall
of effectiveness across different trainings .
H02-It is believed that there is no significant difference in the reasons for shortfall of effectiveness stated by
participants during different trainings .
H02a- It is believed that there is a significant difference in the reasons for shortfall of effectiveness stated by
participants during different trainings .
H03- It is believed that there is no significant difference in teaching component effectiveness across different
trainings.
H03a- It is believed that there is no significant difference in teaching component effectiveness across different
trainings .
H04-- It is believed that there is no significant difference in ineffective and partially effective teaching components
during different trainings .
H04a-- It is believed that there is no significant difference in ineffective and partially effective teaching components
during different trainings .

6. Findings based on data analysis
1. The correlation coefficient between familiarity of concepts and participation expectation fulfillment came out
to be 0.71882 .
2. Out of the total participants most of the participants belonged to annual member category .

Figure 19. Number of participants from different categories

3. Planning deals with resource accumulation. In case of a traditional teaching the place of teaching is permanent
but in case of a virtual classroom there is flexibility and hence arrangement of resources is the joint
responsibility of the teacher and student .The student has to arrange internet connection and the place to attend,
power backup (if possible) and the teacher has to prepare the schedule in advance and circulate meeting link
of the platform.
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Correlation between elements of planning of lecture and participant expectation fulfillment
Correlation
Matrix

Schedule
Received in
advance

Instructions and
virtual platform
link received in
advance

Sitting Place
was without
distractions

Proper internet
connectivity

Power supply
was continuous

Participant
Expectation
Fulfillment

0.915161

0.895401

0.921473

0.912307

0.930739

4. Strong correlation was found between effectiveness of teaching components and participation expectation
fulfillment .
Correlation between teaching components and participant expectation fulfillment
Correlation
Matrix

Teacher
Effectiveness

Teaching
Methodology
Effectiveness

Instruction
Material
Effectiveness

Learning
Effectiveness

Virtual
Platform
Effectiveness

Participant
Expectation
Fulfillment

0.946899

0.91321

0.92101

0.95000

0.94726

5. The participant expectation fulfillment reduces with the different types of assessment as shown in table below.
The expectations were fulfilled more when there was no evaluation .The no evaluation option was introduced
only in the last 3 trainings .
Correlation
Matrix
Participant
Expectation
Fulfillment

No Evaluation

Diagnostic (student
knowledge tested
prior to session)

Formative (student
knowledge tested
during the session)

Summative (student
knowledge tested
after the session)

0.9949

-0.177

-0.767

-0.266

6. To find out whether Teacher , Teaching methodology , Instruction Material , Learning ,Virtual Platform were
effective during the trainings .Only Instruction Material was ineffective according to the participants during
3 of the trainings as shown in figure
7. The reasons for shortfall in effectiveness are as follows .
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7 &8. The proportion of people who achieved Memory ,Understanding and Reflective level of understanding
in sample and the expected level of minimum and maximum population proportion for the above levels
is shown below . Training Wise Distribution of % familiar with the topics taught and Level of Teaching
Goals Achieved is also shown below .
1.7 New QC Tools
Expected Minimum Population Proportion
Point not
introduced in
questionnaire

Not familiar

37.4

Partially familiar

49.0 60.5

Familiar

Sample Proportion
Point not
introduced in
questionnaire

Gained
Awareness

Expected Maximum Population Proportion
98.8

86.9 92.9

69.1

Memory

78.6 88.0

Understanding

69.1

78.6 88.0

Reflective

2.Annual Planning TQM Way
Expected Minimum Population Proportion

Sample Proportion

Expected Maximum Population Proportion
69.7

5.9

13.9

21.9

Not familiar

Point not
introduced in
questionnaire

45.8

40.3

34.3

28.9

Partially
familiar

Familiar

69.7

58.3

57.3

51.6

Gained
Awareness

58.3

46.9

47.2

46.9
36.1
25.0

Memory

Understanding

Reflective

3.Do it Right First Time with World Class FMEA
Expected Minimum Population Proportion

32.0
17.2 24.6

28.6

36.9

45.2
30.1

38.5

46.8

Sample Proportion
Point not
introduced in
questionnaire

Expected Maximum Population Proportion
45.3

53.8

62.4
33.8

42.3

50.8
0.5 3.8 7.2

Not familiar Partially familiar

Familiar

Gained
Awareness

Memory

Understanding

Reflective

4. TQM Journey of a Deming Award winning organization
Expected Minimum Population Proportion
70.1
41.0 55.6
0

0.0 0.0

Not familiar Partially familiar

Sample Proportion
100.0 100.0 100.0

59.0
29.9 44.4

Familiar

Gained
Awareness

Expected Maximum Population Proportion
76.7 86.7

96.6

Memory

52.9 66.7

80.4
23.6 37.8

Understanding

51.9

Reflective

5. Lean Thinking
Expected Minimum Population Proportion

0

1.6 4.6

Not familiar

44.3
21.3 32.8

Partially
familiar

54.0 65.6

77.3

Familiar

Sample Proportion
100.0 100.0 100.0

Gained
Awareness

Expected Maximum Population Proportion
90.1 95.3 100.0

Memory

59.1 70.3

81.5

Understanding

30.2
10.5 20.3

Reflective
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6. Quality and Digital Transformation
Expected Minimum Population Proportion

Sample Proportion

Expected Maximum Population Proportion

100.0 100.0 100.0
56.8
6.8

15.9

24.9
9.4

Not familiar

19.0

28.7
9.4

Partially familiar

19.0

Familiar

16.0

Gained
Memory
Awareness
7. TQM and Deming Prize
Sample Proportion
100.0 100.0 100.0

31.0

20.3
4.3 12.3

Not familiar

79.7

28.7

Expected Minimum Population Proportion

43.1

68.3

55.1

Familiar

Understanding

83.2
61.4 72.3
34.0

Gained
Awareness

12.4
0.3 6.3

Reflective

Expected Maximum Population Proportion

35.1
14.1 24.6

Partially familiar

37.9

27.0

Memory

46.2

58.3
20.3
4.3 12.3

Understanding

Reflective

8.Basics of Technical Statistics
Expected Minimum Population Proportion

Sample Proportion

Expected Maximum Population Proportion

100.0 100.0 100.0
55.9
32.6 44.3
0

41.2 52.9

67.3 77.1

64.6

87.0
50.0 61.4

72.8

2.9 6.8

Not familiar

Partially
familiar

Familiar

Gained
Awareness

Memory

Understanding

27.2 38.6

50.0

Reflective

9. The different trainings are the independent variables and the reasons for shortfall of effectiveness stated by
participants are compared to find out whether same reasons contribute equally towards shortfall of effectiveness
or not .The randomized block design is used as researcher can’t control the reasons for shortfall of effectiveness
during the different trainings but these reasons may have an impact on the outcome .The reasons compared
are 14 which are 1.Problems not solved 2.Student teacher interaction was not proper 3. Individual attention
was not given to all 4.No correlation with other subjects 5.Didnot link to participant’s past knowledge
6.Realistic examples were not used 7.Instruction material was boring 8.Distractions due to mobile phones
9.Session was teacher driven but not learner centric 10.Voice was not clear 11.Fast speed of teaching
12.Teaching focused on subject more than the learner 13.No practice exercises 14.Instruction material was
not shared with participants before the session .
ANOVA
Source of
Variation

SS

df

MS

F

P-value

F crit

Rows

1.071365

13

0.082413

7.273782

4.43041E-09

1.847763

Columns

0.038517

6

0.00642

0.566594

0.755655705

2.217235

Error

0.883748

78

0.01133

Total

1.993631

97

The above table shows that across trainings there was a significant difference in the shortfall of effectiveness
but there was no significant difference observed between the stated reasons for shortfall of effectiveness.Here
proportion of people stating a particular reason is taken as a measure .
10. The participants felt that during training 3,6,8 instruction material was ineffective and teacher , teaching
methodology, instruction materia , learning, virtual platform were partially effective in training (1,2,5), (2-8),
(2,-8), (1-8), (1-5 and (7-8) as shown in percentage in below table.
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Figure 20. Ineffective and partially effective teaching components

Table 8. Proportion of participants stating a teaching component ineffective & partially effective

Training
1

Training
2

Training
3

Training
4

Training
5

Training
6

Training
7

Training
8

0

0

7.69

0

0

11.11

0

14.29

14.29

11.11

0

0

6.25

0

0

0

Partially Effective
Teaching Methodology

0

11.11

23.08

22.22

18.75

11.11

15.38

14.29

Partially Effective
Instruction Material

0

22.222

23.077

22.222

31.250

22.222

23.077

14.286

Partially Effective
Learning

14.29

33.33

30.77

11.11

37.50

11.11

7.69

42.86

Partially Effective virtual
platform

14.29

33.33

7.69

11.11

12.50

0

7.69

28.57

Ineffective Instruction
Material
Partially Effective
Teacher

Table 9 ANOVA Table

ANOVA
Source of Variation
Rows
Columns
Error
Total

SS
2574.196
970.3068
2731.909
6276.411

df
5
7
35
47

MS
514.8391
138.6153
78.05454

F
6.59589
1.775877

P-value
0.000202
0.123551

F crit
2.485143
2.285235

On applying ANOVA without replication it is observed that there is a significant difference in the proportion
people stating a teaching component ( ineffective , partially effective) across different trainings as F value
6.5989 is greater than F critical 2.485143 .There is no significant difference in the proportion of people stating
a teaching component (instructional material , teacher, teaching methodology, virtual platform) equally partially
effective along with ineffective instruction material across different trainings .
11. The regression analysis with learning effectiveness as an dependent variable and teacher , teaching
methodology, instruction material ,virtual platform as independent variable is done using Microsoft Excel
and is shown below as a snapshot .
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SUMMARY OUTPUT
Regression Statistics
Multiple R
R Square
Adjusted R Square
Standard Error
Observations

0.966
0.933
0.844
0.035
8.000

ANOVA

Regression
Residual
Total

Intercept
Virtual Platform
Effectiveness
Instruction Material
Effectiveness
Teaching Methodology
Effectiveness
Teacher Effectiveness

df
4
3
7

SS
MS
F
Significance F
0.05067211 0.012668 10.46025739 0.04152557
0.00363319 0.001211
0.0543053

Coefficie
nts
-3.04071

Standard
Error
1.07196

t Stat
-2.83658

P-value
0.06583

Lower 95%
-6.45217

Upper
95%
0.37076

Lower
95.0%
-6.45217

Upper
95.0%
0.37076

0.94481

0.28141

3.35742

0.04382

0.04924

1.84039

0.04924

1.84039

0.90350

0.27327

3.30633

0.04552

0.03385

1.77316

0.03385

1.77316

1.51544
0.90352

0.66820
0.48434

2.26795
1.86548

0.10813
0.15896

-0.61106
-0.63786

3.64193
2.44490

-0.61106
-0.63786

3.64193
2.44490

Figure 21. Regression analysis

The R square value is 0.93 which means 93% of the total variation in learning effectiveness is due to the selected
variables but out of this only 84 % of the variation is explained and the rest is unexplained variation . As anova
table states 0.0415 is significance F value which is less than 0.05 so atleast one of the independent variable has
significant beta coefficient value .If we look at the p values only 2 values are less than 0.05.

7. Conclusions
1. The virtual platform effectiveness depends on the features the platform will offer.However some of the features
will function well if the synchronization between internet connection of faculty and students is good.Also
the laptops or mobiles they use should support the internet connection and other features .So , correlating
the effectiveness of virtual platform with voice / video clarity will cover only the partial factors .
2. Well planned trainings showed a greater participation expectation fulfillment .
3. Familiarity of concepts also resulted in better participation expectation fulfillment .
4. Participants were more happy without assessments .
5.100% of the participants gained awareness during the trainings .
6. The expected proportion of population which will achieve memory , understanding and reflective level of
gains is showing a decreasing proportion from memory to reflective level .
7. Top 5 reasons for shortfall of effectiveness were – 1.Non sharing of instruction material prior to training
, 2.No practice exercises 3.Subject centric teaching 4.fast speed of teaching 5.Unclear Voice
8. A good regression model for learning effectiveness is obtained by considering teacher, virtual platform,
teaching methodology and teacher effectiveness .

8. Limitations
1. It is a 2 hour training and assessment of effectiveness is done based on the perception of participants and
not on actual knowledge gained .
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2. The understanding of assessment was found different in participants .There was no diagnostic , summative
and formative assessment but some participants felt that there was all 3 kind of assessments. Questions asked
during the sessions as a part of increasing interaction were considered as assessments probably .
3.Very less number of feedbacks was received and the reason may be that participants were not aware about
the chat box where link for filling feedback was shared or they were not keen to fill the questionnaire .
4.One of the participants requested to introduce a “ no shortfall in effectiveness option “stating it is not necessary
that always there is a reason for shortfall in effectiveness and it was considered in futuristic trainings .
5.Expectations of participants were different owing to their different levels ,different roles and different
organizations.

9. Future Research
1. All psychological and general principles of teaching can be considered effectively in future research .
2. Expectations of individual participant can be mapped and then results can be measured accordingly .
3. Exams can be conducted to measure learning gains and then difference can be mapped between participant
perception and scores attained .
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Abstract
Individual values are the key enablers of human character and are responsible for an individual's awakening
and enlightenment. Similarly, organizational values play a pivotal role in the overall progress and advancement
of organizations and its employees. It becomes an organization’s basic duty to view values and ethics on equal
ground, as the deep understanding of the two would certainly lead to the internalization of core values beside
ethics in organizations. Stating core values is the beginning and most companies do that. Organizational values
eminently include concern for stakeholders and committed efforts to deliver excellence. Quality and Trust are two
key components of customer delight, relationship and loyalty management. Quality of Products, services provided
to customers and effective transparent communication with them are the foundation of trust-building. Measurement
of trust and quality, in organizations, is done timely to assess its brand value, efficiency, reliability, integrity, level
of customer satisfaction and rate of employee satisfaction. Quality Trust Index is alike Principles that are always
perpetual and unfailing. This, eventually, can aid organizations to stand firm in catastrophic situations or a
pandemic, perceiving the current scenario. A fair measurement of Quality and Trust results in a high revenue
generation despite the economizing problems further resulting in a low cost of customer acquisition and a high
rate of profitability. Therefore, for organizations, it become essential to maintain clarity and consistency of the
Internalization of Quality and Trust analysis and perceive relationship management as the pivot to move ahead
on the path of enduring success.
Keywords: Organizational values, Quality, Trust, Relationship Management.

1. Introduction
Human - God's perfect creation!
As it is said God has blessed humans with a special gift of Excellence, Cognition, Wisdom, Integrity, Devoutness,
Generosity, and Moral Values. This gift makes it evident that human is the perfect creation of God. Out of all
these charismatic gifts, the salient ones are Integrity and Moral Values.
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To sustain an enduring success at every step of life, it becomes essential to maintain clarity and consistency
of the Internalization of Values, Morals, and Ethics. The eternal beauty of life lies in adapting a balanced Karmic
equation, which is a blend of practicing good karma and avoiding bad karma. This is only possible when one has
a deep understanding of the Key Enablers of character of either an individual or an organization viz. Values, Morals,
and Ethics. The way individual values are responsible for an individual's personal awakening and enlightenment,
similarly, organizational values play a very important role in the overall progress and advancement of an organization.
Enablers are the drivers that are completely responsible in the achievement of an operations based management
system that comprises of a skilled set of individuals working collectively with a common goal of establishing a
successful business organization. There are certain bodies as well that directly or indirectly govern the operations
that are being executed in a sequenced pattern in an organization. Though there might be a huge number of driving
forces that are responsible for the establishment of a successful business organization, the major areas to be concerned
are the ones related to our basic ethics, principles and morals which are the set of fundamentals that embellish
the true vision of an organization and that eventually leads it onto the path of enduring success.

2. Detailed Tree Hierarchy of Business Organization
2.1

Germination and Rooting- Foundation of an Organization

When we think of growth and prosperity the best we think is of an exotic and richly generous tree. Either
it is a tree or an organization, it requires germination, where in case of an organization, individual values are the
imperishable seeds and organizational values are the imperceptible and clustered roots, which accord a healthy
support to all the departments working with a common and an ultimate goal of welfare of that organization.
Even though they are majorly responsible for maintaining the trust factor amongst the customers and company,
few important fertilizers or nutrients are equally needed to keep the roots robust and reliable for a tree to stand
firm. They are the immutable set of principles and ethics that an organization strives to follow by minimizing the
prospect of failure. Thus the basic organizational values eminently include, at its core, the concern for stakeholders
and committed efforts in order to achieve excellence.
2.2

Tranquil Trunk- Organizational Structural Body

Further such healthy roots result in a thick sturdy trunk which is nothing but the complete organizational
structure that supports the whole organization consisting of its Board of Directors, Personnel from the Administrative,
Executive and Supervisory levels and heads of the departments mainly like production, research & development,
finance, marketing, sales and human resource. The trunk of an organization may be sturdy or rugged depending
on the quality that the employees of the organization persists. Thus, here again the organizational values play a
very important role in outlining the complete cultural environment of the organization and so it becomes extremely
important to practice and implement them.
Principles, as nutrients, are always perpetual and unfailing; they beautifully engrave each and every act of an
organization. This act may be an interim idea, a protracted plan or a prudent decision.
2.3

Booming Branches- Enthusiastic Leaders

On spiritual grounds, a human always desire to attain a complete control on his own senses resulting in his
spiritual awakening and enlightenment. For that all he needs is the exact and accurate direction that could eventually
lead him towards his ultimate goal of refinement and self-growth. Thus to attain divinity one must follow the divine.
In the gigantic tree hierarchy of an organization, the one who bestows such direction and support, thus acting
as the booming and youthful branches, are the leaders of the respective teams related to the respective departments,
sectors or units. Decision making and being responsible for each and every outcome of it is their biggest outlook.
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They also direct and support all the other unsteady branches and even few shaky stems to further grow, thus depicting
their selfless side. Thus it’s the leader who bears all the management liabilities on his shoulders. It is noticeable
that Integrity and Individual values are the two key components that act as a foundation to build a persistent leader.
A leader is the one on the helm. He is the one who has an absolute and clear understanding of values, morals
and ethics, which are considered as the pillars of character building. He focuses deeply on their each and every
aspect. To be precise, values are the only aspect that a leader considers to focus on more than any other aspect.
A leader sees values as the pivot and accordingly moves ahead on the path of enduring success following the
principles, morals, and ethics in a proper balanced manner. It becomes a dual responsibility for the leader to be
additionally careful regarding his performance at the workplace since the assigned team under him initially follow
their leader’s acts and then his commands.
This leadership quality ultimately results in a healthy environment in the organization thus resulting in its vigorous
overall growth.
2.4

Sensitive yet Salient Stems- Base or First Level Management Circle

In case of attaining and establishing a successful business organization, one eminent necessity is to have a
transparent vision from root to tip where each individual is totally aligned and effectively compatible. If underneath,
the roots would be nourished properly with appropriate nutrients and fertilizers then only the complete tree would
be all vibrant and firm till its peak and further would be high yielding. Its trunk would be steady and wide enough
and would not get damaged or decayed. The branches would be all stiff and firm capable to direct all the other
stems resulting in a perfect structural texture of the tree. The tiny stems would be able to hold on all the leaves
and bushes firmly and thus enhancing the beauty of the lively rooted tree.
Similarly in an organization, it is a distinguishable property of the leaders of the respective departments to provide
support, means and all the assets to the stems, which are none other than the complete base level or first line
management circle mainly consisting of branch managers, operation managers, sales individuals, product managers,
client service manager, company secretary, supervisors, helpers, security staff and cleaners who are responsible for
depicting the literal verity of the core management of the organization. These are considered as the most sensitive
yet salient part of this extensive hierarchy. Their contribution in the growth of the organization is significant and
valuable. They act as a direct linkage between the organization and the clientele, who are basically the end users
who avail the products that are manufactured by the organization. It is their core duty as well as responsibility
to religiously follow and implement the organizational values, processes and practices while working upon their
job, as the basic organizational values eminently include, at its core, the concern for stakeholders, clientele and
consumers as well as committed efforts to deliver excellence.
Quality and Trust are the two key components of customer delight, relationship and loyalty management in any
organization. Quality of the product, services provided to the customers, and effective transparent communication
with them is the foundation of trust-building. Thus it would not be erroneous to state that the integrity and efficiency
of these delicate yet resilient stems is directly proportional to the eventual and comprehensive growth of an
organization.
Alongside, on a higher note, it is a major responsibility of the organization’s administration to look after the
basic and high-end needs and requirements of all of this level employees, since the heightening of the stems and
further the overall growth of the tree structured organization depends upon the factor of employee satisfaction as
well. To be noticed, the process of measuring trust and quality in organizations is done timely and at a regular
frequency. Thus, it becomes an organization's moral responsibility to keep an unwavering focus on all the factors
related, as well as to give utmost importance to the gratification of their employee circle.
2.5

Luxuriant Leaves- Clientele and Customer Satisfaction

It is a usual fact that the budding of leaves is a conditional process as it typically depends on the nourishment
done to the roots of the tree further leading till the maintenance of the stems. Though leaves are considered as
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the smiling faces of the evergreen tree but these smiles are completely a result of an excellent affair.
Similarly, in an organization the budding leaves are considered as the ultimate highest level of client delight
and consumer satisfaction. Foremost and the finest quality product delivery to the customer, keeping all the minute
key points in consideration, such as time of delivery, condition of the product as well as the packing material at
the time of delivery, obtaining a feedback after the delivery, quality of the service provided before and after the
delivery, a clear communication with them, concern and courtesy to the customer etc. is the ultimate result depicting
the relations between the organization and the clientele.
It is an extremely unavoidable fact that if the leaves would be affected then the whole tree would suffer. In
a similar manner if the level of customer satisfaction would affect, that would certainly affect the relations between
the customer and the organization, quality of the product, brand value and thus resulting in a complete degradation
and downfall of the organization.
2.6

Luscious Fruits- The Final Outcome: Quality and Trust Ratio Index or Quality Trust Index (QTI)

It is an extremely practical operation to expect a generous outcome when a certain execution is done in a well
suited manner while several inputs have been made. A gigantic evergreen lush tree always depicts the returning
back of what you take from underneath. It could be in the form of the juicy and luscious fruits that the tree bear
or it could be the cool and cozy shade that the tree provides to all the beings of the nature. Thus fruits are the
eternal outcome that are much desired.
In a similar manner, in an organizational hierarchy, the endmost and supremely expected outcome is the perfect
and appropriate Quality and Trust Ratio Index, formally termed as Quality Trust Index (QTI), which is alike the
foremost principle that plays the most eminent role in building the foundation of an organization. This, eventually,
can aid an organization to stand firm and unwavering in any kind of catastrophic situation or a pandemic, perceiving
the current scenario. A fair measurement of Quality and Trust can keep the revenue generation even high despite
the cutbacks or economizing problems which, in the long run, will result in a low cost of customer acquisition
and fund management and further in a high rate of profitability. Generally, a tree uprooted from the ground might
revive timely after that shock and remain green for maximum two to three days but then ultimately it will dry,
decay and die. In a similar manner, if an Organization would try to survive without being deep rooted in terms
of organizational values and ethics, it might yield profit for few months or years may be, but as soon as there
would be an absence and a lack of Quality and Trust which are supposed to be garnered from its clientele, it would
result in a downfall in its profit and growth and thus that organization would collapse and eventually reach its
adverse fate
Therefore, for an organization, it becomes extremely essential to maintain clarity and consistency of the
Internalization of Quality and Trust analysis along with implementation of organizational values and ethics and thus
perceive relationship management as the pivot to move ahead on the path of enduring success.
2.7

Giving back to the Nature being a Shade Tree- Zero Compromise with Service and Product Quality and
Employee Satisfaction

An organization must also aim towards benefitting the society in every possible way. Bearing luscious fruits
must not just be an ultimate goal but to provide cool shade to the beings around must equally be the aim. To
implement that an organization must never compromise with the product quality, thus zero compromise should be
there in terms of facilitating the all needed resources, capital and other means to the inner circle of the employees
as well as ethical fulfillment of the needs and requirement of the customers, consumers and the complete clientele
belt must be focused altogether.
An organization must always weigh Customer satisfaction as well as employee satisfaction on an equal scale
and on equal ground, since they are one of the most important pillars of the foundation of an organization. Most
importantly, organizational values should always be adapted by the organization and by everyone who is associated
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with it who are responsible for its embracing growth.
Hence it ultimately becomes an organization’s basic duty to view values and ethics on equal ground, as the
deep understanding of the two would certainly lead to the internalization of core values besides ethics in
organizations, since stating core values is the beginning of the process of generalization and most companies do
that. It is a basic set of norms that every organization ought to follow.

3. Comprehensive Study of Key Enablers of a Successful Business Management
So far it is distinctly understandable that if there is a keen desire to attain the best knowledge regarding enablers
of successful business management then Organizational values, Quality Trust Ratio Index or straightforwardly Quality
Trust Index (QTI) and Relationship building must be considered as the chief and most eminent fundaments. An
organization can look forward to learning several ways to thrive and flourish from root to fruit but its ultimate
objective to attain the finest of fruits and providing shade to the beings must always be perpetual. And not to be
forgotten, Learnings can vary as per the aspirations but the ultimate Objective is always constant.
Business enablers are largely the driving force in enrooting the base of your imagination with contrast to the
environment around and the rational arguments on the business ground. They hold the complete responsibility either
in the ultimate success or the upliftment of your business or in a complete distraction and futility of it.
When we discuss about the successful enablers of business management, the delusional path leads us towards
an extravaganza of subject matters. These are the ultimate topics of concern to be considered, with all due respect
to their importance in enrooting a successful ground of any specific organization.
The further study comprises of the following:
3.1 Organizational Values; Principles, Ethics, Morals and Values
Organizational values, being at the helm, are a major concern to be considered, as they are the ultimate
foundation of a successful organization. They are completely responsible for directing the actions and setting the
though process of a complete organization. It overall depicts the corporate ethos which runs an entire race. It as
a known fact that the basic fundamental of business management revolves around the concept of Product and Service.
Everything else is focussed and keeps revolving around this only. A better understanding of principles, ethics and
moral values keeps one focussed and much capable of attaining the self-set goals which is in regards to the success
of an organization.
Let us now deeply discuss the salient features of Organizational values along with all the connected and concerned
aspects that are eminently liable in terms of a successful business management system.
3.1.1 Corporate Ethos
On a veracious account, Organizational values construct the complete corporate ethos. They direct and decide
the complete work structure at an organization. From the base to the administration level, organizational values
play a perfect role in terms of processing, improvising and execution of all several key points that tend to the
enduring prosperity of the organization. Corporate environment can be made more vibrant if there is a perfect blend
of diligence, integrity, reliability, certainty, commitment, quality of product and service, time management and most
indispensably mutual understanding amongst the employer and the employee. This can possibly ensue when
organizational values are religiously practiced and followed.
Initially the administrative body must make sure that there is no contravening of the ethics, protocols and
guidelines by any individual of the organization, that are meant to abide by in order to ensure a regulatory work
environment. Further it is all about the administration itself. As it is said, “A perfect blend of hues makes the best
portrait”, similarly a perfect mustering of a perfect set of professionals can ensue an enduring success for an
organization. Their collective efforts can take them and the organization to newer tinge of heights. The administrative
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body needs to respect the perspective of the lower levels and equally, the other level employees must keep an
understanding with their leaders as well the respective heads when it comes to good times and the bad times. This
portrays an individual’s understanding of the values that maintains an aura of Organizational values, collectively,
further creating a certain positive work environment.
Even when it comes to commitments made to the stake holders, vendors or the other clientele by the organization,
it is a key point to fulfil it with all due respect to the committed vows. It becomes a prior responsibility of the
organization itself to deliver the demanded service in form of products or share profits on time. This clearly depicts
the ethics and principle values of the individuals concerned with the organization, respectively.
Authenticity and genuineness are the factors required to be well maintained from the initial stage to the final
delivery of the product by an organization, as the overall quality of the product itself depends over it. This will
ensure a great product value or a high brand value for the organization, as customer satisfaction is its ultimate
outcome. A better level of understanding and communication with the customers or consumers is eventually required
to attain Customer satisfaction that eventually helps an organization in building better relationship with them.
Relationship building is again one of the most important enabler of a successful business management, which
we would be further discussing in this paper.
An organization needs to have a complete fair image on corporate grounds. That could only happen by focussing
well on the value based fundamentals of marketing and selling of their product. It is always stated that quality
is always and much appreciated than quantity. Keeping that in the vision, focus on the quality of the product and
services rather than a much higher number of clientele could certainly result in a better name for an organization.
Even a humble acceptance of any flaw or fallibility, in any case, by the organization, could result in the same.
It could lend it an appreciation by the clientele on the ground of morals and values, which an organization desires
for an enduring success. Thus trust might be considered as an outcome of being trust worthy.
3.1.2 Integrity
Organizational values are considered to be at core when followed religiously, keeping everything else at stake
and just being integral with thoughts and execution. It is mandatory for all the individuals of an organization to
know and understand what is ethically correct and what not. Integrity can be considered as the key component
that acts as a foundation to build a perfect leader that can direct the whole organization towards prolonging prosperity.
Therefore a leader is considered to be the most important pillar of character building for an organization. All the
individuals associated with the organization, ought to learn the concept of choosing achievements, in the process
of value internalization, over success and thus being integral in terms of their thoughts and their execution. There
is a very thin line between morals and ethics, and in order to understand its complexity, they should know the
difference between being Amoral and Immoral. While Amorality is doing wrong unknowingly, Immorality is doing
the unlawful with intent.
Therefore, it becomes every individual’s moral duty, who is working being a part of an organization, to keep
an unwavering focus on all the enablers of character building and eventual organizational success. This will enhance
their individual values as well as that of the organization as whole, and help them become a person of Integrity.
They need to learn, understand and lead an enriched life with the extract of probity, which is the charismatic
gift of God to each and every one of us since the time we begin our journey in the realm of this Earthly world.
Moreover, all individuals need to keep their mind absorbed and engrossed in self-analysis and follow the path of
Karma, which can only stay balanced with a clear and concise understanding of the key enablers of values. In
the absence of this balance, our life would be a perfect example of a life without spiritual awakening and
enlightenment and a body without a soul.
3.1.3 Employee Reverence
An organization must always stay rooted or grounded. This can be seen its utter presentation of reverence towards
its customers as well as its employees. A workplace would be the best place for the employees of an organization
only if the organization would treat them respectfully and with utter reverence. It becomes a basic duty of an

266

organization to understand the basic needs of the people working for its constant growth and enrichment. In return,
the organization would procure great teamwork and high employee morale.
An employee is the heartbeat of an organization. They require to be understood and taken care of, since they
impact almost all the aspects of an organization. They are an important part of an organization who works constantly
and wholeheartedly to getting the best of clientele for the organization, to whom they can provide the best of service
and product delivery, so as to achieve the best for their organization. They work efficiently and eminently to improve
the quality of the product along with gathering acknowledgement and the response from the customers regarding
it. They even manage a well-executed record of the suggestions given back by the customers, in case there is any
further requirement of refinement or upgradations in the product to improve its overall quality. This way the
employees of an organization works as highly ethical human beings who understands their moral duties towards
it, and thus not just as machines, who simply is ought to work without following any ethical organizational values.
In return, an organization tends to respect their basic human rights along with providing them their sense of
security. Thus better the state of employees, better the stakes of the organization. A positive attitude towards the
employees will keep them boosted and motivated throughout to deliver the best outcome. In a world full of
competition and booming degenerating moral values, what’s better than having an integral set of efficient employees
who are sincerely committed and dedicated towards the success and welfare of their organization?
Most importantly, a very salient concept and an eminent key enabler of successful business management, Quality
Test Index (QTI) widely comprises of an area of employee satisfaction besides customer satisfaction. Certain surveys
are performed along the workplace and amongst the respective divisions and departments focusing on all the
categories of employees working there. These surveys are performed time to time to seek and examine the actual
state of the organization’s brand value, quality and the relationship management fundamentals, which is not only
just with regards to its clientele but also with the employees working for it.
3.1.4 Reliability & Flexibility
One of the most eminent and salient features of execution of organizational values is an increased level of
reliability, flexibility and trustworthiness. It could be collectively in terms of the service, product value and
relationship management of an organization. The extent of reliability of an organization depends neatly on the way
it deals with its customers in the outer world as well as with its employees in its inner circle. An organization
could be the best reliable one to its customers if it would be on a constant path of maintaining its product value.
This could only happen if the company would focus on the quality and production methods of the products to
be delivered. Even the minute and petty things involved like packaging style, the materials that are being used
in packaging the product, the means of delivery, time of delivery along with the acknowledgement and valuable
feedback from the customers, should be considered deeply by the authorities of the organization.
On a very practical ground, organizations would be considered highly reliable and dependable if they are capable
of working under high pressure and dealing with complexity and other serious hazards in a much efficient way
without any possibilities of failure, mismanagement and destructive fiasco. Even if we consider the present scenario
of a pandemic that has shaken the world completely and has got lives upside down, the ones that are surviving
are the ones who are highly reliable. The basic goals of all the organizations have varied as per the destruction
level of this catastrophic situation. The ones who are efficient in dealing with are coming back on track even after
getting hard hit by the stroke of Corona Virus Disease or Covid-19 in general which is at peak and in its worst
guise of itself taking lives and affecting people to their core.
At this point, again, a sound and mutual attentiveness by the employees of the organization plays the most
eminent part. In such worse situations, they act as strong pillars for the organization by resolving all the complexities
with their constant efforts and thus consolidating its roots more firm and unwavering.
3.2

Quality Trust Ratio Index or Quality Trust Index (QTI)
Trust is considered to be the foundation of all the relationships in the world. Even in case of organizations
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where people work efficiently and eminently, even being at the stake of being rivals of each other, are expected
to treat each other fairly without any ill will and thus being trustworthy companions and colleagues. Even the
employee circle along with maintaining the trust ratio amongst themselves expect the same from their administration
level. If this happens, and everyone at the workplace starts working as a whole team rather than an individual,
this results in an immense growth of the organization. Trust can not only be referred in terms of the employee
circle within the workplace but also amongst the whole organization and its clientele. The relationship built being
trust at the core, with the customers can result in a better Brand Value for the organization along with high levels
of customer satisfaction, quality assurance and trust index.
On normal ground, nothing in the world could be measured perfectly or analyzed wholly, and so is considered
with the quality of service and products and the trust relationship within the employers, employees and the customers,
in terms of an organization or complete business management. In general terms or measuring units, even after
implementing any specific methodologies, their accurate values cannot be assured ethically. Thus the concept of
Quality Test Index was introduced.
Quality and Trust are the two key components of customer delight, relationship management and loyalty
management in an organization. Quality of the product and services as per the commitment made to the customers
or consumers and an effectively transparent communication with them is the foundation of trust-building. The process
of measuring trust and quality in an organization is done timely and at a regular period and frequency to assess
its brand value, efficiency, reliability, integrity, level of customer satisfaction and, on equal ground, the ratio of
employee satisfaction. Thus, it becomes an organization's moral responsibility to keep an unwavering focus on all
of these factors. Quality Trust Index is alike the principles that are always perpetual and unfailing; they beautifully
engrave each act of an organization. And the organization tend to follow it solemnly.
3.2.1 Core aspects of Quality Index
Quality Index in general is a measure of quality with regards to an organization, be it in terms of the manufactured
goods or products, the service provided to its customers and consumers, the level of customer satisfaction and the
ratio of employee satisfaction as well. In general quality can be referred to the subject of customer satisfaction
individually and eminently, for an organization. To measure and analyze the appropriate level of customer
satisfaction, various surveys are performed at higher ends. That is generally termed as Quality Index, on the basis
of which, customer satisfaction can be measured. This process includes a direct and transparent interaction with
the customers itself notifying them regarding a specific list of questionnaire. This includes their feedback regarding
the product quality, reliability on the organization along with efficiency, security, reliability, maintenance, operations,
fault assistance, material quality, quality of service etc.
Thus a final result is obtained in the end depicting the exact measure of Quality Index.
3.2.2 Core aspects of Trust Index
Trust is a core foundation of any relationship. In an organization, a specific survey is performed to analyze
a specific data that depicts the details about the trust factors based perspective of the employees towards the
organization and that of the stake holders towards the organization. In case of employees, this survey is categorized
and performed on the basis of age groups, gender, designations, work experience in the particular organization,
division or department, location and many other aspects. On the basis of categorization they are asked about various
factors covering their issues of reliability over the organization in terms of their security, support from the
management and administration, the workplace culture, remuneration and other perks etc.
Even the stake holders are assessed and asked regarding the trust issues they have with the organization and
along with that the satisfaction level they have with the organization in terms of returns and profitability. The final
occurred data is termed as the Trust Index.
3.3 Relationship Building
Relationship building or Customer Relationship Management is generally developing, sustaining and maintaining
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the basic relations with either an individual, with a group of people or with a certain category of professionals.
In terms of business management or in an organization this is termed as the basic ethic that the organization ought
to follow. This is a basic business fundamental that is responsible for the upliftment or the degrading of an
organization. Relationship building management is the most eminent element that maintains and upgrades the overall
brand value, market value, reputation, reliability and efficiency of an organization.
There are many factors that play pivotal role in maintaining excellent relations with the networks that give
business to the organizations. One of the most important are its eminent leaders. The main responsibility of the
leader of the respective department is to strategically plan the deal for the clientele with maximum percentage of
profitability along with certain deals, designs, analysis, solution to their queries, if any, etc. Thus a leader plays
the role of responsibility bearer in the upfront. Further the Sales department owns the responsibility to build
confidence of the customer in the product which the organization tends to sell to the customer. The sales team
is expected to convince the customer completely on the basis of trust, profitability and preferences and thus ultimately
closing the deal.
Along with that there are many departments in an organization on the base level which work by staying in
a direct contact with the customers. Customer Relationship Management department deals with all the basic needs
of the customers along with the fulfillment of them. Similarly, relationship with several other branches of clientele
like partners, suppliers, vendors, providers etc. is also maintained and taken care of by the specific department.
For a perfect relationship building, an organization must acquire a well skilled set of employees who can connect
with the customers or any specific category of professionals and can build up positive relations. Even noticeably
the employees are also expected to maintain the relationship amongst themselves within the workplace. This helps
them to work altogether with full bonding and collectively as a team rather than individuals, resulting in their personal
growth as well as the organization’s enrichment.

4. Case Study
Hence, Organizational values, Quality Trust Index and Relationship building all can be looked upon in several
ways when we discuss them being an eminent part of a successful organization. In terms of case study, let us
discuss how these enablers can amend an organization’s overall scenario as well as an individual’s perspective of
life, on philosophical ground. Few real life experiences are shared below in form of Case Studies, from our respective
fields. Initially highlighted is the facilitating of Value internalization in healthcare companies, clinical research
organizations and service providers.
4.1

Value Internalization- Service Provider Organization

It was the initiation of Mobile Services in India and customers were very happy as they were facilitated with
a service which would enable them to communicate with each other even while travelling or being anywhere in
the field away from home and office. It was a complete delight for them being a consumer of such an advanced
service on the technological ground. Though in initial phase, it was completely fascinating and beyond imagination
of a common man, several initiatives were being taken by many telecom companies in order to attract maximum
number of customers.
This organization was one amongst the initial service providers, who had commenced the step of value
internalization at personal level as well as on the organizational ground.
The company’s mission, vision and values were stone casted. One of the first locations to launch the initiation
step was decided to be Kerala state in southern part of the country. In that phase, Seven Habits Framework was
eminently used for paradigm shift, Gemba visit (visiting the actual work area), internalization of values for success
and growth of organization as well as for self and Six Sigma Concept was used for a clear identification of reasons
of failures. It was also used to perform any kind of alterations in service facilitation and executions in all functions
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as well as in cross functional activities and thereby make the changes sustainable.
There were a number of challenges that came across during that phase. Initial was from post sales service function
where the team had a strong and correct paradigm that customers are extremely satisfied with everything since they
are now able to connect, communicate or even disconnect accordingly as per their will and so no further complaints
were even raised and recorded. But the challenge was that some out of the box thinking and few proactive steps
were required for its execution & stay ahead. Hence, in a complete contrast to our work pattern, a visit was planned
to an ICU of a renowned hospital to observe the procedures and methods adapted by the medical staff out there
to treat the patients, who were not even in a position to complaint regarding their issues, either with the help of
medication or without it. We closely observed how the nurses and other medical staff were capable of even
understanding and reacting to the body language of the patients even if they were uttering not even a single word
from their mouth. From there we learnt the basics of customer sensitivity and how to take care of their basic
requirements and expectations from the organization.
Our team decided to give proactive and honest service to our consumers along with personal attention, and thus
leading a professional life enriched with basic human values which can ease the lives of our customers. Thus in
a planned manner, the customers were being called out to listen to their queries and further the ways to resolve
them were fetched on a personal level by us.
We initiated having tea meets once a week after our shift ends and each one of us used to share the personal
experiences and the learnings one received that particular week. We used to share about the interactions and all
the experiences we garnered while resolving the issues of our valuable customers. Our management also appreciated
this step of ours and further rewarded us with their valuable compliments along with personal appreciation cards,
which were signed and commented by our higher authorities. Gradually we realized living as per the values as
we were loving those received appreciation in terms of our professional boost.
But after those hikes some gradual circumstances occurred which turned our heads towards the new issues arising
due to frequent changes in the tariff plans to attract the new customers. That became a reason that we started to
receive certain complaints from our old customers as they felt cheated with the new schemes being offered just
to the newly registered consumers. During the time of resolving those issues, the management realized that if the
same tariff rates would be provided to the old customers, there are chances of losing revenue; but alongside they
ultimately valued their customers and thus gave importance to Trust and Customer Relationship over revenue
generation. The management decided to institutionalize this changed process, as they equally realized that due to
this usage did not go down, rather sale graph increased. This was all because of the Trust Index and relationship
which was maintained with the consumers, which further resulted in increasing number of consumers. This happened
as the consumers developed a higher level of trust over the company and thus through further references more
consumers started getting connected with us. This way the company got back on the stability level even though
there was a minor downfall at the initial stage.
This made me and my team to believe more in human values as well as organizational values in order to attain
peace and satisfaction, both on personal and professional grounds.
Besides, two extremely devastating incidents took place at that time. Two major rail accidents happened; Calicut
Express was derailed near Kadanundi station and Kerala Express was derailed near Kollam. In that challenging
phase, the Company engineers somehow managed to install antennas at both of those locations on trees and that
ways helped the rail travelers who survived, talk to their family members. That all was made possible with great
efforts just within one hour of the accident.
All this happened not just because of a plain yet well-defined process of execution, but wholeheartedly because
of the Value Internalization of services and efforts. The engineers also shared all possibly available mobile phones
to the survivors to make calls to their families. This news was covered by all the newspapers of Kerala specially
mentioning as the act of social service done by the Service providers. The employees further also helped to arrange
medical support for the survivors.
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That ways we initiated a new slogan in our company which goes like, Values make actions happen when process
fails. With this our lives changed and we were all diverted towards a routine process of helping and serving others,
which filled us with immense feeling of self-satisfaction.
4.2

Value Internalization- Healthcare Companies and Clinical Research Organizations

This case study focusses on the Internalization of Values in one of the first Indian Pharmaceutical companies,
which had successfully placed an Indian brand on Global shelf. It began its radical quantum growth journey by
first defining its Mission, Vision and Values. The Chairman of the company himself spent some of his precious
time with Mr. Steven Covey to understand Seven Habits Framework and Values at individual and organizational
level. Following the specific methodologies, each member of the organization was personally briefed in a group
of 30 to 40 employees. They were all focused on the company’s Mission, Vision and values and their behaviors
and actions were personally being monitored by the Management. Several training programs were being conducted
for them to analyze the specific contrast between their personal values and that of the organizational values, which
took place during that phase of execution.
They were also monitored and there were interactions on a regular basis regarding their behavior with their
families, so as to analyze their vision towards their families, the values and the further plans.
This led to a radical change in their organizational culture. The Manufacturing Team of the company, at a specific
location, declared their vision to mass produce a specific medicine which could prevent death itself. This thought
was extremely powerful in its own and so the management without even focusing on any other aspect or
consequences, approved it. Positively, the management did not face any hygiene issue thereafter, which is the most
important one to be maintained by the production workers to maintain quality in the process. The thought of
preventing death itself was so demanding and so each one was emotionally and personally connected to the same.
This resulted in a larger change in organization and equal emphasis was being given to Quality assurance and
Quality control, though classical focus of the pharmaceutical industry was on quality control of products. These
values also facilitated radical changes in thinking to build relationship with suppliers and Doctors. Suppliers were
then invited to think what exactly could be done to have their material as a part of brands available on global
shelf. This was extremely unusual in an environment where suppliers are normally threatened on the basis of poor
performance. The company also provided the suppliers, free of cost knowledge to improve performance and helped
them to become international suppliers. The concept of Partnership became one of the key values for growth of
each stakeholder.
Sales team also thought about value creation for medical practitioners to strengthen up their relationship. Normally
formal presentations were executed on new products, sharing technical details about the product itself, disease etc.
which was further followed by sharing of the related samples.
In addition to this method the company also did a data collection to find about the specific disease, a medical
practitioner is prescribing medicine about. Back end team of the company gathered the required information on
latest researches happening on the specific disease and shared same with the practitioners. Medical practitioners
began appreciating this support and there was a positive relationship with pharma sales person, beside a decent
increase in the prescriptions. Noticeably, that was an era when there was no internet.
Pharmacists were extremely delighted, as the practitioners welcomed them as they were adding value to their
profession. As a result it proved to be a successful pilot and gave around 25% more prescriptions and also enhanced
the level of Employee satisfaction.
4.3

Values Internalization- Personal Archive

Specifically Quality and Trust factors are responsible for a stress free and a vastly superior personal life of an
individual. Quality tends to either being the best entirely or serving the best of everything to the concerned set
of individuals of groups in whole. An organization could be stated successful ethically, if it is capable of delivering
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an excellent quality to its clientele, consumers and customers. Similarly an individual is seen leading a perfect life
if that depicts a quality of perfection, bliss and satisfaction in it.
This specifically may sound a bit philosophical, so let us go through a very personal experience, which is
highlighted here as a theoretical explanation of the above mentioned statements.
It was when I was associated with one of the successful MSME organizations. It was doing extremely well
but the administrative body somehow felt that they are dealing with some stress issues because of excessive
monitoring at the performance levels of the employees of the organization. They considered it to be an eminent
course of action to enhance the efficiency of the employees from all the levels across the organization.
Thus a training program was initially organized on the basis of seven habits and Values, for the entire top,
middle and base level employees. Each individual was then asked to document his/her family goals and values
blended along. They were thus superficially asked to share any specific personal incident or event happened which
can correlate with the ongoing subject of discussion.
It was then when a Senior Management team member shared an extremely inspiring incident that depicts
the core quality of the life of a responsibility bearing individual living in this practical world. One fine day he
was driving back to his home after a brief visit to his parent’s home in another city, along with his driver, wife
and two kids. After travelling for almost a 100 km, his wife uttered in a feeble voice that she has forgotten their
house keys back there at the parental house. She was expecting to be rebuked by him after listening to this, but
to her surprise he did not responded in that manner. He immediately asked their driver to stop the car aside. He
then asked him to take a bus back to his parent’s house and get the keys back to which the driver agreed. They
then checked into a highway motel nearby and spent the day well altogether.
He shared this joyfully in presence of his wife, as she was too the employee of the same organization. He
was ecstatic to share the incident along with expressing that this quality of depicting patience and respect for his
companion also improved and strengthened their relationship. For that he even accepted that he did work on himself
to attain that quality of life. Similarly he even shared with everyone the way he implemented same level of patience,
values and calmness in the workplace as well. This helped him reduce the stress levels and focus more onto his
ongoing projects and thus ultimately resulting in a better and an enhanced growth of himself as well as the
organization.
4.4

Selfless Relationship Building

This case study is all about explaining the importance of relationship building with a selfless aim. As while
discussing about the gigantic tree hierarchy of the business organization, it was stated that even if a tree is a high
rooted, evergreen luscious fruit bearing one, still it offers those fruits along with its cozy and cool shade to the
beings of the society. Thus what it takes from the nature, it gives back to it wholeheartedly. Similarly, our individual
values and organizational values altogether explains the same. Relationship building management is not just limited
to a specific network of clientele who in return would fulfill a basic need of profitability. It is also mandatory
to build network and relationships with the group of individuals, who are a part of society but somehow not
considered as the eminent ones.
Being into a flourishing business of Tractors and maintaining a perfect aura of organizational values within
my workplace, I have earned a well maintained Relationship with a decent belt of clientele who belong to farming
background and agriculture businesses. But my inner deviation towards the Ethical Values, morals and principles
enlightened and inspired me to move ahead on the path of Selfless Relationship Building.
With the same expression of thought and a passion of social service within, I founded an NGO back in the
year 2014, named as Prayas Foundation, which means Constant Efforts.
Through it I got several chances to serve the humanity and its beings. Mine is an organization which is currently
working with a clear aim of Rural Development along with the underneath aspects of social issues like Child
Education, Women Empowerment and Awareness regarding Organic Framing. By means of organizing various
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Awareness and Medical Camps I am constantly trying my best to be a perfect bridge between the rural populations
of areas deprived of modern advances and technological progression, by providing them a common platform, thus
establishing the foundation of relations and trust building along with a selfless act of social-service.
The inaugural event of my NGO was a Camp for the Special (Disabled) People of all age groups, which was
basically a platform to connect them with the team of State Government Officials who issue a specific certificate
of their physical state, with which they can get benefitted of the policies issued by the government in order to
provide them a gentle help and some special facilities.
The main aim of organizing that camp was to get those officials within their range, so as to save them from
the expenditure and difficulties caused due to travelling. It was thus all about building and maintaining a selfless
relation with them in order to connect them further with the governmental advancements so as to push them a
bit more towards the path of a blissful life which they equally deserve.

5. Conclusion
Hence, with a thorough study of business organization management along with the importance of its key
enablers which are Organizational Values, Quality Trust Ratio Index or Quality Trust Index (QTI) in simple terms
and Relationship Building, it somewhat became extremely intelligible to know even the cavernous depths of its
fundamentals. To attain enduring success in a business organization, organizational skills are much needed. Though
study of business management can be precisely considered as a field based on facts and fundamentals, organizational
values, principles, Quality maintenance, Trust amongst the network individuals and Relationship building are equally
important. They are basically extremely practical fact based elements but in a way they are based on the basic
human behavior and nature as well, they could also be seen with a different perspective on the philosophical ground.
This paper eventually leads us to the final conclusion consisting of key points which are; firstly any startup
or an already established setup is completely based on the quality of its roots and the sufficient amount of nutrients
and fertilizers they receive, in form of capital supplies and other means, for a proper nourishment. Since it is a
down to up or root to tip process of growth, any particular business organization ought to be rooted and always
in consideration of its clientele and base level employees equally. As it is very well stated, “Feet firm on the ground
and head towards the sky.”
Secondly, Leadership quality is a very eminent factor in the individual who is the utmost responsibility bearer
role model in an organization, and is termed as a persistent leader. The employee circle needs to be aligned as
per the company purposes and always should be supported well and nicely following the norms of the organizational
values to the core so as to maintain the basic ethical properties in own life and overall at the workplace. Further,
Quality and Trust Index should always remain the utmost priority for each and every individual associated with
the organization, since these are the foundation of Relationship Building.
To maintain a firm, unwavering relationship with the customers and other clientele, it becomes mandatory for
an organization and its employee circle to keep in mind, the ultimate goal of customer satisfaction. Also the
organization must be expert at problem solving skills as well as time management skills.
A great set of employees would certainly take an organization to new heights, although the basic principles,
morals, ethics and core values play a pivotal role in the process. Last but not the least, Relationship Building is
not simply about profitability and about self-love and thus doing business at an organizational level forgetting about
the basic ethics of human behavior, hence it could certainly be selfless, compassionate and altruistic.
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Abstract
Product Failures have huge impact on the society, livelihood and business. In auto industry, most of the major
defects lay hidden from engineering stage. In this back drop, Engineering World Class Quality (WCQ) philosophy
was thought of to prevent error flow. It is a systematically crafted and technologically driven platform that
continuously improves the Engineering Process. It also inculcates a Quality Mindset which brings science to society,
aiming at delivering First Time Right Products. It is our utmost responsibility to contribute to the society by
preventing failure of our products. Engineering defects are attributed to major causes for the product failures which
is evident through increased warranty cost, recalls, loss of market share, retro fitments etc., Engineering WCQ
is based on the concept of defect detection to defect prevention based on the transformation from resolving of
engineering defects by vehicle level physical validation to defect prevention in the concept itself utilizing
closed-loop knowledge based learning systems. Global Benchmarks have addressed manufacturing process related
issues through manufacturing world class quality approach, however, no OEM has attempted to have unique
framework for engineering quality. This is a systematically created five level journey, first two levels depict
physical series as it focuses more on physical validation. Level 3 onwards virtual validation plays vital role in
arresting defects upfront before an engineering sign-off. This framework is primarily based on five Global principles
but Crafted for Engineering Domain viz., People Involvement, Standardization, Built in Quality, Short Lead Time
and Continuous Improvement. Ultimate aim of this is framework is ‘Quality in Everything, Everywhere, Everyday’.
The absolutes of each principle and core requirements are designed and formulated by the designated Cross
Functional Teams comprising managers from each vertical within engineering department to bring about integrity
with the new process. WCQ has provided a common language to different isolated verticals of ERC, while retaining
their unique requirements, which resulted in significant reduction in man hours thus providing materialistic savings.
There is an overall enhancement in working culture of ERC as acknowledged by the employees.
Keywords: Error Flow, Engineering Quality, Systematically

1. Introduction
1.1

Making Quality a “COOL” thing within automotive engineering.

Culturally speaking, in today’s markets, you no longer have to ‘hard sell’ quality. Quality is an expectation;
therefore, each customer expects the right steps have been executed in order to ensure it. However, if quality is
identified as the key differentiator between you and your competitors, every product or service has to be standalone
and be significant in terms of quality. Moreover, specific entities in the market encourage this ‘demand for quality’
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for the modern consumer and the customer is not to expect accept anything less than what is objectively specified
as a ‘good-quality product’. There are institutes in the market at work to ensure that consumers are informed as
to the level of quality to expect; institutes such as review websites and other social media influencers. Furthermore,
Retailers themselves inform you almost immediately - and continually - of poor quality products or services they
sell to the market. Evidence of this is Amazon’s 5-star rating and Customer Reviews on Apple’s ‘Appstore’.
However, within the internal market, the inner sanctum of a company, it is a different story. For example, Individuals
within a science based function such as an engineering department of an automotive OEM, freely talked about Quality
as a philosophy but not as a hard pressing internal issue. They generally define their contribution to the quality
of their product through the metric of precise engineering standards and practices and affirm that this is a static
measure of the quality that they provide – no other measure needed. However, what enterprises fail to recognize
is that engineering quality is a dynamic system that requires continual improvement and that a system needs to
be developed by the individual for, the department that uses it, with the related metrics that objectively demonstrates
specific improvements along the engineering value-chain. This is now known as ‘built-in quality’ and allows
engineers to be non-reliant on loosely related quality measures designed by external quality departments. These
external departments (Central Quality - CQ) presuppose non-relevant quality measurement systems for a generic,
nonspecific and continual improvement on engineering quality. External quality systems are generally quickly visible
results driven, these results are defined by the failing of the final product delivered to the consumer and are not
qualified by the root-cause of the fault within the engineering system. Unsurprisingly, external quality systems are
not considered valuable to engineering as a business or quality measure and more importantly - not exciting to
the engineer. These presupposed measurements by CQ are always assumed as either an iterative of fixed measures,
the higher the better, or best practice learning (symptom driven correction), but not core engineering process
improvements or specific enablers as part of precise engineering quality value chain system. Assumptions are made
by most Central Quality departments, that engineering quality can be managed by a holistic measurement system.
The results are presented in the typical form of PowerPoint slides demonstrating the symptom of a fault, assuming
engineering is the cause, with an underlying message of “must do better next time” and not the needed route-cause
analysis that specifies the engineering process that may have caused the original fault. Engineering WCQ system
does this.
1.2

From static engineering measures to dynamic improvement quality measures

Consequently, a different measurement system that delivers high quality results for science based engineering
department has to be innovative and more importantly “cool” i.e. good for them. Otherwise, engineers will not be
interested. Primarily, you have to make the engineers, at any level of the organization, feel that they can contribute
at the highest level, objectively, and their inputs are deemed significant and thus feel empowered “to tell it as is”.
Secondly, engineering has to be presented as a Quality, value-adding closed loop system with both lead and lag
measures, objective and subjective results to deliver customer delight and not just an engineering service to
manufacturing.
To that end, a unique Engineering quality system had to be developed ‘First of a Kind’ (FOAK). More
importantly, it had to be executed by the engineering department and not by the typical external agencies, i.e. Central
Quality.
Initially a model was developed, as well as a concept to support the said model. The model is a ‘5 gate’ value-add
improvement system, something similar to a production line, i.e., “Product Development Factory”. The concept of
the model was a close-loop unique quality system that, at any point of the engineering process, could be used to
demonstrate a measurable quality improvement plan, over the five gates where designer is not expected to ‘accept,
create or release defects’. To frame this model and concept, 5 core principle enablers were defined:





People Involvement (PI)
Standardization (STD)
Built-In Quality (BIQ)
Short Lead Time (SLT)
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 Continuous Improvement(CI)
The principles were placed considering life cycle of design process. Any activity starts with
People/employee/human involved in it. Obviously PI was placed first. To ensure consistency and uniform processes
across the organization, Standardization was placed next. The motive of this model was Quality in everything we
do so Built in Quality was chosen next. The challenge in the era of shrinking product life cycle is to shorten the
lead time, accordingly Short Lead time was placed. Although this creativity and innovation of WCQ was emerged
as a part of Continuous Improvement philosophy, the modeler also felt that there is room for continuous improvement
and hence the last principle chosen was Continuous Improvement. Once this model, its concept and enablers were
designed, developed and agreed to by the engineering community, quality became a “cool” thing to do and be
involved with.
1.3

Delivering Engineering WCQ

Today, if you talk to any TML engineer he will speak mainly about two things; delivering the next new Product
and Engineering World Class Quality. In fact, they are now fully exclusive, therefore, cannot differentiate them,
and now identify them as a single deliverable.
Since delivering the first two stages of the TML FOAK Engineering World Class Quality (E-WCQ), not only
have we seen significant quality improvement in our engineered product (built-in quality), but also improvement
to our business processes with direct revenue benefits through shorter lead-time and Right First-Time delivery. No
TML Central Quality system reports this as a quality measure, but now TML engineering can; thank to the E-WCQ
model and initiative.

2. Evolution of Engineering World Class Quality (WCQ)
This is an era where 22% of Indian population own cars, more than 65% depend on transportation and more
than 8.5 Million depend on transportation business for their livelihood, any failure in such a product causes
significant loss to the society in the form of natural resources and livelihood. Highly unstable market where the
product life cycle is shortened, a tremendous work was needed to be done at development level so as to minimize
development time. There were many problems associated with engineering quality of the product which in turn
resulted into passing defects in the hands of customer, non-compliance to regulatory requirements and waste in terms
of rework in the design process. Field issues were encountered at the hand of the end customer in the form of
vehicle immobilization, safety hazards and high rate of warranty returns due to engineering defects. Such issues
resulted in delay of New Product Introduction. All OEMs have their unique process of New Product Introduction
(NPI) like Gen3 NPI – Tata Motors, PDP – John Deere, etc. Strict adherence to the timeline is required for
strategizing the market needs. But the above issues lead to the delay in Engineering Development and NPI.
Other quality management tools like TQM are technically drafted, focusing on Manufacturing Processes. It
describes a management approach to long-term success through customer satisfaction. In a TQM effort, all members
of an organization participate in improving processes, products, services, and the culture in which they work. It
is more of a holistic approach rather than aiming at the ground level realities. This lead to the need of developing
a new best fit model for delivering all the requirements – Ground Level up to the Top Management.
Many companies / OEMs are relying mainly on externally driven quality management systems like IATF 16949,
ISO 9001, Total Quality Management Philosophy and certification by third party to ensure process compliance and
areas of improvement. Few OEMs have their own integrated quality management system which encompasses
engineering function into it e.g. 14 principles of Toyota. Software development industry resort to CMMI (Capability
Maturity Model Integration) model for addressing product development related issues. The external system forces
the mind set to aim only to ensure compliance to clauses technically / legally so that at the minimum requirements
to claim the certification and ignores the reality checks and improvements required. They are not directly connected
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to established business & engineering processes and work flows. This lead to the development of false confidence
among the organization leading to lack of ownership, engagement, involvement & commitment.
Background check was the need of the hour before developing any new Quality Model. Accordingly, a survey
was conducted. Questions were framed in line with processes that were followed at Tata Motors Engineering
Research Centre (ERC). Though response to Survey was voluntary more than 90% employee of ERC participated.
Survey findings were analyzed. People seemed to be very much confident about their work and processes but as
a whole unit the Output for the same was missing. Lot of DMLs were analyzed. Many DMLs demonstrated really
world class Innovative designs, while a substantial number demonstrated disgruntling mistakes. Concluding on the
above analysis, we found that there were many ‘Islands of Excellences’ but integrating them and bringing them
at the same land was the major challenge. Quality was thought just as a requirement that was needed to be handled
by the Quality Team. The whole concept of Quality was needed to be amended such that it becomes a part and
parcel of everyone’s day to day work.
2.1

Why choose the WCQ Model?

Tata Motors ERC had a number of best in class engineering practices in pockets but those were not consistently
performing across the Business. Likewise, ERC had a number of conflicting process, internal best practice definitions
and no single quality concept for common quality shared values and beliefs starting point. Finally, we had no
common quality metric for Engineering Quality throughout to support a quality improvement growth map. Survey
was conducted across ERC to bring out the impression of the ERC employees about adherence to top level ERC
processes starting from Design Input Finalization to Design Change Management. Surprisingly more than 75%
employees were confident of adherence to processes and perfection in their work. Reality check by Engineering
WCQ core team revealed lot of lacunas in process adherence vis-à-vis many pockets of excellences. This further
determined us to leverage the excellences in pockets and convert it into uniform processes across ERC to reflect
in our future products.
2.2

Defining the best fit model for ‘our’ Engineering Organization

With our original engineering processes, we had to decompose, from the complex & multi-functional model,
to a single line process model without damaging the innovation capability. ‘One Team, One Vision, one measurable
process’. ‘Defining Quality Throughout’ as a measurement system that could demonstrate improvement. The factory
model was defined as ‘Do Not Accept, Create or Release Defects’. The improvement model had to measure both
in its current state of engineering quality practice, and the measurable planned improvements for Engineering WCQ
in real time.
2.3

Constructing the final Engineering WCQ Model

The final model was to be constructed based on the concept of Goal, Culture and Measure. Alignment of the
above three concepts lead to the development of the 5-Level Engineering WCQ Model. The model had to aim
at delivering Top Management Goals but by working on each process diligently. This called for a top down approach
to align the mindset of each employee in accordance to Engineering WCQ by enhancing their daily task. So the
below shown pyramid in Figure 1, represent the top down aligning of the goals with the help of Principles, Absolutes,
Core Requirements and the final Actions that are carried out at the bottommost level.





Goal – Describes what the Organization wants to achieve
Principles – Concepts / Philosophies to guide the activities to achieve the set goal for the organization
Absolutes – Main strategies within each principle which must be implemented to ensure success of each principle
Core Requirements – Are detailed statements which define the requirements, expectations against each absolute.
This forms the basis Engineering WCQ calibration.
 Actions – Activities and System which are used to support the core requirements. They must be used to support
multiple core requirements

277

Fig. 1. Pyramid showing the top down alignment of the Goal

2.4

Final Model for Engineering WCQ

There are 5 levels of ERC World Class Quality as shown in Figure 2. These five levels were defined based
on the philosophy that Detection and Resolution of the engineering issue will move progressively from final
engineering sign-off (last stage of production design release) to the concept phase itself. It also shown migration
from Physical to digital arena at one point of time. This framework is primarily based on five Global principles
but Crafted for Engineering Domain viz., People Involvement (PI), Standardization (STD), Built in Quality (BIQ),
Short Lead Time (SLT) and Continuous Improvement (CI).
Obviously, in Level 1 the emphasis was on the goal, Engineering defects don’t leave ERC - By culture of defect
detection by physical validation of the full vehicle. The quantitative measure for this level is single digit minor
risks during ESO. Minor risk is identified risk for which an engineering solution is known and 80% validation
is done. In summary, this is containment process based on the strong foundation of Engineering Sign – off (ESO).

Fig. 2. Final Working model of Engineering WCQ depicting five levels of transformation with
defined Goal, Culture and Measure. It also says about how to achieve the ultimate aim through
moving from Physical Series to Virtual Series by keeping the Motto in mind

278

Moving on to Level 2, the emphasis changed to the defect don’t leave test rig, by enriching culture of defect
detection by physical validation of vehicle systems and subsystems. And the quantified measure is system functional
attribute conformance. With strong foundation of PI, BIQ strategy applied here is system level detection &
containment. Sustenance of Level 1 requirements in terms of results and deliverables is the pre-qualifier for Level
2 assessments. While capturing defects at vehicle level at ESO will still continue for addressing defects / issues
which cannot be captured at system/sub-system level, though the focus is on capturing and addressing most of the
issues as system/sub-system. The major challenge here is establishing linkages between validation of PAT targets
on vehicle and system/sub-system performance in bench/test rig eco-systems.
Emphasis of Level 3 is built on the concept ‘defects don’t leave CoC’ by Final Data Judgement of vehicle
and subsystems. This is transition from relying on physical validation to digital validation. 100% virtual conformance
of durability, geometry and EBOM will be the quantifiable measure to attain this level. Level 3 pole-vault will
be challenging and unpredictable journey.
At Level 4, the emphasis is defects don’t leave the creator (design engineer), by culture of system based design
approach. For this measure will be component level optimization, performance attribute target achievement, 100%
design for purpose and 100% compliance with DFMEA. The uniqueness of Level 4 is, error flow to downstream
process will be avoided by Design engineers. Level 4 will be based on software driven DFMEA, DFA, DFS &
DFM, digitization & automation of most of the design release processes. At present, the best in the industry is
at this level.
At level 5, the focus of E-WCQ is ‘defects prevention at concept stage itself. This will be achieved by culture
of knowledge based design process. Measure will be closed loop knowledge based learning systems and 100%
knowledge re-use. For this concept is to have rich library of design concepts with low IPTV, strong database of
proven designs driven by robust design rules and guidelines, backed up by various standards for ready reference
of design.
At present, the best automotive companies in the world can be positioned between level 3 and level 4. Level
5 concepts are being followed and established in aircraft and aerospace industries. Since ages Automotive is following
footsteps of Aircraft industry may it be ABS, Extensive usage of Aluminum, Titanium & Polymeric Materials etc.
This model also fits in same philosophy.

3. Working Model
Engineering WCQ is based on the Top Down Ownership model. This implies that each ERC leadership team
(ELT) member has taken the ownership of one of the principles and/or deployment of all principles in his/her vertical.
Few have both ownerships. Key roles of the Principle Owners are: Principle review & decision on bottle necks,
Fort-nightly review, Conclusion on Decision requested by Cross Functional Team (CFT) – May affect ERC processes
across ERC and De-Bottlenecking Areas of concern by escalating the issues to ELT meeting if needed.
3.1

Deep Visual Impact

One of the ways to create impact on every bodies mind is visual displays. Tata Motors design team took this
challenge. With lot of deliberations, two visuals, capable of creating deep impact were finalized. First one was Five
Level Engineering WCQ Model, giving gist of what is meaning of Engineering WCQ in terms of Goal, Culture
and Measure, BIQ Approach, mix of Incremental & Pole Vault jump across WCQ Levels. Fig 3 shows the same.
While vehicle designers were friendly with colors, they choose black & white combination. Most of the management
review presentations pertaining to quality were full of Green (Go), Yellow (Partly go), Red (No Go) and White
(Mutually accepted No Go, considering them equivalent to Go) colors. However, talking World Class Language
Quality cannot be colorful. It is either OK or NOT OK so Black & White. Only Centre of ‘Q’ in Quality was
red, red giving the message - target to hit. Other symbol was depicting overall philosophy. Since we wanted to
give lot messages using this Logo, TML designers chose multi colors. Centre of logo is jet turbine representing
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the need for turbulence complete shaking up of system. This
jet is on background of earth indicating Tata Philosophy of
conquering the global market with TML products if we
churn successfully. Five Flags with different colors
represents five principles with its unique need and approach.
Their positioning indicates while those are independent, at
the same time there is interdependency too. The direction
of the turbine blades is anti-clockwise depicting it is race
against time. Flags are pointed with broader base indicating
involvement of Top person at the apex to wider mass base
as we come down the management hierarchy. Both these
figures were displayed places across the organization, as a
wallpaper on employees’ PC, cover of pocket book of
Engineering WCQ Summary. This has created deep impact
in the minds of employees.
Fig. 3. ERC WCQ Logo representing a deep meaning to create
a visual impact on the mind set of all the employees

3.2

Definition of five principles of Engineering WCQ

People Involvement
Definition: The company will be able to deliver appropriate products and services to its customers only if all
employees are involved in ensuring that customer requirements in terms of Cost, Quality and Delivery are met.
Purpose: Purpose is to create a company culture that is similar to the roots of a tree and people represent the
trunk of the tree. The branches are the Processes and Tools and Fruit is a Quality product.
PI Absolutes: Challenges and Approach in Engineering is different from manufacturing. In manufacturing
environment majority of workforce is Blue-Collared (Bargain able) and their work is almost repetitive using
foundation of work discipline, productivity and quality output. While in case of engineering domain most of the
workforce is white collared (Non – Bargain able) and most of their work is innovative using foundation of
standardized engineering practices and knowledge with futuristic customer needs and technological advancements.
Work force in engineering is highly educated like Engineering Graduates, Post Graduates, PhDs, etc. While in
manufacturing major workforce is ITI, NCTVT qualified.
a) Vision / Mission.
b) Values.
c) Safety, Health & Environment Priority.
d) Team Concept (CFT).
e) People Involvement.
f) Open Communication Process.
g) Shop Area & Design Office Management.
h) Competent People
Standardization
Definition: Standardization is a Dynamic Process by which we set and document the standards of terminology,
principles, methods and processes within ERC to achieve a common base from which to improve. This “Dynamic
Process” needs to be reviewed, verified and updated from time to time, based upon the identified gaps, lessons
learnt, feedbacks etc. which is in line with the continuous improvement process.
Purpose: The purpose of Standardization is to reduce variation and stabilize by bringing homogenous approach
in all ERC processes across all locations & all employees, so as to achieve a base from which to grow and improve.
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Standardization Absolutes
a)
b)

c)

d)
e)
f)
g)
h)

Design and Development Database Standardization: It is useful to have a common place / server where
respective data is stored for controlled access for confidentiality and for better retrieval of data.
Workplace Organization (Shop Area): It is needed to put in order and maintain the workplace by making
‘out of standard’ conditions easily visible within shop areas. General guidelines of standard processes / practices are mentioned further in this book as sample.
Workplace Organization (Office Area): It is needed to put in order and maintain the workplace by making
‘out of standard’ conditions easily visible within design offices. General guidelines of standard processes /
practices are mentioned further in this book as sample.
Standardized work: It ensures availability of best work practices documented for various repetitive processes,
including learnings from experience.
Design Standards: This enables to have design rules, standards, policies and guidelines with respect to Design
& Development.
Use of Standard Parts & Modular Design: This process helps in eliminating wastage caused by, making
multiple parts or designs of same features. Adherence to PMXU strategy.
Standardized Design Release Process: It helps to have a simple but unique Design Release process for better
communication within concerned Departments or Divisions.
Standardized Verification and Validation Process (CAE/ESO): This controls the quality of testing parameters
and simulating real world uses pattern. This process enables detection of defect at early stage of program
with design intended inputs & phase wise implementation of RMDV² replacing DVPSOR.

Built in Quality
It focuses on design quality improvement by migrating from “initial defect detection and containment strategy”
to “defect prevention strategy based on knowledge based learning systems and 100 % knowledge reuse”.
Definition: The methods by which quality is built into the design and development process, in a way that
engineering defects are prevented, detected and countermeasures are implemented to prevent recurrence.
Purpose: To improve design quality by moving from reactive design quality to predictive design quality.
BIQ Absolutes
a)
b)
c)

d)
e)

Design and Development Planning - This focuses on planning of design and development activities to ensure
consideration of all important aspects effectively to meet program timeline.
Design and Development Input - This absolute helps to ensure all design inputs are considered during initial
product development phase
Design Controls - Design controls describe methodology for design review in order to identify problem areas
and initiate corrective and preventive actions. It also covers verification activities to verify design output
meets design input requirements and validation activities to outline a procedure for ensuring that the final
product meets customer’s requirements.
Design Output - This absolute covers element for preparation and approval of design output documents in
line with GEN3 NPI deliverables.
Design Change Management - This absolute covers core requirements related to design change process to
ensure any change in design takes care of associated activities right from risk analysis to validation.

Short Lead Time
 Definition: A process to ensure timely release of design in order to meet program level targets.
Purpose: To accelerate the design release process by practicing systematic approach and ensuring adherence to
quality parameters.
Project management: In project management, lead time is the time it takes to complete a task or a set of
interdependent tasks. The lead time of the entire project would be the overall duration of the critical path for the
project. For example, the lead time between the placement of an order and delivery of a new car from a manufacturer

281

may be anywhere from 2 weeks to 6 months.
Lead time is made of Pre-processing Lead Time: Also known as “planning time” or “paperwork”.
Processing Lead Time: It is the time required to execute the process. E.g. procure or manufacture an item in
case of supply chain or manufacturing.
Post processing Lead Time: It represents the time to make an item (i.e. Process output) available to the customer.
(Including quarantine, inspection, etc.)
SLT Absolutes
a) Project Initiation
b) Product Concept, Selection Definition and Advance Technology Integration
c) Design Release Processes
d) Virtual Performance, Testing and CAE
e) PAT Verification and Design Validation
f) Digitization, Automation and Standardization of Engineering
Continuous Improvement
Problem Solving Report – Problem solving can be used in all functions and in any domain. It can be applied
to any defect or abnormality in any aspect of business like Safety, Quality, Productivity, Delivery, Cost, Morale
and Environment. While the approach may be different but problem solving is applied to unique, chronic as well
as sporadic issues. Some examples of problems are issues faced during product development -Unsafe condition
/accidents, Customer complaints /warranty issues, Machine, rig or equipment breakdown, High cycle time, lead-time,
low productivity, wastages, high cost, low morale /participation of employees etc.
Problem Solving during development - Mint 3 Platform is used for problem solving during development in TML
ERC. It is necessary all people involved during product development should have access to Mint System for issue
registration
Alarm Escalation - While auto generated emails also go to individuals and superior in case of delay of problem
solving. Alarm escalation is also done by lead Engineer when problem is not solved and is jeopardizing project
timeline to CoC head, CE and ELTM through different dashboard.
CI
a)
b)
c)
d)
e)
f)
g)
h)
3.3

Absolutes
Effective Problem Solving
Business Plan Deployment
Monitoring & Escalation of Issues
Lean Design of Facilities, Equipment, Tooling Layout
Early Manufacturing and Design Integration
Continuous Improvement
Maintenance System
Creating and/or Deploying Innovative Solutions

Cross Functional Team (CFT) Approach

Unlike any other systems, the requirements, evaluation and success criteria of Engineering WCQ were defined
by CFTs. This brought engagement, involvement and ownership by all employees. Team comprising of cross
functional team members has led each principle for defining result oriented actions under each core requirement
of an absolute. Endorsement by senior management team member in the role of respective principle owner led to
effective implementation. Micro detailing for the ease of evaluation of actions and its required evidences as a success
criterion for actions were finalized. Based on the approach and deployment levels Red (R) Yellow (Y) and Green
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(G) status were finalized as defined in Table XX. The major challenge was to engage and involve ERC employees
and to get their commitment. To address this important need, classroom Engineering WCQ awareness sessions &
group-wise workshops for A-C-A cascading were conducted by CFT members from respective verticals. This helped
in effectively connecting A-C-As with work content of that respective vertical. Completion of E-WCQ e-Learning
module was made mandatory for all ERC management employees. It was also extended to all employees from
associate company like Tata Technologies (TTL) and JAYEM. These classroom & e-Learning training modules were
extended to all remote locations globally, Jamshedpur, Lucknow, Pantnagar, TM UK and TM Italy. Through all
these modules WCQ core team could connect individual’s role to achieve WCQ deliverables and organizational
goals in a crystal clear manner. This helped to get voluntary engagement, involvement and commitment of ERC
employees towards WCQ. Apart from CFT members few more employees of ERC were selected as assessors.
Assessors were trained in the workshops for one principle each. WCQ Online portal was used for assessment.
Assessment was done to ensure conformance of actions.
3.4

Unique method of Mandatory & Non – Mandatory Core Requirements and Results & Deliverables

As defined earlier, Core Requirements are detailed statements which define the requirements, expectations against
each absolute. This forms the basis of Engineering WCQ calibration, is further classified into two types Mandatory
& Non – Mandatory. Mandatory core requirements comprise of important actions that are needed to be accomplished
for achieving Levels of Engineering WCQ. Thus it forms the foundation of Engineering WCQ Level and hence
are mandatory to achieve for moving to subsequent Level. Non – Mandatory core requirements also form an
important part of Engineering WCQ with some relaxation. For target achievement mandatory Core requirements
are needed to be 100% Green where as Non-Mandatory core requirements have a target of 85% Green and 15%
Yellow is allowed, but no Red Status is permitted for moving further in Engineering WCQ level.
Results and Deliverables forms the Health Checklist of ERC. It measures the direct output of ERC like Changes
in Engineering Designs after final Engineering Release, BOM Quality, Engineering Issue resolution of newly
launched vehicles, Failure Mode Analysis Score, Percentage adherence to Product Attribute target, etc. There are
set targets for each result area which is to be achieved by all relevant verticals before proceeding to upper levels
of Engineering WCQ. The Results are monitored on a monthly basis by ERC Top management and hence forms
the best Health checker of ERC performance.
3.5

Engineering WCQ Alignment and Assessment Criteria & Methodology

Engineering WCQ Alignment at all locations was carried out by conducting Sessions and Trainings across all
ERC locations to align everyone with the new Quality Model. Nearly 150 training sessions covering more than
3000 (95 %+) were conducted by E-WCQ core team with support from CFT members, to explain the Engineering
WCQ model along with A-C-As and bring its essence to the bottom most level of ERC. Along with the above,
about 20 odd sessions were conducted to explain and align the assessors and assesses with the multi layered
assessment methodology of Engineering WCQ.
Assessment is carried out in a strategically crafted method of Absolutes – Core Requirements – Actions (A-C-As)
defined for each principle. A unique method of weak link status is defined for judging the final status of the Core
requirement for ERC. The meaning of Red/Yellow/Green is described in the below Table 1.
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Table 1. Meaning of R-Y-G criteria for Core Requirements

Fig. 4. Picture displaying the weak link method of Assessment Criteria. As shown in the snapshot One sub-function under PVBU
Function is RED for the displayed Core requirement which leads to RED status for complete ERC for the respective Core
requirement.

Layered assessment methodology has been adopted to evaluate the performance of each function w.r.t. applicable
core requirements and actions. The assessment methodology is designed in such a way that there will be no Conflict
of Interest so also demonstrates objectivity of assessment. Online tracking system is utilized to track and monitor
progress of each function / sub-function / vertical in order to meet the criteria requirements to achieve WCQ level.
The first layer self-assessment (SA) identifies sub-function wise applicable actions and evaluates its adherence for
100% applicable actions. The assessment was done by the assessors from same functions. The purpose of cross
vertical assessment (CVT) is to calibrate the uniform understanding of processes and requirements across ERC and
also rule out the possibility of relaxed SA. This is ensured due to assessors being from different functions. It is
done for 100% sub-functions with sample data points. The final assessment (FA) is done as a final check by central
pool of assessors on sample data points selected from all functions/verticals. The assessment is done for verifying
compliance to applicable actions and core requirement status is evaluated by system based on the criteria defined
in figure. The process was totally transparent and impartial. Only Assessor is allowed for any change in the status
of action R to Y/G or Y to G. System is configured in such a way that no intervention of third person is allowed.
3.6

Online Tracking System for Engineering WCQ

ERC has embarked on WCQ (World Class Quality) journey in January 2018 with 5 level framework and related
results and deliverables. Real challenge was to monitor performance of WCQ at different levels and sub-functions
of ERC without overlooking Principles. Team has come up with the resolution of having online system in place
instead of tracking through Excel Workbooks and reviews through power-point presentations. WCQ Tracking system
based on in-house developed Pfirst platform in order to meet challenge of covering more than 55 sub-functions
across all ERC locations (Pune, Jamshedpur, Lucknow, Pantnagar, TM Italy and TM UK) for monitoring and
establishing review mechanism right from department heads to ERC top management. User friendliness, access
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control, pictorial presentations, logic driven results, facility to include evidence documents and capability to maintain
history are few salient features of the system. It enables to generate weekly report for review purpose and also
dig out source of the issue at sub-function levels and to certain extent at project level. System is developed so
diligently that it is adaptive to complex logic of WCQ criteria based on core requirements and action items
fulfillment.

Fig. 5. Online Tracking System for Engineering WCQ

3.7

PDCA Cycle and Top Management Reviews

PDCA Cycle plays a vital role in the progress of Engineering WCQ Model. All the actions, core requirements
and Results are monitored at Top Management level, so it becomes necessary to Plan on Red Line items and Act
in accordance with the Plan to achieve the defined target. There is a set of instructions at the launch of any level
of WCQ which is to be followed and adopted by all the verticals of ERC. PDCA Cycle comes into picture after
an assessment is done on the set parameters. Without PDCA, it becomes very difficult to progress in the Red line
items for its closure and way forward. For the result areas PDCA is started just after the launch of the Result
Line items. The relevant verticals are needed to achieve certain target set by the CFT and Top management within
the stipulated time and Sustain it for achieving WCQ Level. PDCA has been made as a compulsory tool from
Engineering WCQ Level 3 for Knowledge Capturing and Knowledge Reuse which would act as the foundation
for WCQ Level 4 and 5.
3.8

Patent and Notarization
Copyright has been granted for the Engineering WCQ online tracking system model.
Authority – Copyright Office Government of India
Date – 20/06/2019
Registration Number – SW-12553/2019
Class and description of the work – Computer software work
Title of the Work – EFFECTIVE WCQ GOVERNANCE THRU WCQ TRACKING SYSTEM
Notarized Idea
Idea No. – 398/19
Date of filing – 18.03.2019
Date of Notarization – 27.03.2019
Title of the Work - ERC WCQ GUIDE
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4. Results
4.1

Improvements brought over achieving subsequent Engineering WCQ Levels

A significant number of improvements have been brought about by achieving Level 1 and 2 of Engineering
WCQ. The below displayed charts shows the Level wise improvement in some the measurable parameters that were
considered as Result and Deliverable line item of Engineering WCQ.

Fig. 6. BOM Quality improvement from Pre-WCQ Level to
Level 2. This parameter signifies higher the better as BOM is one
of the major deliverable of ERC

Fig. 8. Engineering design changes post Design Release at
Design gate 4 leads to Delay in product launches. There has been
a steep fall in such design changes after implementation of WCQ
in ERC

4.2

Fig. 7. Engineering design changes post Design Release at
Design gate 3 leads to delay in Product development timeline as
Validation process gets delayed due to inefficient Designs

Fig. 8. There is a significant fall in the Year on Year PPM for
Vehicle Prototype part after the implementation of Engineering
WCQ

Cultural Change

Fig. 9. Cultural Transformation in
ERC is one of the major
achievements of Engineering WCQ
which has led to the change in mind
set of the employees and the
organization as a whole

286

4.3

Impact of Engineering WCQ on the performance of the Company

Engineering World Class Quality has brought about a number of improvements in the Company’s performance.
Listing down some of them would help to realize the impact of such model over the working of Research and
Development department of any Automotive Industry.
 Increase in Efficiency of Downstream functions by filtering out defects at early product development phase.
 Reduction in design rework activity maximizing effective utilization of resources.
 Design and development database standardization resulted into effective storage and retrieval of data with controlled access privilege.
 Top to bottom approach i.e. involvement of all hierarchy across engineering function ensures ‘never seen before’
commitment of top leadership as well as working level employee.
 This innovative framework helped to create better alignment between various stakeholders for a unified approach, which in turn enabled us in enhancing connection of our products with customer aspirations.

5. Conclusion
Lacunas in Engineering stage of New Production Introduction process has deep influence on the success of end
product in the market. It has societal issues also. Though many NPI processes exists, engineering community
considered them as external needs. Approach of most of these things was from outward to inward. Need to Inward
to outward approach was felt. WCQ approach is holistic and maintain a definite path to deliver a quality product
and filled this space. The defined model of Engineering WCQ is the best suited for Automotive Industry and can
be adopted for nourishing their processes. Moving towards virtual series in the defined model would certainly help
organizations to add themselves to the Elite group of Global leaders in Automotive Business.
Deviating from defined processes for achieving short term business gains can lead to customer dissatisfaction
which may lead to loss of market share. For level 3 onwards, the required competency, capability and capacity
may need huge Capex as well as longer time for readiness. Addressing short term business needs can be integrated
with WCQ by allowing informed decisions about as a part of defined processes. Externally available technology,
resources and manpower can be utilized to bridge the required competency, capability and capacity gaps e.g. Tata
Technologies.
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Abstract
The circular economy system comes from resource regeneration, and it must optimize resource and environmental
sustainability within the closed-loop system in the supply chains. In a blast furnace, along with hot metal
production, we also generate a few by-products which are harmful to the environment. As a part of our vision
for sustainable operation, our main focus lies in the utilization and consumption of by-products to the maximum
possible extent. To substantiate the above statement, at H blast furnace, we are committed to using more than
80% of the waste (material and energy) generated. Blast furnace operation is a high-pressure operation and the
residual gases, after reduction, has got enough pressure energy to generate power which we are doing through
TRT (top recovery turbine). The BF gas contains carbon monoxide (~25%) which we use to pre-heat our stoves
and hot gas generators dedicated to PCI (pulverized coal injection plant). The carbon content of GCP slurry and
dry dust from dust catcher is high, which is being transferred to facilitate sinter making process, one of the raw
materials to blast furnace. We also utilize our waste heat energy at WHRS (Waste Heat Recovery System) and
CDS (Coke Drying System) to further reduce our carbon rate. All these initiatives are operated and maintained
by HBF team to ensure hot metal production process remains cost-effective and sustainable.
Keywords: BF gas, TRT, Waste Heat Recovery System, Gas Cleaning Plant

1. Introduction
H blast Furnace was commissioned in 2008 with a capacity to produce 2.5 MTPA hot metal. The furnace is
equipped with integrated state-of-the-art technology with copper and cast-iron staves, a new generation bell less
top charging system, a four-tap hole two flat cast house and internal combustion hot blast stoves. Electrical power
is recovered from the BF gas through TRT (Top Gas Pressure Recovery Turbine). The furnace supplies hot metal
to LD#2, LD#1 and LD#3TSCR. Along with hot metal production, HBF generate a few by-products which are
harmful to the environment. As a part of our vision for sustainable operation, focus lies in the utilization and
consumption of by-products to the maximum possible extent. The following system facilitate the same
1.
2.
3.
4.
5.

Use of waste heat recovery system to increase hot blast temperature (WHRS)
Use of excess cold blast for reduction of coke moisture (CDS)
Top pressure recovery turbine (TRT)
Use of ESP dust and flue dust in pellet plant
Zero water discharge

288

1.1

Waste heat recovery system

The heat-recovery system, consisting by heat pipe modules, is particularly well suited to transfer the heat between
waste gas and combustion air and B.F. gas utilized into Hot Stoves. The heat is withdrawn from the hot waste
gas before being discharged to the stack. The heat is transferred to the cold combustion media by a great number
of heat pipes; each of them is operating independently and requires no
additional energy. The wall temperatures at the waste gas side are kept higher than the dew point temperature
to avoid acid condense formation and consequent corrosion. According to the waste gas temperature at the stack
portion of combustion air and or B.F. gas could be by-passed.
The system is very simple. The main advantages are:
-

High heat exchange efficiency and consequent compact dimension
No moving elements to fail and therefore nor dedicated maintenance.
High reliability due to a large number of independent heat pipes and therefore, high availability.
No cross contamination, thanks to the sealed partition that separates the exchanger into 2 sections containing
separate counter-flow gas streams.
- No noise
- Working fluid nontoxic and non-flammable.
- Passive device, activated by temperature difference and therefore no external power required.
- No connections to a fluid supply
- No heat losses in fluid transit from the source, no piping, no pumps.
Operating with single heat exchanger HBT achieved was 1220 degC. In the month of August ’19 WHRS was
taken down to taken 2nd heat exchanger (HE) on service. HBT dropped to 1180 degC. With both HE on service,
and other in-house initiatives like
 Auto cleaning of heat exchanger
 Online calculation of gas calorific value and adjust air-BF gas ratio hot blast temperature could be increase
to a maximum of 1240 degC (Fig -1)

Fig 1. Trend of hot blast temperature with heat exchangers in service

1.2

Coke drying system

HBF is designed for using 310 kNm3/hr of cold blast. In 2015, during iron ore crisis operational philosophy
was change softer blowing (lesser cold blast flow). After revival, cold blast flow was kept at 290 kNm3/hr and
oxygen was increased to increase productivity. This excess cold blast (around 20 kNm3/hr) is passed through coke
bunkers of HBF stock house.
In second step of improvement, an extra forced draft fan was connected in series with cold blast line and
introduction of CO flame in suction of FD fan to increase temperature of air.
As a result, 0.5 to 1.0% reduction in coke moisture could be achieved.
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Fig 2. Reduction of coke moisture with introduction of CDS

1.3

Top pressure recovery turbine
The top pressure recovery turbine (TRT) plant is designed and suitable for the following two main purposes.
a) To reduce the energy consumption in blast furnace area by recovering part of the enthalpy of the blast furnace
gas and converting it into electrical power.
b) To control the blast furnace gas top pressure, as alternative to a gas scrubber with, at least, the same
performances.

To reach a higher enthalpy gradient across the turbine, part of the gas cooled can be carried out in the turbine,
instead of in the scrubber, by setting the amount of water sprayed into the scrubber to the level required for efficient
gas cleaning only.
The top pressure is usually controlled by the TRT and the pressure energy will be recovered, through an lectrical
generator directly coupled to the turbine. The Ventury throats are fully open, while the main and the sub by pass
valves are closed and therefore the whole flowrate of BF gas passes through the TRT. The clearness of BF gas
is still assured and the pressure drop in the secondary stage is minimized. Only in case of TRT stop, the top pressure
is controlled by the throats of the gas washing tower. In that case, in effect, the turbine shut down butterfly valve
will close instantaneously and at the same time the sub by pass valve will open completely. In parallel the main
by pass valve will gradually open and the secondary throat will close and will bring the top pressure control. During
operation without TRT both by pass and sub by pass valves will be open until the next TRT start-up procedure.
The TRT plant is functionally and physically installed as a by-pass to the gas main duct.
1.4

Use of BF flue dust in pellet making

BF flue dust is a good source of carbon. This dust can be used in pellet making replacing coke breeze. It contains
about 33% carbon. Moreover, this dust has finer particle distribution than coke breeze and that gives better result
in terms of properties of pellets. Flue dust from different BFs are collected and mixed properly. As per effective
carbon content fluxing is done. During trial of 6 days, the following improvement in pellet properties were found
 Improvement CCS
 Reduced variation of CaO and MgO
 Drop in return fines
1.5

Zero water discharge

At HBF the source of chloride is much higher than other BF because coke coming from HMC is normally
quenched by sea water containing chloride. So, chloride content of the recirculating water used in dust cleaning
system increases continuously. As per earlier practice this water needed to be blown down to drain out and replace
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by fresh water. This resulted in increase of fresh water consumption and release of chloride from system.
With consultation of sinter plant, this blowdown water is pumped to sinter plant for sinter making, in mixing
and nodulizing drum. With this, HBF has been added to zero water discharging unit at TSL.

2. Way forward
Going forward in the journey of sustainability and agility, the following initiatives has been taken for reduction
of CO2 emission and is planned to be implements in next 2-3 years
2.1

Use of sinter cooler air for coke drying system

Sinter cooler air has a temperature of 300 degC. This air can be used for drying of coke at stockhouse coke
storage bins. As per expectations coke moisture can be reduced by 1.5-2.0%. This gives 2 kg/thm saving of coke
rate and equivalent reduction of CO2 emission
2.2

Ore drying sytem

With use of sinter cooler air for coke drying system at stockhouse, the existing system of cold blast drying
can be used for drying of ore. This will be more effective during monsoon when challenge is faced to handle wet
and fines containing iron ore at stockhouse. Also
2.3

Use of hot water from HBF slag granulation system to sinter plant

Hot water at 90 degC can be used for green mixing at sinter plant. This will improve bed permeability of sintering
process and improve productivity and quality of sinter. So hot water from HBF slag granulation system can be
send to sinter plant to use the heat energy of it.
2.4

BF and CO gas injection at BF

Coke oven gas and BF gas contains high amount of CO gas. These gases can be used a fuel after injecting
through tuyeres.
2.5

Use of ammonia for BF

Ammonia released from coke making process can be used to recover hydrogen and this hydrogen can be used
in BF as a reducing agent.

Reference
Tata steel archives
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Abstract
About 54% of the Indian subcontinent is situated in Seismic Zones 4 and 5, which makes it more prone to
earthquakes. This has led to an increased focus to design structures having high earthquake resistance in these
areas. Thermo mechanically treated rebars (TMT rebars) which impart higher strength and ductility to RCC
structure equipped the construction of high rise building with enhanced resistance to earthquakes with additional
properties like corrosion resistance and weldability. Higher UTS/YS ratio in TMT rebars results in high fatigue
resistance to seismic loads. A combination of higher ratio and elongation in the TMT rebars warrants plastic
deformation spread over considerable length with greater energy absorption capacity in the construction structures.
To address the needs mentioned above, initiatives were taken to come up with a comprehensive solution to
cater towards the quality and production of Fe 500 SD grade rebars by usage of fundamental principles of science.
Optimization of process parameters and steel chemistry is essential to achieve and maintain high UTS/YS ratio
in the rebars. Enriching of steel chemistry adds a cost component which is undesirable. Also, the process parameters
have a higher hand as compared to steel chemistry when it comes to maintaining the consistency of quality of
the rebars.
The water box present after the finishing rolling stand plays a key role in the manufacturing of the TMT rebars.
The water flow rates reach up to 6000 L/min (in the case of 16 mm rebars) which results in erosion of the interior
surface of the nozzles present in the water box. As a consequence of erosion, there is an increase in uncertainty
of the optimum water flow rate needed to maintain the quality of the rebar and in hindsight, the campaign life
of the nozzle is substantially decreased. Surface hardening technique appropriate to the material of the nozzle is
performed to improve the campaign life.
Mathematical calculations have to be made before moving forward to conduct multiple plant trails to get the
desired result. In some cases of the trials, there is a tendency of cobbling of the stock which is a grave safety
hazard and leads to a loss of material and increase in down time of the plant. With the introduction of a simulation
model utilizing the current rolling parameters and further optimizing them to compute properties like the stress
generated and deformation strain.
Keywords: UTS/YS ratio, Fe 500 SD grade rebars, water-box, quenching, nozzle, surface hardening, etc
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Introduction
The New Bar Mill (NBM) of Tata Steel was established in 2005 with the latest technology supplied by Morgan,
USA and was initially designed for the installed rebars production capacity of 600,000 Tonnes/year. This mill
produces High quality rebars conforming to BIS 1786:2008 and BS:4449. Rebars of 10mm, 12mm, 16mm diameters
of the grades, 500D, 550D, 500CRSD and 500SD are rolled in single strand through roughing stands (Stand No.1
to 8) and intermediate stands (Stand No. 9 to 16) and are subsequently slit 2 ways and rolled through 2 groups
of finishing stands known as No Twist Mill (NTM) stands (Stand No.17 to 22 for each group). With the achievement
of the dimensional properties of the rebar after passing through NTM, the rebars pass through water boxes where
they undergo the TMT process to produce High Yield Quench Self Tempered (HYQST) rebars with better mechanical
properties i.e., superior strength, ductility, bendability and weldability.
After passing through the final stand of the finishing mill, the temperature of the hot- rolled rebar is approximately
1145℃. It is then passed through the water box and is rapidly quenched in the TMT chamber by the water nozzle
system. The surface of the rebar is accordingly hardened to a depth optimized for each profile according to the
section and grade and this results in the formation of martensite rim. When the now quenched rebar exits the water
box, the core is still hot and contains austenite phase. Consequently, the rebar is passed through the equalisation
trough where self-tempering of the rebar takes place due to the considerable temperature difference between the
surface and the core causing martensite to become tempered martensite [Insert Ref]. Finally, in the cooling bed,
the austenitic core transforms into ferrite-pearlite structure [Ref]. Depending on the cooling parameters and rolling
temperature, there is a possibility of formation of the Transition Zone (TZ) between the core and the martensitic
rim due to the transformation of a layer of austenite completely or partially to bainite. partially to bainite.
This study presents the effects of process variables on the UTS/YS ratio of TMT rebars (10 mm, 12 mm &
16 mm) using regression analysis (RA) and response surface analysis (RSA) and finds the optimal process
parameters.

Fig. 1. Principle of TempCore process: temperature profile and related phase
transformations in a typical TempCore-treated steel rebar

Materials and experimental methods
For this study, the data of the first 7 months of FY’20 has been collected of the Fe 500 SD grade of all the
sections (10, 12 and 16 mm) from the New Bar Mill. The cooling conditions were varied by operating the main
water valve opening. The tensile strength data were obtained from the specimens of 75 cm tested on a Universal
Testing Machine and the Yield Strength (YS) and Ultimate Tensile Strength (UTS) were determined for each
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collected sample. The elemental concentration of the rebar was obtained through analysis and was converted to
Carbon Equivalent (CE).
(1)
The finished rolling temperature rebar after reaching the equalising temperature was measured using a Ircon
modline-3 pyrometer; this pyrometer was fixed at a position of 19 m after the water box. The billet temperature
is measured at the third stand using a pyrometer.
Table 1. Average chemical composition of the billets (all the percentages mentioned are weight percentages)

Branding
TATA TISCON
500
SD (Super
Ductile)

Dia (mm)
10

%C

%Mn

%S

%P

%Cr

%Si

%Cu

0.21 - 0.24

1.0 1.1

0.03
max

0.04
max

0.15
max

0.150.20

0.1
max

0.21-

0.7 0.8

0.035
max

0.035
max

0.15
max

0.150.20

0.1
max

12
16

Primary focus of analysis was on 10mm section of
500SD grade, the reason being the major cause of the
diversions (~70%) due to abnormalities observed in the
UTS/YS ratio.

Regression Analysis (RA)
By performing RA, we can understand the process
parameters significantly affecting the UTS/YS ratio. Various
combination of independent variables were tested using
regression analysis in order to find the best fit. The default Fig. 2. The distribution of the UTS/YS ratio of 10mm sections
of Fe 500 SD
value of 0.05 was selected as level of significance α. The
model calculates the Ratio by using the process parameters
such as Yield Strength (MPa) (YS), Total Water Flow Rate (L/min) (q), Diameter of Rebar (mm) (𝜙), Carbon
Equivalent (CE), Billet Exit Temperature (C) (T) [Ref].

(2)

Here, K, a, b, c, d, e are the parameters of the model to be calculated by RA using the mill data.

(3)
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Table 2. Regression summary for the dependent variable LN UTS for 10 mm rebar. ‘b’ stands for the coefficient of the independent
variables

R = 0.90928528, R2 = 0.82679972,
b

Std. Err. of b.

T(1596)

p-value

Intercept

0.043461

0.194022

0.22400

0.922785

LN YS

0.916159

0.011139

82.24513

0.000000

LN T

0.022760

0.019656

1.15790

0.247077

LN q

0.018254

0.006332

2.88285

0.003994

LN MS

0.065596

0.009494

6.90888

0.000000

LN CE

0.085304

0.008688

9.81903

0.000000

The statistical tool STATISTICA was used for the analysis. To evaluate the independence of the errors of the
model, Durbin-Watson test (DW) is applied to know the serial correlation between errors. The test statistics have
a range of 0-4, according to (Field (2009)). Values less than 1 or greater than 3 are definitely a matter of concern.
The value observed here is 1.5.

Response Surface Analysis
Response surface methodology (RSM) is an effective tool for optimizing processes in the experimental design.
The control factors are the input, and the output result is the response variable. A graphical representation of the
response with the control factors is called the response surface [19].
The response surfaces of Water Flow Rates, Billet Entry Temperature, Finishing Rolling Temperature (FRT New),
Carbon Equivalent are plotted with respect to the UTS/YS Ratio at constant mill speeds. The desirability function
table is also generated alongside. It was observed that higher UTS/YS ratios were observed when the billet
temperatures were greater than 1045 C (1045 – 1060 C). This can be because of the bigger austenite grain size
of the core resulting in comparatively lower yield strength resulting in higher UTS/YS ratio. The upward trend
of the UTS/YS ratio with the increase in
the carbon equivalent can be observed,
but the upper limit of 0.25% C has to be
maintained according the standards.
For improving the capability of the
process and reducing variation, either the
mean of the parameter must be shifted to
the desired operating conditions, or it has
to be ensured that the parameter should
be maintained at the mean value of the
present distribution which is 1.172 with
the desirability value of 0.5. The response
surface regression on the STATISTICA
tool also generates parameter profiles
which can be used to calculate the
optimum conditions of the process
parameters. From both the response
surfaces and the profiles, it can be
comprehended that a higher billet
temperature would result in improved
UTS/YS ratio. In the case of water flow

Fig. 3. The response surfaces of UTS/YS ratio with Water Flow Rates, Billet
Temperature, Finishing Rolling Temperature (New) and Carbon Equivalent of 10
mm rebar of line A at a mill speed of 33m/s. The highlighted areas are the favourable
working regions to improve the process capability.
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rates and finishing rolling temperature,
maximas are observed indicating the
optimum value of the parameters to be
maintained for the desired UTS/YS ratio.
The profile below is for the mill speed
of 33m/s for the 10 mm rebar of Line A.
Similar response surfaces and profiles
have been plotted for other speeds and
lines.

Fig. 4. Profile for the predicted values of the 10mm section of 500 SD grade at the
mill speed of 33 m/s
Table 3. Optimum Water flow rates to be maintained in the water boxes at different mill speeds for 10 mm section of 500 SD grade.

Speed (m/s)

Line

WB 1 (L/min)

WB 2 (L/min)

Billet Temp (C)

FRT New (C)

33

A

2170

2795

1045 – 1060

555.85

B

1945 – 2000

2672

1045 – 1060

563.54

A

1850 – 1900

2524

1045 – 1060

570

B

1800 – 1870

2411

1045 – 1060

569

32

Results of Data Analysis
(a)

(b)

Fig. 5. (a) Cpk of UTS/YS ratio of 10 mm rebar of A-line has improved to 0.969.
(b) Cpk of UTS/YS ratio of 10 mm rebar of A-line has improved to 1.038

Even with the maintenance of the water flow rates calculated using the response surfaces, there is a possibility
of process deviation due to the increase in wear of the nozzles used in the water box. With the ongoing increase
in campaign, increase in the groove size of the nozzle is detected due to the wear caused by the high-speed water
at high pressure. This, in turn, increases the amount of water forming a film around the rebar to optimally quench
it for mechanical properties in compliance with the standard. At the end of the campaign of the nozzle, which
was shortened due to the high water flow rates, there is considerable wear observed.
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Fig. 6. (a) Increase in the average water flow rate with the increase in tonnage.
(b) Decrease in the average UTS/YS ratio with increase in tonnage

Also, with the increase in mill speed, there is
need for an increase in the water flow rate in the
water box to maintain the high-quality standards of
the rebars. This would result in an even higher
increase of wear of the surface of the nozzle. This
leads to decrease in the campaign life of the nozzle.
In this study, we have the nozzle subjected to gas
nitriding in order to increase the surface hardness,
which also results in improvement in wear and
corrosion resistances.

Case Hardening of the Nozzle
Nitriding

Fig. 7. Increase in the Total Water Flow Rate observed with increase in
the Mill Speed to obtain better UTS/YS ratio

Nitriding is a case-hardening process of enriching the solid steel surface with nitrogen in temperature range of
500 – 575 0C in an atmosphere of 15-30% dissociated ammonia for a period of 48 to 96 hours. The depth of
the diffusion layer and the composite zone will depend on the chemical composition of the material undergoing
the process of nitriding, dissociation rate of ammonia, and this in turn depends on the rate of flow of ammonia
and the temperature of the workpiece.
The atomic nitrogen formed gets absorbed at the surface of interaction and then diffuses into the material and
reacts with solute atoms present (Cr, Mo, Al, etc.) to form very fine, closely-spaced and uniformly dispersed alloy
nitride particles in the matrix.
Mechanism
The general mechanism of nitriding is known, but the specific reactions that occur in different nitriding media
with different steels are not always clearly known. Nitrogen has partial solubility in iron. It can form a solid solution
with ferrite at nitrogen contents up to approximately 6%. At approximately 6% N, compound called gamma prime
(γ’), with a composition of Fe4N, is formed at nitrogen contents greater than 8%, the equilibrium reaction product
is ε compound, Fe3N.
Nitrided cases are stratified. The outermost surface can be all γ’, and, if this is the case, it is referred to as
the white layer (it etches white in metallographic preparation). Such a surface layer is undesirable; it is very hard
but is so brittle that it may spall in use. Usually it is removed; special nitriding processes are used to reduce this
layer or make it less brittle. The ε zone of the case is hardened by the formation of the Fe3N compound, and
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below this layer there is some solid-solution strengthening from the nitrogen in solid solution. The Fe3N (ε) formed
on the outer layer is harder than Fe4N, which is more ductile. Controlling the formation of each of these compound
layers is vital to application and degree of distortion.
Nozzle – Water box
The nozzles are present
in the water boxes present
after the Finishing mill.
The chemistry of nozzle &
end cap matches with
stainless
steel
grade
IS:11758;
Grade-1.
Precipitation of carbides
(alloy) was observed on
the martensitic matrix.

Fig. 8. (a) The nozzle, centre and the end cap present in the water box (b) Nozzle and End cap sample
referred for analysis (wear pattern can be observed)

Table 4. Chemical analysis of the nozzle. All percentages are weight percentages

Sample

C

Mn

S

P

Si

Cr

Ni

Mo

V

Cu

Nb

Nozzle

0.070

0.480

0.009

0.021

0.60

16.70

4.25

0.22

0.073

2.92

0.29

End cap

0.040

0.530

0.004

0.027

0.71

16.65

4.30

0.21

0.073

2.98

0.25

IS:11758;
Grade 1

0.07
Max.

0.70
Max.

0.03
Max.

0.035
Max.

1.0
Max.

15.5017.70

3.604.60

--

2.50 –
3.20

0.150.35

--

Fig. 9. Martensitic matrix is present in both the Nozzle and the End Cap. Precipitation of carbides
(alloy) was observed in the martensitic matrix of the end cap.

Experimental Details
Gas nitriding process of the nozzle was carried out in a box type furnace containing “ammonia + nitrogen”
gas mixtures as the nitriding media at a temperature of 540 – 560 0C. Anti-nitriding compound was applied on
the outer surface of the components.
Results
Gas nitriding produced a surface layer consisted of iron nitride (ε-Fe3N, γ'-Fe4N) and expanded martensite (αN)
on the surface of the IS:11758; Grade 1 martensitic stainless steel.
After the process of gas nitriding, the surface hardness of the nozzle has increased from 375 VHN to an average
of 550 VHN which is an increase of about 45% compared to the original state with a case depth of 0.55 – 0.6
mm.
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Fig. 10. (a) Nitrided components of the nozzle (from left to right: End cap, Centre and Nozzle injector).
(b) Increase in the surface hardness observed after the process of nitriding

With the usage of nitride nozzles, a steady flow of water calculated based on the analysis of other working
parameters can be maintained for obtaining better UTS/YS ratio for longer campaign times. Even with optimum
parameters, there is a case of variation of the UTS/YS ratio during the mill startup due to cobble. To study this
phenomenon, it is important to understand the rolling process taking place in the finishing mill, the region most
susceptible to cobble. Moreover, in the future, there is a possibility of manufacturing rebars of different dimensions.
Simulation of the rolling process would help in optimise the rolling parameters beforehand and also give insights
on how to overcome and prevent the rebar from cobbling.outlook

Simulation Model
The hot rolling process is thermo-mechanically coupled,
where, other than mechanical deformation under grooved
rolls, there exists, heat generation due to plastic deformation
as well as frictional work and heat loss due to convection
and radiation. Besides, there is heat transfer from work-piece
to work roll through contact conductance. Therefore, the
temperature of the work-piece does not remain constant but
varies during the process of deformation. Variation of
work-piece temperature causes variation in material
properties. In the present work, modelling has been
simplified by approximating the rolling process under
isothermal condition,
where temperature of deforming work-piece is considered
uniform and equal to the average rolling temperature of the
stock prior to the entry to the finishing mill. The 3-D part
modelling of work roll and work-piece are carried out in
ABAQUS/CAE®.
For simplicity of computation, the work roll has been Fig. 11. The dimensions of the roll passes of the Finishing Mill
modeled as analytical rigid body and work-piece as
deformable one. Simulation has been carried out with a grade of steel as work-piece material. The elastic properties
of the rolled material are derived considering Eqs (1) and (2) based on Ancas and Gorbanescu.
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Where, T is temperature of rolled material (°C), E is Young's modulus at temperature T, E20 Young's modulus
at 20°C and _ is Poisson’s ratio at temperature T.
The flow characteristic or plastic behaviour of the rolled material is considered based on Shida's constitutive
model[] which is widely applicable in the following range of carbon content, true strain, strain rate and temperature:
(i) carbon contents: < 1.2%, (ii) true strain: < 70%, (iii) strain rate: 0.1-100 S-1 and (iv) temperature:
700 - 1200°C. According to this model, flow stress (_f) of steel is a function of percentage weight of equivalent
carbon content (CE), material temperature (T), true strain (ε), and strain rate (ε’).
Besides the material specification, it is important to specify appropriate boundary conditions and contact
interactions between work roll and work-piece for complete modelling of the process. The assembled condition of
the work rolls and work-piece with necessary boundary conditions is shown in Fig. 2. All degrees of freedom are
restricted for work rolls, except rotation about x-axis. The work-piece is moving towards work roll with an initial
velocity, like the exit velocity of previous stand in the mill. Contact between the work roll and the workpiece is
established based on general contact algorithm available in ABAQUS®. The friction coefficient (μ) required for
contact interaction is derived considering Eq. as under for cast iron rolls, based on Eklund’s empirical relation [].
Process data related to angular velocity of the work roll (ω), initial speed of the entry work-piece (Vin) and rolling
temperature (T), are required for simulation. These data are collected from the mill during rolling of 10 mm grade.
The work-piece is meshed using 3-D continuum 8 node brick element (C3D8R). Simulation has been carried
out using ABAQUS®-explicit solver. Computation time has been reduced using mass scaling algorithm with a scaling
factor of 250, without compromising the solution accuracy.
CAD models of different roll pass and the stock were made using part modelling in ABAQUS. The CAD models
of the roll were made using current roll pass design. For simplified simulation, the rolls are made analytical rigid
and only the stock is considered as deformable solid body.

Fig. 12. Part Roll design of the final two roll passes (Oval and Round) of the finishing mills

Uniform Distribution, Isotropic Hardening
Young’s Modulus (N/m2)

9485.86

Poisson’s Ratio

0.364

Coefficient of Friction

0.48

Table 5. Elastic, plastic and interaction properties corresponding to the temperature and chemical composition of the rolling stock

The CAD parts are the assembled providing the inter stand distance as provided in the actual scenario and then
a rolling step is created where the interaction of the stock takes place with the rolls. the stock is meshed while
the rolls considered analytical rigid is not meshed.
Boundary conditions are specified for each roll allowing rotation in axis only with no translational motion. For
the stock, movement about XYZ axis is permitted. Individual rotational velocities are given to each set of rolls
about a defined reference point. Surfaces were created, and interaction type was specified between the rolls and
stock for the deformation to occur. Friction coefficient corresponding to current plant process was specified for the
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interaction between the both based on the roll force on the stock. Line velocity of the stock is given as per our
requirement.

Fig. 13. Assembly of the designed roll passes of the finishing mill

Fig. 14. The boundary conditions of the stock and the
interaction properties taken.

It must be noted that the line velocity of the stock and the rotational velocity of the rolls are in accordance
to the equation of continuity taking into account the frictional interaction. As the stock moves forward, its speed
increases along with the increase in rotational velocity leading to decrease in cross section of the stock.
Mismatch in these two
will result in an unsuccessful
simulation.
The job thus created was
run with the required step
time after necessary data
checks were conducted to
detect any errors. Simulation
was then visualised, and
graphs were plotted to find
the results. Some simulations
resulted in cobble of the rebar
due to inappropriate rolling
Fig. 15. The stress induced on the stock in the simulation.
parameters, for example, far
from optimum rolling speed
of the roll passes, a minor shift in the roll pass.
Also, graphs were plotted to find the stress at different passes and thus and optimum conditions can be calculated
was found changing the roll gap where there were gradual changes in the stress. Also, trials were made changing
the parameters and deviation from the parameters used in the plant at tested mill speeds of the stock was found
to show signs of cobble.
Thus, from the result it was concluded that the simulation worked smoothly when the current parameters are
taken to approximation. Any deviation from the actual parameters leads to cobble like scenario thus validates our
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hypothesis behind the simulation.
So, this idea can be taken and simulation of the entire NBM can be done and thus whenever there are any
changes in the plant parameters (primarily, rolling), the trials can be initially simulated in this model before moving
forward with the actual plant trails.

Conclusions
 By response surface regression analysis, the optimum water flow rate at various mill speeds, favourable billet
temperature, and the range of finishing rolling temperatures were calculated to improve the process capability
with respect to UTS/YS ratio and decrease the variation in the TMT process.
 On case hardening of the nozzle by gas nitriding, the hardness has increased by about 45 %. This results in
decrease in wear of the internal surface of the nozzle and better process consistency.
 Optimum roll gap can be calculated on studying the difference in the amount of stress induced on the rebar
by each roll pass. By conducting simulations with multiple permutations of roll gaps for a particular section,
a particular combination can be selected which undergoes a complete simulation without any cobble and which
induces the least stress to the rebar which would result in higher control of yield strength with effective cooling.
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Abstract
For industries such as ours, the Automotive world has several Market drivers and capable players who are taking
competition to a new level. For this reason, it is important for us to take our activities to Next Level to maintain
our leadership position in the UV segment. This ‘Next Level’ is what we, at Mahindra’s had defined as CRUSADE
– 2.O, a reinforced version of Crusade 1.O.
This is a Leap Jump in determined focus about understanding our customer first-time-right, designing our
products first-time-right, manufacturing products through every-thing-right processes and then delivering sales &
service to give customer differentiated Experience.
Catering to the above is certainly not going to be an Unilateral Task. One thing for certain - we need to work
in unison to create the Quality Culture, by cohesively working with our Supplier Partners, have transparency and
seek mutual help when we foresee roadblocks ahead. We will need to nurture this sort of approach until it becomes
the part of our DNA.
To ensure such Quality Culture approach, the best organizations of the world focus on Supplier Development
as a Strategy, which is key driver for quantum growth and profitability through Quality Culture. Keeping this
in mind, we have revamped our existing Mahindra Supplier Evaluation Standard (MSES) an additional milestone
in our supplier selection and development process. The purpose is to move towards “Excellence” through
application of World class methods and Tools (TPM, TQM, VSM) and develop the Industry Benchmark Process
and Systems requirements that will be enabler to sustain these Global Quality Levels.
With this approach, a journey was embarked 3 years before with selected long-term strategic suppliers. After
Getting them on board, a detailed roadmap was chalked out with very clear targets to achieve to qualify at the
end. Extensive support from a well renowned Mentors on TQM, TPM was very instrumental in this Excellence
Journey. With a ownership driven approach, some of Suppliers have achieved their set targets and also have been
recognized as Best of Best plants within their own groups. Authors would share how the suppliers were facilitated
through systematic approach of evaluation, coaching and mentoring, involving top leaders to transform some of
the organizations in achieving excellence.
Keywords: Supplier Evaluation and Coaching, Supplier Excellence, TQM, TPM,VSM
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Abstract
The greatest workplace transformations in 2020 can be attributed to the challenges posed by the COVID-19
scenario since the beginning of this year. The human resource management system has been compelled to evolve
their existing policies and strategies as per COVID-19 guidelines. However, most of these modifications face
challenges when applied to a manufacturing sectors like blast furnaces. At H Blast Furnace, to address and
overcome COVID-19 pandemic challenges, the decision makers and the iron making fraternities have undertaken
various types of actions to alleviate the impacts of the pandemic during major shutdown activities at H Blast
Furnace. Managing social distancing as per COVID-19 guidelines and dynamically revising the manpower
availability in case of any positive cases have been the primary focus. Advanced data analytics through Tableau
software was used to track the social distancing at various places like canteen, rest rooms etc. Online COVID-19
compliance dashboard has been developed to monitor lone workers at different locations during shutdown. With
the help of the company’s information technology team, this facility was also integrated with business network
with facility of face mask detection, assemblage analysis and social distancing. Training activities have also seen
major changes during the pandemic. New training plan has been prepared to ensure continuation of technical
training by officers working from home through video conference. This training is conducted for small group of
operators ensuring all social distancing rules.

1. Introduction
Coronavirus started as a disease spread by bats in Wuhan, China. According to the World Health
Organization (WHO), the Chinese government officially reported its first case on the 8th of December 2019.
The Coronavirus outbreak was declared a Public Health Emergency of International Concern on 30th January.
However, because of the rapid spread throughout the world, it was characterized as a global pandemic on the
11th of March. The famous disease is now called COVID-19. Currently, 212 countries around the world are
affected by COVID-19 with a total of around 3.7 million confirmed cases.
The number of highest cases is encountered by the USA, followed by Spain and Italy [Worldometer
2020].
As on 17th August 2020, there were 676,900 active cases; 1,919,842 cured/ discharged, and 50,921
Deaths in India, as shown in the report from WHO (refer Fig.1 and Fig.2).
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Fig.1. WHO Coronavirus Indian Situation Report on Daily Cases, deaths and growth rate in countries.

Fig.2. WHO Coronavirus Indian Situation Report on Daily growth of cases and positivity rate of tests in India

The major workplace transformations in 2020 can be attributed to the challenges posed by COVID-19 scenario
since the beginning of this year. In the scramble to shut down,
every organization had to embrace a mobile way of working. Having arrived home and got set up, we have
all had to get used to the technology which enables us to work anywhere, anytime. It has propelled IT and technology
to the forefront. The companies who had already embraced a dispersed structure, or even a degree of agile working
have a significant head start over more traditional players, who will experience all the pitfalls of the shift to remote
without enjoying the benefits. Having migrated from our offices, business leaders are now raising questions about
the expensive workplaces which now stand locked and silent.
The human resource management system has been compelled to evolve their existing policies and strategies as
per COVID-19 guidelines. But most of these modifications face challenges when applied to a manufacturing sectors
like blast furnaces.
At H Blast Furnace, to address and overcome COVID-19 pandemic challenges, the decision makers and the
iron making fraternities have undertaken various types of actions to alleviate the impacts of the pandemic during
major shutdown activities at H Blast Furnace. Managing social distancing as per COVID-19 guidelines and
dynamically revising the manpower availability in case of any positive cases have been the primary focus.
1.1

COVID Scenario Manufacturing sector: Tata Steel

During this pressing time, when the whole world is under an economic shock and all industries are facing equally
analogous issues, steel industry is no exception. The industry is facing turmoil in terms of raw materials availability,
supply disruptions and demand fluctuations. There has been a drastic decline in consumption pattern during this
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pandemic and every manufacturing industry has faced the wrath of it.
Being a manufacturing major, Tata Steel, has also issued guidleines to all the employees and staff in the company
highlighting the changes to expect while working at present as well as when they return to work. Standard operating
guidelines have been issued for everyone, beginning from the communications team to the housekeeping staff within
the organisation.
Tata Steel has undertaken all possible measures to stop the spread of the virus and ensure a safe and healthy
environment for all the stakeholders including trainees, visitors, transporters and suppliers, who are a part of the
organisations’s ecosystem. These guidelines have been comprehensively mentioned in this paper.
1.2

COVID Scenario at Workplace

1.2.1 Evolution of HRM as per COVID-19 guidelines
The impact of Covid-19 on health, economies, and markets is an unfolding story that is complex and fluid in
its ever-changing dimensions. One of the biggest visible impacts of the virus has been on the organisations and
the nature of workplaces. As the coronavirus spread invisibly across the globe, nation after nation has declared
lockdowns, and organisations have scrambled to comply with lockdown restrictions while striving to keep operations
going. Work-from-home (WFH) became the immediate solution to business continuity. Agility, creativity, flexibility
- these are the attributes demonstrated by HR in the lockdown scenario. As employees started logging in remotely,
HR functions stepped up to transform brick-and-mortar offices into virtual workplaces almost overnight. Guidelines
to ensure that employees could manage WFH seamlessly and securely had to be quickly defined and disseminated.
Employee safety became the prime concern, and HR teams partnered with other functions to define ways of
ensuring safety and social distancing compliance at factories and plants that continued to operate.
1.2.1.1






Mass Drive for Sanitization:

Disinfectant chambers were installed at strategic locations identified by the management.
In addition to this, all departments’ entrances, staircases, office facilities, guest
fcilities etc. were scheduled for disifection in every shift.
Sanitizers were installed at every possible entry locations throughout the plant area.
DM practice for workplace sanitization was facilitated by the HRM.

1.2.1.2 Biometrics Removal:
 Radio Frequency Identifcation cards (RFID) were provided to all contractor employees as well in the form
of Suraksha Card to ensure touch-less sign in and sign out at entrances.
 It has also facilitated the contact tracing and social distancing compliances amongst all contractor employees,
through Suraksha Card beacon tracking, as mentioned in section 1.3.2.1.
1.2.1.3

Social Distancing:

 Inside office premise and plant, social distancing is made a mandatory norm for at all times, especially in
areas where there is a chance of crowding like bus stops, canteen etc.
 Work from home for all officers with a staggered rosters were implemented
 Encouragement to get food from home (less use of canteen)
 Staggered canteen timing to reduce crowd at one time.
 100% meeting, including contractors is conducted through video conference.
 Demarcation at multiple working areas like control room, lift, canteen etc. to maintain safe distance.
1.3.1 Manpower Modularization
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1.3.1.1

POD Concept

Fig.3. Objectives, Working Principles and Protocols of POD Implementation at Tata Steel.

Fig.4. Field Norms of POD.

1.3.1.2

Designing Work force and POD Breach Norms

Fig.5. Action standards for POD Breach Norms.
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1.3.1.3

Operating Philosophy of PODs

Fig.6. Representation of Operating Philosophy of PODs.

1.3.2 Advanced Data Analytics
1.3.1.1

Social Distancing Monitoring through Artificial Intelligence using Tableau

 Covid19 monitoring through web-based system Tableau is done to get daily compliance of Suraksha card usage,
as shown in Fig.7 (a and b).
 Travel declaration (own and contractor employees) and long absence of contract employees.
 All vendors are regularly counselled through contract owners and departmental chief.

Fig.7(a). Flyer showing the Information for handling a Suraksha Card and tracked numbers.

Fig.7(b). COVID Monitoring inside the works for all employees and officers.
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1.3.2.2

Remote Monitoring of Workplace through CCTV camera

The entire plant area has been covered with 24*7 CCTV survillence at specific places to monitor the compliance
of COVID social distancing norms from a distance to avoid unnecessary crowding at places that needs supervision
during work.
Following challenges have been conveniently overcome through this facility:

1.
2.
3.

Physical unavailability of supervisors or OEMs.
Social distancing compliance monitoring within respective PODs.
Material and Manpower movement during shutdowns

1.3.3 Effective Shutdown Management through AI
1.3.3.1

Digital Supervision of Shutdown Jobs:

 Real time access to all locations where shutdown activities were being conducted through CCTVs, as shown
in Fig.8.
 Advancement of manual permit system to 100% e-permit system.
 Digital proximity analysis through tableau to ensure compliance of social distancing norms.
 Minimization of number of control rooms
1.3.3.2

Face Mask Violation detection:

 In department 42 surveillance cameras are used for digital monitoring of Mask usage compliance and social
distancing.
 With the help of ITS each camera output is processed for 24x7 monitoring of the same.
 For every non-compliance mails are sent to area owner, head and chief with photograph of non-compliance.

Fig.8. A view from the CCTVs installed across the plant.

3.3.4. Training Effectiveness
Training activities have also seen major changes during the pandemic. New training plan has been prepared to
ensure continuation of technical training by officers working from home through video conference, as shown in
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Fig.9. These training is conducted for small group of operators ensuring all social distancing rules.
 Awareness session were conducted through chief, UCM and shift officers to all employees and contractor
employees. Focus was on govt. policies, use of musk, social distancing and consequence management.
 New training plan has been prepared to ensure continuation of technical training by officers working from home
through video conference. These training is conducted for small group of operators ensuring all social distancing
rules.

Fig.9. A still from works where trainings are being complied during COVID period with strict adherence to the norms.

5. Conclusion
The coronavirus crisis has helped shine a spotlight on the value that HR delivers in keeping employees engaged,
motivated, safe, and productive. This pandemic has also increased the emphasis on the ‘human connect’ aspect of
the HR function. Amid a rapidly unfolding health crisis, HR functions geared up to provide critical communication
on safety protocols, hygiene practices, emergency numbers, list of hospitals, guidelines for quarantining and isolating,
and much more. Through all the initiatives mentioned in this paper, the agility, creativity and flexibility of Human
resource Management has been highlighted with ample focus on:





Smart collaboration of AI and digitization with HR functions.
Protocol for joining back in the new normal situation.
Opportunity to strengthen IT based technology.
Wide usage of policies such as Work-from-Home for smooth function of normal level of production.

Fig.10. COVID-19 responses for Seven key people topics.
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Abstract
“What Leads and Drags the World are not Machines, but Ideas.”
Traditionally, over the last centuries since Industrial Revolution, Organizations have invested a lot in Machines and
Material and made fortunes. The same is no longer Good Enough. Now, is the time to tap the third dimension
– the Human Potential. Now, is the time for an Idea - the Idea Revolution.
This Paper aims at describing how Indus Towers, a young Company in Telecom Passive Infrastructure Space,
in its nascent stages realized the power of Ideas and unleashed the hidden potential of its Manpower – at all levels
– from the grassroot Engineers working at the field, to the Managers at the Corporate Office. Also, the paper attempts
to guide companies across Industries, to follow an approach towards Ideation and involving all the Employees
towards it, leading to tangible impact towards the Bottomline.
Total Quality Management (TQM) philosophy has always been a proponent of Total Employee Involvement
(TEI), i.e. Quality can’t be achieved till everyone is together, everyone is aligned to the same larger objective –
the goal of “challenging the status quo and improving it”. These two concepts of TEI and Improvement, were
beautifully amalgamated at Indus, through a path breaking milestone – Indus Idea Incubator (III) – a platform to
manage Life Cycle of Ideas till actualization.
Having an Idea is half the battle won. The remaining half is implementation of the same. Thus, Indus did not
stop with Ideas, but it created a framework to convert these Ideas, into on-ground Improvement Projects, to get
the impact delivered. A framework was created to have customized engagement of employees at different levels
of hierarchy to drive improvements, with customized approach, with PDCA at its core. The Paper touches the story
of a start-up, with the dreams of touching the Sky, with the synergy of 2000 + lives, with a belief that everything
can be improved and PDCA Wheel can be rotated in every Function, every Role, every Delivery with every
Customer.
Key Words: Ideas, Ideation, Idea Revolution, TEI, Idea Incubator, Total Quality Management
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Abstract
In the recent years, due to the boom in automotive segment, the demand for premium Ultra Low Carbon
(ULC) or Interstitial Free (IF) steel grades has increased. Initially vacuum degassing was primarily used for
hydrogen removal. Recently, this new family of steels has been developed which are low in carbon (<30 ppm)
and nitrogen level (<30 ppm). Interstitial-Free (IF) steels are used for automotive deep drawing application because
of superior formability and non-aging properties. As the presence of carbon and nitrogen atoms in the automotive
graded steel leads to yield point phenomena. the carbon and nitrogen are reduced as much as possible by vacuum
degassing technique in RH degasser unit and then completely removing the remaining free atoms of these elements
from the interstitial position of iron lattice by adding strong carbide formers like Titanium, Niobium, Boron etc.
This paper primarily deals with reducing the carbon levels of IF steel after RH treatment. During this study,
various factors were studied viz minimum vacuum level (<1 bar), pump down time (time taken to achieve vacuum
levels), time under deep vacuum, input temperature and oxygen of bath before RH treatment, off-gas analysis
etc. Thorough analysis in each of the factors helped in increasing the effectiveness of the RH system to achieve
high % IF heats with reduced carbon levels (<=20 ppm), ultimately increasing the quality of IF material at the
customer’s end.

1. Introduction
Over the years, Interstitial Free (IF) steel has remained the key materials in the automotive industry. It has also
established as reasonable in cost, longer life and variability in strength levels while meeting the increasingly stringent
engineering needs. IFsteel is also very adaptable to corrective rework. Moreover, this material has exceptional
versatility in terms of formability and the industry has also responded quickly to recognize the changing due to
legislative and environmental requirements.
Weight reduction is considered a key criterion for reducing fuel consumption and greenhouse gases from the
transportation sector. It has been estimated that for every 10% of weight eliminated from a vehicle's total weight,
fuel economy improves by 7% and reduction of 5% greenhouse gases emission achieved [9]. All automotive
manufacturers along with their suppliers are investing significantly in development of lightweight materials, while
maintaining the density and cost. One way to achieve this objective could be to use the steel with higher formability.
To measure formability, r bar value or normal anisotropy parameter, the average of “plastic strain ratio” of sheet
metal in specific directions, is used as a measure of the resistance to thinning or thickening when subjected to
either tensile or compressive forces in the plane of the sheet i.e. it is the ability to maintain thickness as the material

313

is drawn or formed.
r bar =(r0 + r90 + 2r45)/4

Fig 1: Different vectors of Normal Anisotropy

This is an excellent indicator of the ability of a material to be formed or deep drawn (higher is better).

Literature survey states that the r-bar value is affected directly by the chemistry of IF steel. Deep dive into
IF steel, carbon is the most important interstitial element. Lower the carbon amount, higher the steel homogeneity
and higher the r-bar value, the most important criteria required by the automotive customers. In Fig 2 [10], it is
shown how the demand for carbon content in IF steel has been decreasing across the years.
To understand the objective of this paper i.e. to decrease the carbon ppm levels below 20 ppm in IF steel to
achieve higher formability at the automotive customer’s end, we have to first understand the concept of vacuum
or RH degassing.

2. Vacuum Degassing
Vacuum Degassing is the latest trend of degassing in secondary steelmaking. The renewed interest in vacuum
degassing has been primarily due to the interest in producing ultra-low carbon (ULC) steels [1]. The ultra-low carbon
steel manufactured through vacuum degassing using RH offers superior formability and non-aging characteristics.
The route for producing IF steel in LD2 SC shop of TATA Steel Jamshedpur Works is Hot Metal
Desulphurization
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-BOF
Rinsing
-RH
degassing
-Continous Casting. Strict process control
is required for producing IF steel with
consistent quality. Steel from the vessel
with an average carbon of 0.035% is
tapped. The steel is then homogenized by
argon stirring at Online Purging (OLP)
station from where it is then transferred to
RH degasser. In RH, the steel is
decarburized under vacuum to attain the
required carbon level. After degassing, the
steel is sent for casting through a vertical
caster with Flow Control (FC) mold.
The RH at LD2 SC is equipped with
one multi-functional burner (MFB). The
S1 & S2-Booster
MFB has multiple uses: (a) forced C1 & C2-Condenser
decarburization to produce ultra-low carbon S3- Ejector
steel, (b) to raise the temperature of steel
Fig 3: Schematic view of RH at LD2SC
and (c) to maintain the operating temperature of refractory lined RH vessel. The vacuum system for RH comprises
of 3 water pumps, 3 ejectors, 2 condensers and 2 boosters. The schematic outline of RH degasser at LD2 Slab
Caster in Tata Steel is shown in Fig.3. The inlet snorkel of RH is provided with 12 argon pipes with a flow rate
of 115 Nm3/hr. The process parameters of RH in Tata Steel are listed in table 1 below. To produce the wide range
of product mix, the facility is also provided with 16 alloy storage bins through which ferroalloy additions are made.
Table 1 : Key process parameters of RH degasser at Tata steel

Parameters, Unit

Value

Capacity/t

165

Up-leg Snorkel diameter (mm)

500

Down-leg Snorkel diameter (mm)

500

Lift gas flow rate (Nm3/hr)

115

Suction capacity of each ejector(t/hr)

4.6

Suction capacity of booster 1 (t/hr)

1.65

Suction capacity of booster 2 (t/hr)

11.2-12.85

Oxygen blowing method in MFB

Top blowing

Blowing oxygen flow rate (Nm3/hr)

1650

Heating O2 low rate (Nm3/hr)

420

Heating propane flow rate (Nm3/hr)

70

Blowing height (mm)

4000

Burner heating rate (degree C/min)

20-50

Cooling water flow in MFB (m3/hr)

30

Cooling water supply pressure (bar)

7.8

Vessel stroke length (mm)

2700

One of the major problems faced at LD2 SC was heat down gradation on account of high RH out Carbon.
Over the past, the average % IF heats finishing with RH out Carbon in this shop less than <=20 ppm was less
than 82%. Also, there were few heats which finished with carbon higher than the grade specification limit thereby
leading to down gradation.
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Hence, a thorough study of the RH process was required so that the required low carbon level could be achieved
consistently using the available facilities. The study reveals the importance of critical parameters viz. pump downtime,
snorkel health, off-gas analysis and material addition practice on RH out carbon. The study led to the improvement
of critical parameters during the RH processing by which Tata Steel has been able to make IF heats consistently
with lower RH out carbon as well as reduced down gradation of heats on account of higher RH out Carbon.

3. Problem of High RH out Carbon
Higher carbon in IF steel lead to the downgrading of heat at LD2 Slab Caster. The major problems that were
identified on investigating the higher RH out carbon cases include:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Minimum Vacuum.
Pump down time
Circulation Rate (Snorkel Condition).
Off-Gas analysis– During final de-oxidation.
Time under deep vacuum excluding vacuum fluctuation.
Time of reaction surface disturbance due to alloy addition and blowing under deep vacuum (eta factor).
Argon flow- (initial time, average magnitude, vacuum at end)
First ferro alloy addition – (Time, vacuum)
Input conditions (Oxygen, Carbon, Temperature)

4. Analysis, Results & Discussion
Data Set used for analysis:
Time period – April’18-Sep’19 No. of IF heats – 1000 nos.
4.1

Minimum Vacuum level

The vacuum level attained in RH during the treatment plays an important role to attain final carbon level [2].
The vacuum level varied from 3 millibars to 10 millibars. The RH out carbon with respect to different vacuum
level (< 4 millibars, 4-6 millibars and 6-8 millibars) was analyzed. It was found that lower the vacuum level, lower
was the RH out carbon as shown in the box plot in Fig.4. Thus, vacuum level plays an important role to achieve
RH out carbon.

Fig 4. The relationship between RH out carbon and minimum vacuum level.
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The vacuum level is controlled by two major factors viz (a) the suction capacity and (b) leakages in the system.
Small leaks greatly affect the suction capacity. A detailed audit was done to understand the design observation.
The audit revealed leakages at multiple areas like ferroalloy compensator part of the vessel, O-rings of the blank
plate and flooding valve. To prevent leakage in compensator area, a better quality ceramic rope was introduced
instead of normal gaskets. Also, leakage in flooding valve and O-rings were arrested. Additional small leakages
were found at ejector bending and rotary joints. So, liner plate was inserted at all bends to arrest leakages and
rotary joints were changed. Furthermore, a thorough leakage test is done after every campaign. With the enhanced
preventive action, the vacuum level of <4 millibars is achieved consistently.
4.2

Vacuum system Pump-down time

The pump downtime is the time in which the minimum vacuum level is achieved. Attaining the minimum vacuum
in the least possible time impacts the rate of decarburization. In some cases in spite of having low vacuum, heats
finished with high carbon. The good – bad analysis via bar graph showed that these heats had a higher pump down
time as shown in Fig.5. It clearly shows that heats which finished with Carbon <=10 ppm) the pump-down time
was 7-8 minutes, while in bad cases (Carbon>= 25 ppm) there was a wide variation of pump-down time with as
high as 30-35 minutes.
When pump down time is high, the carbon level is also high as compared to lower pump down cases. So
minimum vacuum level was not the only criteria to achieve good RH out carbon, achieving the minimum vacuum
level in the minimum time period is also important[3]. This emphasizes the overall influence of pumpdown time
to attain minimum RH out carbon.

Fig 5. Time to achieve minimum vacuum (Pump-down time) between good heats and bad heats

On further analysis of the high pump down cases, it was found that booster ineffectiveness led to longer time
to reach required vacuum level. So, to attain a constant pump down time of 7-8 minutes, stress was given more
on the machine maintenance and reliability. The cleaning frequency of booster and ejector was increased and a
huge deposit of dust was cleared. Additionally, the gas cooler cleaning intensity was also increased, upper and lower
gate seal changed after every campaign and inter-sequence seal was changed after 30-40 heats depending on
condition. Through continual improvement and maintenance of RH vessel and vacuum pumps, a faster
decarburization rate and a lower carbon at the end of RH treatment could be achieved.
4.3

Effect of RH Snorkel

The snorkel plays an important role in the circulation of metal in RH under deep vacuum. The steel
circulation rate is directly proportional to snorkel internal diameter, argon gas flow rate and the plume height
i.e the length of snorkel used by the lift gas [4]. The circulation rate of molten steel is estimated by the
given below equation:
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-3
0.3 1.1 0.31 0.5
Circulation rate (U)= 3.8*10 *Du Dd G
H
where,
U-Steel circulation rate (tons/min),
Du - Internal diameter of up-snorkel (cm),
Dd -Internal diameter of down snorkel (cm), G -lift gas flow rate
(Nl/min),
H -Length of snorkel used by the lift gas (plume zone height).

Fig 6. (a) New snorkel (b) Snorkel condition after 75 heats

Reduction of snorkel diameter (Fig 6) will reduce
steel circulation rates, thereby affecting RH out
carbon. Under the initial condition of inner snorkel
diameter of 50 cm, the RH circulation rate is 73t/min.
The circulation rate reduced to 52t/min when the
inner snorkel diameter got reduced due to the
accumulation of molten metal in the down-leg
snorkel. The circulation flow for different snorkel
condition is shown in Fig.7. So, the reduction of
down leg snorkel reduces the circulation rate by 29%.
Higher circulation flow and minimum pump down
Fig 7. Steel Circulation in RH Vs Snorkel Diameter
time to vacuum can accelerate the decarburization
which will lead to low RH out carbon [5]. So as a
corrective action, it was decided to check the snorkel diameter physically after every sequence to ensure that there
is no skull. If jam was found, it would be cleaned by ripper.
4.4

Off-Gas analysis in the production of ULC

The reaction between Carbon and Oxygen does not take place at very high vacuum level. Phenomenon
observation proves that the C-O reaction starts when the pressure reaches 150 millibars [6]and the reaction rate
quickly increases to the highest level at a vacuum level of 5-10 millibars as shown in Fig.8 during which the
CO+CO2 level in the gas analyser will be the maximum.

Fig 8. Off-gas trend with respect to the vacuum level
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The off-gas analysis gives us an indication of decarburization rate during the process. So, during killing, this
CO+CO2 level has to be taken care off. If steel is killed at a higher CO+CO2 level, then it may finish with higher
RH out carbon since the steel is not fully decarburized. The data for CO+CO2 in the waste gas at the time before
AI addition for deoxidation and carbon content at the RH end was collected and analysed via scatter plot (Fig
9), where in completely shows that for obtaining Carbon levels before 30 ppm, one should kill the steel only below
2%. Hence, to be on the safer side, to produce ultra -low carbon steel, it is now ensured to achieve CO+CO 2
at a lower level (<=1.5%) before killing.

Fig 9: RH out Carbon vs Off-Gas analysis End point prediction improves the consistency in achieving lower RH out carbon.

4.5

Time under deep vacuum and ferroalloy addition practice

The time up to which the steel is kept under deep vacuum before killing plays an important role to achieve
low carbon. The analysis shows that after achieving required vacuum level, the heat should be kept at minimum
20 minutes to finish at lower RH out carbon as shown in Fig. 10.

Fig 10. Time under deep vacuum after achieving lower vacuum level.

Statistical analysis was also done to find out the time fraction for which the heat should be subjected to deep
vacuum once required vacuum level is achieved as shown in the 3D contour plot in Fig.11.
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Fig 11: 3D contour plot: Time under deep vacuum after the pump down time for vacuum

The time taken to add the ferroalloy also has an effect on fast decarburisation [7]. In the initial few minutes,
adding ferroalloy is not recommended to enable proper thermodynamic conditions. The reaction surface is disturbed
on the addition of ferroalloy for multiple times through the hopper and during oxygen blowing. The time of gate
opening on each addition is approximately 20 seconds. This is the period during which the reaction surface is affected
by alloy addition. Its influence is established by the study of an ‘eta’ factor.

Optimisation data analysis shows that higher the eta, lesser will be the surface disturbance and hence lesser
RH out carbon as shown in fig.12.

Fig 12. Effect of surface disturbances on RH out Carbon.

So, to achieve carbon on the lower side, alloy additions and oxygen blow should be kept to minimal. Oxygen
blow to increase temperature can be reduced by improving input conditions of steel tapped from BOF. Pump down
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time to achieve the minimum vacuum level (<=4 millibar) should be fast. It should achieve the required vacuum
level within the first (5-7) minutes. Faster the pump down time, faster will be the reaction rate and thus lower
will be the carbon content. Trials were conducted where the first ferroalloy addition was restricted in the initial
stage of decarburization. It was added after (10-12) minutes and the heat was kept under deep vacuum for (15-20)
minutes. By maintaining the above-stated conditions, the mean RH out carbon achieved was within 16ppm. It also
helped to reduce the cases where heats finished with higher carbon leading to down gradation of the heat. Repeated
trials were then conducted to establish the above fact and all trial heats finished with carbon <20 ppm consistently.
This helped to increase the percentage of heats with carbon <=20 ppm as shown in fig.13.

5. Effect Confirmation
As can be seen from the fig, we can see a huge shift after FY17 from 82% to 95% after the implementation
of the recommendations after the study. We currently boast of being the Tata Steel benchmark in RH out C.

Fig 13: % IF heats before and after the implementation of recommendations

This effect has led to an approx. increase of 7% in r-bar value in the cold rolled coils at the customer’s end
in the last few years.

6. Conclusion
1. Improvement in minimum vacuum level and rapid reduction of pump down time through proper maintenance
and leakage control has accelerated the decarburization process thereby giving better RH out carbon.
2. Proper care for snorkel health without affecting circulation rate has helped to control carbon.
3. Off-gas monitoring at the time of killing also helped in better control of RH out carbon.
4. Restricting ferroalloy addition in the initial treatment period and then keeping the heat under deep vacuum for
required time helped to a achieve a lower level of carbon.
With the successful implementation of above-mentioned practices and process control, LD2 SC was able to reduce
downgradation of heats and could enhance its capability to consistently achieve lower carbon.
These points were later updated in the relevant standard operating procedure and training was provided to the
relevant personnel. Snapshot of the same has been shown in the fig 14. Regular monitoring of the RH out Carbon
through Level-2 helped in better understanding and decision making for consistent RH out Carbon as shown in
Fig 15.
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Fig 14 : Updation of recommendation in the Standard Operating Procedure

Fig 15 : Regular monitoring of critical parameters for better RH out C consistency
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Abstract
In recent times, the manufacturing Sector has been Industrious with Implementation of Continuous Quality
Improvement Strategies. Importance of quality in Automotive Industry is seen both as a Tool for making products
that resonate well with their customers and also making Business profitable in an increasingly competitive
Environment. Six Sigma is a systematic methodology for continuous process quality improvement and for achieving
operational excellence.
This paper deals with the application of Six Sigma based methodology in eliminating the Gear Shifter Cable
Assembly Failure problem in an Automotive Company. The DMAIC (Define Measure analyze Improve Control)
approach has been followed here to solve an underlying problem of reducing process Variation and the associated
High defect rate. This paper explores how a Vehicle Manufacturer can use a Methodical and disciplined approach
to move towards the goal of Six Sigma quality level. The complexity of the work has been to deal with Two
High selling Vehicle Models of different applications and the Gear Shifter Cable Assembly of each Model
having different failure Modes ( 4 No’s for each Model).The application of DMAIC has had a significant
improvement in Process Performance from 0.82 to 0.89 and Process Performance Index from 0.31 to 0.76. The
application of DMAIC has had a significant financial impact (saving over INR1, 90,000 per annum.) on the
bottom-line of the company. As Gear shifting is one of the Customer Touch Points, with reduction in Failure
of Gear Shift Cable Assembly/Improvement, the Brand Image of the Company has advanced. The application was
highly significant as Bharat Stage 6 Vehicles with Higher Engine Torque was getting onto Roads with which
the Failures on Gear Shifter Cable Assembly would have worsened if not addressed with Six Sigma Methodology.
With DMAIC, different Tools, Standard Operating Procedures and Quick Wins got implemented.
Keywords: DMAIC, Process Performance Index, Process Performance, Quick Wins, Gear Shifter Cable Assembly

1. INTRODUCTION
The Gear Shift Mechanism is one of the customer touch points in the Vehicle. The Gearshift Mechanism can
be either Cable operated Type or Rod Operated Type. The Van considered in the application is a Passenger carrier.
Considering the application used for the Baseline Design is with Cable Actuation type. The Gearshift Mechanism
has four Major sub-assemblies. The Four Major sub-Assemblies include Gear Shift Cable Assembly, Gear Select
Cable Assembly, Lever Assembly and Base Body Assembly. Being a Part in Sliding Motion, the Shift and the
Select Cable Assemblies are subjected maximum amount of Wear and Tear. In line with the Functional aspects,
Failures are observed in different areas of the Cable Assemblies. The Van Model which is under study was
complying with Bharat Stage IV Norms of Engine Emissions and as per the Government of India Directive, the
whole country Mobility Solutions and Vehicles needs to upgrade to Bharat Stage VI Norms of Engine. With
upgradation, the Powertrain specification got enhanced and more Power. So the Failures of the Cables were
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susceptible to more Failures. A Traditional Approach was not going to solve the issue due to the reasons provided
in Table 1.
Table 1. Challenges in the Problem Statement

Sr No.

Challenges

1

Problem getting reported different parts of the Country

2

Failure Numbers varying

3

Each VAN Model having different Application

4

Pattern of Failure not Identical

5

Cost of Ownership to Vehicle Owners a Challenge

6

The Unit is a proprietary Part and the Supplier have sub Vendors. Analysing root cause not an
easy task

7

With Bharat Stage VI , there may be increased failures if no resolved.

in different VAN Models

The brief description of the products studied is provided in Table 2.. Failures were present in both Models.
Table 2. Vehicle Models in brief

Sr No.

Model
Van

Major Applications

Sales Zone
in the Country

Vehicle Type

1

Model 1

SchoolBus, Passenger
Carrier/Ambulance

North,South,
West, East

Diesel Powered

2

Model 2

Staff Bus /Passenger
Carrier /School Bus

North, South,
West, East

Diesel Powered.With relatively
Higher Payload over Model 1

The Figure 1 indicate the Past Data Analysis Month wise for Model 2.The Data is provided for 2 years under
consideration.

Fig. 1 Month wise – Failure Numbers

2. METHODOLOGY FOR PROBLEM RSOLUTION
Strategies for improving parts failure in Warranty have been described in literature many times. Less complex
Tools such as the Pareto chart, Ishikawa diagram or 5 WHYs have been deployed in areas of one dimensional
Problems. The Management concepts like 6 Sigma, TQM, and PFMEA are also extensively used in complex
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situations. Taking into consideration the challenges as consolidated in Tab 3 , 6Sigma Approach selection was
evaluated as given in Table 2.With all Selection criteria met , the Problem was subjected to 6 Sigma Methodology
for arriving at the solution.
Table 3: Risk Assessment Methodology

Sr.
No

Check Point

YES
(2)

1

Project is a strategic priority, aligned with organization goal ( Big
Y)

Yes

2

Project is of high impact (Q/C/D) and high complexity (Cannot be
quickly fixed)

Yes

3

Many possible causes, significant causes are unknown and solution
is unknown

Yes

4

It is a chronic problem, not a sporadic

Yes

5

Potential Benefits of the project is identified

Yes

6

Current level for the parameter to be improved is measured (CTQ)

Yes

7

Scope of the project is under the area of my influence

Yes

8

Right vertical & horizontal team members are available

Yes

9

Team members include technical experts

Yes

10

Management is willing to commit serious resources to solutions

Yes

11

Project is capable of completion within 6 months

Yes

12

Project registration form is approved by Head of the Department

Yes

13

Project ownership : No overlap with other YB/GB/BB or other
projects

Yes

Partial
(1)

NO (0)

With all Risk assessed, the score of 20, justifies the application of 6 Sigma Approach.

3. DMAIC :
Six Sigma is a complex and flexible system for achieving, sustaining and maximising business
achievements. It is characterised by the understanding of customers ‘needs and organised use of facts, data
and statistical analysis results, and is based on anagement,streamlining and constantly creating new, ever better
solutions with reference to all the processes taking place in the company. Furthermore, it is aimed at
minimising the costs of bad quality while simultaneously increasing customer satisfaction. One of the elements
of streamlining the production process can be the DMAIC (Define -Measure - Analyse - Improve - Control)
method, rooted in the automotive industry and successfully utilised in process improvement in accordance with
the Six Sigma assumptions.
3.1 DEFINE. In this stage a team is created which will be responsible for the implementation of the method.
The defining phase must identify the following elements: determining the problem (description of the problem,
time of occurrence), scope of the project (elements of the process the team will work on), aim of the project
(a tangible goal to achieve and sustain in the future).
3.2 MEASURE. During the measurement stage parameters and places of measurement should be defined, i.e.
the points of process quality and its costs along with a precise reflection of the actual state. Conducting
measurements successfully requires a statistical outlook on the particular production processes and problems
related to them. The measurement stage employs Methods such as: descriptive statistics, summary charts, the
SIPOC method and the process map.
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3.3 ANALYSE. During this stage of the methodology, by analysing the particular parameters of the process,
the team will be able to determine the causes of the problem, which will then need to be eliminated or
fixed. The results obtained during the measurement stage are used in order to investigate the correlation
between causes of defects and process variability sources. In order to identify the causes of process

variability, which are a significant factor in defect creation, the PFMEA analysis, the Pareto
- Lorenz chart and the Ishikawa diagram are often used.
3.4 IMPROVE. Improvement can otherwise be understood as engagement in the course of the production
process, i.e. reduction of the defect rate. It consists in searching for and evaluating potential causes of process
variability and investigating their correlations. Learning the multi-factor relations allows for achieving the
desired results.
3.5 CONTROL. The control stage takes place after finishing the new process implementation phase. The
fundamental goal of Six Sigma is the constant observation of the improvements introduced to maintain a
desired level of quality. In this phase of the DMAIC the measurement system and potential verification
process are repeated to confirm the improvement of the process. Afterwards, measures are taken to appoint
control over the streamlined processes; usually a so-called control plan is created.The above phases have been
clearly explained in the Table 4 .
Table 4 Methodoloy for DMAIC

4. DEFINE:
4.1 PROBLEM DEFINITION:
Gear shift lever was having failures in three different VAN models. The problem was causing irritation and
dissatisfaction to customer as vehicle goes off road due to the failure. Failure is detected both during vehicle
usage by customer and at dealer end by visual identification during dismantling. The data was collected for 2
years between 2016 end to 2018 end. The failure rate was 751 ppm (0.751 parts per 1000).
4.2 CHI-SQUARE TEST FOR ASSOSIATION: Based on the Past Data Analysis, Failure data collected across
country. For both Models, the total demography is divided into Zones. Zones was further distributed
Dealerwise.Chi Square Test was done to find out whether any association between failure at Different Dealers
and kilometres of Failure. Since P value is 0.040 (Less than 0.05).The Failures occurrence @10000kms and
@15000kms are having relation between Dealers in that Particular zone. The Fig 2 also indicates the
occurrence of failures in the less than 10000Kms are Highest. This is for South Zone on Model 1.
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Fig. 2 Model 1(Chi Square) – Dealers and Kms of Failure- South Zone – Model 1

The Fig 3 shows the Chi square chart for Model 1 West Zone. Since P is 0.520(Greater than 0.05), the Inference
is that there is no Association between the Kilometer of Failure and the Dealer Failures.

Fig. 3 Model 1(Chi Square) – Dealers and Kms of Failure- West Zone – Model 1

4.3 PROCESS MAPPING OF GEAR SHIFT ASSEMBLY: In the Define Phase, Process Mapping was done
to understand the Manufacturing and Assembly process. Different Tools such as SIPOC, Top down Chart,
Functional Deployment Chart ,Process Flow Diagram were deployed on this activity. In Top Down Chart, 6
Key sub Assemblies /Parts were identified along with Storage and Inspection ,Package locations. In Functional
Deployment chart, 5 Functional needs and the 7 Steps identified. Fig 4 shows the Top Down Chart and Fig
5 shows the Functional Deployment Chart of the Gear Shift Assembly.
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Fig.4 Process Mapping – Top Down Chart –Gearshift Assembly

Fig.5 Process Mapping – Functional Deployment Chart –Gearshift Assembly

4.4 GEMBA:
GEMBA was done at cable supplier end to study the process and the various assembly sequence involved.
GEMBA was also done at the sub vendor level supplying the shift bracket welding. Samples data each on gear
shift and selection cable assembly and on the parameters of interest were collected.

Fig.6 Gemba Investigation Welding Penetration Report, Joint: - Link & Rod
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Parameters for data collection were rubber bellow, thickness, shift cable length, select cable length, visual
observations of weld uniformity, insulation sleeve thickness, & ball grip diameter. Based on the weld uniformity,
weld penetration study was further done at sub vendor level shown in Fig 6
Gemba gave the non-conformance on weld penetration. The root cause was the improper setting of current ,
voltage & gas flow. The parameters were corrected as below
During Audit insufficient weld penetration issue was observed, which was causing failure in field.
To address this issue & improve weld penetration, Welding Parameters changed
Before the Improvement, Current setting was 90 to 120 AMP, Voltage setting was 15-20 V, Gas Flow:-setting
was 10-15 kg/Min.After the Gemba, the revised Current setting was 90 to 130 AMP, Voltage setting was 20-25V,
Gas Flow setting was 15-25 kg/Min
4.5 QUICK WINS:
During the Define phase, by GEMA, 3 Quick Wins got identified and Implemented. These Quick Wins were
at Cable Manufacturer end, Vehicle Dealer End.The summary of the Quick Wins is provided in Tab 5.
Table 5 Quick Win Summary
Abnormalities /
inferences
from past data

Source

Idea

Easy to
Fast to
Cheap to
Easily
Within
Implement
implement? implement? implement? Reversible? Authority? Quick Win

Weld Penetration of
the Lever Bracket

Gemba

Install Weld
Penetration
Frequency @
Tier I supplier
by M/s
REMSONS

Removal of the Shifter
Cable from Shifter
End by Spanner @
Dealer End with no
SOP(T2)

Gemba

SOP received
from Supplier
and shared to
Service

Yes

Yes

No

Yes

Yes

Yes

Removal of the Ball
End Grip from
GearBox End @
Dealer End with no
SOP

Gemba

SOP received
from Supplier
and shared to
Service

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

The Quick Wins Implementation got implemented and is pictorially represented in Fig 7. Post the Implementation
of the 3 Quick Wins, the Implementation areas were tracked. There was a considerable Improvement in the reduction
of the Welding of Bracket Failure end .The 3MIS (Month in service) got reduced to Zero which is depicted in
Fig 8. The SOP was made as per the Standard tool, capturing all the activities, Tools, Key Points, outcomes in
the format also with Time duration for each motion.

Fig.7 Quick Win Actions Taken – Before Vs After
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Fig.8 Quick Win Results

5. MEASURE AND ANALYZE:
In the Measure and Analyze Phase, the steps included Operational Definition, Measurement System
Analysis,Establising Baseline, List the SSVs ,Identify the Tool, Collect the data ,Test the Hypothesis, check whether
Funneling is required or not further and Finally Funneling to Next levelcauses.There were 4 Major Ys for which
Operational Definition needs to be completed. Each of these 4 Major Ys were identified with 5 Individual Suspected
Sources of Variation (SSVs).Guidelines were defined based on the above Data Input. MSA was conducted with
limited scope as the Measuring Tool was Vernier Gauge and Ruler. Data collection was planned for 30 Samples.
The Cross Functional Team consisted of the Vehicle OEM Member , Supplier , Supplier Quality Member and Vehicle
OEM Quality Member. Based on the study the Following Tools were selected for the Measure and Analyse phase
as provided in Tab 6
Tab 6. Applied Tools in Measure and Analyze Phase

SSV’s

MCS

MVA

OBSER

Variance

2T/
ANOVA

Factorial
DOE

PC

PPS

CS

Ball grip inner
diameter

X

X

X

X

X

Yes

X

X

X

Insulation sleeve
thickness

X

X

X

X

X

Yes

X

X

X

Rubber bellow
thickness

Yes

X

X

X

X

X

X

X

X

Shifter cable
gauge length

Yes

X

X

X

X

X

X

X

X

Selection cable
gauge length

Yes

X

X

X

X

X

X

X

X

Gear Shift Cable
Routing

X

X

X

X

X

X

X

Rubber bellow
Material Grade

X

X

X

X

X

Yes

X

X

X

Rubber Bellow
Material Hardness

X

X

X

X

X

Yes

X

X

X

Yes(2T)

X

Legend: PC – Paired Comparison, PPS – Product/Process search, CS – Component Search, MCS – Modified
Component Search, CC – Concentration chart, MVA – Multi-Vari analysis, OBSER – Observation, VS – Variable
Search, FF – Full Factorial
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5.1 GAGE R&R: To check Repeatability & Reproducibility Vernier Gage R&R done as in Fig 9

Fig.9. Gage R & R for: Ball Grip Inner diameter

In this Project, MSA is not directly applicable. However we have applied for Measurement of Ball Grip Diameter
with Digital Vernier Caliper. Measurements are done with Digital Vernier of LC0.001mm.
There is variation between operator to operator measurements. In this project GRR alone is not the criteria for
acceptance of MSA.As confirmed with supplier, there is a Die worn out issue which has been identified during
the Project for correction.

5.2

CAPABILITY ANALYSIS OF BALL GRIP INNER DIAMETER:

For the Process Capability, Capability Analysis performed. Results shown in Fig 10 clearly indicates process is not
centred .Process is producing parts which are out of specification. Communicated to the Member accordingly.

Fig.10. Capability Analysis of Ball Grip inner dia.
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5.3

I-MR CHART BALL GRIP INNER DIAMETER:

To establish the Baseline Results and understand the Process Variation, I and MR Chart was deployed. In I
Chart as shown in Fig xx as, all the readings are within the deviation limit we can assume that process mean
is in control. The Graph indicates, the LQ Percentile is more. In MR Chart as shown in Fig 11 As, maximum
readings are within the deviation limit we can infer that process variation is in control

Fig.11. I- MR Chart Ball Grip inner diameter

5.4

CAPABILITY ANALYSIS OF RUBBER BELLOW THICKNESS

Capability Analysis was conducted for the Rubber Bellow Thickness as Rubber Bellow Crack was one of the
Major Failures. As per the Analysis as shown in Fig 12 Process is not centred .Process is producing parts which
are out of specification.Pp and Ppk are also less.

Fig. 12. Capability Analysis of Rubber bellow thickness

5.5

I–MR CHART OF RUBBER BELLOW THICKNESS

I-MR Analysis was also done on the Rubber Bellow Thickness to under the process mean and variation. I Chart
as shown in Fig 13 all the readings are within the deviation limit we can infer that process mean is in control.
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The Graph indicates, the UQ Percentile is @ Higher side.In MR Chart as shown in Fig 13, all the readings are
within the deviation limit we can assume that process variation is in control

Fig.13. I-MR chart of Rubber bellow thickness

5.6

CAPABILITY ANALYSIS AND I-MR CHART OF INSULATION SLEEVE THICKNESS

To understand the Process variation and Process Capability of the Insulation Sleeve Thickness, Capability
Analysis and I-MR Chart performed. As per the Analysis as shown in Fig 14 Interpretation: Process is
producing parts which are out of specification. In I Chart as shown in Fig 15, all the readings are within the
deviation limit we can assume that process mean is in control. The LQ Percentile is higher. In MR Chart
maximum readings are within the deviation limit we can assume that process variation is in control

Fig.14 Capability Analysis of Insulation Sleeve thickness
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Fig.15. I-MR chart of Insulation Sleeve thickness

6. ANALYSIS:
In Analyze Phase , 2T Test carried out to understand , whether change in routing is having Negative or
Positive Impact on the Gear Shift Effort which in turn has an Intangible effect on the Cable life.
6.1 2T TEST done to analyze Gear shift effort pattern with modified cable routing as shown in Fig 16. Mean
Shift effort gets reduced with modified routing IQR shifted to lower side with modified routing

1st Gear Shift effort (Existing Vs Modified routing)

2nd Gear Shift effort (Existing Vs Modified routing)
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3rd Gear Shift effort (Existing Vs Modified routing) 4th Gear Shift effort (Existing Vs Modified routing)

5th Gear Shift effort(Existing Vs Modified routing)

Reverse Gear Shift effort (Existing Vs Modified routing)

Fig 16. 2T Test for Existing and Modified Routing

6.2 BOX PLOT: With Box Plot, we are analysing whether the (Gearshift Effort in Existing Routing ) IQR is
higher than (Gearshift Effort in Modified Routing )IQR.As per the Inference, Overall in all Gears, Mean Shift
effort gets reduced with modified routing IQR shifted to lower side with modified routing as shown in Fig 17

Fig 17. Box Plot (Existing Vs Modified routing)
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6.3

CAPABILITY ANALYSIS SUMMARY
Based on the Capability Analysis, following Table 7 shows the summary
Table 7. Capability Analysis Summary

Sr. No.

Part /Assembly

Pp

Ppk

1

Ball grip inner diameter

0.82

0.31

2

Rubber bellow thickness

0.61

3

Insulation sleeve thickness

4.02

4

Shifter cable gauge length

1.02

1

5

Select cable gauge length

0.9

0.88

0.6
-2.7

In Ball grip diameter there is a need of centering the process as Pp and Ppk are differing. In Rubber Bellow
Thickness also there is a need of Centering the Process as Pp and Ppk are having difference. Process needs
Improvement. Incase of Shifter and Select Cable Length , both Pp and Ppk are near to each other and to 1.
6.4

PAIRED COMPARISON

For analysing, whether
Selection , Shifter Cable &
Rubber Bellow Thickness is a
cause or not , we are applying
Paired Comparison Tool. Data
was used as per the collection
Plan sheet. WOW data
collected from failed warranty
samples BOB data collected
from Cable Manufacturer
production batch. The same
has been shown in Fig 18 and
Fig 19

Fig 18. WOW and BOB Samples and Report

Since BOB & WOW are
repeating in High and Low
Values, we go for Rule 6.The
Fig xx. Shows the application of
Rule 6.
With Rule 6, the Select Cable
was found to be one of the
Causes having differences in the
Setting Length .Based on
Statistics , we could prove that
Fig 19. Rule 6 for establishing the Cause
the Gauge Setting Length on
Select Cable is a Primary Cause.
The Technical reason was that the more the Select Cable is compressed between the Abutments, the moving inner
Cable was stretched along with the Rubber Bellow. This could in turn cause the Crack of the Bellow and the Inner
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Cable Failure. Thus the PC Tool was significant in establishing the root cause.

7. IMPROVE:
7.1 GENERATE POSSIBLE SOLUTION: In order to improve current practice to reduce failures in Gear
shift assembly below solutions are generated after analysis phase as provided in Table 8
Table 8. Possible Solutions for Improvement

X

Validated causes

X1

Snap Bush Ball Grip
coming out

X2

Gearbox Rubber
Bellow Crack

1.1)

X3

Shifter Lever Weld
Bracket Weld
Penetration

1.2)
1.3)
2.1)
2.2)
2.3)
3.1)

Possible Solutions
Availability of SOP for proper removal & re fitment during the
Service /Operation
Ball Grip ID maintained as per Design
Gauge setting Length Maintained proper
Change of Material used
Change of Bellow Design
Change of Material used and Bellow Design
Welding Current Rating change

3.2) Welding Voltage Rating change
3.3) Welding

gas Flow rate change

4.1 )Insulation Sleeve location change
X4

Heat Insulation
Sleeve intact

4.2) Insulation Sleeve Material change
4.3) Cable routing changed to avoid Fouling

7.2
IDENTIFY POTENTIAL PROBLEMS: Potential problems identified against validated causes & its
selected solution, this will help to improve design/process against potential field failures in future. These are
shown in Table 9.The Solutions should be selected in such a Manner that there is a Fallback Plan incase of
any side effect with the Implementation. For Instance, with EPDM Rubber Sleeve Material change in Place of
existing NBR, due care was taken to check whether there was any Environmental Impact on the same. This
study was supported by detailed Benchmark study of Vehicle with similar application, Powertrain, loading and
Gearshift Cable construction. One more aspect of Die correction done with 6 Sigma Methodology was having
a parallel action Plan as Die Preventive Maintenance Plan which ensures Continual Monitoring and control
before Dies starts worning out.
Table 9. Selected Solutions and Potential Problems

7.3

X

Validated causes

Selected Solutions

Potential Problems

X1

Snap Bush Ball
Grip coming out

Die worn out corrected
The Die Preventive Maintenance
Plan is also available for this
Improvement.

Currently corrected and refurbished die
will go for 3Lac parts, problems need
to be seen after the same.

X2

Gearbox Rubber
Bellow Crack

1) Bellow Design changed.
Material changed to EPDM

EPDM is incompatible with halogenated
solvents so if it comes in contact with
this then there will impact on bellow
life

X3

Shifter Lever Weld
Bracket Weld
Penetration

1) rocess parameters for Welding
Modified
(Voltage, Current and Gas Flow)

Power consumption & material
consumption increase will be monitored
every quarter.

CTIONS IMPLEMENTATION
Actions were implemented for Improvement and results as shown in Fig 20
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Fig 20. Sected Solutions and Potential Problems

7.4 RESULT OF ACTION TAKEN: Capability analysis done to understand results of implementations/actions
taken as shown in Fig 21
7.4.1 BALL GRIP INNER DIAMETER: Out of spec percentage of component is reduced to 1.25 from 17.89
7.4.2 INSULATION SLEEVE THICKNESS: All values of sleeve thickness are out of specification, however
supplier has confirmed that Superior Grade Sleeve 1451-will be used: Material specification is in line with the
operating temperature requirements, hence no further action is required. The Capability Analysis before and
after X data is provided in Fig 22

Before X data
After X data
Fig 21. Bll Grip Diameter Post Improvemen

Before X data

After X data

Fig 22. Insulation Sleeve Thickness Capability Analysis
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8. CONTROL:
After implementing the actions planned, system documents were updated accordingly which will ensure
design/process control on action taken & improvements incorporated. The SOP for removal and refitment of the
Ball Grip is created as shown in Fig 23
1.

SOP for removing End Terminal of the Gear Shifter @ Vehicle OEM End.

Fig 23. SOP for removing the End Terminal of the Fear Shifter

2.
3.
4.
5.

List of Child Part replacement Protocols for the Gear Shifter at Vehicle OEM.
Warranty Check List to be followed at Dealer End for Investigating the Gear Shifter Failure
Drawing for Approved Models
Control Plan Updation at Cable Supplier for receiving material inspection from Sub Assembly
Supplier.

The Control Plan as per Fig 27.And
PFMEA as per Fig 26, Inward
Inspection Sheet as per Fig 25 are
updated. The Improved Sample ready
for Implementation is provided in Fig
24

Fig 24
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Fig 25 Inspection sheet for Rubber Bellow

Fig 26. PFMEA Updation at Sub Assembly Supplier for welding Lever Bracket

Fig 27. Control Plan updation for Weld Lever Bracket.

In Total 25 Tools were used in the Project as provided in the below Table 10
Table 10 Tools used for Problem Resolution

341

CONCLUSION:
The aim of the undertaken Improvements has been achieved. The Failure of the Gear Shift Cable has been reduced
in the areas of Rubber Bellow, Sleeve, Gauge Length, Weld Bracket, Ball Grip .The period of results verification
lasted 8 months. During that time there were no such failures. Improved samples were subjected to Test Rig
Simulating the Road Load Usage Pattern. The Cable could clear the required Load Cycles without Failure. This
process will be further monitored.DMAIC is a long-term method and despite being very extended and
time-consuming, it guarantees proper identification of problems and their effects for the maintenance process. It
ensures developing and implementing effective improvement actions and, what is most important, it guarantees that
the implemented actions will be continued in the future. The case study has proved that it is possible to effectively
use Six Sigma Tools, methods and the Technical Findings Augment each Other. Most Importantly the Lessons Learnt
from this Case Study have been extended to other Similar Model Designs as Front Loading for ensuring reduction
in Part Failures.
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Abstract
Superheat of the liquid steel is one of the most critical parameters for smooth casting of liquid steel. Superheat
of liquid steel is the difference between actual steel temperature and liquidus temperature of steel. LD3 TSCR
has a thin slab caster where superheat is more critical than conventional casting as speed of casting is around
300% times more conventional slab casting and steel shell formation is very thin. Casting speed is heavily
dependent on superheat range. Superheat higher than the good range throttles the caster speed and superheat lower
than the range affects quality of steel and very low superheat may even stop the production. The temperature
at which liquid steel is sent for casting depends on multiple factors such as steel ladle temperature, processing
time, holding time of liquid steel in ladle and many others. It was difficult for operator to consider all the
parameters and take decision based on liquid steel temperature. There was a need to standardise the process and
recommend the temperature at which steel is to be sent to caster to get the desired range. An advanced analytics
process model was developed based on over 15 parameters related to both upstream and downstream processes
and various feature engineering had been done to capture the variability of the process. This model was developed
based on Random Forest technique with over 2 years of data- Principal Component Analysis, outlier detection
and variable imputation techniques were used to handle the data volume. Temperature optimisation was done using
inverse of Random Forest Model. A decision tree algorithm was deployed to predict confidence in model
predictions. Based on multiple brainstorming sessions and learning from trials of model, multiple updates were
done in logic to improve the performance of model. This prescriptive model has been made online and is aiding
the ladle furnace operators to achieve the desired range for Superheat.
This paper details out all the steps, trials conducted and updates in the model based on the learnings at various
stages of implementation.
Keywords: Superheat, Data analytics, liquid steel temperature, Random Forest technique, casting

1. Introduction
Ladle furnace steel refining plays a considerable role in secondary metallurgical process, whose objective is to
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produce quality steel with desired temperature and chemical composition. It is vital to accurately control the liquid
steel temperature for obtaining high quality products. With the ever increasing demand for better quality steel and
higher productivity, the better control of superheat and steel composition within the stipulated time for the process,
has become absolute essential. In the absence of any process model- arcing , alloy additions and the final lifting
temperature from the ladle furnace is guided by a set of thumb rules developed through operating experience.
However, for more precise and cost effective control, a model based process control system is essential.

2. Problem Statement
Upon casting at high superheat (> 30 °C), the metal is subjected to severe segregation, internal cracking and
shrinkage during the crystallization process due to formation of the expanded columnar zone instead of equi-axed
crystals. The liquid steel temperature strongly affects the product quality, since it affects the metal structure after
casting. Therefore, the degree of superheat must be minimized. On the other hand, low superheat (less than 15
°C) can result in an increased content of non-metallic inclusions due to lower steel temperature, and changes in
the physical and chemical properties of slag- forming mixture due to non-metallic inclusions in the mold, which
leads to an increase in surface and subsurface defects, as well as entrainment of the slag- forming mixture into
the slab, increased probability of breaking the crystallizing metal crust at casters, etc. Thus, in order to avoid and
minimize these shortcomings, while providing the optimum casting conditions, it is necessary to ensure that the
degree of metal superheat above the liquidus temperature stays within the narrow limits.

3. Business Context
Currently there is limited understanding on the pattern of drop in temperature of Liquid Steel while ladle moves
from LF to Caster till it is completely casted. For this reason LF operator tends to release ladle with higher superheat
at LF.
Optimum superheat in range of 20-30 degree C, for a given LF Out will aid Caster Operator to run caster at
maximum casting speed & hence lesser delay booked on account of higher superheat. This would eventually lead
to increased throughput of LD shop.
3.1

Objective

In order to reduce the number of instances of superheat deviations which adversely affect the shop
productivity, as well as to minimize the specific power consumption and the electrode consumption during the
secondary steelmaking process, it was decided to develop and implement a machine learning model for
predicting the final lifting temperature at ladle furnace of LD3TSCR, Tata Steel. This kind of model has
strong learning ability and is simple to implement. Therefore, it can overcome the limitations of the first
principle models.
During the first stage of the project, it was necessary to develop a model for the process route: BOF →
LF → Caster
The model should account for the steel treatment route and give recommendations concerning the required
lifting metal temperature at the LF in order to maintain the superheat at caster at 20- 30 degree C at caster.
During the second stage of the project, the plan was to integrate the developed model into the existing
level 2 framework.
3.2

Process Description

Secondary steel making at TATA Steel LD#3 shop involves various operations like Ladle preparation, tapping
of liquid steel from vessel, transfer of ladle, online purging, processing at ladle furnace(LF) and final transfer to
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the caster tundish. All these while, the steel bath continuously loses heat by conduction to the refractory. Slag layer
at the top generally behaves as an insulator due to its properties and thickness. However, the slag swells up when
flux like spar(its use has been minimised keeping in consideration the environment concerns) is added and these
foamy medium helps in efficient heat transfer during arcing by keeping the arc submerged. During the plant process
from tapping to teeming, the flow in the liquid steel bath is alternately governed by free and forced buoyant
convection.
During tapping, the open stream flows violently causing significant mixing of the stream and the tap time
additions in the ladle. This also involves heat loss from the top surface of the liquid steel in the ladle. Filling
of the ladle involves complex flow configuration. After tapping, the ladle is brought to the On-Line-Purging station.
The vigorous mixing that occurs due to high rate purging of Argon gas through a top lance, ensures good convection
flow and hence thermal homogeneity at the end of OLP operation. Thus, the purging at the OLP Station removes
thermal stratification and ensures that heat effects of tap time additions are over by the completion of OLP operation.
This also causes adequate macro mixing of the tap time additions with the liquid bath. Due to vigorous mixing,
the temperature measured at the end of OLP operation is a representative bath temperature. Also, as the purging
ends, convection flow in the bath is maintained due to heat loss to the refractory. Heat loss to the refractory induces
temperature gradient in the ladle and the resulting density variation induces buoyancy force which in turn, drives
a mild flow in the bath. Usually, the velocity scale for this thermal buoyancy driven flow in the melt is of the
order of 1-3cm/sec. However, as this progresses, the thermal field in the bath develops stratified layers. Development
of stratification slows down with progress of time as the refractory gets more and more soaked and effective
temperature differential between the melt and the refractory(flow driving force is proportional to this differential)
keeps on diminishing.
As the bottom purging of argon begins in the ladle at the LF Station, the flow is intensified by the larger buoyant
force of the rising gas volume. In general this force is much stronger than the natural convection force. During
bottom purging the maximum velocity of bath has a maximum magnitude of around 30cm/sec. This stronger flow
quickly homogenises the stratified bath temperature. Periodic additions of Ferro-alloys and synthetic slag are also
carried out. These additions contribute to heat loss or gain in the bath depending on the nature and intensity of
reaction they undergo with the slag or melt. The net heat loss from the bath needs compensation from electric
arc to maintain the desired superheat temperature of liquid steel at the end of processing. Due to presence of strong
convection, the heat of electric arc that arrives at the top surface of the steel bath gets radially convected faster
and the heated layer of the liquid steel comes in contact with the refractory. Hence, during arcing, refractory heating
is enhanced.
As LF processing ends, soon the ladle is taken out from LF station and placed on caster turret. At the casting
floor a lid is placed over the ladle on turret to minimise heat losses due to radiation. During teeming, as the free
space is available between the top surface of the melt and cover, radiation loss occurs. During teeming, this available
free space goes on increasing and thus radiation loss from top surface increases. Therefore, the temperature near
the nozzle exit decreases.

Fig 1. Schematic illustration of process flow at LD3TSCR
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4. Identification of places of heat loss
During holding, transport and casting of the filled ladle the mean temperature of the steel decreases due to
different modes of heat losses. Liquid steel loses heat in the ladle is mostly due to transient conduction through
the ladle lining, convection and radiation from the ladle top. The heat loss due to conduction through refractory
lining is greatly affected by the temperature distribution in ladle lining. This process is dependent on the thermal
status of the ladles, which is in turn dependent on the conditions during the return transport of the empty ladles
from the continuous caster i.e. its turnaround time. When the steel is teemed into the tundish, it loses heat by
conduction to the tundish wall and the slag. The behaviour of the temperature at the outlet of the tundish is influenced
by the transit time as well as by steel flow phenomena. Ladle holding time, purging duration, extent of ladle soaking,
slag amount and composition as well as the casting time is governed primarily by the throughput rate at caster.
Hence a model that can incorporate all these process details so as to predict the final lifting temperature at LF
for optimum superheat at caster is of prime importance.

Fig 2: Illustration of different modes of transfer during process sequence at LD3TSCR

5. Model Building
Based on the process
knowledge
mentioned
above a model has been
developed which predicts
the temperature at which
the operator at LF should
end the treatment so that
when the steel is being
cast its temperature is
within a desirable band
of liquidus +20 degree C
and liquidus + 30 degree
C.
For
building
the
model all the available
parameters that could
have contributed by any
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Fig 3. Variable Importance chart of the Superheat model

means to the temperature rise/drop were identified and effect of each parameter was studied individually and in
totality. A variable importance matrix was constructed and the top 30 parameters were decided to be used in the
model, which included certain batch data and certain time series data. Fig. 3 encompasses the variables used in
the model along with their feature importance.
The model was constructed based on the data captured in the level 2 system over the period of 4 months during
2019. The learning dataset was divided into two sets: a learning set and a test set at the ratio of 8:2. The first
part was used only to calculate the coefficients of the model, and the second part was used for verification. Suitable
structures formations, data cleaning, algorithm training (calculation of coefficients), reading new data for verification,
calculation of new predicted values of temperatures at ladle furnace, and metrics for model quality assessment were
done.
The model was written in Python language using the Big Data machine-learning algorithms realized in Python
libraries.
A total of 21 algorithm were tested in this project. Amongst these, the random forest based regression proved
to be the most accurate.
Apart from the regular inputs from the process, certain business logics were developed and incorporated and
a Hybrid model was developed. Fig 4. Highlights the execution flow of the model during heat processing at Ladle
furnace.
The model thus developed was integrated with the existing level2 system to get the required input and display
the results. Once the model was developed, it was important to decide as to when should the model suggest the
optimized LF Out temperature. The model has been designed to run whenever there is some event in the LF process
(like start of the Treatment, start/end of arcing, capture of temperature, end of treatment, ca wire addition and finally
the temperature capturing event at caster). From the operators’ perspective, any recommendation before the start
of the last arcing cycle is good enough as this will help in controlling the arcing time in the final stages. So this
is the event, the prediction at which, determines the effectiveness of the model. Since the process of casting is
a continuous one, the temperature at the beginning of the heat is not a correct representation of the steel temperature.
To counter this, a calculated value of tundish temperature is used which is assumed to be temperature of the tundish
after 40 tons of casting. This value is calculated using the temperatures available at the caster at different times
and the casting speed. Logics have developed to decide the time remaining for a heat to reach the caster based
on the routes defined (which can be modified by operators if needed) and the casting speeds of the casters.

Fig 4. Model Execution Flow chart
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Results
The results during the trial period were
encouraging. The trial was carried out from
16th of July to 16th of August 2020, and the
model is live and running since then due to
the reassuring results.

Fig 5. Superheat distribution at caster for model followed and model not followed
case during trial period.
Table 1. Model performance summary.

Total Heats

1503
Model Not Followed
(Final lifting temperature of
LF not within +/-4 degree
of LF out temperature
prediction by model)

Model Followed
(Final lifting temperature of LF within
+/-4 degree of LF out temperature
prediction by model)

972

64.7
%

Superheat achieved in 20-30 degree C

818

84.2 uperheat achieved in 20-30
degree C
%

531

35.3%
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71.2%

There superheat spread at caster for the model followed cases was less as compared to the spread in the not
followed cases, signifying better temperature process control as shown in Fig 5.
There was an improvement in the Superheat distribution curve for the trial period heats as compared to the
distribution curve in the non trial period heats as shown in Fig 6.

Ideal Superheat region

Fig 6. Distribution curve of Superheat at casters.

Production loss on account of high superheat(>30 degree C) reduced significantly by upto 18% during the trial
period. Thereby, improving shop productivity.
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Fig 7. Delay(in minutes) booked on account of high superheat

Conclusion and Future Scope
1. A random forest model for predicting the ladle furnace lifting temperature during processing of heat at ladle
furnace was developed. The prediction is based on the analysis of a set of the 30 process parameters along the
entire production route.
2. The model has demonstrated high accuracy during the trial period and subsequently as well. The model was
integrated into the level 2 system to give recommendations to the ladle-furnace operators for the final lifting
temperature.
3. Considering a variety of feebly affecting factors and hidden dependencies, the developed method of predicting
the final lifting temperature is sufficiently accurate, which provides recommendations to the LF operator and
has a potential to perform control actions with respect to the technological process in the near future, thereby
improving the overall efficiency of steel production shop.
4. An 18% reduction in production loss was recorded during the model used period along with improved strike
rates of 7% in the superheat band of 20 to 30 degree Celsius for the model followed cases.
5. Currently, the model is being actively used, and the operator is being trained to work with the model and use
its recommendations. This process is as important as creating a meaningful model.
6. At present, there’s no model for predicting the temperature of heat being processed at ladle furnace at any given
instance, given that the Superheat model gives recommendation for the final lifting temperature, a model needs
to be incorporated which predicts the metal bath temperature at every instant during heat making. This would
aid the operators further in complying to the Superheat model recommendations.
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Abstract
The recent years have seen a surge in the attempts to reutilize the waste worldwide. The ever-stringent
environmental norms and huge pressure on cost and productivity have been the major triggers for creating value
from waste. LD slag generated at steel melting shop is a nuisance of all integrated steel plants across the world.
This by-product of LD steelmaking process possesses high proportion of free lime, %P2O5, P2O5 and % FeO
which render it worthless for utilization in the process. Therefore, Tata Steel disposes sixty percent of the slag
generated in lands bought solely for dumping the waste, causing degradation of fertility of land and reducing water
adsorbing properties of land. Numerous trials have been initiated to recycle this material into the iron making
process but could not be a success in long run. This paper elaborates on the conceptualization, planning and
execution of extensive trials carried out at ‘G’ Blast furnace Tata Steel Jamshedpur for co-injection of LD slag-coal
mixture through tuyeres. LD slag is a hard and dense material with density three times that of coal. Grinding
it by mixing it with coal and pushing it through N2 attracts various operational and equipment related challenges.
Various other challenges such as thermal fluctuations of furnace were overcome to sustain the trials with the same
quality and obtain favorable results. The comprehensive trials established various operational boundaries with
regards to the optimized extent of co-injecting the LD slag-coal mixture to the furnace and attaining stable and
improved results with respect to the quality of the hot metal.
Keywords: Iron making, Quality, LD slag, waste utilization, co-injection

1. Introduction
Blast furnace Iron making is a complex process involving several simultaneous reactions such as reduction,
dissolution, melting, solution loss reaction, carburization and desulphurization. An efficient process is one which
stays in equilibrium for long with seamless counter-movement of gas and raw material. Of the many factors that
affect the equilibrium, cohesive zone is of utmost importance. Injection of LD slag through tuyeres offers an
alternative solution to inject basic fluxes instead of charging, thereby improving process performance.
1.1

Characteristics of BOF Slag

BOF slag also known as LD slag is a secondary product of Steelmaking process. Unlike BF slags, LD slag
is still dumped and landfilled, leading to soil, water and land pollution. It also reduces the ability of the land to
adsorb water. High concentration of Iron oxide and free lime restricts its use in cement industry and in ballast
making. Very low concentration of phosphorous makes it unfit for using as fertilizer. In order to process it several
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methods were used such as leaching, bio chemical processing, bio-leaching, aging but the most effecting is reduction.
Indian LD slag is typically hazardous because varying concentration of lime makes it unfit to use any field. Table-1
Shows a typical composition of LD slag.
Table-1 Composition of LD Slag

Oxide of LD
slag

CaO

MgO

Al₂O₃

SiO₂

FeO

Fe
(met)

MnO

P₂O₅

S

Tramp
elements

Composition (%)

48-50

0.5-1

1-5

15

18-20

0.5-1

0.5-2

0.5-1.8

0.090.3

1-2

With 48-50% of lime, LD slag is a rich source of basic
flux for the blast furnace. In order to achieve slag basicity
blast furnace use Calcium carbonate which adds to load for
increasing fuel rate, significantly adding to production costs.
LD slag offers suitable alternate in the sense that it has low
melting point (Figure-1)and has lime, thus reducing heat
requirement for reduction. However, High concentration of
oxides of iron leads to increase in direct reduction in process.
High concentration of iron oxide also decreases possibility of
mixing, grinding and injecting with coal. Density of LD slag
is three times the density of coal. LD slag has lower melting
temperature. From the phase diagram (Fig-1), it’s clear that
when CaO is 50%, melting temperature of slag drastically
reduces to 1200 deg C
1.2

Fig-1 Phase Diagram

Apprehension with LD slag

Since LD slag is three times denser than coal, grinding it in roller mill needed to be evaluated. BWI testing
showed that it is comparable to that of coal. BWI for LD slag came out 10.5KWh/tone. Also, LD slag is hygroscopic
in nature. When injected with Coal, high moisture in slag might lead to choking in injection lines. LD slag has
15% silica, glassy structure of calcium silicate might lead to erosion lines primarily meant to inject coal.
1.3

Effect of Blast furnace process

It is expected that when basic flux is injected in the furnace instead of charging, melting temperature of cohesive
zone decreases, thereby contributing to increase in permeability of furnace. It is also expected that injection of LD
slag-coal mixture help in instant control of Hot metal quality.

2. Effect of Injection on Blast Furnace Process
2.1

Low Melting temperature

Basic fluxes such as lime, dolomite and Calcium carbonate
have high melting temperature. When such fluxes mixed with
Sinter are charged in the furnace, the melting temperature of
cohesive zone increases. Hence, furnace losses permeability. In
contrast, LD slag has mixed oxides along with oxides of Silica
and hence relatively less melting temperature. Less melting
temperature also reduces the burden for heat demand. From phase
diagram in Fig-2, with 50% lime and 18% FeO, melting

Fig-2 Phase Diagram
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temperature drastically reduces
2.2

Change in Bosh slag Characteristics

Fluxes are charged in the furnace primarily to react with the ash of coke. But coke disintegrates in front of
tuyeres. Hence, charging of basic fluxes merely loads the cohesive zone, increasing the basicity of bosh slag and
not reacting before reaching the tuyeres. By injecting the slag, bosh slag volume decreases by fifty percent,
considerably contributing to increase in scope for production and permeability of furnace[2].
2.3

Increase the basicity of Tuyere slag to a proper level

The basicity of the Tuyere slag increase form <0.1, a very acid slag with very high viscosity, formed only by
the ash of the fuels for a normal operation, to about 0.8 – 1.10 for injection operation. When BOF slag is injected,
the Tuyere slag composition is in fact very close to a normal final slag but with a slight low basicity, therefore,
the melting properties of the Tuyere slag as well as the raceway conditions will be improved.
2.5

Unchanged final slag basicity

The basicity B2 of the final slag, mixture of Tuyere slag and bosh slag, is maintained at 0.9 to 1.0.5, as expected,
after the reduction of SiO₂ to Si, mostly occurred at high temperature in front of the Tuyere in the form of
disproportion reaction
SiO₂ + C = 2SiO+CO

[2].

3. Theoretical Estimations
3.1

Phosphorus Calculation

Every 5kg/thm of injection contributes to increase in phosphorous in hot metal by 0.0065%. Increasing the
injection in furnace till 15kg/thm will lead to increase in Hot metal phosphorous by 0.026%. The author assumes
that no rejects are generated through mills and all the phosphorous goes to hot metal. This is evident from the
following calculation: -

(1)

Table-2 Increase in Phosphorous with increase in injection

3.2

LD Injection rate

% Increase in Phosphorous

5 kg/thm

0.0065%

10 kg/thm

0.0130%

15 kg/thm

0.026%

Lime Calculation

LD slag has fifty percentage of lime in it. Hence injection of 5kg/thm of LD slag results in 2.5kg/thm injection
of lime in the furnace. The underlying assumption is that the concentration of lime is fixed. Injection of five kg/thm
of slag reduces lime addition in Sinter by 0.2%.
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(2)
Table. 3 decrease in Sinter Cao with increase in injection

3.3

LD Injection rate

Increase in CaO of sinter

5 kg/thm

0.2%

10 kg/thm

0.4%

15 kg/thm

0.6%

Increase in Direct Reduction

LD slag has 18% Iron oxide in it. Injection of LD slag increases the direct reduction of iron oxide, leading
to increase in fuel demand based on the energy requirement. Consider the following reaction:
FeO + C = Fe + CO
Heat Requirement per kg FeO is 2800 kJ/kg

(3)

Therefore, 5kg/thm would require 0.336kg increase in coal requirement.
Table-3 increase in coal rate with increase in injection

3.4

LD Injection rate

Increase in coal rate due to FeO

5 kg/thm

0.3 kg/thm

10 kg/thm

0.6kg/thm

15 kg/thm

0.8kg/thm

Fuel Increase due to False Reading of Injection rate

200 kg/thm shall be read as 200kg/thm of coal. This value will be (195kg/thm Coal + 5kg/thm LD slag).
Therefore, to maintain actual 200kg/thm, 5kg/thm increase in fuel rate needs to be done.
3.5

Tuyere Basicity Slag Calculation

Basicity of Tuyere slag shall increase due to injection. Basicity of Tuyere slag increases from 0.006 to 0.27.
Therefore, for every 5 kg/thm injection, increase in Tuyere slag basicity by 0.264.
Table. 4 Tuyere Basicity Calculation

Coal

Value

LD slag

Value

coal rate (kg/thm)

200

slag rate (kg/thm)

5

Ash (in %)

10

CaO/ SiO2

50%/ 15%

SiO2 (in kg after considering
factor)

8.4

SiO2

0.75

CaO

0.056

CaO

2.5

4. Experiment
Trial was planned to mix LD slag and coal in the coal receiving circuit, grind it in roller mills and then push
it through tuyeres by using nitrogen as medium. Since, LD slag is denser than coal, the feasibility study of equipment
was done. Accordingly, trial was carried out in three phases.
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Table-4 Tuyere Basicity Calculation

No. of mills

Target Injection (kg/thm)

Actual Injection (kg/thm)

Phase-1

1

5

3.2

Phase-2

2

10

4

Phase-3

3

15

5.2

Since the process of grinding involves reject generation, actual composition of the grinding mixture was calculated
by measuring the composition of rejects. Another measuring point was at tuyere platform. Sample of coal-slag
mixture was taken for composition testing.
In order to ensure that the mixing is uniform, and grinding is efficient, grinding parameters were consistently
measured (table-5). Similarly, in process, different parameters were consistently monitored.(table-6)
Table-5 mill parameters

Mill parameter
Mill Differential Pressure
Bagfilter Differential Pressure
Reject Generation
Mill Outlet Temperature
Grinding rate
ID fan Flow

Target Range
150-220
70-100
2
85-92
15-18
28000

UOM
mmWC
mmWC
no. of trolley
degC
tph
nm3/hr

Table-6 Process parameters

Parameters
UOM
%
Average Silicon per cast
%
Average Phosphorous per cast
Furnace DP
kg/cm2
K-value
ratio
HMT

deg C

Distributor pressure

bar

Range
0.5-1.1
< 0.18
<1.5
<4.3
14851505
3-4.5

Action Plan
Decrease fuel rate, burden adjustment
Decrease LD slag addition
Decrease wind volume
Increase steam
Increase fuel rate if HMT falls below the range
Check lance choking. Lances choked >10. Stop the trial.

5. Observations and Results
Injection of BOF slag-coal mixture had several observations: a.

Despite comparable BWI, feasibility of grinding LD slag-coal mixture in mills is less since LD slag is
elastic in nature (as it has complex oxide structure). Crushing it using roller mills was a tedious process.
a. Since LD slag is heavier than coal, mixing even less quantity of coal lead to substantial rejects generation.
Approximately 65% of rejection occurred.
a. Maximum effective injection was only 5.2kg/thm. Hence, much change in process could not be observed.
However, it was observed that during the trial, Hot metal Silicon reduced from its normal average by 0.02%.

6. Conclusion
Injection of LD slag-coal mixture through tuyeres is tedious process as high density of coal made it
deterrent to push the mixture through the coal conveying and grinding circuit, resulting in increase in reject
generation. Hence, against the target injection rate of 15kg/thm, only injection of 5.2kg/thm can be achieved.
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Abstract
Tata Steel Ltd. India (TSL) import raw material, such as coal and flux, from various part of the globe. Raw
materials are shipped from various international Load Ports (LP) to various Discharge Port (DP) of India. Raw
materials are further transported from DPs to various Plants, across many parts of India, over Rail. TSL incur
approx. $570 million each year as logistics cost excluding raw material cost.
The logistic network is extremely complex which involves 10+ LPs, 5 DPs, 15+ Product group, 5 Plant and
5 Vessel type. On the top of this complex business rules are applicable such as a vessel can be loaded in multiple
LPs and discharged at multiple DPs; a vessel can carry more than 1 materials; each type of vessel have different
load carrying capacity, freight and their availability also varies; inventory level have to be maintained at DPs
and Plant; a minimum guaranteed unloading have to happen at DPs else penalty have to be paid; limited numbers
of rake at various port, plant; Material handling capacity at Plant.
All these rules make logistic planning and execution extremely complex and wrong decision would lead to
millions of excess costs. A software suite was developed, which is a combination of Multi-layer Mixed Integer
Program (MIP), Heuristics and Discrete Event Simulation solution at the backend and web based front end. The
suite used tools such as AIMMS (CPLEX solver), AnyLogic, MS SQL Server and .Net. The suite helps in long
term planning of Vessel and Rake which lead to least logistics cost; scheduling of Vessel and Rake which leads
to healthy inventory at plant, DPs, and least cases of bunching (queuing) of rake at Plant. The suite helps reduce
logistic cost by 0.5 – 1 %. It also has secondary benefits such as automation, reduced time of planning and what
if scenario generation.
Keywords: Mixed Integer Program (MIP), Discrete Event System Simulation (DES), Supply Chain Logistics,
Optimization

1. Introduction
TSL India manufacture various grades of steel in multiple plants (Jamshedpur, Kanlinganagar and Angol etc.).
There are 3 major raw materials required for steel production these are coal, flux, and iron ore. A steel grade would
depend on 2 components i.e. manufacturing process and raw material grade used. Hence changing any of the
component would lead to a different grade of steel. TSL get iron ores supply mostly from Indian mines. Few grades
of coal and flux are imported whereas rest of the grades are sourced from Indian mines. The below diagram shows
the typical logistic network
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Fig 1: TSL inbound logistic network

As seen in the above diagram that a material can flow through multiple nodes before reaching the plant. A
simple logistic flow would be of a domestic grade material from a domestic mine to a plant through rail flow.
A complex flow would be of an import grade material LP1 – Ocean Flow – LP2 – Ocean Flow
– DP1 – Ocean/Coastal Flow DP2 – Rail Flow – Plant1. A typical flow would be somewhere between the
illustrated simple flow and complex flow.
TSL have contract with overseas mines, domestic mines, vessel owners and Indian Railways (IR). TSL have
supply contract with mines. TSL hires various types of vessel from vessel owner for transportation between LPs
and DPs. The final leg of transportation is railways for which TSL get service of IR. TSL also have stock yard
at DPs and plants. The SY stores the raw material. Various types of logistics cost would be incurred by TSL such
as ocean fright, rail freight, contract penalty and stock yard related cost.
TSL India have a complex inbound supply chain. Having demand of multiple products at the plant adds more
complexity. Mines of these product are spread across the globe. There are different modes of transportation available
such as ocean flow, rail flow and coastal flow. TSL must honour their contract with various player in the supply
chain. There are many complex business rules which must be followed. All these makes the supply chain extremely
complex.
Raw materials are unloaded in the plant using machines which are called track hopper and tippler. Plants have
limited number of track hopper and tippler which unloads the rake. Getting rakes more than the unloading capacity
of track hoppers and tippler would create a long queue of unloaded rake in the plant and they’re by long waiting
time of rake. This would lead to demurrage, which would be charged by IR.
Planning and execution of logistics is a task of immense importance since a poor planning/execution would lead
to problems such as low/high inventory, stock out and high supply chain cost. There could be multiple reason which
would lead to the above stated problems such as not selecting the right types of vessels, getting too many vessels
during a period, wrong mix of products in a vessel and wrong contracts etc. Planners at TSL spend lot of efforts
on logistics planning. These helps them reduce on logistics cost and maintain a healthy amount of inventory. Further
optimizing of logistics can’t be achieved by manual planning and hence the requirement to build a planning and
execution model is of utmost importance. TSL incur approx. $570 million each year as logistics cost excluding
raw material cost. The objective of the model is to reduce logistic cost, automate the planning process and quick
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turnaround time.
The section 2 covers the literature review. Section 3 covers the business problem and how it is converted into
a suite of mathematical models. This section also covers the how models are connected to each other. The next
3 section talk about the model in a bit detail.

2. Literature Review
Supply Chain for an organization is defined as the flow of materials (raw materials, tools) from source
(suppliers) to the end customers (finished products) with a set of value addition process in between. To
manage the supply chain is to ensure that the raw materials are procured timely in a required quantity, the
resources used in manufacturing process are well utilized, and the finished product is delivered to the
customer satisfying demand of quantity, quality and on-time delivery. All the above objectives must be achieved
efficiently i.e. to say by incurring costs as minimum as possible and reaping maximum benefits to the
organization.
“The goal of a supply chain should be to maximize overall supply chain surplus. Supply chain surplus is
the difference between the value generated for the customer and the total cost incurred across all stages of
supply chain.”-Chopra and Meidl [7]. Supply chain management encompasses planning for various things. It
might be demand planning (e.g. forecasting), network optimization, transportation planning (e.g. routing),
production planning among others. It would be ideal to have a single planning or mathematical model that
integrates all these planning, but it becomes very complicated very fast even for a small organization. Hence, a
practice of segregating various planning processes is generally followed. Here, we address on such problem
which is to plan the logistics for a subset of raw materials for TSL.
Various tools and techniques are available at-hand of the planner for carrying out the supply chain
planning. Planning can be done by manual intervention based on one’s own understanding of the business at
one end of the spectrum or an be done by using a software that takes into consideration all business
requirements and gives a partial/fully automated solution at the other end. Planning done manually can be
tedious and inconvenient given the amount of data and business requirements and would require re-work if
there is any change in the input. On the other hand, planning that is automated provides benefit in terms of
time, flexibility to run multiple scenarios and a reliable solution backed by mathematical logic.
One of the key functions in supply chain is transportation of goods and raw material. “Transportation is
a significant component of the costs incurred by most supply chains. According to the Bureau of
Transportation Statistics (BTS), “over 19 billion tons of freight, valued at $13 trillion, was carried over
4.4 trillion ton-miles in the United States in 2002.”-Chopra and Meindl [7]. A good transportation
planning can provide a minimum cost of transportation and reduce impact on other costs such as inventory
costs, lost
sales
and the
cost
of
material itself. Transportation problems
modelled
mathematically can be addressed using various techniques such as exact algorithms, heuristics, simulation, or
mathematical optimization. We have used a combination of optimization and simulation to address the problem
discussed here.
One of the widely used planning technique are LP or MIP formulations. A business problem is abstracted
as an objective that is to be achieved subjected to business rules (constraints). Decisions are to be made to
achieve this objective. This business problem is then translated into a LP/MIP formulation. A formulation is
called an LP if all the decision variables can take values that are real number (often a non-negative real
number). LPs can be solved in polynomial time complexity. But, as in the case of our application the
formulation happens to be an MIP. MIP requires some or all the decision variables to take integer(discrete)
values. Currently, there is no known polynomial time algorithm to solve MIP. Hence, solving an MIP can be
a time-consuming affair, causing inconvenience to the user to use the model for multiple scenarios or using
the model frequently for re-planning. We have tackled the above issue by solving a series of MIPs, using
modelling techniques, pre-processing, post-processing of data to reduce the running time while minimizing the
impact on the quality of the solution.
It is also important to note that a business rule can be modelled as a mathematical constraint in multiple
ways. The choice of the constraints can have a significant impact on the running time and memory
requirements for the model. We have been cognizant about this fact while modelling our problem. [8]
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represents the importance of this in context of Capacitated Facility Location Problem.
The kind of simulation techniques used in supply chain planning is discrete-event, system dynamics and
agent-based techniques. In discrete-event simulation the process is modelled as sequence of events triggered
timely or conditionally. The agents which are subjected to the process or a part of it experiences these
events. The discrete event simulation modelling is useful in modelling randomness of the system to analyse
bottlenecks in queueing, performance of various sub-processes, resource requirements. It is a cost-effective tool
to model a future scenario in order to gain a confidence in a plan if implemented.
As discussed in introduction (section 1), we are addressing transportation planning that involves
multiple-products, multiple-modes, and a time-horizon. [1] discusses a similar transportation problem involving
multiple-products and multi-mode transportation problem using Benders decomposition. Here the dimension of
planning time-horizon and the rule of routing of material through multiple source and discharge nodes is not
addressed in the MIP formulation. [2] addresses multi-commodity, multi- modal logistics with time horizon
using a MIP model and proposes two heuristics algorithms. One heuristic is based on Lagrangian relaxation
and other is based on fixing of variables iteratively. The experiments conducted here considered short-term
planning horizon of 15 days. [3] considers the problem of multiple-products transportation along with
production costs such as fixed (setup) and variable costs (production and inventory) across multiples
production and customer sites across the planning horizon.
AIMMS[6] is a tool used to develop mathematical optimization models and provides additional features such
as domain conditions, sensitivity analysis, etc. and an ability to build a dashboard to provide inputs and analyse
model results.

3. Business Context and Solution Approach
There are multiple players, resource, and cost in logistic planning. This section tries to cover few of them. This
section also covers the business context, project objective and solution approach.
3.1

Resources

There are multiple resources in entire inbound supply chain network of the TSL. We would discuss few of
them in bit detail.
3.1.1 Product
Coal, flux, and iron ores is a product class i.e. they are at the top of the product hierarchy. They can be further
divided into product basket and then product grade.

Fig 2: Product Hierarchy and Various Coal grade under PHCC basket

All three products class i.e. coal, flux and iron ores have product basket and product class. Consumption of
raw material at plant takes place in product grade level. All the three raw materials are used to produce steel of
various grades.
A coal grade can be replaced by another coal grade from the same product basket in case the former grade
in unavailable. However, grades within a basket will always have priority. Example say Goonyella grade has the
highest priority and T-Premium has the least priority for production of a specific grade of steel.
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3.1.2 Mines
Mines are source of raw material. Mines can be further be classified into overseas and domestic mines. Domestic
mines are spread across India whereas overseas mines are outside India. A product grade soured from overseas
mines is called import grade product.
3.1.3 Ports, Ocean Flows and Coastal Flow
Port is a place where vessel (ships) are loaded/unloaded with raw material. We have classified the ports based
on its operation. There are 2 types of port i.e. Load Port (LP) and Discharge Port (DP). A LP is a port where
raw material is loaded. Generally, they are close to mines. Loading in the LP can be of two types i.e. a vessel
can get loaded fully in one LP itself or a vessel can get loaded in 1st LP partially and then moves to 2nd LP
for further loading. The former case is called one port loading whereas the latter case is called two port loading.
LPs in two port loading are termed as 1st LP and 2nd LP.
A DP is a port where unloading of a vessel takes place. A vessel could get unloaded fully in a DP or partially
in a DP. One port unloading is the term used when a vessel gets completely unloaded in one DP. Multiple port
unloading is the term used when a vessel gets unloaded in more than one DP. DPs in multiport unloading are
termed as 1st DP, 2nd DP and 3rd DP.
A vessel movement is called Ocean Flows when raw material is loaded in LPs and unloaded in DPs. A vessel
movement is called Coastal Flows when raw material is loaded in a DP and unloaded in DPs. This also means
that a DP can be a loading port.
Raw material flow between a LP and DP is termed as ocean flows if raw material is loaded at the LP and
unloaded at the DP. The vessel is called an ocean vessel. Vessel getting loaded in one DP and unloading in another
DP is termed as coastal flow.
Usually a LP is an overseas port and a DP is a domestic/Indian port.

Fig 3: Port and Flows

3.1.4 Vessel
Vessels are used as a mode of transportation of raw material between ports. TSL hire vessel from vessel owner.
Vessel are classified based on their load carrying capacity. The below table capture the vessel types and their
capacity. A port can’t accommodate all vessel type. This is due to many factors; one such factor is vessel and
port draft.
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A vessel has multiple holds. A hold is a space where cargo is stored. Only one raw material can be stored
in a hold.
Table 1: Vessel type and its Capacity

Vessel Type
Cape
Panamax
Supramax
Baby Cape

Max Load (KT)
160
78
56
110

3.1.5 Plant and Rail Flows
TSL plants manufacture steel from iron ores. Coal and flux with iron ores are used in the steel manufacturing
process. This leads to consumption of raw materials in the plants. Import grade products are transported from DPs
through rail network. Domestic grade products are transported from domestic mines through rail network. A rake
usually carries only one product grade however sometimes it can also carry 2 product grade.

Fig 4: Plant and Rail Flows

3.1.6 Stock Yard
Raw materials are stored in the Stock Yards (SY). TSL have SYs in DPs and Plants. SYs have upper
bound on volume of raw material that can be stored.
3.1.7 Rake Unloading in Plant
TSL have unloading machines which are deployed to unload loaded rake. These machines are called track hoppers
and tipplers. An unloading machine would be engaged in unloading one rake at a time. TSL have limited number
of these machines this leads to limited unloading capacity. Getting rakes more than the unloading capacity of track
hoppers and tippler would create a long queue of unloaded rake in the plant and they’re by long waiting time
of rake.
3.2

Cost and Penalties

There are many cost factors which would have a significant impact on logistics planning. Few of the cost
component are as follows
3.2.1 Ocean Freight and Coastal Freight
This is the freight paid to the vessel owner for transporting raw material between ports. TSL would incur ocean
freight for ocean flows. Coastal flows would lead to coastal freight. This can be further classified into 4 legs i.e.
freight between LP1 & LP2 (2 port loading), LP & DP, DP1 & DP2 (multiport unloading) and DP2 & DP3. Ocean
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freight varies by vessel type and material.
3.2.2 Port Handling Charge
Loading and unloading of vessels at port would lead to handling charge. Handling charge would depend on
factors such as port, material, and vessel type etc. Both ocean flow and coastal flow would incur handling charge.
3.2.3 Demurrage Vessel and Rail
Vessel usually wait in a queue before a berth is allotted. Unloading of raw material take place in the berth.
Vessel owner penalize TSL if the waiting time in the queue exceed a threshold value. Example, say the threshold
value is 24 hours, then no penalties if the waiting time is less 24 hours.
Loaded rakes get unloaded in the plant using track hopper and tippler. TSL have a contract with the Indian
Railways. TSL must return the unloaded rake to Indian Railways within a fixed duration. Indian Railways penalize
TSL in case the latter is not able to return the rake with that duration. Arrival of many rakes simultaneously at
the plant can lead to this problem.
3.2.4 Rail Freight
TSL uses Indian Railways rake for transportation of raw material to plants from DPs and domestic mines. Freight
is incurred by TSL for rail transportation. Rail freight depends on product class.
3.2.5 Overseas Mines Penalties
Overseas mine have volume contract with TSL. TSL must procure at least a fixed quantity of raw material from
the mine. Mine would penalize TSL in case the latter procure lower than the fixed quantity of material. No penalties
in case material procured is more than the fixed quantity
3.2.6 Discharge Port Penalties
TSL have volume contract with DPs. DPs would penalize TSL in case the volume contract is not met. Example
say the contract volume is 1000 KT and TSL import 800 KT from the DP during the year. DP would penalize
TSL on 200 KT of raw material.
TSL maintain stock yard near the DPs. Stock yards have limited storage capacity. TSL temporary buy more
storage in case the volume unloaded in DP exceed the stock yard capacity.
3.3.7 Plant Penalties
Plants have stock yards which stores raw materials. They have limited storage capacity. It is always desirable
to keep stock level lower than the stock yard capacity.
3.4

Project objective
There are multiple objectives of this project. This section discusses few of the major objectives.

3.4.1 Long Term Vessel Planning
This is the most important objective of this project. The vessel planning is carried out such that consumption
requirement at plant is satisfied. There are many other business requirements which must be met while planning
vessels. We discussed few business requirements in the above section such as stock yard capacities, contract with
mines, ports & vessel owners, healthy inventory, and available vessel type & their capacities.
Planning activities is for approximately for a year. A good plan is the one which satisfies all the business
requirements and have the least cost. Cost is a sum of all the above costs and penalties discussed in the above
section 3.2.
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The expected output is a detail vessel schedule which would have information such as vessel dispatch date from
LP, arrival date at DP, vessel type, product & quantity carried etc.
3.4.2 Medium term Rake Planning and Product Grade Level Consumption
TSL schedule the monthly consumption of raw material at grade level and this is based on production schedule.
A coal grade can be replaced by another coal grade from the same product basket in case the former grade in
unavailable. However, grades within a basket will always have priority. The objective to schedule grade consumption
based on production schedule, grade priority, grade availability at plant, DPs & mines, and rake availability.
Monthly level raw material transportation from DPs and mines are planned through rakes. The objective is to
satisfy raw material consumption at plant and healthy inventory at plant. Many factors must be considered while
planning. Few of the most important consideration is availability of raw material at DPs & mines and availability
of rakes at DPs & mines.
3.4.3 Daily Level Rake Schedule to Reduce Queuing at Plant
Loaded rake wait in the queue before getting assigned to an unloading machine. The objective here is to reduce
waiting time of loaded rake in queues. Many factors would impact the waiting time. Few factors are departure
time of the rake from DPs & mines, transit time & volatility, inventory level, concurrent queue at plant, jobs assigned
to track hoppers & tippler, material handling capacity of track hoppers & tippler and planned maintenance etc.
Decisions related to incoming rake assignment over track hopper & tipplers are taken to reduce waiting time
in queue, which is turn would reduce the demurrage.
3.5

Solution Approach

The business problem was divided into 3 modules, each module is termed a Minimum Viable Product (MVP).
Each MVPs objective is to meet the business requirements i.e. MVP-1 would target objective specified in section
[3.3.1], MVP-2 would target objective specified in section [3.3.2] and MVP-3 would target objective of section
[3.3.3]. Two different department of TSL would be using this tool. MVP-1 would be used by one department whereas
MVP-2 & MVP-3 would be used by another department. This section explains the MVPs approach to meet the
business objective
3.5.1 Minimum Viable Product – 1
In this MVP-1 the objective to generate a long term (12 months) planning of vessel such that demand
requirements are met and overall cost is least. Rake flows are also considered in this MVP due to 2 major reason.
Firstly, a major part of cost is generated due to rail flow between DPs & mines and Plants. Secondly, rail is the
only mode of transportation of raw material for plants.
MVP-1 plans vessel flows, rake flow, coastal flow such that raw material consumption at plant is satisfied, healthy
inventory is maintained at DPs and total cost is minimized. Only import grade coal and flux was part of this module
and hence domestics mines were not considered. This module also tries to minimize waiting time at the port which
would help reduce demurrage. The below figure explains the MVP-1 briefly.
A solution developed for this MVP consists of 2 optimization models, 4 heuristic algorithms and an integration
module to read, process and write data.
There module recommend vessel, coastal and rake plan for the entire planning period. The plane would be a
daily level recommendation i.e. detail vessel schedule (ocean and coastal) which would have information such as
vessel dispatch date from LP, arrival date at DP, vessel type, product & quantity carried etc. The output would
also have a detail rake plane i.e. date of dispatch from DP, arrival at Plant, product & quantity etc.
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The solution was developed using AIMMS with CPLEX solver, .Net, SQL Server and Python. User would access
the model using a .Net based UI. User can enter data on the UI, which in turn get stored in the data base. AIIMS
based optimization model would read the data from data base and run 2 optimization model sequentially. The
optimization model is Mixed Integer Program (MIP). Output from the 2nd optimization model would be used as
input into the 4 Python based heuristics model. The final output would be saved on the data base. Use would access
the output through the .Net UI.

Fig 5: MVP-1 Business Context and Scope

Fig 6: MVP-1 Solution Architecture
3.5.2 Minimum Viable Product – 2
This Module have 2 Mixed Integer Program. The 1st MIP recommends which grade of raw material should
be consumed each day for an entire month. A grade can replace another grade from the same basket however urgency
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should be given to highest priority grade and numbers of switching of grade should be least. This module considers
least number of switching, more importance to high priority grade and logistics constraints to recommend grade
level daily consumption schedule for a month.
1. The 2nd MIP uses the recommendation on grade level consumption from 1st MIP. It recommends daily level
rake plan for a month. It would contain detail such as departure date from DP/mines, arrival date at plant, material,
and quantity to be loaded in a rake etc. It considers multiple business requirements while recommending the
rake plan, such as available rakes at mines/DPs, available stock at DPs, Plant consumption and stock yard capacity
at plant.
2. Both the MIPs are developed in AIMMS with CPLEX solver. Use would enter the data and see output on a
.Net based UI. The data is stored in SQL Server database.

Fig 7: MVP-2 Business Context and Scope

3.5.3 Minimum Viable Product – 3
The last module is a simulation-based optimization module developed in Anylogic software. The module
recommends assignment of loaded rake to track hopper & tipplers which would lead to least waiting in queue
thereby reduced demurrage.
A Discrete Event System Simulation (DES) model is developed. The models mimic the real world by
generating resources such as Rake, track hopper, Tipplers, and yards etc. It also develops the complex
interaction between the resources

4. Vessel Planning using MVP-1
This section covers the problem formulation of most important business requirement. The MVP-1 have 2 MIP
models and 4 heuristic. The 1st MIP is most critical piece
4.1

First MIP of MVP-1

This a multiple node and multiple period network optimization model. Few Important Sets:
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Set of 1st Load port LOF, index using lof Set of 2nd Load port LOS, index using los Set of all Load port
LOA, index using loa
Set of Ocean vessel type STO, index using st Set of Coastal vessel type STC, index using stc Set of 1st
Discharge port DPF, index using dpf Set of 2nd Discharge port DPS, index using dps Set of 3rd Discharge
port DPT, index using dpt Set of all Discharge port DPA, index using dpa
Set of time-period T, index using t. The entire planning period (1 year) is dived into 24 period. 1 period
consist of 15 days
Set of Plants P, index using p
Set of Product PD, index using pd
Few Important Variables:
V_OceanShipFlaglof,los,loa,st,dpf,dps,dpt,t,pd ∈{0, 1}: 1 if at least one vessel of type st carries a product pd
between the ports lof, los, dpf, dps, dpt during the time period t
V_OceanShipCountlof,los,st,dpf,dps,dpt,t ∈ I : number of vessel of type st between the ports lof, los, dpf, dps,
dpt during the time period t
V_OceanQuantityLoadinglof,los,loa,st,dpf,dps,dpt,t,pd ∈ R: quantity of product pd loaded from loa on vessel of
type st and which is travelling between ports lof, los, dpf, dps, dpt during the time period t, where loa

⊆ lof ∪ loa
V_OceanQuantityUnloadinglof,los,st,dpf,dps,dpt,dpa,t,pd ∈R: quantity of product pd unloaded at dpa from vessel
of type st and which is travelling between ports lof, los, dpf, dps, dpt during the time period t, where dpa ⊆
dpf ∪ dpS ∪ dpt
V_DpInventorydpa,t,pd ∈ R+: quantity of closing inventory of product pd, in port dpa at time period t
V_PlantInventoryp,t,pd ∈ R+: quantity of closing inventory of product pd, in plant p, at time period t
𝑉_RakeQuantitydpa,p,t,pd ∈ R+: quantity of product pd, transported from discharge port dpa to plant p, during
time period t
V_lpContractInsuficientloa,pd ∈ R+: max{0, P_LpContractVolumnloa,pd – volume of product pd loaded from
load port loa during the planning period, where P_LpContractVolumnloa,pd is the volume contract between
TSL and load port loa. Volume imported below this quantity would get penalized
Some important Constraints:
∑𝑝𝑑

∈

PD ∑𝑙𝑜𝑎

∈

LOA V_OceanQuantityLoadinglof,los,loa,st,dpf,dps,dpt,t,pd =

V_OceanShipCountlof,los,st,dpf,dps,dpt,t × P_VesselCarryingCapacityst
, where VesselCarryingCapacityst is the maximum load carrying capacity of vessel type st. This constraint
would make sure that the total quantity of loaded products from primary and secondary load port in vessel
type st equal multiplication of count of vessels of type st and carrying capacity of vessel type st
V_OceanQuantityLoadinglof,los,loa,st,dpf,dps,dpt,t,pd >= V_OceanShipFlaglof,los,loa,st,dpf,dps,dpt,t,pd ×
P_VesselMinQuantityCarryingst
where P_VesselMinQuantityCarryingst is the minimum quantity of product pd to be carried in a vessel. This
constraint makes sure that if a product of type pd is loaded in vessel type st from port loa and carried
between ports lof, los, dpf, dps, dpt during the time period t than the quantity would be atleast equal to a
minimum threshold.
∑𝑙𝑜𝑎

∈

LOA

∑𝑑𝑝𝑎∈ DPA
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V_OceanQuantityLoadinglof,los,loa,st,dpf,dps,dpt,t,pd
v_OceanQuantityUnloadinglof,los,st,dpf,dps,dpt,dpa,t,pd

=

this constraint would make sure that total loading of product pd from load port loa equals total unloading of
product pd in load port dpa
V_DpInventorydpa,t,pd - V_DpInventorydpa,t-1,pd =
∑𝑙𝑜𝑎 ∈ LOA

∑𝑙𝑜𝑠 ∈ LOS

∑𝑠𝑡 ∈ STO

∑𝑑𝑝𝑓 ∈ DPF

∑𝑑𝑝𝑠 ∈ DPS

∑𝑑𝑝𝑡 ∈ DPT

V_OceanQuantityUnloadinglof,los,st,dpf,dps,dpt,dpa,t,pd

-

∑𝑝 ∈ P

𝑉_RakeQuantitydpa,p,t,pd

this is a node balancing equation at the discharge port i.e. inflow into the port should be equal to outflow
from the port
V_PlantInventoryp,t,pd - V_PlantInventoryp,t-1,pd = ∑𝑑𝑝𝑎 ∈ DPA 𝑉_RakeQuantitydpa,p,t,pd
- P_PlantConsuptionp,t,pd
where P_PlantConsuptionp,t,pd is the consumption of product pd at plant p during the time t. This constraint
is the node balancing constraints at plant.
There are other contains which keeps the inventory healthy at discharge port and plants. Few other constraints
ensure that number of vessels and rakes used is always between the lower and upper bound specified by the
user. Load port volume contract penalty is captured using the below constraints
V_lpContractInsuficientloa,pd >= P_LpContractVolumnloa,pd ∑𝑙𝑜𝑎 ∈ LOA ∑𝑙𝑜𝑠 ∈ LOS

∑𝑠𝑡 ∈ STO

∑𝑑𝑝𝑓 ∈ DPF ∑𝑑𝑝𝑠 ∈ DPS

∑𝑑𝑝𝑡 ∈ DPT

∑𝑡 ∈ T ,

V_OceanQuantityLoadinglof,los,loa,st,dpf,dps,dpt,t,pd

Objective Function:
Objective function is the sum of all logistic cost and penalties. Logistic cost consists of Ocean freight,
handling, coastal freight, and rail freight. Penalties consists of vessel demurrage, LP and DP volume contract
penalties, Excess and low stock penalties etc.

5. Conclusion
This tool helps in planning and scheduling of vessel, rake which in turn leads to reduction of total cost. The
tool has made the planning process an automated job which is a quick and easy to use tool. Reduce man-hour
required for logistic planning and consumption scheduling. A detail report on cost break up is also made available
which help to identify places where major cost is incurred. Upfront visibility of inventory status for the entire
planning period is available. Reduction of logistics and inventory cost by 1-2% i.e. ~16 crores of saving annually
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Abstract
An integrated Steel Plant is a large manufacturing plant comprising several critical processes to convert iron
ore to liquid iron, further to liquid steel & finally to finished products through Rolling Mills. To enable these
processes, these units contains many sub processes supported by Electrics, Automation & Instrumentation. Many
challenges exist in maintaining electric systems especially large motors. All these motors are capital equipment.
Unlike small motors, there design are quite complicated & they are having some additional components (like
rotating rectifier assembly, motor cooler, sleeve bearings, dedicated lubrication & ventilation systems), whose
knowledge are confined to expert foreign engineers from Original Equipment Manufacturer (OEM). The service
charge of OEM engineers is outrageously high; moreover, majority of the cases their availability does not coincide
with the plant requirement. As a result, hardly any preventive maintenance takes place & local maintenance crew
carry out only correction at the time of breakdown. In FY 19 & FY 20, Tata Steel had lost approximately 150
hours of production (both planned & unplanned) due to outages in these big capacity motors. Appreciating this
complexity, Field Maintenance Electrical Team had designed a maintenance system which will suffice the need
of plant through its own expertise & branded the initiative as L1 to L4 Maintenance of large motors. The enhanced
reliability of the motors can be achieved by adopting good maintenance practices. Subsequently, sustainability of
the desired reliability can be attained through good Maintenance Management Systems. This paper focuses on
the design & institutionalization of maintenance process of big size motors by implementing structured maintenance
practices to ensure reliable functioning of the plant.
Keywords: L1 to L4 Maintenance, Synchronous Motor, Induction Motor, SAPPM, Sleeve Bearings

1. Chronic Issues in Big Motors
To derive an effective maintenance strategy, it is important to understand the failure modes of the motors. In
Tata Steel Jamshedpur Plant, majority of the large size Motors used are 3 phase Induction Motors (both Squirrel
Cage Induction Motors & Slip Ring Induction Motors) and Synchronous Motors with operating voltage level greater
than 1000 V. Failures are mainly occurring in Stator windings, Rotor Bars, Leads, Terminal Boxes, Bearings (Mainly
Journal Bearings). The Tata Steel Field Maintenance Team had studied no of big motor failures and noted different
modes of failures. Some of the frequently type of failures is given below.
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1.1

Problem in Termination
For Big size motors, power Supply cable to be joined with the
motor through the Terminal Box. The joint should have minimum
resistance. Any looseness will result high contact resistance which
in turn leads to local heating. This heating mark will result burning
of insulation, unbalance current, increase in motor heating and
ultimately leading the failure of the motors. This mode of failure
can be avoided by periodic termination checking, measuring the
termination temperatures, measuring the contact resistance,
physical condition checking. Physical condition can be classified.
Problems in the termination is given in Fig-1.
Fig-1: Lead Failure Example

1.2 Problem in Bearings:
Most of the motors are bulky in nature, hence largely oil
lubricated Sleeve Bearings are used. This Sleeve Bearings are
having a layer of Babbitt material on its sleeves. Due to aging,
Babbitt layers gets eroded causing local heating. If the erosion is
high, it may lead to excess heating & thus seizing of the bearing
(refer Fig-2 for illustrative example). Discharging of shaft voltages
across bearing accelerates the erosion of Babbitt materials.
Reliability of the Babbitt bearing can be improved by periodic
inspection of the sleeves to measure the degree of erosion & then
planning for polishing or scarfing of the sleeves. Discharging of
Fig-2: Bearing Failure Example
shaft voltages across the bearing can be detected by measuring the
insulation resistance of the shaft with respect to ground
periodically. A healthy bearing will have symmetric wear pattern across central vertical line without any pitting
or scratch mark. Eerrography of the bearing oil within 3 months interval will reflect the erosion of Babbitt material.
 1.3

Problem in Stator:

Stator of a motor is probably the most vulnerable part of
the motor. Maintaining the insulation in healthy condition is
the most challenging job. Insulation of the motor gets weak
due to aging (Fig-3 – illustrative example of stator failure).
Presence of moisture, overheating, external contamination,
accelerates the deterioration of the insulation. To ensure
reliability, motors Insulation Resistance (IR) & Polarization
Index (PI) to be taken periodically. Any downwards trend of
IR or PI value indicates deterioration of the insulation. Apart
from this, some specific test like High Voltage Tan Delta Test,
Fig- 3: Stator Failure
Dispersion Factor Test, Capacitance measurement, Polarization
De Polarization test helps to judge the health of the insulation.
Root cause of overheating of the motor can be understood through periodic winding temperature monitoring, ensuring
cooler effectiveness. Once the signs of deteriorating insulation established, motor should be thoroughly overhauled.
In overhauling, stator is cleaned, new varnish put on the winding & heated in the heating chamber. This process
improves insulation a lot ensuring better reliability
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1.4

Problems in Rotor

Rotor, as the name suggests is the rotating parts of the Motor.
Majority of the population are cage type rotors where the conductive
copper bars are embedded on the cylindrical iron casting. Biggest
problem with the rotors is it cannot be inspected from outside. Most
commonly faced problem in Rotor is, crack or damaging of the rotor
bars. The condition of the Rotor can be judged through current
signature analysis of the equipment under running condition and
periodic overhauling. For synchronous motors, normally Field is kept
in the rotor. Insulation of field coils deteriorates with dust, dirt &
moistures. Its reliability can be ensured through proper cleaning,
varnishing and heat treatment after threading out at periodic interval.
Fig – 4: Rotor Damage

1.5

Problems in Leads:

Leads are the cable loop which connects Motor Terminal Box &
stator Windings. While running at higher speed, Motor develops lots
of jerks resulting movement of the leads. As a result, lead gets rubbed
with the iron body of the motor causing insulation damage (Fig-5:
illustrative example of lead gets rubbed with metallic terminal box).
Generally, leads are supported through nonmetallic Bakelite frame,
but after prolonged operation, this structure gets deteriorated. Periodic
overhauling helps to maintain the healthy states of the leads.

1.6

Fig-5: Example Lead Failure

Problem in Slip Rings:

Sliprings are the components available in the Wound Rotor
Induction Machines & Synchronous machines with static excitation
systems. External supply connected to slipring through carbon
brushes. While rotation, this brush generates carbon dust. Due to
dusts, dirt’s, foreign particles, insulation of the ring gets damage
resulting flashovers (please refer Fig – 6) with respect to ground or
between phases. Periodic cleaning of the slip ring assembly improves
the insulation.

1.7

Problems in Rotating Rectifier Assembly:

Fig-6: Slip Ring Flashover

Majority of the Synchronous motors nowadays are having
Rotating Rectifier assembly which has advanced Power Electronics
components like Diodes, Thyristors, Snubber cards, Thyristor Firing
Cards etc. Since it is kept near the motor, it is also affected by dusts
or dirt resulting flashovers (Fig-7: illustrative example) or failures of
the electronic components. Reliability of the same can be achieved
by opening the rectifier chamber in some fixed intervals, thoroughly
cleaning it, measuring the parameters of electronic devices and
changing the electronic components based on the actual condition.
Also, proper sealing of the chamber needs to be ensured by replacing
it periodically.
Fig-7: Problem in Rotating Rectifier
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1.8

Problem in Field Devices:

All the big size motors are having Temperature Detectors in the windings & bearings. For cooler unit of motors
there are Water Leakage Detector. For lubrication lines, there are pressure & flow sensors. Many motors are having
online vibration sensors. All these are the lifelines of the motor during running condition. If the parameters go
out of limit, it generates alarm (or depending on criticality, stops the machine) for immediate maintenance attention.
Failure of these sensors may lead to failure of Motors. Reliability of these instruments can be ensured through a
predefined calibration, checking of the control wirings and basic inspection & tightening.

2. Design of Maintenance Strategy
Tata Steel Maintenance Team had studied all these types of failures & developed corrective & preventive actions
over the years. Necessary input had been taken from Original Equipment Manufacturer. Based on years’ experience
of Motor Maintenance, Field Maintenance Electrical Department had designed a Four Tier Maintenance Strategy
at different time intervals namely L1, L2, L3 & L4 Maintenance. They entire initiative had been branded as L1
to L4 Maintenance of Big Size Motors. In the initial stage, 25 number of motors whose capacity greater than 3
MW had been covered. In each level, L1, L2, L3 & L4, specific Maintenance Tasks & some specific Testing
Activities are defined. Details of each step is elaborated below.
2.1

Maintenance:

Objective: Checking healthiness of Motor exteriors, terminations & stator
Frequency: 1 Year or 10000 equivalent hours running (equivalent hours = Running Hours + 20 X no of start )
Shutdown Requirement :1 Day
Activities: Open all the inspection covers, termination covers. Check for physical condition of motors and
surroundings - earthing, cable condition, cleaning & condition checking of Terminal Box, temperature of
termination, tightness of foundation bolts, Slipring condition, brushes, blowing & cleaning of rectifier chamber,
condition of lubrication system Testing: IR & PI of Stator.
2.2

Maintenance:

Objective: Checking healthiness of stator, rotor, electronic components, field instruments & exteriors of the
motor
Frequency: 2 Year or 20000 equivalent hours running Shutdown Requirement :2 Days
Activities: All the activities of L1 to be performed. Apart from that rotor termination to be opened. Rotor
termination condition, termination temperature to be checked.
Testing: IR & PI of the both stator & rotor to be taken. Resistance & Inductance measurement of stator and
rotor to be done. For rotating rectifier assembly, parameter checking of Thyristors, Diodes, healthiness check
of RTD & BTD and other field sensors to be done.
2.3

Maintenance:

Objective: Checking healthiness of Sleeve Bearings & Motors Coolers (including complete ventilation &
lubrication system) along with healthiness of stator, rotor, electronic components, field instruments & exteriors
of the motor
Frequency: 5 Year or 40000 equivalent hours running
Shutdown Requirement: 3-5 Days
Activities: All the activities of L1 & L2 maintenance to be done. Along with that, motor cooler to be
dismantled & thoroughly cleaned. After cleaning, Pressure Testing to be done. Motor bearing both liners to be
taken out and physical condition to be checked. If required necessary scarfing to be done. Insulation of shaft
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with respect to ground to be checked. After bearing liner is fixed back, air gap to be measured.
Testing: All the Testing of L1 & L2 to be done. Along with that PDC Test, Dielectric Discharge Test, Tan
Delta Test, Tan delta Tip up test, capacitance Tip Up Test & Partial Discharge Test to be done
2.4

Maintenance:

Objective: Complete overhauling of motors, replacements of critical parts after complete dismantling & then
reassembly, routine & type tests of motor along with healthiness checking of other components mentioned in
L1, L2 & L3
Frequency: 10 Year or 80000 equivalent hours running Shutdown Requirement: 8-10 Days
Activities: In this level, complete overhauling of the motor is being done. Entire motor is removed from its
location. All the bearing housing, liners are removed. With the help of unthreading jig, rotor is taken out
from stator & kept separately. Both Stator & Rotor are thoroughly cleaned, varnished & heated. Once desired
IR is achieved, it is assembled. All the critical parameters of L1, L2 & L3 maintenance are ensured after
assembly. Once job is completed, motor is fixed back. During fixing leveling & alignment readings are noted
& matched with commissioning protocol.
Testing: All the Testing of L1 & L2 to be done. Along with that Polarization De Polarization Test, Dielectric
Discharge Test, Tan Delta Test, Tan delta Tip up test, Capacitance Tip Up Test & Partial Discharge Test to
be done. For Rotating Rectifier assembly, Thyristor Firing Level to be checked.

3. Systemic Approach for Implementation through IT System
While deciding the activity of any new Maintenance system is the easier one, the difficult part lies with
implementation at the ground level. Being a large organization & plants being located at distance apart,
ensuring uniformity in the ground level execution requires uniform understanding of the system. The first
thing, the Field Maintenance Electrical Team had done is imparting training on this new maintenance
philosophy. Once understanding is clear amongst the Maintenance Crew, SAP System is used to develop an
IT based Maintenance plan. Here first, equipment ID is created for all in the maintenance platform of SAP,
known as SAPPM. Here all the maintenance plan had been uploaded in SAPPM. The SAPPM through its
predefined logic generates Maintenance Orders (MO) where all the Tasks appear with check sheet ( termed as
Measuring Point). After execution of each activity, maintenance engineers must enter the data in APPM (Refer
Fig-8, Snapshot of SAPPM Screen). If any Measuring Point data goes out of limit, special abnormality report
generated. All the maintenance data are ell within the vicinity of Senior Maintenance Executives and
compliance of the MO are reviewed periodically.

Fig – 8 Screenshot of SAPPM Based Job Execution
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4. Benefit
The initiative formally started in August’2019. Till now Waste Gas Fan Motors of Sinter Plant & Mill Drive
Motor of Cold Rolling Mill. With the successful implementation of this system, premature failure had been prevented.
Some of the examples are given below:
For 8.4 MW Sinter Plant Motor,





One spiral metallic peace found in overhang, which had been removed. (Fig- 9)
Dust ingress with tracking found in the Rectifier Unit – same was cleaned (Fig – 10)
Cooling tube blockage found which was causing over heating of Motor. Same was cleaned
Damage observed in the bearing housing insulation which had a potential to seize the bearing (Fig-12)

For 5 MW motor of CRM stand,
 Insulation damage (peel off) observed in the Field Winding, same was rectified (Fig-14)
 Slip Ring is full of dust & dirt creating chance of potential flashovers (Fig-11)
 Cooling tube blockage found in PLTCM stand 1 motor and same was cleaned. (Fig-13)

Fig – 9: Spiral Metallic Piece in Overhang

Fig-10: Flashover in Rectifier

Fig-11: Dirt & Carbonization in Slip Ring

Fig-12: Damage Insulation in Bearing Housing

Fig-13: Waterline Choking in Motor Cooler
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Fig-14: Insulation Peel Off in Field Coil

This initiative not only enhanced the reliability, but also challenged the existing paradigm of some of the
maintenance activities. As a result, many new maintenance practices had been initiated. Two of them are listed
below:
a) Earlier after cleaning of motor heat exchanger, it is to be pressure tested at the operating pressure only.
After in house pressure testing facility developed, it had been observed testing at operating pressure level
is not adequate. Due to inherent fluctuation of the line, momentarily pressure surge may occur, resulting
possible water leakage from flange which in turn could lead to water ingress in the motor. Based on this
experience, we had modified the pressure testing standard that pressure testing must happen at 1.5 times
of the operating pressure or OEM specified maximum pressure.
b) During bearing changing for 8.4 MW motor in Sinter Plant, it was observed bearing insulation is low
due to poor material quality. That abnormality was rectified during execution. Ideally insulation
resistance of sleeve- housing assembly should be minimum one mega ohm. If the insulation is below
the specified level, bearing assembly changing should not be performed. Based on this, Sleeve Bearing
Replacement Standard & Quality Assurance for Sleeve Bearing Procurement (including Bearing
Housing) is revised. In SAPPM, a checklist with predefined measuring point had been added where the
bearing assembly insulation value to be entered before changing bearing.
The changes in maintenance standards are not only limited with these motors, but horizontally deployed all other
similar equipment across Tata Steel Jamshedpur enhancing overall reliability of the plant.

5. Way Forward
Needless to say, this initiative exposed many hidden abnormalities which could have resulted catastrophic failures.
Till now this initiative is confined to 25 motors with capacity 3MW or above. In the next phase, approximately
70 more motors will be covered whose capacity is more than or equals to 2.5 MW. Parallelly high capacity Mill
duty DC motors (capacity more than 500 KW) will be covered under this initiative.

REFERENCES
[1] Tata Steel Technical Education Documents & Study Materials
[2] Tata Steel Standard Maintenance Practice Documents
OEM Manuals from all the reputed Motor Manufacturing Company (Example: M/S Siemens, ABB, Hitachi)
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Abstract

In software engineering, software development follows different phases like planning, designing, development
and maintenance (SDLC) which covers both product and project management. The ability to be agile is by adapting
quickly and responding fast to new and changing demands from customer which imperative to modern software
development and delivery. In the modern era using Agile, some of them survive while others especially who are
in transition state from legacy methodologies face difficulties. We present the implementation of Lean principles
in agile methodology which gives new quality and new trust to the customer.
Agile Methodology is a development method in which requirements and solutions evolve in cross-functional
teams through the collaborative effort. Its approach aligns project and product development with the requirements
of the customer and overall company goals based on iterative development. Lean is a philosophical way of working
which emphasizes the removal of waste within the process. Lean product in the agile way gives the higher
measurable quality that enhances the customer trust in a reliable manner.
In this case study, let’s see how a structured approach could be taken to implement Lean principles in the
agile ceremonies without compromising agile values with premium quality and trust.
Keywords: Lean, Agile, Software development methodology, new quality and new trust.
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Abstract
For the last 25 years, the Tata Group is in the journey of Business Excellence to prepare its companies to
become sustainably profitable in the long run by focusing on performance improvement across business processes
and results. Tata Business Excellence Model (TBEM), based on the Malcolm Baldrige National Quality Award
(MBNQA) of USA and Tata Code of Conduct (TCoC) are instruments and standards the group companies adopt
to do business excellently and ethically. TBEM is used as a reference for carrying out organizational self-assessment
across Tata Group companies which helps identify strengths and opportunities for improvement across processes
and results. One of the important objectives of this model is to create a platform where group companies can
share and learn from each other in a democratic way. Hence, the Tata Best Practices & Benchmarking Programme
was conceptualized to partner with companies in their journey of excellence towards world class performance.
Through this programme, while companies come together and pick up learning to address opportunities for
improvement / business challenges, it also creates an opportunity for individuals to showcase the good work they
may be doing in their respective processes and get recognized at group level. The programme not only serves
as one of the strategic approaches towards continuous improvement at group level but also encourages mutual
respect and teamwork within the Tata ecosystem.
Keywords: Best Practices, Benchmarking, Performance Excellence

1. Introduction
Tata Group is more than a 150 years old global enterprise, headquartered in India, comprising 30 companies
across ten industry verticals. The group operates in more than 100 countries across 6 continents, with a mission
'To improve the quality of life of the communities we serve globally, through long-term stakeholder value creation
based on Leadership with Trust’. In FY 2018-19, the revenue of Tata companies, taken together, was $113 billion
(INR 792,710 crores). These companies collectively employ over 720,000 people. Each Tata company or enterprise
operates independently under the guidance and supervision of its own Board of Directors. There are 28 publicly
listed Tata enterprises with a combined market capitalization of over $160 billion (INR 11,10,308 crores) as on March
31, 2019.
While each Tata company or enterprise operates independently, they benefit from using the Tata Business
Excellence Model (TBEM). The TBEM criteria, which is based on the Malcolm Baldrige National Quality Award
(MBNQA) criteria, is at the heart of the Business Excellence (BE) Assessment process in the Group. To use the
Tata brand, each Tata company must sign a legal agreement with the Tata Group holding company, Tata Sons which
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is the Brand Equity Business Promotion (BEBP), a commitment to run a business ethically and excellently to make
Tata a unified common brand that represents high performance and match the equity of well- known international
brands; thereby ensuring that it will follow Tata Code of Conduct (TCoC) and the TBEM.

Figure 1. Foundation of long-term value chain

Tata companies began using the Baldrige Criteria for Performance Excellence in the early 1990s. Based on their
success, the Tata Group formally adopted the Baldrige Criteria and introduced the TBEM in the group in 1994. Since
then, the conglomerate has continually adapted its use of the criteria to its strategic situation, bolstering
self-assessment questions to strengthen each Tata company’s strategy. Tata also has added emphasis on systematically
focusing on innovation as it uses the criteria in its internal performance assessments.

Figure 2. Tata Business Excellence Model

For more than 25 years now, the Business Excellence Assessment process using TBEM framework has served
as an enabler of Business Excellence for the Tata Group. Over time, it has evolved into a strategic management
tool that delivers diagnostic feedback into key operational processes, highlighting both strengths and opportunities
for improvement and shining a light on the path to improvement. At the heart of the TBEM Assessment is the
customized Tata Business Excellence Model (TBEM), a holistic framework that has been consistently refined over
the years to keep it synchronized with the dynamic business environment. The intellectually challenging questions
in the TBEM criteria have been continually stimulating responses from Tata organizations, which contribute to their
competitive success at the marketplace. The TBEM criteria have also been changing continuously in response to
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the changing business environment, thereby assisting companies to keep pace with change e.g. technological trends,
advent of data, digital, cybersecurity as focus areas. The inclusive nature of the model, with its multi-stakeholder
focus, has been inspiring companies to move up the path to excellence. This constant refreshing of the TBEM process
ensures that the feedback received by the company is accurate and insightful, thus indicating a relevant path for
the company to move towards strategic business goals. The BE assessment process also helps a higher-order
capability building as it contributes to a continually growing pool of internal business excellence assessors. As a
corollary to the BE assessment and feedback process, companies get further direction in their improvement journey
by inputs of best practices from within the group.
The criteria have three important roles in strengthening organizational competitiveness:
 To help improve organizational performance practices, capabilities, and results
 To facilitate communication and sharing of best practices information among all organizations within Tata
ecosystem.
 To help in guiding organizational planning and opportunities for learning
TBEM Criteria is designed to help organizations use an integrated approach to organisational performance
management that results in
 Delivery of ever-improving value to customers and stakeholders, contributing to organizational sustainability
 Improvement of overall organisational effectiveness and capabilities
 Organizational and personal learning

Figure 3. TBEM Framework

The TBEM framework has the following characteristics
 Focus on Business results
 Non-prescriptive and Adaptable
 Maintains System Perspective
 Supports Goal based diagnosis
TBEM instills a process centric approach in an organisation as a means to achieve the chosen business goals.

2. Tata Business Excellence Group (TBExG)
Tata Business Excellence Group is the key driver of the business excellence movement in the Tata Group. It
is entrusted with the mandate to set standards of excellence and partner with group companies to help them achieve
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their business excellence and performance enhancement goals. Set up in 1996 as Tata Quality Management Services
(TQMS) – a division of Tata Sons, it was later renamed as Tata Business Excellence Group in 2015.
One of the key roles of the organization is to run the BE assessment process in group companies. Adapted
from the renowned Malcolm Baldrige model, the BE assessment process helps assess the maturity level of group
companies and helps them advance in their business excellence journey. In addition to BE assessment with TBEM
framework, TBExG offers diagnostic offerings, like Dip Checks and Deep Dives, to embed the business excellence
agenda within the group companies. Through its business excellence capability building programmes and customized
workshops, TBExG builds capabilities for business excellence in group companies. The organization also runs the
Best Practices initiative, under the branding of EDGE, which facilitates the exchange and implementation of good
practices prevalent within the Tata Group.
In addition to its core functions, TBExG supports the Tata Affirmative Action Programme (TAAP)
Assessments and the Tata Education Excellence Programme (TEEP) which helps improve excellence in
education.
TBExG’s renewed purpose is ‘To partner with Tata companies in their journey of excellence to achieve
world class performance’. Keeping in mind the companies’ expectations from the TBEM Assessment process,
TBExG plans to make the process more customized, collaborative, and celebrated. This will be taken forward
through a more experiential, exciting, and enriching stakeholder engagement.
The key objectives of BE assessments for FY20- 21 will be around 3Cs to:
 Customize BE assessments to the needs of the companies, practicing n=1 in letter and spirit
 Collaborate with the companies, Business Excellence Heads, and assessors' fraternity to bring together the right
talent and domain expertise in the BE assessment process and co-create value
 Celebrate and acknowledge the value derived from the BE assessment experience through the recognition architecture

Figure 4. Learning Theme

For each of these focus areas, several action points are being developed that will help continuously
strengthen the BE assessment process and deliver even greater value to the Tata companies.
Over the last 25 years, this journey has been institutionalized through a Virtuous Cycle of Performance
Excellence which has evolved over the years. This starts with assessing the progress of the companies using
excellence framework, accelerating progress through improvement interventions, and nurturing an ecosystem of
learning and sharing (Best Practices) from each other.
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2.1

Process Excellence

Capability Building
Over the last two decades, TBEM has become a formal and explicit component of the Tata Group’s drive towards
business excellence. The capability building programmes offered by TBExG are geared towards preparing business
leaders for achieving performance excellence.
The first area focuses on developing business excellence assessor capabilities through an experiential learning
methodology. These assessment-related programmes are aimed at developing the skills of new assessors, as well
as enhancing the skills of experienced assessors. Such programmes enable Tata colleagues to qualify as TBEM
Assessors through an engaging learning mechanism and support the BE assessment process for the Tata Group.
The second area focuses on building Champion capabilities through customized interventions. These programmes
are aimed at developing champions to drive business excellence in their functions within their respective
organizations. The Champion programmes are custom designed based on the company’s situation, target participants
and the key focus areas.
Besides, TBExG also organizes programmes to support specific areas related to group priorities such as Safety,
Corporate Foresight, Customer Centricity and Knowledge Management. These are delivered by experts and
facilitators, who are widely experienced in both business excellence methodologies, and the related domain areas.
Where needed, TBExG brings in external subject matter experts for outside-in perspectives that can enrich the
learning experience. Given the Tata companies’ drive towards becoming industry leaders, these programmes offer
integrated levers and pedals that can hasten the pace of the journeys.
Table 1 Assessor & Champion Programme

FY

Assessor Program

FY16
FY17
FY18
FY19
FY20
Total

46
35
45
43
25
194

Number of
Assessors
895
677
789
740
403
3504

Champion Program
03
05
21
12
20
61

Number of
Champions
87
123
466
260
302
1328

Business Excellence (BE) Assessments
The annual Business Excellence Assessment process is an integral part of organizational management practices
in the Tata group. The Business Excellence Assessment process has been critical in strengthening the strategic and
operational capabilities of Tata companies since its inception. During the assessment, all systems and processes of
a Tata company are thoroughly checked vis-à-vis the Tata Business Excellence Model. The objective of the exercise
is to ascertain the areas of strength and identify the fields where opportunities for improvement remain unaddressed.
The Business Excellence Assessment process uses expertise within the Tata group, which is specially trained
to carry out such diagnostics. Participation in the annual Business Excellence Assessment process has also become
an aspirational accomplishment for assessors as it provides them with exposure to a wide range of experiences which
helps in their growth.
Another significant deliverable of the Business Excellence Assessment process is the identification and spread
of best practices within Tata companies. During the Business Excellence Assessment process, the assessment team
not only identifies best practices within the company, but also shares practices from other Tata companies which
can help the assessee company to progress in the areas of improvement.
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Table 2 BE Assessments
Number of BE Assessments
Number of Assessors
Number of Mentors

FY16
26
317
26

FY17
30
364
30

FY18
22
273
22

FY19
16
195
16

FY20
10
164
10

The BE assessments serve to institutionalize a culture of excellence and improvement within Tata companies
on the back of the Tata Business Excellence Model. The BE assessment process leverages the talent pool and
knowledge base of the group and helps companies build on improvement areas and identify key opportunities for
excellence. The BE assessment process also helps a higher-order capability building as it contributes to a continually
growing pool of internal business excellence assessors. As a corollary to the BE assessment and feedback process,
companies get further direction in their improvement journey by inputs of best practices from within the group.
Improvement Interventions
Deep Dives
Introduced in 2014, Tata Business Excellence Group’s (TBExG) Deep Dive offering helps Tata companies with
relatively higher business excellence maturity improve and enhance performance through a detailed diagnostic
investigation of their operations. The Deep Dive process focuses on specific areas that are important to the business
of the company and examines them in greater detail.
The theme for the Deep Dive is chosen based on Tata Business Excellence Model (TBEM) assessment feedback,
the inputs from the company boards during the TBEM process or the company’s own introspection from its
leadership and strategy sessions.
Companies have used Deep Dives to get sharp insights and actionable recommendations to drive performance
related to important strategic imperatives. Deep Dives are qualitatively different because the examining team
comprises of subject matter experts (SMEs), assembled from within the group as well as from external sources.
Companies that have achieved significant scores in the TBEM assessment can choose to alternate between TBEM
assessment and a Deep Dive to create a virtuous cycle of a head-to-toe assessment followed by a granular Deep
Dive into important areas. Deep Dive has helped many Tata Group companies to achieve more significant
performance levels by gaining sharp insights and actionable recommendations for business improvement.
Best Practices & Benchmarking Programme
The Tata Group has been focusing on institutionalizing the principles of the Tata Business Excellence Model
(TBEM) into group company processes for the last two decades. Today, Tata companies are at various levels of
maturity in this journey. While there are several examples of industry and international benchmarks within the group,
Tata’s leadership team directed efforts to accelerate the excellence journey by democratizing sharing and learning
within the organization. To enable this, the Tata Business Excellence Group (TBExG) developed and rolled out
an approach to identify, capture, share, and transfer best practices. The resulting program, the Tata Best Practices
Programme, seeks to enable cross pollination of best practices that exist within as well as outside the Tata Group.
Best-practice organizations have understood the need for leveraging knowledge and consequently have suggested
platforms for several years now. Traditional KM platforms tend to serve as repositories for knowledge assets, while
the shift in business norms, gravitating towards social media, has required organizations to create enterprise social
networks (ESNs) to connect employees. A judicious combination of traditional platforms with social networks
provides the best of both worlds and lets organizations capture & use explicit as well as tacit knowledge. EDGE
portal represents an attempt towards this.
As part of the best practices initiative, EDGE offers a series of weekly webinars on topics with broad appeal,
including (but not limited to): safety, operational excellence, business excellence, change management, and project
management. In addition to webinars from internal SMEs the webinars will also feature external SMEs from
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organizations like ASQ, APQC, etc. on high focus areas topics.
Benchmarking studies are developed based on focus areas of the overall organization that emerge from TBEM
assessments. The reports focus on the common root causes of performance issues on a topic, collate best practices
from internal and external sources, and provide guidance on improvements.
2.2 Data Excellence
Data Maturity Assessments
TBExG initiated Data Maturity Assessments as a new offering in FY19 to supplement the efforts of Group
companies in dealing with the fast-emerging paradigms of the digital world and it is designed to help companies
on their journey of data-driven excellence.
TBExG has partnered with Tata Consultancy Services (TCS) to leverage their patented diagnostic instrument
DATOM™ that identifies the current state of data-driven decision making in companies, and thereby helping define
a desired state for the future. The team collaborates with subject matter experts from TCS and within the Tata
Group to leverage their experience and knowledge in delivering value to companies. TCS’s proprietary framework
DATOM™ is an outcome of years of experience in conducting Data Maturity Assessments for its customers through
its Global Data Analytics practice and is continuously updated based on industry trends.
The assessment process involves diagnostics of the four core DATOM™ dimensions of People, Technology, Data
Management and Process aspects of the organisation. The DATOM™ assessment results in a comprehensive analysis
of the company’s current situation and related challenges across 23 result areas under the four dimensions. Of the
four dimensions, Data Management is at the heart of the framework and probes key result areas such as data
governance, data architecture, data quality, security, data planning, decision management, etc. The DATOM™
framework also covers other result areas such as technology landscape, business engagement and people competency.
To further support the adoption of data-driven excellence in companies and create evangelists, the team conducts
expert training programmes through various formats on the DATOM™ framework and Data Maturity Assessments
for Tata companies, as well as for potential assessors in the assessment processes. The programmes for Tata
companies have included classroom sessions, in-house training, TNF events, senior leadership sessions and learning
through participation in the Data Maturity Assessments as assessors.
Table 3 Data Maturity Assessments

Number of DM Assessments
Number of Reports
Total Assessors

FY19
05
05
21

FY20
05
08
32

FY21 to date
02
07
25

TBExG’s Data Maturity Assessments supplements the efforts of group companies in dealing with the
fast-emerging paradigms of the digital world and the associated phenomenon of ‘all-pervasive real-time data’. It
helps the companies to leverage data insights to create competitive advantage as a strategic pathway for growth.
The offering on Data Maturity Assessments is designed to help group companies on their journey of data-driven
excellence.
2.3

Social Excellence

TAAP Assessment
The Tata Affirmative Action Programme (TAAP) began in 2007 as the result of India Inc’s resolve to partner
with the Indian government to empower the country’s 300 million historically disadvantaged and marginalised
communities – the scheduled castes and scheduled tribes (SC/STs). Better known as Dalits and Adivasis, the
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communities continue to face social discrimination along with economic disadvantages.
A critical catalyst for the affirmative action (AA) programme was the Tata group’s legacy of CSR / nation
building. The Tata group, with a long and impressive heritage of integrating ethical, social, and environmental
principles into its core business, has always worked for the benefit of the communities it serves. Between the CSR
activities of individual companies and those of the Tata Trusts, the group traditionally spends around four percent
of its aggregated net profits on giving back to the society; of which a considerable amount is dedicated to support
the Dalit and Adivasi communities. The Tata Affirmative Action Programme is aimed at building on this legacy
and providing a strategic context in the areas of CSR and HR for the Dalit and Adivasi communities. TAAP seeks
to embed affirmative action with Tata companies by adopting an assessment methodology that the companies are
familiar with. TAAP assessments, inspired from the TBEM assessment criteria, gauges companies in six categories:
Tata group Founder Jamsedji Tata strongly believed in providing a safe and secure environment to all employees.
This care for employees has been ingrained in the Tata group’s DNA in the past many decades
Strategy: The AA vision and strategy, long-term action plan, budget, partnerships, horizontal linkage with the
programmes under the 4 Es.
Employment, Employability, Entrepreneurship and Education – the four Es: Approach, deployment of initiatives
(process), societal impact (results), and their continuous improvement.
Table 4 TAAP Assessments

Number of Assessments
Average Score
Total Assessors

FY15
18
464
61

FY16
18
474
62

FY17
18
503
69

FY18
11
517
48

FY19
10
514
51

The initiative aims to improve the quality of life among India's most disadvantaged groups and is considered
a vital part of the excellence journey. The group companies have various accomplishments in the last few years
in terms of social inclusions and outcomes. The TAAP team also engages intensively in assisting companies to
elevate their programmes to achieve the desired results of actively promoting inclusion through positive
discrimination towards marginalized communities.

2.4

Safety Excellence

Tata Group founder Jamsetji Tata strongly believed in providing a safe and secure environment to all employees.
This care for employees has been ingrained in the Tata Group’s DNA in the past many decades. Safety assessments
ensure that risks to Tata employees’ health and safety from work activities are controlled and there is an overall
improvement in safety performance and safety culture. There is also a need for group companies to move beyond
regulatory compliance in the long run, recognizing the social and economic benefits such an approach brings.
The primary objective of the Group Safety & Health function within TBExG is to formulate strategy, steer and
lead the efforts in enhancing the safety culture and performance, and achieve safety excellence in Tata companies.
To achieve the above objectives, TBExG’s effort in Safety & Health is based on four strategic building blocks:
 Bringing Commonality and Convergence in efforts on Safety & Health through common approach, terminologies, strategies, and policies.
 Delivering Training and Building Capability among group companies in Safety & Health.
 Ensuring Transparency in terms of reporting and sharing lessons learnt and facilitating the transfer of best practices across group companies.
 Providing governance in terms of Verification and Assurance of Safety & Health regulatory and group
requirements.
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Figure 5 From Values – Strategy to Implementation on Ground

TBExG's Group Safety and Health offering has the mandate to define the strategy, steer, and lead efforts to
enhance safety excellence in Tata companies. Providing a safe and healthy working environment and achieving an
injury free workplace is at the core of the Tata Group's efforts to build sustainable businesses. Over the years,
concern for employees’ safety and health have been integrated into all Tata business management system and
processes.

3. Tata Best Practices & Benchmarking Programme
Focus on Best Practices
The Tata Group has been focusing on institutionalizing the principles of the Tata Business Excellence Model
(TBEM) into group company processes for the last two decades. Today, Tata companies are at various levels of
maturity in this journey. While there are several examples of industry and international benchmarks within the group,
Tata’s leadership team directed efforts to accelerate the excellence journey by democratizing sharing and learning
within the organization. To enable this, the Tata Business Excellence Group (TBExG) developed and rolled out
an approach to identify, capture, share, and transfer best practices. The resulting program, the Tata Best Practices
Programme, seeks to enable cross pollination of best practices that exist within as well as outside the Tata Group.
The program needed to be a balanced fit for Tata’s employees across a diverse set of contexts offering co-creation
and wide accessibility through self-service components (e.g. EDGE portal) as and high-touch, targeted programs
(e.g., learning missions). Best Practices is a multi-dimensional programme that comprises several components and
layers, the most prominent of which are:
 Identification and documentation of Best Practices across the group
 Prioritization and categorization based on group-level focus areas (identified as ‘opportunities for improvement’
or OFIs)
 Ensuring wide and convenient accessibility to all employees through a digital platform called EDGE
 More intensive ‘face-to-face’ sessions that are theme-based or focused on a single company through learning
missions, webinars and workshop Setting up access to Subject Matter Experts (SMEs) across the Tata group
in a range of fields
 Enabling people to create discussion forums/communities of interest for sharing and engaging with colleagues
in similar domain.
EDGE Portal
Best-practice organizations have understood the need for leveraging knowledge and consequently have suggested
platforms for several years now. Traditional KM platforms tend to serve as repositories for knowledge assets, while
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the shift in business
networks (ESNs) to
provides the best of
portal represents an

norms, gravitating towards social media, has required organizations to create enterprise social
connect employees. A judicious combination of traditional platforms with social networks
both worlds and lets organizations capture & use explicit as well as tacit knowledge. EDGE
attempt towards this

While creating the EDGE portal, TBExG wanted to ensure the platform was designed to the serve as a repository
of knowledge assets as well as one that would serve as an ESN for the Tata Group, having employee size of nearly
700,000. The idea was to create a platform that would enable sharing and learning best practices through structured
documents as well as narratives, questions & blogs. The EDGE portal can be accessed by any Tata employee through
a centralized intranet and is also accessible through 40 other company intranets. It can also be accessed through
the respective intranets of over 40 other Tata companies. Tata employees can get in touch with practice owners
and subject matter experts (SMEs), and mutually create opportunities for adaptation and implantation of promising
practices within respective companies.
Table 5 EDGE Portal Data (FY16-FY20)

Practices uploaded on EDGE Portal
Number of active users
Number of companies contributed
Number of webinar recordings uploaded

357
23572
70
225

EDGE Webinars
As part of the best practices initiative, EDGE offers a series of weekly webinars on topics with broad appeal,
including (but not limited to): safety, operational excellence, business excellence, change management, and project
management. In addition to webinars from internal SMEs the webinars will also feature external SMEs from
organizations like ASQ, APQC etc. on high focus areas topics. EDGE Webinars enhanced its reputation as a popular
intervention within the Tata Best Practices bouquet. The average webinar participation points crossed over 900 access
points per webinar in FY20. Till date 197 Tata speakers and 78 outside Tata speakers have conducted these webinars.
Table 6 EDGE Webinars

Number of webinars
Number of Participants
Net Promoter Score (Average)

FY16
47
4799
61

FY17
50
5442
60

FY18
65
6421
66

FY19
53
8695
65

FY20
47
18222
60

Special series of webinars are also conducted for specific areas relevant to Tata Group companies―that focus
on their needs. These include the Leadership Series, BE Assessment Series, Sustainability Series, and Customer
Excellence series. The webinar series provide Tata Group employees a chance to learn more about topics of interest,
internalize best practices, and interact with internal and external SMEs.
Enabling Learning from each other
One of the important enablers of purpose is nurturing learning and sharing amongst the group companies. The
avenues like Best Practice sharing portal (EDGE), Webinars and Tata Network Forums, enable us to continuously
learn from each other. The EDGE portal has become the knowledge repository of the Tata Group. Tata Network
Forums around the world aim to foster the one Tata culture and collaboration. EDGE webinars create a platform
for the Tata colleagues to learn from the subject matter experts.
Excellence Practice Implementation Champion Programme (EPIC)
To support Tata companies’ acceleration in their journey of business excellence, TBExG facilitates sharing of
best practices within the Group. The programme enables Group entities to emulate good practices from both within
and outside the Tata ecosystem. Through different engagements, the initiative recognises, records, and propagates
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best practices across multiple areas of operations. Initially, the programme was focused on capturing and making
best practices available through the EDGE portal. After having collated more than 660 practices on the EDGE portal,
TBExG has instituted the EPIC programme in FY20, to create awareness and enable the adoption of such practices
for mutual learning and benefit.
EPIC enables Tata companies to learn and adopt best practices from the Group through a structured collaborative
process, under the guidance of Subject Matter Experts (SMEs) from the organizations which initiated the best
practices. EPIC brings together the provider and the recipient company together to enable successful adoption and
implementation of best practices.
Table 7 EPIC Data

Number of EPIC Sessions
Number of Subject Matter Experts (SMEs)
Number of Write-ups published
Net Promoter Score (Average)

FY20
47
90
24
67

FY21 (to date)
38
55
07
92

How does EPIC work?
The EPIC process begins with TBExG capturing the expectations of companies desirous of functional or
operational improvements, through the following methods:
 Process benchmarking study on subjects identified with high priority areas, basis the TBEM assessments, which
are arrived at after sharing the assessments’ findings and recommendations with all participating companies.
 Analysis of requirements from companies reaching out to TBExG through the TBEM feedback, annual BE
Plan, and ongoing conversations with the companies.
 Periodic requests received by TBExG.
Post capturing the expectations, TBExG reaches out to the respective SMEs across the Group companies.
Subsequently, on a mutually convenient date, an EPIC session is scheduled either in-person or through online
interaction. If multiple companies have requested for facilitation on the same subject, TBExG extends the invite
to other Tata companies. On completion of the EPIC session, TBExG extends further support in the form of
additional information to the recipient company for the wider Tata ecosystem. The process concludes when the
recipient company confirms implementation of the learning received, through an adoption note.

Figure 6 Process Flow of Best Practice Implementation through EPIC
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In FY19-20, 48 good practices were posted on the EDGE Portal from 18 Tata companies. To improve the quality
of promising practices on the EDGE Portal, the practice sourcing criteria was changed. Highest priority is given
to practices highlighted by the assessors in the TBEM Assessment Feedback, followed by ones chosen by companies
in their TBEM Applications and finally, the Blue-Sky category. This priority filter ensures good quality of practices
on the EDGE Portal. Through multiple customer feedback, it was determined that users are searching for practices
on KPIs impacted, benchmarking done, cycles of process improvement, number of years of deployment of the
practice in the organisation. They were also looking for crisper and shorter documents. All these parameters are
now included in the revised document writing guidelines. To encourage reading, efforts are being made to substitute
text with visuals, with emphasis on quantifying the benefits. Recognitions and awards won by the practice are also
highlighted to add to the credibility.
Benchmarking Programme
TBExG aims to make its companies sustainable and profitable by focusing on performance improvement across
business processes and results. A critical element of the journey is the Tata Best Practices & Benchmarking
Programme, which was conceptualised to partner with companies and enable their acceleration towards world-class
performance, through business excellence. TBExG engages with Tata companies in the process of benchmarking
key business metrics and processes and comparing them to understand how and where the companies needs to change
to improve performance. The Benchmarking exercise enables companies to identify internal areas for improvement
and facilitate a culture of continuous improvement and transformation. The programme not only serves as one of
the strategic approaches towards continuous improvement at the group level, but it also encourages mutual respect
and teamwork within the Tata ecosystem.
Benchmarking helps organizations to improve by giving them the information they need to effectively identify
breakthrough levels of performance and the business processes which drive them. Benchmarking is understanding
the quantitative side of performance―what is being measured and how the process performs―and then examining
and adapting the enabling factors that allow the process to perform in such a manner that defines it as best practice.
It is a continuous learning process.
TBExG engages with Tata companies to facilitate Benchmarking at two levels-Process & Performance
Benchmarking.
Performance Benchmarking
TBExG has partnered with APQC to enable Tata companies’ measure and compare their performance with
the leading international organizations. APQC is the world’s foremost authority in benchmarking, best
practices, process and performance improvement, and knowledge management. With APQC’s benchmarking
assessments companies can compare their performance on more than 3,300 measures against organizations
worldwide in nearly every industry. TBExG helps Tata Group companies compare their business performance
metrics to industry bests through APQC’s Open Standard Benchmarking Assessment. The operational KPIs are
compared to the peers with detailed metrics for each functional area. More than 45 process areas including
finance and accounting, human resources, product development, supply chain, IT, customer service etc. are
covered under performance benchmarking. The assessment report contains validated benchmarking information
including your performance relative to your peers in separate industry, region, and organization-size peer
groups. It helps companies identify the performance gaps in their key metrics and improving the performance
measures by sharing best practices within the Tata group or outside the group.
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Figure 7 Process flow for Performance Benchmarking

Process Benchmarking
As Tata companies move toward the journey for excellence, benchmarking their processes with other Group
companies and identifying the improvements that are needed becomes a key requirement. Identification of processes
to be benchmarked is done post analysis of high frequent OFIs in TBEM Assessment or areas of focus at the group
level. Subject matter experts carry out the benchmarking of internal processes which help companies gain an
independent perspective about how well they perform compared to other group companies and identify opportunities
for best practice implementations. The benchmarking reports are shared through webinars and made available to
all participating companies. Individual company reports are also made available with customized feedback for
improvement areas. This exercise helps organizations to clearly understand and articulate its current processes when
compared to other Tata group companies. The identifies areas of improvement are then taken up as improvement
projects and EPIC sessions take place post identification of best practices within the group companies. A total of
37 process benchmarking studies have taken place till date.

Figure 8 Process Flow of Process Benchmarking

These studies are carried out with an objective to identify best practices, trigger best practice implementation,
help group companies benchmark their performance and create a network of experts on the topic. The Process
Benchmarking exercise is an elaborate activity and its process steps are summarized below:
 Topic identification based on collated expectation of companies and analysis of TBEM feedback of the last
two years
 Questionnaire design and finalization with help of SMEs from TBExG and a few Tata companies
 Online questionnaire administration to the process owners across group companies
 Data validation, analysis and sharing of survey results with participating companies through a webinar. In the
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webinar, while an SME from TBExG presents the survey findings, SMEs from group companies showcase
the existing practice of their respective companies
 Suggest potential improvement opportunities, plan improvement projects by connecting provider and recipient
companies and enable implementation of learnings through TBExG’s EPIC platform
Outcome
The democratized sharing and learning within the organization through a combination of self-service style
components (e.g. EDGE portal) with high-touch, targeted programs (e.g., learning missions) have proved to
increase employee engagement and participation in organizational excellence and the broad dissemination of
best practices across Tata Group. To date TBExG has made great strides towards meeting the corporate goal
of accelerating Tata Group’s excellence journey as evidenced by the webinar participation rates and amount of
knowledge (best practices and SMEs) shared in the EDGE portal. Imitation is considered the fastest route to
success and is fast embracing the working styles of companies & individuals.

4. Conclusion
Performance Excellence for Tata Ecosystem
Over the last 25 years, the Group’s average score in the Business Excellence Assessment journey has improved
270% from 1995 to 2019. The progress reflects on how the Tata companies are maturing over the years and moving
towards higher bands. This journey would not have been possible without the fraternity the group has nurtured.
Eight hundred+ assessments since 1994 with able mentorships and teams have inspired companies and business units
to aim for the coveted award.
The EDGE portal has become the knowledge repository of the Tata Group so far over 660 Best Practices have
been captured in the knowledge repository which are created, captured, shared, and used by the Tata companies.
Value for all stakeholder

Figure 9 TBEM: Glue that binds the Group
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Abstract
We all know “we measure, we win”, and also , how important is to inculcate a Zero Defect culture in our
organization. Mantra to win Customer’s delight lies in a clear understanding and alignment all the 5 P’s of business
to customer requirements. Managing Adequacy, Speed, Accuracy & Traceability of measurements is most
important enabler which can help you win the battle towards achieving Zero Touch product or service. It is equally
important to focus on Skill & Will of your people and align all their actions to become customer centric by making
them understand Effect of Defect passed on to their customers. Also we must sensitize them to the Principle of
1:10:100. It is very important to have a “Digital Quality Strategy” for your organization. This Digital Quality
system should be able to establish a mechanism for Real Time Quality Feedback and actions covering not only
your internal processes but also your partners i.e. your suppliers, distributors etc. Hence an organization maintaining
a continually improving robust measurement process, driven by dedicated people, equipped with latest techniques
& appropriate skill levels , can always win Trust of the Customers & build image of a New Quality Brand.
Keywords:
 5 P’s – People, Process, Plant (infrastructure), Parts & Product (services)
 Zero Touch – means no unscheduled visits by customer for repairs or trouble shooting
 Skill & Will – Motivated people equipped with latest techniques & appropriate skill levels
 Effect of Defect – Connecting the operators to customers by illustrating with examples, the impact of a defect
to the customer. Also sensitize them to the principle of 1:10:100.
 Principle of 1:10:100 – If detected in process it may cost 1 unit, if detected in stock it may cost 10 times
but if reported by customers, it may cost 100 times

Introduction
“How to win the Customers’ trust” is the most important question which needs to be addressed by every
organization. It has been usual practice to assume that customer expects that a product or service provided must
be:
-

Reliable
Durable
Attractive
A good value for money
With Good After Sales Service backup
Also we have been assuming that we can win by focusing on the following key factors :
Quality
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-

Cost
Delivery

But what is most important to remain favorite of a customer is to bring in “WOW” factor. Winning the customer
Delight is the only differentiator in today’s competitive world since it’s a fact that :
-

Satisfying Basic Needs allows a Company to get into the market
Satisfying the Performance needs allows a company to remain in the market
Satisfying the Excitement needs allows a company to excel, to be world class.

The “Kano model” also speaks of the same by classifying the approaches as “Must be”, “One Dimensional”
and the “Delighters”
I have no doubt that the most important factor which can help in meeting the excitement needs of a customer
is “ZERO TOUCH” which means that there will not be a single failure, or no Unscheduled” visit to service center
by the customer other than prescribes service requirements .
In further sections of my paper I will try to share my own experience about how to achieve “Zero Touch”
so as to win trust of your customers.

Align your People to Customer requirements:
I strongly believe that “People” are the brand ambassadors of an organization. They are the strongest “P” out
of all the 5 P’s of business. As such it is important that first of all the organization leadership must always try
to keep a balance between their “Skill & Will”. Usually the organizations put lot of emphasis on continuous training
and skill development. However in order to develop their “Will”, it is important to also identify their motivational
needs and work on those with various approaches viz. job enrichment, job expansion, job rotation, suggestion
schemes etc.
With the people now equipped with necessary “Skill & Will”, it is important to connect them to the customers.
They can help in building a “Customer centric organization”. One of the most effective tools I have developed
and widely implemented for this purpose in my professional career is “Effect of Defect” program. Let us try to
understand what is “effect of defect” with some simple self explanatory examples from our day to day life.

Case1.

Case 2.

A typical “Effect of Defect Program” consists of the following steps:
1.

Make each individual aware of all the possible mistakes which can happen while performing his or her
assigned activities .
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2.

Illustrate how these mistakes would impact the customer. It can be internal customer or the external
customer.
3. Make “ Effect of Defect” an important part of the “work instruction document” to help in
standardization and more serious implementation.
4. Make individuals aware of the impact of these mistakes on the organization in terms of increased
wasteful activity ( affecting lean) and un necessary cost .
Implement Processes with focus on Right First Time Approach:
The next significant “P” of a business is “Process” which helps in converting all the inputs in form of
useful output which goes to the customers.

In order to achieve the best efficiency & effectiveness,
we use various tools and techniques as illustrated in the
picture. The tools like Single piece flow, PFMEA, Low
Cost automation , TPM etc. help in streamlining and
reducing quality risk and improving efficiency of the
process.
However “Measurement System” is the most significant
element of a process to help in identification of any gaps
w.r.t. specified process, thereby preventing a defective
product or service escaping to customer.
In general we come across the following types of
measurements:
1.

Physical Measurements viz. Dimension, Force, Temperature, Time, Pressure etc.

2.

Attribute measurements viz. Fit & Finish
check, colour mismatch & other judgement based
measurements viz. noise level , smoothness of operation viz. gear shifting etc.

Since our decisions about compliance of a process with specifications are taken based on measurements,
it is very important that we measure Right first time . Also the measurement system should be such that it
helps in giving consistent measurement results . How significant can be the impact of measurement errors can
be understood with the help of the principle of 1 : 10: 100 as explained below:

-

It is essential that the measurement system is capable
enough to detect a defect Right First Time, i.e. at the stage
where it occurred first time , else it will keep on multiplying
as shown in the picture on the left.

-

It is worth mentioning that if the measurement system is
unable to detect the defect within the boundaries of the organization, then besides cost, it’s brand image is also at
stake.

-

This is the power of a Robust Measurement System.

Let us try to understand in more details with the help of a case study as explained below:
-

As can be seen in the example in picture on left, how the effectiveness of measurement system can save
an organization :
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-






It is essential to have a Right First Time
measurement at every stage, for example
:
Measurement of Crown Wheel & Pinion at
component supplier ,
Torque measurement at Sub Assy stage
Backlash measurement at Main Assembly
stage
Gear noise level judgement at Final inspection stage in plant

The above examples clearly establish
that at every stage of a process there is a
cost attached to a measurement error. More
the delay in detection, more will be affected
volume with more cost implications as well
as risk to the organization brand value. This envisages that in order to ensure delivery of a defect free
product or service to our customers, availability of a Robust Measurement System is essential .

How to build a Robust Measurement System:
In this section, we will discuss in details about significance of various elements of a measurement system
and ways of establishing a robust measurement system to help in measurements Right First Time, Right Every
Time.
Three significant characteristics of a measurement
System are:
-

While it is essential to have a Precise &
Accurate measurement system to achieve
the results Right every time, it is equally
necessary to simultaneously consider the
speed of measurement to optimize
Productivity which is essential to control
costs.
- I understand that “Productivity” means,
 Meeting the customer requirement
 By minimum consumption of resources
 Through maximum efficiency

Four Critical elements of a modern Measurement System :
-

The picture in left shows the 4 major elements of measurement system related to dimensional measurement
using a Co-ordinate Measuring machine. It should be :
 Calibrated
 Operated by a trained person
 Using a validated method and
 A tested software
- Though all the above parameters are crucial, it is most important to have a calibrated system.
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Importance of a Calibrated Measurement system :
-

The Picture shows an example of “Effect of Defect”.
Here, defect has occurred due to use of an instrument
with calibration error :
 The instrument measures bearing diameter lesser by 20
microns.
 This results in wrong selection of the Bearing Internal
Diameter
 Resulting into additional “Stress” due to higher interference after the bearing gets mounted on the oversized
component
 Due to initial stress available in assembly, bearing would
break while the product is in use .

I would like to share another example on effect of poor calibration management .
Effect of improper calibration of a Pressure Gauge :
-

-

-

-

In any paint shop, management of paint flow & pressure is very important to ensure discharge of paint
from the paint gun during painting
process.
A considerable number of Pressure
gauges are used to control & monitor the
above.
A pressure gauge with error in
calibration can result in inadequate paint
flow in system, leading to improper paint
coverage on the component.
Impact on customer can be what is
shown.

The above two examples clearly show
how important it is to ensure that our
measuring system is calibrated at designated intervals to measure Right First Time, Right every time.
Traceability of measurements :
-

-

-

We have seen above , how important is calibration of the measuring devices to ensure
soundness of a measurement system.
Another important factor to be considered is Traceability of Measurement
System to national & international
standards. Calibration creates this
un-breakable chain of traceability
Besides interchangeability, maintenance
of traceability helps in building confidence in a measurement process.
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Evolution of measurement system.
Importance of measurement system is evident from the speed and extent of growth in this area. I would
like to share my own experience in the field of Dimensional Measurements since year 1978 when I entered
industry as a young engineer:

Simple height gauge

Digital Height gauge with processor

Electronic Ht. gauge + Notebook

Co-ordinate Measuring Machine - CNC

Moving from a simple conventional measurement in year 1978, to a fully automated measurement using
the Co-ordinate Measuring Machine in year 1990, for same component & same number of parameters, while I
could see a dramatic reduction in time taken per component from 4 hours to 15 minutes, there was
substantial increase in accuracy, consistency as well as the confidence in measurement to give results Right
First Time.
However please note that skill of the person still matters whether its is a simple method or a CMM
method. As such I would like to reiterate that management of Skill & Will of People is of utmost
importance.
Align with your business partners by sharing & hand holding to implement your good practices :
Our Partners are another important “P” of our business. The partners include our Suppliers, Dealers, Distributors
etc. It is very important to make them participate in various improvement programs, whether it is related to creating
a customer centric culture or improving the measurement systems. Without their involvement, the organization can
not be successful in making the “Zero Touch” dream come true. Components of Zero ppm quality from suppliers
will help in providing reliable & long lasting product or service to a customer.
Develop a Digital Quality vision, roadmap & Strategy :
For any organization to be successful , Real Time Feedback system across the value chain is very
essential. Our value chain includes all the processes end to end i.e. from Supplier thru operations thru
delivery upto the customer usage. A sound feedback mechanism helps in improving quality and reliability of
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any process, whether at supplier end or while building the product or service.
Today in the era of Industry 4.0, we have digital technology available with various tools which can be
adopted by customizing to suit our budget. As such it is important for every organization to create a Digital
Quality vision, identify the opportunities for digital applications related to operations, measurement, internal &
external customer concerns and all other real time feed back requirements. An effective Digital Quality
Strategy and its efficient implementation can provide an organization a big mileage in meeting Zero Touch
mission.
My experience in creating & implementing a real time feedback system can be consolidated in pictures
below:

Digital Quality system on Shop Floor

Digitally connected Supplier

Conclusion :
To “Win the Quality Trust in the mind of our customers” we need to create a customer centric
organization and :
- Win the trust of our People & equip them with necessary “Skill & Will” and align them with customer requirements through the “Effect of Defect” program.
- Establish the Plant(Infrastructure) and Processes equipped with a robust “Measurement System”
- Align with your business partners to share & implement the good practices and connect them with your customers
- Create a Digital Quality vision, roadmap & implement actions through a “Digital Quality Strategy”
- While designing or manufacturing a Product or service always aim at addressing the “Wow factor”
I am sure that by aligning all the 5 Ps of your business to your customer requirements and by providing
a Zero Touch product or service, any organization can easily “Win the Trust “of its customers.
Let us work together to bring in continual improvements & provide a better World of Quality every day .
My best wishes !

Reference:
“Kano Model , a theory for product development & customer satisfaction – from wikipedia
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Abstract
New Bar Mill (NBM), Tata Steel produces rebars of sizes 10mm, 12mm and 16mm which confer to IS
1786:2008 standard of BIS. To ensure that all products manufactured at NBM pass the Quality Assurance NBM
uses Statistical Quality Control according to which control charts of mechanical properties of samples are plotted
and abnormalities are recorded. One of the key source of these abnormalities was found to be high/low Yield
Strength (YS) cases during mill start-up after shutdown.
For rebar TATA TISCON 500 D is the minimum tensile strength is 500 MPa as per BIS norms. The lower
control limit of YS is 530 Mpa & upper control limits is 590 Mpa, any results beyond the control limit is abnormal.
Similarly, for UTS/YS ratio minimum specification is 1.1 & product having lower ratio is defective. These
abnormalities are primarily observed during start up (means after roll change/pass change, quality change, section
change, long breakdown). After every start up process parameters are different than before start-up. These process
parameters are billet chemistry in case of quality change, billet temperature as retention time of billet inside furnace
varies, mill speed since mill starts at lower speed, water flow in water boxes, finish rolling temperature. As there
are multiple process parameters which effects on final mechanical properties so standardization of all parameters
against one matrix is required.
Hence a study was done to find the dependencies of major process parameters which are: billet chemistry, billet
temperature, mill speed, water flow in water boxes and finish rolling temperature with the YS of the samples.
Through this study water flow and mill speed were found to be strongly correlated with YS during start-up. After
taking several trials and collecting data, 3D response surface curve was drawn for every section and grade, taking
reference of which start-up parameters were standardised. This eventually reduced abnormalities during mill start-up
and also reduced quality rejection and diversions.
Keywords: Tata Tiscon; Yield strength; Mechanical Properties; New Bar Mill

Introduction
Fe 500D is the most popular and widely used rebar grade for construction application across India. TATA
TISCON 500D, which conforms to Fe 500D grade, is a branded rebar product of TATA Steel which promises
consistent & superior quality to its end customer. TATA TISCON 500 D brand promises minimum Yield strength
to be as 520 MPa against BIS requirement of 500 MPA minimum for equivalent grades. Detail of physical &
chemical property for 500D grade is shown in Table 1 & 2. To meet Yield stress requirement, manufacturing units
within TATA Steel operates on further higher limit of YS with stringent control range. The lower control limit
of YS is 530 Mpa & upper control limits is 590 Mpa in TATA TISCON 500D grade. Any results outside the
control limit is treated as abnormality and may lead to non-conformity of product if goes unaddressed. Aim of

398

any production unit is therefore to reduce the % abnormal data to ensure better process capability and minimize
the in-process rejections.
Table 1: Physical Property of 500D grade

Tensile Property
Yield Stress (MPa)
Ultimate Tensile Stress/ Yield Stress
% Elongation
% Uniform Elongation

Fe 500D
(As per IS 1786)
500 Min.
1.10 Min.
16 Min.
5 Min.

TATA TISCON
500D
520 Min.
1.10 Min.
16 Min.
5 Min.

Internal Control limit
at Mill
530 - 590
1.12 Min.
16 Min.
5 Min.

Table 2: Chemical Composition of 500D grade

Grade
Fe 500D
TATA TISCON 500D

%C
0.25 Max.
0.21-0.24

%Mn
0.7-0.8

%P
0.04 Max.
0.035 Max.

%S
0.04 Max.
0.035 Max.

% (P+ S)
0.075 Max.
0.07 Max.

N (PPM)
120 Max.
120 Max.

Study of Past Data

Fig 1: Section wise CpK calculation

In the current paper, we will focus on process control strategy of a slit-rolling rebar mill which produces rebar
using tempcore route. The Mill produces 3 sections namely 10, 12 & 16 mm. The mill operates 24X7 with stringent
control of input billet quality in addition of stable process. However, YS sometimes goes out of control limits (LCL:
530 Mpa & UCL : 590 MPa). Data Distribution outside the control limit of YS for a period of 3 months is shown
in Table 3. % Abnormality data is in highest number in 10 mm section followed by 12 and 16 mm respectively.
This was due to more data being outside UCL ( CPU being CPk) in 10 mm. In case of 12 & 16 mm section,
data going below LCL poses the major challenge. % Abnormal data results in poor process capability as well. Process
Capability analysis reveals Process Capability Index (CpK ) < 1.33 in both 10 & 12 mm section. Cpk < 1.33 indicates
that process variation is wide and sometimes it may not meet the speciation target. Therefore, % abnormal data
to be reduced.
Table 3: Section wise CpK, CpL, CpU

16mm
16mm
12mm
12mm
10mm
10mm

500D
500D
500D
500D
500D
500D

Line-A
Line-B
Line-A
Line-B
Line-A
Line-B

% YS Data
below LCL

% YS Data
above UCL

1
1
1
1
0
1

2
3
4
4
13
12

% YS Data
outside control
limit
3
4
5
5
13
13

CPL

CPU

CPK

1.40
1.44
1.22
1.19
1.43
1.21

2.20
2.10
1.61
1.52
1.28
1.11

1.40
1.44
1.22
1.19
1.28
1.11
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Study of major process parameters in continuous rolling mill
It is observed that abnormalities are mostly occurs during start-up of mill after work-roll/pass change, grade
change, section change or long breakdown. After every such mill start up activity, the process parameters go different
than before start-up condition. These process parameters are billet temperature as retention time of billet inside
furnace varies, mill speed since mill starts at lower speed, water flow in water boxes and finish rolling temperature.
To understand the variation of Yield stress in a continuous rolling mill, further drill down of Yield stress (YS)
to process parameter is required. The rebar manufacturing unit referred here works on tempcore methodology.
Tempcore process deals with economic way of rebar manufacturing through thermo-mechanical route where
inexpensive water quenching is used to achieve high strength property post hot rolling into desired final shape.
This process can produce high strength rebar using mild steel input material with presence of no expensive microalloying element. With the increase of quenching efficiency, different grades of high strength rebar can be produced
in the same line. Various literature exists which talk about relationship of Yield stress (YS) of final rebar with
process parameters when tempcore route is followed. One such example can be seen in Equation 1 where final
YS is found dependent on residence time of bar within water box, water flow rate and tube diameter through which
water flows.
(1)
YS : Yield stress of rebar d :

Diameter of bar

t :

Residence time of rebar in quenching box Q : Flow rate of water

ID :

Tube diameter through which water flows C:

Constant

The above equation relates Yield stress with quenching parameters when input billet quality is unlikely to change.
The tube diameter through which water flows in quenching box is mostly fixed for a specific diameter of rebar.
Residence time of rebar in quenching box is inversely related to speed of rolling operation and one of critical
parameters related to productivity of rolling mill. Therefore, the flow rate and residence time of bar in water
quenching box are the input variables accordingly to the equation when a specific rolling diameter is concerned.
In actual rolling operation, furnace-out temperature of billet
acts as an important input variable which determine the
quenching requirement of final product. If the furnace-out
temperature of billet increases, then input stock temperature
before quenching tank will increase. Accordingly, the demand
of water flow will be higher to get the desired property. There
are other process variables or factors, such as temperature of
cooling water, increased diameter of the tube of water box due
to wear, which impact the quenching efficiency. In the rolling
line, there is an output variable called as Finish rolling
temperature (FRT). This is the output temperature of bar when
it comes out of water box which is termed as This acts as an
indicator of property much before actual destructive testing is
conducted. This relates with final property of finished product.

Fig 2. Schematic of temperature profile and
microstructural evolution in Tempcore treated rebars

In the current paper, we will analyse correlation of actual
mill process parameters with Yield stress, decide on their control methodology to get desired YS. Input billet
quality is varied within a very narrow range (Table 2) in the current rolling mill. Therefore, impact of input
variation on YS has not taken separately. Billet temperature, Rolling Speed, Water flow rate are the important
input parameter and Finish Rolling Temperature are the output parameter for the current rolling mill. Final aim
of this paper is to come out with a process- property matrix which will act as an operating guideline for mill
process control.
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Establish the relation between process parameter & mechanical properties:
Theoretically parameters explained above is well correlated with mechanical properties but in actual operation
we need to establish a correlation specially for mill start-up from planned or unplanned downtime. Our aim is to
find out the relationship matrix between critical process parameters & resulting YS.
To start with, first the correlation between YS and process parameters are checked using past data. Operating
range of Input and output process variable is shown in Table 1. Linear regression analysis of YS is done against
three input variables: billet temp, Mill Speed, Water flow rate and one output variable: FRT. Analysis is repeated
for both Line A & Line B in each section separately. Results show similar trend in all three sections. Example
of linear regression finding in 12 mm section for Line A rolling is shared in Table 2.
Table 4: Operating range of Process Parameter

Process Parameter
Billet temperature
Mill Speed
Total Water flow
FRT

Unit
Deg C
m/sec
Litre per min(lpm)
Deg C

10 mm
1020 -1080
26-32 m/sec
4000-5000
580-620

12 mm
1020 -1080
25-29 m/sec
5000-6000
560-580

16 mm
1020 -1080
14-16 m/sec
5000-6000
560-580

No such correlation is found for YS with individual input process variables such as billet temperature, water
flow and mill speed. Since during actual rolling operation many process adjustments are done to prevent failure
of YS, therefore the individual input process parameters are not directly correlated with YS. Moderate correlation
is found between YS and FRT. This can be attributed to the chemistry variation of cast within desired range as
change in input chemistry will not reflect in FRT change. For practical purpose, however, one need to control the
input process variables to control the FRT. Therefore, correlation between individual input process parameters are
to be established. Strong correlation is found between two independent variables such as mill speed and water flow
rate. No correlations between other input variables are found. Theory says that as the mill speed changes that
residence time of bar within water box changes. Therefore, water flow adjustment is required with change in mill
speed to maintain the Yield Stress. Water flow & mill speed remains as the two important variable where relationship
needs to be established.
Table 5: Result of liner regression analysis ( 12 mm – Line A)

Relations
YS v/s FRT
YS v/s Speed
YS v/s Billet Temp.
YS v/s Total Water
Flow(A1+A2)
Total water flow(A1+A2) v/s
Speed

R2
0.0553/0.3
0.1214
0.084

Remark
Weak correlation. 540<FRT<560 to get YS>540
Weak correlation.
b
Weak correlation. 1055<T <1070 to get YS>540

0.1367

Weak correlation.

0.8306

Strong correlation. Increasing the speed water flow
should increase.

Further focus is given to correlate YS with mill speed & water flow. YS between 550- 570 MPa, a Safe operating
region for YS control, is used for plotting 3-D surface Plot against mill speed and Water flow [ Figure 3]. This
3- D surface plot clearly indicates the dependency of YS on mill speed & water flow combination. The plot reveals
that as the mill speed increases, YS reduces if water flow remains unchanged. For a specific mill speed, YS increases
as flow increases. This is in line with linear correlation results between mill speed & water flow. Same relationship
is further validated with help of 2-D contour line graphs. 2-D contour plot is used to explore the relationship between
two related variable and one output parameter in visual or graphical form. In 2D line plot, one line with specific
color code represents fixed value of one independent variable. Therefore, impact of other independent variable on
YS is easily checked 2-D line graph is plotted to validate the impact of constant Both constant.
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Fig 3 . Correlation analysis between process parameters and Ys

The main challenge of this project is to standardize the water flow in all water boxes with variation of mill
speed. In New Bar Mill after stand 16 stock splits in to two halves & go A line & B line. Both the lines have
finishing mills & two water boxes each line to quench the rebar surface. Hence to eliminate the abnormalities or
minimize the variations experiments are designed. Mill trials are taken at various speed, against various water flow
& tensile test results are captured. The whole set of data are analysed with three-dimensional response surface curve.
The total water flow in each line at different speed is computed for all three sections 10mm, 12mm, 16 mm of
rebars.

Fig 4. 2-D Contour Plot of water flow
against mill speed and YS in 16 mm
Line A

Fig 5. 2-D Contour Plot of water flow
against mill speed and YS in 16 mm
Line A

Fig 6. 3-D Surface Plot of YS
with mill speed & total water
flow in 16 mm – Line A

Development of decision matrix for operators
For operators, initial set points of mill speed & against that speed water flow in all lines are given. In the same
matrix, the exact amount of incremental water flow for increase in speed is also mentioned. Sometime operator
needs amount of water to add or reduce for amount of change of yield strength. This study is also done & decision
matrix is given to operator.

Table 6: The decision matrix for 16 mm 500 D A line:

SN
1.
2.
3.
4.
5.
6
7.
8.
9.
10.
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SPEED(m/s)
13.8
14
14.2
14.4
14.6
14.8
15
15.2
15.4
15.6

TOTAL WATER(Lpm)
5200
5400
5600
5700
5800
5850
5900
5950
60000-6100
6000-6100

YS (Mpa)
565
567
564
564
563
560
560
555-565
550-570
550-565

At different level of water flow by increasing speed
.2 m/s change in YS is 16-20 Mpa.
Similarly, at different level of mill speed to increase
YS 10 -12 MPa the amount of water to be added is
100- 125 lpm.
Similar analysis is done for all three sections & both
the line to arrive proper decision matrix.
At different level of water flow by increasing speed
.2 m/s change in YS is 16-20 Mpa.
Similarly, at different level of mill speed to increase
YS 10 -12 MPa the amount of water to be added is
100- 125 lpm.
Similar analysis is done for all three sections & both
the line to arrive proper decision matrix.
dV(m/s)

dV%

dYS(Mpa)

dYS%

0.2

1.3-1.44

16-20

3.44-3.8

Condition

dYS(Mpa)

dF(lpm)

At constant Speed

10-12

100-125

Fig 7. Drawing value settings from 2-D contour plots

Micro structural analysis:

Phases present at core & case of rebar has significant importance on mechanical properties. Hardness of martensite
(case) & ferrite- pearlite (core) is studied. UTS & YS both increase with case & core hardness. But an interesting
result is observed that the rate of increase of YS with core hardness is more than the rate of increase of UTS.
So, it is concluded the to increase UTS to YS ratio core hardness should be low.
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Conclusion:
With the implementation of this model for setting up mill speed and water flow in water box during mill startup, overall abnormalities during startup has reduced by 60% and the quality rejection and diversions reduced by
50%. This has led to smooth ramp up of plant post startup and has been implemented in rolling of all sections
at NBM.
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Abstract
Blast furnaces accounts for two-third of pollution caused by an integrated steel industry. ’G’ blast furnace of
Tata Steel, Jamshedpur Works was commissioned in 1992 with a capacity of 1.2 MT/annum. Gradually furnace
upgraded to 2.2 MT but auxiliaries and pollution control equipment remained of older capacity, resulting
non-compliance of environmental norms. Several initiatives were carried out at department and organizational level
to reduce environmental pollutions in G blast furnace. The various levers identified for reducing the emissions
were identifying monitoring points, improving process control by incorporating environment KPI into process,
undertaking up gradation of equipment and bringing in house modification. Six new points were identified and
subsequently their monitoring was started. Similarly, under upgradation, major modifications were done in dust
extraction system by installing three new DE systems, leading to significant decrease in fugitive emissions. Hence,
a large proportion of reduction in emissions was achieved through in-house modification and process control. The
focus of in-house modification was to reduce and reutilize the dust generated in GCP, identify ways through which
gas recirculation could be done in coal injection plant and reduce water consumption by increasing internal water
recirculation. In-house alterations such as in Gas cleaning plant, Modification of dust catcher was done by installing
telescopic chute and converting dust discharge from open to closed dumper. Various valves have been changed
from manual to auto, logics have been modified for change in logic of mill closing method to recirculate more
gas. These changes lead to drastic reduction in stack emissions, fugitive emissions, water consumption and work
area dust generation. Besides this several small inputs were brought about to increase green area cover and reduce
plastic consumption. The paper elaborates ways through which inhouse modifications were aimed and process
control was brought about.
Keywords: In house-modification, pollution, water management, DE systems, bag filter.

Introduction
G-blast furnace is one of the three larger blast furnaces of Tata Steel, Jamshedpur Works with a working volume
of 2308 m3 and an average daily production of 6000T. G-blast furnace came into operation in 1992 with a production
capacity of 1.2 MT/annum. It had a successful run till December’2004 when the furnace was put down for relining.
It was blown-in in April’2005 with a production capacity envisaged at around 1.8 MT/annum. While G-blast furnace
has reached a production of 2.16 MT in FY17 (Table-2), most of the auxiliary units including the pollution control
equipment dates back to 1992 when it was designed for 1.2 MT/annum. Since then, major modifications were done
to reduce stack emissions, fugitive emissions, water consumption and work area dust emissions. These modifications
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were brought by the change in system and several in- house changes in operating parameters. Table-1.1 highlights
the characteristics of G Blast Furnace
Table 1.1 Design of Blast furnace

Parameter
Working volume
Inner Volume
Throat diameter
Belly diameter
Hearth diameter
No. of tuyere
No. of tap hole
Height of stock level to tuyere
Stock level to tap hole
Shaft angle
Bosh angle

UOM
m3
m3
m
m
m
Nos.
Nos.
m
m
Deg.
Deg.

Value
2308
2648
8.64
12.91
11.05
30
2
23.9
27.44
0
82 13’37”
77053’59”

Table 1.2 Parameters for Blast furnace process

Parameter

Design Value

Achieved value (2019-2020)

Annual hot metal production
Average Hot Metal Production
Peak Hot Metal Production
Productivity
Coke rate
Coal rate
Max. Nut coke

1.8MT
5230 T/day
5700T/day
2.26t/m3/day
385 kg/thm
160kg/thm
30 kg/thm

2.12 MT
5859 T/day
6555 T/day
2.54t/m3/day
346 kg/thm
203kg/thm
31kg/thm

2. Features of G-blast Furnace Stock House ESP
G-blast furnace stock house ESP has a capacity of 400000m3/hr with a centrifugal double inlet ID fan
having an RPM of 987. It is a horizontal type ESP with 3 fields. Two chain conveyors (CC#1 and CC#2)
are provided below the hoppers which convey dust from stock house ESP to the dust collecting hopper.
2.1

Reduction in stock house stack emission

Decrease in stock house stack emission at G-blast furnace can be broadly divided into periods – 1)
Immediately after G-blast furnace major shut down (September – November 2013), 2) Post March 2014. 3)
System modification in stock house from ESP to Bag filter. While during the major shut down structural
changes were brought in the ESP itself; the second leg of improvement was mainly concentrated on dust
conveying and handling. Initiatives taken during the two-period helped decreased the stack emission and bring
it within the environmental norm.
2.2

Actions taken during G-blast furnace major shut down (September - November 2013)

G-blast furnace took a major shutdown for 56 days from mid-September 2013 to mid-November 2013. The
opportunity provided, was utilized to bring about some structural changes in the stock house ESP. Some key
steps which were taken are listed below:
 Re-commissioning of rapping system
 Installation of gas distribution plates for proper distribution of dust load inside the ESP
 Water jet cleaning of the entire ESP system which has since been made a part of the annual shutdown activity
or for any shutdown having a duration greater than 48 hours
 Providing water sprays on the pellet and coke incoming belt to reduce the dust load on ESP
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 Overhauling of chain conveyors used for conveying dust
 Use of mobile compressor in place of inefficient air compressors for conveying dust
Steps taken during G-blast furnace major shut down helped in reducing stock house stack emission from
an average of 150 mg/Nm3 to an average of 85 mg/Nm3.

Fig.1 Reduction in emissions after major shutdown

2.3

Actions taken post – March 2014

Even though there had been a significant reduction in stock house stack emission post major shutdown,
the emission was still above the environmental norm of 50 mg/Nm3 (Fig.1).
Focus was now shifted to dust conveying and handling. Availability of dust conveying system was a
major issue and it was affected both by internal and external factors. During the outage of dust conveying
system, stack emission used to run higher as the ESP hoppers were not evacuated. Thus, steps were taken to
increase the availability of the dust conveying system which includes:
2.3.1 Replacing the existing conveying line with cast basalt pipes to prevent frequent leakages in the line (Fig.2)
2.3.2 Commissioning of a new dedicated air compressor for dust conveying in April 2015. Diesel operated mobile
compressor was used to convey the dust from GBF ESP. Availability and efficiency of the diesel compressor was
a major issue and it had to be stopped for around one hour daily to top up the diesel. Thus, a dedicated air compressor
was commissioned in its stead (Fig.3)
2.3.3 Commissioning of a new dust collecting hopper in April 2015. Before the commissioning of new dust collecting hopper, ESP dust was conveyed to a belt through a hopper and chute maintained by RMBB1. Whenever there
was a breakdown in the belt of RMBB1 or jamming in the chute dust conveying from GBF used to get affected.
The above problem was mitigated with the installation of a new dust collecting hopper (Fig.4)

Fig. 3 Dedicated air compressor for
stock house ESP conveying

Fig. 4 New dust collecting hopper Fig. 2 Cast Basalt pipe used for conveying ESP dust
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2.3.4 Use of Nitrogen in place of compressed air for flushing of opacity meter
Steps taken post-March 2014 helped increase availability of the dust conveying system (Fig.5) while bringing
stock house stack emission within the environmental norms. (Fig.6).

Fig. 5 Increase in availability of dust conveying system

2.4

Fig.6 Reduction in stock House emissions

Modification of entire system from ESP to Bag filter

ESP that is Electrostatic precipitator is less efficient in the sense that it cannot separate fines and hence
leads to greater emissions. Installation of bag filter lead to significant decrease in emissions. Figure-5
illustrates the same.

Fig.7 Reduction in Stock house emissions after bag filter installation

3. Inhouse Modification in Coal Injection Plant
3.1

Features of Coal Injection Plant

Coal Injection of ‘G’ Blast furnace Tata Steel Jamshedpur is equipped with three vertical Roller Mill. Mills
were installed with grinding rate of 20tph in the year 1996. With increase in coal injection and reduction in coke
rate, grinding rate of mills were increased from 15tph to 20tph. It was not accompanied by installation of
measurement system for stack emissions. Opacity meter was then installed in the year 2016 with the aim of
continuous monitoring of alerts in central pollution control board. Since then, it was observed that the emissions
were on higher side in every month.
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3.2

Reduction in Stack emissions in Coal Injection Plant

3.2.1 Inspection of Bag filter and dampers: Stack emissions are significantly reduced by installation of bag
filter. Bag filter inspection frequency was increased from half yearly to quarterly. Dampers, which are the
major enablers for controlling the flow of gas from inlet till the final emission end, become less efficient in
the sense that it does not opens completely and closes completely with time. Moreover, damper inspection is
tedious in the sense that coal injection plant has 27 dampers installed for all the mills and that the dampers
cannot be completely checked from outside. Hence, for every damper, inspection cover was made, thereby
inspection was done in every mill inspection.
3.2.2 Transformation of recirculating damper from manual to control damper: It was observed that emissions
occurred only while the mill was operating to stop. From repeated trials, it was observed that higher the
recirculation, lesser were the emissions. In order to improvise control of operating, recirculating damper was
modified to control damper. Figure-8 is the image before modification and figure-9 is the image after
modification.

Fig. 8 Manual Damper (Before)

Fig. 9 Control Damper (After)

3.2.2 Change in operating procedure during mill shutdown: Several trials were carried out to reduce the
emissions. Following procedure was followed to completely reduce emissions to zero: 1. Isolation of mill system by closing all inlet damper, then opening mill and bag filter purging followed by
opening recirculating damper to vent the entire system.
2. Stop mill
3. By keeping the pulsing for bag filter on, any leftover coal was circulated in the silo.

Fig. 10 Reduction stack emissions in Coal Injection Plant
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4. Reduction in work area dust emissions in Gas Cleaning Plant (GCP)
4.1

Features of Gas Cleaning
Plant (GCP)

Gas Cleaning Plant cleans the
blast furnace gas by making it pass
through various stages of process.
Fig-X shows the typical movement
of gas from receiving, cleaning and
connecting it to the main network.
After receiving gas from main
network, it flows through Axial
Cyclone, double stage venturi then
to main BF gas network. In axial
cyclone, pugmill helps to discharge
Fig. 11 Layout out of GCP
dust generated to dumpers. In
double stage venturi, cleaning of gas takes place by water spraying, generating sludge. Clean Blast furnace gas
finally flows to the main BF network from where gas flows through the entire works to use as fuel.
4.2

Reduction in dust emissions in Gas Cleaning Plant

Axial cyclone involves the controlled movement of dust through the hopper and Pugmill. When the dust finally
discharges after Pugmill, huge dust got generated in the platform.
Figure-12 shows the extent through which fines were released
in the platform

Fig. 12 Fines generation in GCP platform

4.3

Modification in Pugmill design

In order to reduce the emissions to zero, several inhouse
arrangements were tried to completely reduce dust discharge to
zero. Trials were taken to reduce the gap between dust discharge
chute and dumper. Fig-13 shows a schematic diagram for
telescopic chute arrangement. A telescopic chute is a high
temperature resistant flexible skirt arrangement which can
discharge high temperature (it can sustain temperature up to
300deg C) fine particle from chute to dumper without generation
of dust in the surrounding.

410

Fig. 13 Schematic diagram of telescopic chute

4.4 Reduction in emissions after installation of telescopic chute
After installation, dust emissions in the area drastically reduced, leading to increase in clean area in works. Fig-14
shows the image of telescopic chute. Fig-15 shows the before and after images of dust discharge.

Fig. 14a, 14b and 14c: Telescopic chute installation
in GCP

Fig. 14b

Fig. 14c

5. Reduction in External water consumption
After relining in 2005, Furnace
sustained
30MT
production
(against the design of 27MT).
Increased production is however
accompanied by damaging of
staves. In order to keep staves
alive, make up of water reduced
and consumption of external water
increased.
This
was
not
accompanied by modification of
outlet system to recirculate water.
In the TRT pit, that is Top
Fig. 15 Reduction in consumption of external water
recovery Turbine pit, most of the
water for recirculation is collected.
Hence, in order to increase recirculation of internal water, the capacity of TRT pit was increased. Fig-16 shows
reduction in external water consumption.

6. Modification of Dust
Extraction system in cast
House
In blast furnace, cast house is
the most hazardous and generates
maximum dust. In order to make
the area less hazardous and improve
visibility, modification of DE#1,
DE#2, DE#3 was done by
Fig. 16 Reduction in fugitive emissions in cast house
converting ESP system to bag filter system. Figure 17 shows the decrease in fugitive emissions after modification.
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7. Utilization of Solid waste
In order to utilize all the fines generated from Iron making process, dust generated from DE system of cast
house and stock house is utilized as raw material in Pellet plant. Similarly, sludge generated from cleaning gas
using water is processed in central press filter. Solid waste from central press filter is used in pellet plant. Water
generated from processing in CPF is used in Blast furnace again, one such tapping has been taken in SGP of ‘G’
Blast furnace to cool slag.

Fig. 17 Connection of GCP sludge to Central Press filter

8. Initiatives to make the furnace more aesthetic
Blast furnaces are the areas accompanied by huge heat, dust and noise in surroundings. In order to
reduce the effect of such irritants and make the place eco-friendlier, several initiatives were taken to increase
green cover and improve aesthetic beauty. Figures 19a and 19b shows the installation of roof top garden
installation shower.

Fig. 18 Plantation in roof top areas inside works
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Conclusion
With the aim to improve overall environmental norms and increase aesthetics of furnace and around area, several
initiatives were taken. These initiatives include modifications in DE systems of cast house and stock house by
changing DE system from ESP type to bag filter type, leading to significant reduction in stack emissions and fugitive
emissions by 70%. Inhouse modifications in coal injection plant, waste water treatment plant (expansion of capacity
of TRT pit) and Gas Cleaning plant were done (installation of telescopic chute and divergence of solid waste of
GCP sludge to central press filter), leading to zero emissions in coal injection plant and 100% utilization of solid
waste.
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Abstract
Quality of semi-finished and finished product of steel is highly important for customers. Any quality deviation
can cause problem at customer end (both internal & external customers). Some deviation in the Steel Making
and Casting process can cause issue in the product quality This issue could be in the form of chemistry, which
can affect the desired property of steel, or could affect the surface, leading to some defect. To keep track of
quality of steel (shop performance) being produced in continuous running LD2 shop floor, several key indicators
were identified. These indicators linked to all equipment involved in the steel making and casting process were
visualized in a front-end dashboard. To implement these process variables into an automated system aide in
data-based decision making and alert generations. Based on this idea, development of a dashboard which automates
the daily data collation for 270 lead indicators (equipment wise), also use of business intelligence concepts to
easily identify abnormalities in process or equipment. This in turn, helped in taking immediate actions on the
identified deviations to trace process deviations. A total of 16 equipment and their performances which could impact
the steel quality are been tracked daily as per the sequence of casting. The dashboard uses 4 level tree structure
(Y-y-X-x) to structure all the data flowing into Datawarehouse server and then using algorithms/logics to clean
and project the data into web dashboard to monitor the shop & equipment/process performance. First two levels
(Y-y) monitors the shop floor performance, while next 2 levels (X-x) links the shop performance to equipment
related performance. The identification of abnormalities in X or x can help to communicate to concerned teams
(operations, maintenance) for corrective action in process or equipment that would help in improving the daily
shop performance (Y).
Key Words: Data-based, Visualisation, Dashboard, Process Deviations, Lead indicators, Vessel, BOF, RH, downgradation, Desulphurisation, MLF, Y-y-X-x

Introduction
Steel Making is continuous process, where every process modifies value in the final product. LD2 shop floor
of Tata Steel Jamshedpur produces semi products of steel in form of slabs. These slabs are further rolled in hot
strip mill, and then to cold rolling mill, after which the final product of dispatched to the customer. Any deviation
in the value chain from Hot Metal from torpedo till the final steel slab cast out continuous casting machine can
impact the quality of the final product reaching to the customer. LD2 shop takes hot metal from Blast Furnace
and first reduces the sulphur level in steel at desulphurisation units. After which it is taken to BOF process to
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reduce carbon, phosphorous, silicon levels. After this process it is taken to online argon purging station for
homogenization. Depending upon the final steel grade the steel can be taken to bottom purging ladle furnace, RH
degasser where carbon is reduced to ultralow carbon range under vacuum treatment, or directly fed to caster. Every
treatment station in the process can impact the quality of steel in terms of either chemical composition of steel
or surface defects in the product. During this continuous process of steel making and casting, steel slabs can be
downgraded into inferior grades. Similarly, the slabs can downgraded due to casting abnormalities, like mold level
fluctuations which could lead to surface defects like sliver or lamination due to entrapment of inclusions. To keep
close monitoring of these deviations, quality dashboard was developed for visualizing the shop and equipment
performance. In this front-end web dashboard, every process at each station is monitored with control limits. This
gives alert to take corrective action.

Approach
The shop performance in term of quality can be impacted by numerous ways. Having multiple data sources
and visualizing its daily movement if done manually takes lot of time and effort. To have a streamlined method
of tracking quality, shop performance was structured into four levels, which each level giving more in-depth
information. For eg: if on a day, high tonnage of steel was downgraded due to phosphorous going out of defined
limits for a planned grade, that parameter must be tracked till it’s possible root causes (till BOF equipment).
Similarly, if a peritectic grade was off in high sulphur, it must be traced from ladle furnace till desulphurisation
unit. Using this idea, monitoring approach was defined that can track the parameters till the possible sources of
deviations. To do this, all the data tags from Level 1 PLC/machine , Level 2 servers were brought to one central
Datawarehouse server. Then the data tags were structured into 4 levels of 2 trees (Y-y-X-x) (one tree for monitoring
IF steel grades, and another tree for non-IF grades. To have a robust dashboard, 2 separate screens were developed
for better display of process charts. One dashboard (Y-y dashboard) was used for monitoring shop performance,
and second dashboard (X-x dashboard) was for keeping close eye on equipment and process parameters which can
affect y or Y.

Steel Making Route:
 Hot Metal->DS-> BOF->OLP->RH->CC
(for IF Grades)
 Hot Metal->DS-> BOF->OLP->LF->CC
(for non-IF Grades)
 Hot Metal->DS-> BOF->OLP ->CC (for non-IF grades)
DS=Desulphurization Station, BOF=Basic Oxygen Furnace /Vessel, OLP=Online Purging Station, RH= Ruhrstahl
Heraeus Degasser, LF=Ladle Furnace, CC= Continuous Caster

Fig 1: Steel Making Route in the shop floor used in Quality Dashboard
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Tree Structure in Dashboard
The 2 lead KPI (Big Y- Shop Performance) was drilled down to baby KPIs (small y- chemistry or casting related).
These small y was then linked to steelmaking and casting parameters based on the selected date range and applied
grade filter. One Y was linked to IF steel making route in the tree structure (Vacuum degassing process), and other
Y was linked to non-IF process (bottom purging ladle furnace process). The deviation in quality related to chemistry
and casting abnormalities were separately developed and linked to their corresponding small x which can impact
those parameters.
The dashboard comprises of 2 Big Y (one related to Interstitial Free steel making process and other related
to Ladle Furnace steel making process). But the overall tree structure linking each indicator to the next indicator
remains the same. The Fig 2 below shows the layout of the dashboard structure to monitor steel quality.

Fig 2: Y-y-X-x tree structure showing linking of shop performance with equipment performance

Filters
After logging in, the user has the choice to select the desired data range, and steel grade (IF, Low Carbon Grades,
Peritectic Grades, High Carbon Grades, or all) to simulate in the dashboard. After few seconds of background
processing, all the cooked data (of selected date range) of steel-making and casting process (Y,y,X,x) are fetched
from and brought to the dashboard screen#1. The x-axis is the date of production, and y axis plots the day-to-day
KPI trend (Y).

LD2 Steel Quality Dashboard Usage Procedure

Fig 3: Method of using Steel Quality Dashboard

After selecting the x, several indicators can be checked with respect to the upper or lower specification limits
to detect the abnormalities that can probably cause downgradation in steel quality impacting the shop floor
performance.

Equipment used in Quality Dashboard
In this work, parameters of 3 Continuous Casters, 2 RH (Ruhrstahl Heraeus) degasser, 2 Ladle Furnaces, 3
Online Purging Stations, 3 Basic Oxygen Furnaces and 3 Desulphurization Units are monitored.
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Fig 4: Y-y-X-x top down tree to monitor process parameters related to chemistry & casting downgradation for all IF grades

Logic Developments for IF Grades
In this work, IF grades were separately monitored. The upstream parameters in this case involves RH steel making
indicators responsible for quality of steel. Total 7 indicators were selected for chemistry related quality, and 9
indicators were selected for surface related quality. IF steel or ultralow carbon used widely in auto sector in car
outer bodies, involves vacuum degassing process in RH vessel, where steel in circulated inside a vacuum chamber,
and decarburization phenomena happens to bring down carbon level to <40ppm level. Several indicators impact
RH out carbon, data of which was brought to the Datawarehouse server and displayed in front-end dashboard. This
ensures close monitoring of RH out Carbon level for all ultralow carbon (IF) grades produced at LD2 shop. After
applying filters and logics for data cleaning, the indicators (x) are plotted (equipment-wise) in the 2nd dashboard
(X-x dashboard). This trendline helps in detecting the abnormality on daily basis. In the similar manner, aluminium
% in IF steel was monitored. And after selecting the %Al, the dashboard has the feature to take the user to the
factors impacting %Al (Celox EMF, total oxygen blown). This again helped in detecting the abnormality (%Al either
on the higher or lower side) in IF production sequence. The additional button helped selecting the equipment for
individual performance in the same chart. The dashboard also has feature to download the data for further statistical
analysis.

Logic Developments for non-IF Grades
Grades which are made either through ladle furnace route, or directly routed for casting was monitored through
a second Y-y-X-x tree structure. This tree structure is slighlty different from above IF tree structure. Here the
equipment is ladle furnace, instead of RH degasser. The final product with respect to chemical composition and
production process is different. So is the variable list (X, x). In the Fig 5 below, shows the tree structure for
monitoring quality of non-IF route steel product.
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Fig 5: Y-y-X-x top down tree structure to monitor process parameters related to chemistry downgradation for all non-IF grades

Fig 6: Y-y-X-x top down tree structure to monitor process parameters related to casting downgradation for all non-IF grades

Backend Development: For all the indicators, specific limits were identified. The raw data from Level 1/HMI
/Machine, Level 2/Process data, and Level3/Transactional Data are brought to PHD server/Intermediate server.
This data then moved to FP DWH, in staging layer. The data cleaning is done in operational data source
(ODS) layer. Afterwards, the logic is developed for each indicator, and stored in relational layer. The static
data (like chemical composition of steel, slag) contains noise of sampler error (NAN or 999 values) which are
removed from the data table. Similarly, time-series data like casting speed, vessel blow profile, Stopper Argon
flow, Bottom Purging in Ladle Furnace were cleaned as per defined value range. All NAN/999 values are
removed from the table before final data cooking for presentation layer(dashboard).
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Fig 7: Method of backend data handling for final dashboard visualization

Results: With the help of usage of LD2 Quality Dashboard, daily monitoring of process parameters and
equipment performance became very easy and time saving. In this work, ultralow Carbon is separately
monitored because the process path and equipment of Ultra Low Carbon grade production is different from
non-IF grades which are routed through ladle furnace or directly from online purging The dashboard displays
and indicates the process variables going out of specification limits which gives immediate alerts on
deviations. After these alerts, controlling these deviations with the help of Operations and Maintenance team
at the correct time is done. In the below table, few examples are shown which helps in identifying and
controlling the process which reduced quality downgradation in shop floor. The data from the dashboard is
already in cooked form to study the performance of each equipment (eg: End blow Phosphorous performance
of all 3 BOFs). This can also help in planning of phosphorus critical grades from vessel/BOF stage with
minimal downgradation.

Example Case
In the above example
case, few cast slabs were
having higher Sulphur level. It
was found out using the
dashboard (X-x analysis) that
Sulphur level was higher from
Desulphurisation Units. This
was due to some issue in
raking process due to which
Sulphur was ending at higher
side. Similar trends can be
observed for all other elements
(%Phosphorous,
Nitrogen
(ppm),
Carbon
ppm/%,
%Manganese, % silicon. Taking
corrective action by operations
and maintenance team helped
in stopping the continuation of
this problem
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Abstract
Merchant Mill is an Oldest rolling Mill ( Estd-1960) for rebar rolling at Jamshedpur location of Tata Steel
.The Mill is involved in the process of hot rolling of reinforced bars of sizes ranging from 20 mm to 40 mm
produced through ‘TEMPCORE’ process .
Merchant Mills Production is in the rate of 480 KTPA. Before going through several mill stand rolling the
billets are heated in the reheating furnace above the austenitizing temperatures to get final shape and size of
the material. Merchant Mill consists of roughing, intermediate and finishing stands. The bars are quenched in
the water boxes to get the desired Martensitic Structure and cut to the desired length in the divide shear for
cooling in the cooling bed. Being an oldest mill and due to poor structural stability the greatest challenges
faced in Rebar supply is Weight Tolerance.
The rebars are produced as per IS1786:2008 in which weight tolerance is defined as per nominal size. Its
tolerance should be ±3% of
nominal mass as per BIS
but our brand promise is
0 to -3%. Maintaining the
tolerance between 0 to -3%
is very difficult and it
requires
sampling
and
measurement at regular
interval and accordingly
adjustment in the mill.
Fig.1 TMT Rolling process of Merchant Mill, TSL
During rolling, there is a
continuous wear of grooves in the roll as the hot bar is always in contact with the groove profile. This will result
in gradual increase in the groove size which in turn results in excess flow of material. If this is not controlled
by periodic adjustments, it will result in product not meeting the
desired results. Adjustment is purely manual process and sometimes if it goes wrong then as output is non
conforming. Also there is no mechanism to check how much adjustment done. It can be only done manually
by stopping the mill and sampling & measurement. Several times failures occurred where weight tolerances were
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out of specification and noticed during inspection & testing.
Therefore this uncertainty of weight tolerance and stoppage of mill for sampling, it was very much required
that if some online system which could predict the weight tolerance of rolling material on real time basis. From
the preinstalled IBA system, signal was used for validation of non conforming products and it was holding good
for almost all cases. During this online predictive model has helped us to maintain the weight tolerance of the
final product. As a whole the process capability (Cpk) has been increased to 1.32 from 0.8. Performance of wt.
tol. predictionin 20mmcampaign

Fig 2 IBA Analyser systemoutput

Keywords: Hot Rolling, Weight tolerance, Prediction Model.

Introduction
As Merchant Mill is one of the oldest mills of Tata Steel commissioned in 1960, therefore it becomes much
more challenging in producing TMT bars (20 to 40 mm) with desired quality and to keep our product output
characteristics within the specified range as defined by our customer. To reduce the customer complaint because
of ‘Weight Tolerance’ was identified as one of the important in-process parameter which needed to be stabilized
through the whole process.
The Process Flow diagram of the Merchant Mill is illustrated in Fig. and we can see that Weight Tolerance
is measured at output section after the cooling bed. The input billet size is 130X130X9000 mm which is get
converted to various sections of TMT as shown in figures. The various product-mix also shown through the tabular
chart.

Fig-3 Grade wise and Section wise rolling of TMT.
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What is Weight Tolerance?
The rebars are produced as per IS1786:2008 in which weight tolerance is defined as per nominal sizes. Its weight
per unit length should be ±3% of nominal mass as per BIS, but our brand promise is 0 to -3% to ensure that
customers require lesser steel to build home without any compromise on strength.

Fig 4. Weight tolerance as per BIS and TSL norms.

In Merchant Mill each billet is converted into rebar of a definite length. If all parameter remains constant each
billet would produce same length of rebar which would mean same weight per unit length. But In actual case,
there is variation in billet temperature, Inter-stand tension, operator’s interventions, setup changes etc which causes
variation in length of the product. Also during rolling, there is a continuous wear of roll passes due to abrasion
from hot bars which changes the pass profile of Rolls. This results in gradual increase in the pass groove size
which in turn results higher area of cross section of the stock passing through it. If this is not controlled by periodic
adjustments, it would result in non-conforming
product. This defects is nomenclature as ‘Weight
Tolerance defects’.

What was the Conventional way of
Measurement and Controlling?
Weight adjustment is purely manual process and
there is no mechanism to ensure the magnitude and
frequency of adjustment required. It is done
manually by stopping the mill, cutting samples &
measurement. Several times failures have occurred
where weight per unit length were found out of
specification and noticed during testing of samples
from a downstream point. Due to uncertainty of
weight per unit length and stoppage of mill at regular
intervals for sampling, an online system was
required which could predict the weight per unit
length of rebar on real time basis especially just

Fig 5 -Actual process (Previously) at Shopfloor.
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after adjustment.

Factors affecting Weight Tolerance after setting once
(1)

Inter stand tension- The tension between two
stands will be always there and it is visible through
HMI and loopers are there to minimize this
tension. Operators take takes actions in running
mill to minimize tension.

(2)

Billet temp variation- As in Merchant Mill the
Furnace is a pusher type furnace and due to this
old mechanism, the temperature variation has been
observed as depicted. There are two type of variation in temperature is observed. In the first type
the temperature difference between a same billet
Middle and bottom easily depicted from their
weight Tolerance measurement. In the second
type the different billet temperature varies due to
the positioned in the furnace. Since MM has pusher type FC and there is some limitations. But
through SOP it is controlled within range and also
it is visible through pyrometers.

(3)

Roll wear: During rolling, there is a continuous
wear of grooves in the roll as the hot bar is always
in contact with the groove profile. It results in
gradual increase in the groove size which in turn
results in excess flow of material. If it is not controlled by periodic adjustments, it results in product not meeting the desired results. Through the
manual sampling methods the variation of
Groove size as depicted in the graph below.
Starting from -2.5 % weight tolerance hourly it
increased to near zero tolerance.

Limitations of conventional method(1)
(2)
(3)

Fig 6 Weight tolerance differences between middle and bottom
samples

Fig 7 Variation in Wt Tol due to billet temperature differences

Fig 8 Due to manual adjustment of Roll groove wear and tear

Mill stoppage for Sample Cutting- Sample Cutting and Measurement is done manually by stopping the mill.
Abnormality during running mill occurs not get detected by hourly sampling system or can be detected
late or does not get captured.
Frequency and magnitude of adjustments required is not very clear- As the adjustment process is one type
of Trial and Error process the operators not able to understand the proper magnitude and frequency of the
adjustment process.

These type of failures occurred several times where weight tolerances were either low or high and noticed during
inspection & testing. As depicted in below figure due to failure of manual adjustment the entire batch has been
rejected which imposes a huge cost to TSL.
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Fig 9 Mill Production report of a failure lot.

Development of Prediction System !!
Development of Prediction system is based on Fundamental of material flow- Volume of the billet remains
constant after discarding the losses and it will be converted into Rebars. An algorithm was developed in IBA system
to predict the weight per unit length of each rebar rolled from billets. The time for which a billet is in mill during
rolling was captured by used hot metal detectors. It was multiplied with the finishing mill speed to get the total
length of the bar produced from a billet. Further it was divided with the billet weight to get the weight per unit
length. Percentage deviation of weight per unit length from the nominal weight was also determined, all these
calculations were done using expressions in IBA and a virtual signal of weight per unit length deviation from nominal
value was generated. This signal was plotted against the specification limits in IBA PDA (real time parameter
monitoring screen). The operator can now monitor the weight per unit length against limits for each bar on real
time basis. Any deviation can now be immediately identified and correction can be taken before any product failure.
Through this innovation we can know how much adjustment has been done and eliminating the need for stopping
the mill frequently. As the real-time feedback is available online now, the operator can easily identify the correct
time and the correct magnitude of adjustment required. With the new system, any change in inter-stand tension,
guide failure, missing of crop cut could be identified to mitigate the probable losses.

Journey of Development-PDCA1: Prediction of Weight tolerance based on least piece length
In PDCA1,A Prediction model was developed based on last piece length visually as well as captured from the
IBA system. It was observed by a investigation that the last piece length of a lighter material is more than the
last piece length of heavier material. Section wise values is being shown.

Fig 10 Physical depiction of last bar length by camera.
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During this prediction model asset of data has been developed to predict the length of last cut length. In this
way we can just take a decision that the sample is in/ out of the toleration specification.
From this graph we can conclude that the last pieces of lighter material are longer than middle pieces.

Demerit of the ProcessDuring this prediction, Large deviation can be easily captured but however in the case of very small deviation
the actual condition cannot be predicted properly. And in the case of Customized length (Non Prime length) the
last piece calculation is failed.

PDCA-2: Prediction of Weight tolerance based on total length
In PDCA2 a logic has been developed based on the total length of the bar. Due to the continuously wear
and tear of the roll material the groove diameter increased continuously, as a result the total length of a billet
rolling decreases. So created a virtual signal in IBA and made it live through IPAPDA through at operators and
TS desk.
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ResultsVerification of prediction with actual resultsThe predicted values were verified with the actual measured value of the samples at different times stand has
shown in the below figure. Here we can see the actual measured values are almost equal to the mean of predicted
values. The variation in the predicted values are due to variation in the input billet length.
The prediction model is verified to the level 2 data from IBA system

Conclusions & Way forwardBy using the actual billet length we may predict more accurate values from the Predictive system. If we can
get online actual weight of the billet then with the help of the model by use actual wt of billet we can will predict
the values more accurately.
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Abstract
High level of quality rejects in PT4’’ mill of Tata Steel Tubes, especially for three critical product segments
- Telescopic Front Fork (TFF), Propeller Shaft (PRP) and Steering Linkage Tube (SLT) which accounts for 30-35%
of total production at this tube mill was a concerning issue. Mill yield was approx. 87% for these product segments
as compared to Best Observed Value 91% in specific campaigns. There were instances of customer complaint
also because weld failure issues at customer end and we were facing issues in pinpointing the root cause of the
failure due to absence of any digital solution. Other than facing issues at customer end, there were losses at plant
level also. Examples of the losses included:
(i) High Weak weld rejection.
(ii) High Mill setting rejection.
The above two of the rejection reasons were contributing to 65% of the addressable losses in the tube mill.
No online detection of weak-weld was leading quality defect going to customer end resulting in brand damage
and safety issues at consumer end. So, it was decided to have Prediction of weld quality defect based on raw
material properties, process and equipment parameters by designing a digital platform for continuous monitoring
of the process parameters and optimizing the process parameters by designing statistical models for plant operations.
Implementation of PQM at PT 4” mill resulted in yield improvement from 89.1 % to 92 % and we were able
to achieve 0 weld failure complaints at customer’s end in our high-end product segments.

Introduction:
In tube making process, the weld quality depends upon many variables which are related to raw material
properties, equipment, tooling and process. In the existing process, there was no single platform for real time
visibility of these variables. Mill Set up was manual process and there was no fix recipe for tube making. It
was leading to higher mill set ip rejections, weak weld issues and in some cases customer complaints on
account of poor weld quality in the tubes supplied to them. Hence it was decided to prepare models for tube
making process so as to have recipe based tube making process with minimum rejections and weld issues.
This proposed model will help reduce the rejection rate by providing –
(i) Safe range of controllable parameters.

(ii) Prediction of weak-weld quality.
(iii) Analysis of any quality failure at a slit coil level.
Goals:

(i) Mill Yield Improvement: from 87% to 91%.
(ii) Quicker setup time by operating in optimum range of the relevant controllable parameters.
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PQM Implementation at PT 4” Mill:

Figure 1: PQM Dashboard with real-time display of parameters

Figure 2a: Steps involved in Data Collection and Model Preparation.

Figure 2b: Lower, upper limits and safest value of the relevant parameters for
44.45 x3.05 tube

Figure 3: Model Recommendation and Testing for 44.45x3.05 tube
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A digital dashboard was prepared
which has all the relevant process
parameters, equipment parameters, raw
material parameters and the tooling health
parameters. Figure 1 shows the digital
dashboard prepared during this project. It
has real time display of all the parameters
and it also shows the health of the
parameters through color indicators. Green
color means that the parameter is healthy,
red means the parameter is going out of
range and needs operator’s attention and
need to be corrected.
After mapping all the parameters related
to tool, process, equipment and raw material,
the next step was to collect data for analysis
purpose. To start with, total 95 parameters
were identified and the data cleansing was
done to remove any derived parameters.
After this cleansing step, statistical process
was used to arrive at the relevant process
parameters which were impacting weld
quality. Based on the Best of Best data
analysis, a model was prepared which had
limits of the relevant parameters for
operation to achieve good weld quality. All
the steps are summarized in figures 2a and
2b.
Figure 2b shows the model outcome in
terms of the relevant process parameters and
their control limits for a specific tube size
(Hollow Size before Cold Drawing - 44.45
mm Outer Diameter and 3.05 mm Wall
Thickness) used in TFF application. After
preparation of the statistical model, next step
was to test the model in the tube mill. For
validation purpose, one tube rolling
campaign was taken based on the model
recommendations and it was observed that
the model was working fine with 98.2 %
accuracy (Only 9 tubes were rejected
because bad weld quality out of total 500
tube rejection which were incurred in
processing of 36 slit coils in the campaign).
Model recommendation, testing and results
are summarized in Figure 3.

During the project execution, E-Log book was also prepared for tooling inspection, equipment inspection and
quality inspection records. Figure 4 shows the E-Log book for tooling inspection record. It has overall health status
of the rolls used in the tube making process.

Figure 4: E Log-book for tool inspection record.

Through PQM, many real-time insights were made available, like quality loss and their break-up at each slit
coil level, insights like processing time of each slit coil and mapping of process parameters at each slit coil level
were made available. Other insights like shift wise reports, campaign wise reports etc. were made available for
review purpose which made Daily
Management easier through Digital. Figure 5 shows the number of tubes rejected and passed in a slit coil. All
the relevant parameters are also mapped with each slit coil and lot of other insights are also available online.

Figure 5: Mapping of Process parameters and quality performance at slit coil level.

In this tube mill where the PQM project was executed, total 10 sizes of tubes (as in table 1) were identified
for making models and this selection was based on end application of the tubes at customer end. All the process
parameters related to roll positions were directly uploaded on HMI so that roll positioning can be done through
recipe based operation specific for that size and for other parameters control is done at the time of set up change
through checklist.
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Table 1: Tube sizes covered in scope of PQM Model Preparation.
SKU
1
2
3
4
5
6
7
8
9
10

OD
41.28
44.45
63.5
101.6
114.3

Width
126
125
124
134
136
190
315
352
354
355

Thickness
3.1
3.4
3.8
3.9
3.05
6
3.6
5.2
4
3.6

Grade
TPT
SAE 1541
SAE 1541
TPT
SAE 1541
ST 52
K3 Spl
K3 Spl
K3 Spl
K3 Spl

Results and Benefits:
(i) Real time visibility for all the process, equipment, tooling and raw material parameters.
(ii) E log book for tooling, equipment condition monitoring and quality performances.
(iii) Mapping of process parameters at individual slit coil level.
(iv) Recipe based operations for all critical tube sizes.
(v) Correlation of two or more parameters for analysis/investigation purpose.
(vi) Shift wise, Day Wise and Campaign wise reports for Daily Management review.
(vii) Yield improvement by 3 % (as depicted in below graph).
(viii) Cusstomer satisfaction due to 0 complaint because weld quality issue.
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Category
Head Pipe
TFF
TFF
Head Pipe
TFF
SLT
PRP
PRP
PRP
PRP
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Abstract
Manufacturing around the globe has gone through enormous changes in the past several decades. It can be traced
back to the ancient times when skilled artisans manufactured products with complete manual operations. Later,
industrial revolution proved to be pivotal to the manufacturers due to discovery of mechanization (Industry 1.0).
Manufacturers were thus able to mass produce and labors were more efficiently used. The evolution continued
to move on to electrification of machines (Industry 2.0), and currently is in computer applications/
electronics/robotics era (Industry 3.0).
During this journey, expectation of quality requirements enhanced and knowledge in the field of quality
deepened. Acceptability of tougher specifications like defect rates increased in the organization. In industry 1.0
and 2.0 era, quality was evaluated within the boundaries of tolerance; defect rates used to be calculated in
percentage. With the progress of the technology from mechanization to electrical, electronics /computers, customers
started expecting finer quality criteria such as defects per million to measure the quality performance.
In its next phase of revolution, industry is now looking into, convergence of IT and OT, total digitization, big
data analytics and AI based smart factories. Naturally, with this state-of-the-art manufacturing techniques, customers
are now going beyond defects in PPM and expecting flawless quality with absolute zero-defect products. Thus,
zero defect requirement is no longer a buzzword but another “must-have” requirements from the customers and
their end-users.
However, transitioning from the in-house defect rates in percentages, and customer end defects in PPM, to
absolute zero-defect products is not an easy journey. Thorough analysis of 5M conditions in the current
manufacturing process viz. men, machines, methods, material-handling and measurement systems, will easily
showcase the enormous opportunities of producing defects throughout the value chain. Zero defect is not achievable
with human operated or intervened processes neither by adopting to multiple rounds of 100 % inspections.
It is proposed that Industry 4.0 revolution with connected smart factories and machines driven by advanced
computer controlled, sensor based intelligent systems will tap real time process data, create big-data-bank or
data-lake and with advanced data analytics, will generate, self-correcting algorithms that will loop the machines
to auto-correct themselves and stop when human interventions are required. These data storage, and analytics will
work in a cloud computing environment secure from the factory operations and outside world, with minimal
intervention from the process and manufacturing teams.
In this paper, the authors, with their vast multinational experience in the field of manufacturing industry and
Quality will describe a methodology and step-by-step implementation plan for achieving the zero-defect quality.
The zero-defect methodology will specifically detail an end to end execution strategy right from understanding
customer expectations, team mindset, adapting to intelligent, AI based self-correcting manufacturing processes with
minimal human interventions and 100% inspection of all critical-to-quality requirements without human
intervention, with intelligent measurement systems and automated material handling /packaging solutions with end
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to end traceability. The paper will also describe new generation quality systems such as NPD processes, production
process audits and inspection systems built and designed for zero-defect quality. This paper thus proposes a
collaborative model of intelligent manufacturing to smart quality tools to achieve zero-defect processing of products
and can be coined as “Intelligent Manufacturing Quality 4.0”.

Introduction:
Manufacturing industries have been evolving through phases as technology is advancing in each era. The
first Industrial revolution occurred between mid-18th and mid-19th centuries, led to the transformation of the
society. In this revolution, the steam power was introduced to mechanize production which proved to be a
game changer in terms of production efficiencies. Goods which used to be handcrafted started to be mass
produced with the advent of new machines and techniques in textile, iron and other industries. This enabled
manufacturers to meet growing demand at home and abroad. Efficient production techniques subsequently
reduced the prices and opened the markets to a larger population.
The Second Industrial Revolution in late 19th to early 20th century witnessed advancements in steel, electric
and autom obile industries. Automobiles were developed in late 1800 and the modes of transportation
changed drastically. With the advent of telegraph and the telephone methods of communication were
revolutionized. Further advancements happened after the discovery of electricity and gasoline. Mass production
assembly lines supported by heavy machinery powered by electricity was another hallmark of this era.
The Third Industrial Revolution also termed as Digital revolution began in late 1900s. In this era,
computers, microprocessors and other electronics products along with automation in industries totally changed
the way industries operated. With the arrival of internet and advanced communication techniques, the whole
world came together. This paved the way for widespread globalization by offshoring productions to low cost
economies. The computers and cellular
phones connected to the internet and
worldwide
web,
totally
changed
communication and sophistication involved in
it.
It is now widely accepted that we are
now in the 4th industrial revolution era also
called as Industry 4.0. The era will bring
total digitization in the way human beings
operate. Connected machines, continuous
acquisition and processing of data, decision
making without human interaction also
known
as
artificial
intelligence,
and
transactions happening over cloud computing
and IoT
based
systems
will
bring
fundamental changes in which the industries
will operate.
Figure1: History of Industrial revolution. [1]
History
of
Industrial
revolution
is
illustrated in following figure:

Evolution of Automotive Industry:
As the overall industry evolved from handcrafted products; automotive industry has evolved through similar
phases. Automotive companies were earlier shops selling handmade cars. Innovation of steam engine led to
manufacturers to build steam car and later the gasoline ones. Automotive Industry witnessed breakthrough
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transformation due to mass production. This era of automotive manufacturing was characterized by assembly
lines with interchangeability and standardization. Gradually cars became popular and global players started
competing in the market. Slowly styling started becoming important in car design. Cars adopted aerodynamic
shape over boxlike and square look. As time progressed, several car variants were introduced by auto
manufacturers including luxury ones. High performance cars improved aesthetical features started gaining
popularity. Manufactures focused on continual improvement by adopting several concepts like lean
manufacturing and Six Sigma. The automotive industry has really transformed in this era as compared to what
it was at the genesis.
Digitization will bring many more changes in automotive industry with usage of sensors, computerized
controls and modern technology. The automobile technology is poised for total disruption when a sizable
number will get converted to hybrid, plug-in hybrid and battery operated electric and fuel cell electric
vehicles. Through Industry 4.0 disruption in fuel technology; automakers are all set to bringing zero-emission,
flawless, luxurious, safe, reliable, enjoyable and hi-tech experience in their cars to the users.

Evolution of Quality
Prime reason for metamorphosis in auto industry is changing needs and demands of customer revolving
around quality. As we contemplate over the history of Industrial revolution in manufacturing, quality evolved
hand-in-hand gradually with respect to industrial growth as shown in figure 2.

Figure 2: Evolution of Quality [2]

During late 13th century, competent craftsmen who manufactured the products used to self-inspect and
endorse for the quality verification. As the craftsmen-products were sold in local market; it involved
craftsmen’s pride and personal brand name. Risk of losing customer in case of producing defective products
became more. Thus, inspection practice before selling parts to customer became prevalent in this era.
During early19th century, organization structure was formed with workers and production supervisors.
Quality compliance was ensured through skill of craftsmen turned labors. Audit practices started in this era by
production supervisors. Late 19th century’s manufacturing was focused on increasing productivity. Hence quality
of the products declined and inspection continued to be remedial measure on defective products reaching the
customers. After world war-II, quality became a critical and safety gained prime significance. Quality
requirements became stricter. In this era, customers (Military in this case) started inspecting 100% parts before
using them. Eventually, sampling inspection originated in this era as 100% inspection was taking toll on the
recruitment process.
In 20th century, focus in quality assurance became one of critical requirements on shop floor. Walter
Shewhart popularized use of control charts to capture abnormalities before they can lead to defective products.
This century has seen great contribution by Quality Gurus like Juran, Deming, Taichi Ohno, Toyoda and
many more. Concepts of Six Sigma, lean systems, continuous improvement became popular in this century
and industry got matured adopting statistical techniques for quality control.
In 21st century, with the arrival of the third industrial revolution, manufacturing has gone far more beyond
the principles laid by then Gurus. Total paradigm shift in Quality has happened and what we see now is a
matured system of Quality assurance. Customer expectations now are much higher than those 10 years ago. In
automobile, advanced technology and features with flawless quality in aesthetics and performance has become
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a norm. Features that were available only in luxury cars, like ambience control, power-windows,
power-steering, ABS, auto-adjusting mirrors are now standard features available in most of the cars. Faster
delivery times, higher service levels, seamless performance, flawless aesthetics, are “must have” expectations
by the end users.
These ever-increasing customer expectations by end users reflected in OEM’s requirements and subsequently
in the entire supply chain. OEM customers started demanding zero defect in the products from their suppliers.
Such trend in challenging requirements has compelled automakers to think that Quality can no longer be
limited to product or processes but the horizon of Quality has to be enhanced to encompass entire supply
chain and after sales service.

Understanding Defect and Variation:
Defect is an abnormality in product or process characteristics which fails to meet customer specifications
directly or indirectly. Quality of the product chiefly depends on product specifications, manufacturing
processes, and manufacturing environment (including machineries and equipment in the entire supply chain).
When we say that zero defect has be achieved; we are essentially talking about eliminating variations. Below
diagram depicts discrepancies or inefficiencies in six broad areas that lead to variation in the output while a
product is manufactured.

Figure 3: Major source categories leading to variation in output.

In order to achieve zero defect, we must control variations in factors inclusive of mentioned categories in figure-3.
Limitations of traditional quality improvements techniques for eliminating variations:

FMEA Methodology:
As we have seen customer expectations increased with great pace, auto manufacturers embraced deeper
philosophies by Quality Gurus and thinkers and strived to exceed customer expectations at every
transformation phase. When “Quality” was looked at with a myopic approach of product quality alone;
automakers started emphasizing on reducing recurrence or prevention of defects. They proposed an approach
called “Failure mode and effect analysis”. This approach brings in synergy amongst the technical expertise
across the organization in the form of cross functional team working towards developing planned controls on
frequently occurring or anticipated problems. The objective is to prevent quality problems at every stage of
manufacturing process. As a result, a comprehensive document mentioning process-product elements with
suggested controls for detecting and preventing failures and their causes is created even before the part is
productionized. These controls are continuously reviewed throughout the product life cycle for continual
improvement with the aim of elimination of occurrence of the defects. Although this is a proven approach; it
does not guarantee zero defect for a sustained period because the controls which are identified are typically
discrete and restricted to a particular element of a process.

Breakdown reduction:
It is well known that machine breakdowns adversely affect quality of parts or customer satisfaction directly
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or indirectly. To avoid frequent start-up and breakdown issues includes study of breakdowns and analysis of
causes of downtime and execution of detailed corrective actions. However, these actions are planned after the
breakdowns happen and probably brought in start-up process variations that would have caused defects.

Isolated Automation:
Human dependent processes or activities are subjected to human mindset and conditions like fatigue, human
will or even behavior. Since last few decades this issue has been addressed through Automation in the
repetitive and monotonous tasks or activities. However typical automation may not necessarily understand
variations in input conditions be it material, environment or previous process outputs. For instance, in a
die-casting plant which includes melting, casting, fettling and post-processing like machining processes; even
completely automated fettling by robotic application is also prone to variations. These variations may occur
due to robotic system not able to sense warpages /bend in casting/flash thickness/ slow deterioration of dies
or tools; and slow wear and tear of gripper. For capturing such extrinsic and gradual time varying undesirable
conditions only automation may not be sufficient especially when we are aiming at Zero defect/ Zero waste.

SPC:
SPC monitoring is still largely restricted to CTQ process or product parameters. Defects are caught before
they happen when they cross the control limits. However, often machine variations are seldom considered for
SPC control charts and it becomes even more difficult to predict intrinsic defects where the samples cannot
be frequently taken.

Zero Defect Mindset:
Although the name is self –explanatory, it’s imperative to understand what is significance and deeper
perceptive of “Zero Defect”. Zero defect to begin with, is a mindset change and a complete paradigm shift
from not accepting defect to not producing defects. Production of zero-defect products will mean, all activities
and all elements of these activities, throughout the business processes, across the entire value chain, and with
the involvement of all people across the business cycle must be performed in a flawless and error free
manner. Some thinkers like Mr. C. Narasimhan in his book Indian production system, call Zero defect as
zero-waste manufacturing which implies that it is important to reduce non value added activities throughout
the supply chain; as zero defect also means efficient, optimized autocorrected manufacturing with sustained
results
As it is said “To achieve ZDM, new cost-efficient tools for quality monitoring and optimization with
multi-resolution, multivariate and auto-correlated data have to be developed” [3] Zero defect ideologies lead us
to think of an integrated approach of manufacturing where principles of traditional manufacturing must be well
supported by advanced Industry 4.0 features in a synchronized, cohesive and an accurate manner.
In short, to meet high quality standards consistently and to stay competent yet profitable in their businesses,
it is time for the manufacturers to be ready to accept myriad of transformations across their own organization,
their supplier partners in terms of technology, human resources, machineries, operational systems, IT/OT
capabilities and of course most importantly mindset. This is what today’s factory is called as Intelligent or
“Smart factory”!

What is smart factory?
“The smart factory is a flexible system that can self-optimize performance across a broader network,
self-adapt to and learn from new conditions in real or near-real time, and autonomously run entire production
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processes” [4].
Automation, especially repetitive and
complex tasks involving heavy parts
movement, is not new to the
manufacturing industry. However, in
majority of the automotive units, they
are isolated to a particular department,
process or set of machines. They are
loosely connected with some common
IT system like planning and ERP tools
or digitized dashboards for their
performance monitoring. They have
local controls for specially identified
Figure4: Smart Factory illustration. [5]
parameters that are critical to quality
and provide data for the traceability and separation of non-adhering production parts. Thus, current level of
automation even in the best automated factories are available as isolated islands loosely connected to each
other over a common IT platform. These automation units may use lesser number of labors and achieve
higher productivity, but cannot take decisions for themselves. They need constant monitoring and skilled
workers for analyzing the data and making changes in production processes and figure out ways to restart.
Smart factories suggest far beyond than automation; integrating day to day decisions on shop floor to rest
of supply chain through IT/OT connectivity to form a complete ecosystem with real time data exchange,
analysis and self-correcting, optimized closed loop systems.
According to Capgemini Research institute’s report of
February 2020, automotive sector is the most enthusiastic
industry about smart factories – it is making larger
investments and setting higher targets for its digital
manufacturing operations than any other sector. By the end
of 2022, automotive manufacturers expect that 24% of their
plants will be smart factories and 49% of automakers have
already invested more than $250 million in smart factories.
Smart factories are built on the foundation of Industry
4.0.
“McKinsey defines Industry 4.0 as digitization of the
manufacturing sector, with embedded sensors in virtually all
product
components
and
manufacturing
equipment,
ubiquitous cyber physical systems, and analysis of all
relevant data. It is driven by four clusters of disruptive
technologies” [6]. Diagrammatically these four drivers are
Figure 5: Industry 4.0 drivers.
shown in figure 5.
 IIoT: “IIoT stands for the Industrial Internet of Things or Industrial IoT that initially mainly referred to an industrial framework whereby a large number of devices or machines are connected and synchronized through
the use of software tools and third platform technologies in a machine-to-machine and Internet of Things context,
later an Industry 4.0 or Industrial Internet context” In simpler words Industrial Internet of Things or IIoT can
be defined as “machines, computers and people enabling intelligent industrial operations using advanced data
analytics for transformational business outcomes”. Key benefits of IIoT in an industry include connectivity between devices and machines, improved efficiency, cost savings, time savings, enhanced industrial safety
As Martin Davis ; an experienced business and technology leader in says “ IIoT is powerful, but when combined
with an Industry 4.0 end-to-end strategic view, the opportunities are considerably greater”
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Highlights of the Combination of industry 4.0 and IIOT shown in below self-explanatory figure 6.

Figure 6: History of Industrial revolution. [7]

It is clear that integration of IIoT and Industry 4.0 offers improvements in terms of manufacturing visibility,
flexibility and shop floor matrices. Although there are numerous benefits of IIoT enabled industry 4.0 system; if
we envision achieving zero defect in automotive industry; we need a good blend and recipe of philosophies and
technical expertise from traditional manufacturing and sensor based, data-oriented technology and this blend starts
with understanding of defect.

Need for Big Data analytics:
Traditional manufacturing operates in limited realm of data and analysis because still there is human intervention
to a great deal and largely current manufacturing is depending upon automation which is either limited to few or
more cells in the factory or there is partial
capturing of data and analysis. This analysis of
captured data may not consider interdependence
and interaction effects among all elements of the
supply chain.
The entire ecosystem of machines,
equipment, human resources, measurement
instruments is not capable for comprehensive
data capturing and further to it; data analysis. It
requires wholesome integration of partners with
complete connectivity in a closed loop
environment. In automotive manufacturing,
Here, we are talking about not tens but hundreds
or thousands of data parameters to control and
that too in real time environment. This is not
possible using traditional manufacturing system.
Different categories of variations along with
relevant IIOT, AI, big data analytics solutions
can be merged with traditional manufacturing to
create a comprehensive and holistic model which
will help manufacturers to achieve eventually
sustained level of zero defects in their product

Figure 7: Digital supply networks. [8]
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supplies.
Such interconnected, dynamic system which has integrated information from ecosystem partners with holistic
objective of achieving better business goals in optimum manner for the entire supply chain rather than for individual
functions such as procurement or production is illustrated in following figure 7. The figure shows digital core at
the center with multi-connectivity with all stakeholders (shown in the form of nodes) which demonstrates capability
of this type of model working in open environment with better connectivity channels to evolve to an optimal state
over time and capable of taking real time data based decisions in an efficient manner.
Considering above discussed approaches, authors studied current advancements in various areas of manufacturing.
Few examples of such practices and solutions are discussed below with respect to each of defect source categories
mentioned earlier.

Measurement:
Traditional measurement systems include digital gages but technology further progressed from digital gages to
automated gages where the inspection data is not only recorded but also automatically fed to SPC monitoring
software. Further, technology is advanced to in-process measurement stations using noncontact laser sensors to
measure dimensional characteristics on 100% of the vehicles or parts produced on the line, using high resolution
2D and 3 D camera systems which scan and even guide the parts and machine vision system which will actually
help machines to adjust according to surrounding conditions.
The measurement data from the gages are stored in the system controller and are remotely accessible for quality
control, process variation reduction and process improvement. The data is further analyzed using artificial intelligence
to learn from past data and create a model and predict abnormal behavior of dimensional characteristics.
A machine vision system can also easily assess minute details too small to be seen by the human eye, and
inspect them with greater reliability and lesser error. On a production line, machine vision systems can inspect
hundreds or thousands of parts per minute reliably and repeatedly, far exceeding the inspection capabilities of
humans. It also uses artificial intelligence to mimic human level intelligence to distinguish anomalies, parts, and
characters, while tolerating natural variations in complex patterns. It merges the adaptability of human visual
inspection with the speed and reliability of a computerized system.

Machine operations, condition and its parameters:
IIOT which is Industrial
Internet of Things is proving to
be game changer for the
manufacturers. IIoT-connected
machines
capture
and
communicate consistent and
accurate real-time data helping
manufacturers to develop fully
connected
machines
environment.
Connected
machines not only provide
discrete machine wise data but
also machines are linked to each
other providing feedback. This
can be imagined in common
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Figure 8: Screenshot of captured data of stamping machine [9]

terms as if machines are “talking to
each
other”.
Machines
that
communicate with one another can
coordinate their efforts in effective
manner. In a factory setting,
assembly and product handling
machines/equipment downstream can
alert
those
in
upstream
of
breakdowns and bottlenecks. This
makes adjusting the rhythm of
production possible while process is
on line.
Machine parameter data are
captured
using
sensors,
data
acquisition units and are analyzed
and plotted in terms of user defined
graphs in the form of dashboard. E.g.
These can include overall equipment
effectiveness (OEE), machine uptime
and downtime, causes of downtime
etc. The data thus proves very
helpful to identify causes of sudden
downtime, to increase machine
uptime and leading to data based
preventive maintenance system in the
organization.

Figure 9: Screenshot of captured health index of welding Robots [9]

IoT-connected
environmental
Figure 10: Screenshot of captured data of Machine breakdown [9]
sensors can monitor conditions such
as machine vibrations, temperature,
humidity, pressure, moisture etc. They can detect abnormalities impacting operations or cause excessive wear and
tear to equipment by analyzing patterns or trends in the historical data. e.g spindles in milling machine are vulnerable
and can break without warning leading to expensive repairs..
Beauty of IIoT connected systems is predictive maintenance; real-time data allows manufacturers to predict
machine breakdown ahead of time. An IoT-based predictive maintenance solution can help to predict potential
damage by collecting data from ultrasonic and vibration sensors attached to the spindle in above example. Analyzing
the collected data helps to identify fragile spindles before they break
Many leading auto OEMs have deployed an IoT-based predictive maintenance solution that predicts spindle
damages as well as identifies cracking and spalling of rotating equipment, gearing and motor defects. As a result,
they improved OEE by reducing diagnostic times by up to 70 percent and repair times - by more than 20 percent
[12]
An example to demonstrate practical use of one such connected machines is given below. The figure shows
screenshot of data monitoring system which is showing heath of a stamping press machine of a manufacturer in
Japan.
With the baseline raw data, followed by predictive model helped the organization to identify abnormality in
hydraulic locking pressure. Relating the captured data to shop floor maintenance records, further leakage as root
cause was found out. This monitoring system helped manufacturer to optimize preventive maintenance checks from
thirty-five to two; reducing upkeep by 94%. [9]
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In one of the tier one automotive suppliers with welding robots, company was facing challenge of heavy
downtime due to unexpected breaking of robot motors. IOT solution collected data, conducted analysis to create
health index and predicted the failure before happening.
Above screenshot shows dashboard of monitoring parameters for a consumer-packaged goods industry. The IOT
solution enabled this company to monitor their machine breakdown and idle times in real time; reducing the
downtime, delivery delays and thus improving line efficiency and customer satisfaction.

IIOT for Human Error
When there is human intervention in any
manufacturing stage; it is bound to create variation in the
process output. In IIOT environment data collected from
IoT enabled devices and software allows to analyze
employees’ performance. Data additionally can identify
bottlenecks and improvement potential as cycle time data
is captured for 100% of the parts manufactured. For
example, which employees consistently make mistakes or
produce defects during a given step. This information
further helps the team to identify root cause of the issue.
In Industry 4.0, work instructions are made paperless
which help operators to perform accurate job with
repeatability. The inconsistencies in the method viz Figure 11: Screenshot of captured data of Digital and interactive
work instruction [11]
holding, clamping, loading and unloading of the job while
assembly or machining process are removed to a great
extent with these powerful digital work instructions integrated with poka- yoke sensors. With robust system design
variations in the methods of operation, will less likely to produce variation.
Another reason for making mistakes in the operation is fatigue. Augmented technology can alert employee shows
signs of fatigue. Wearable devices in the protective gears can detect changes in postures or worker’s bodily functions
which can alert them to take a break.
Augmented and virtual reality technology can also help in training and skill development of employees. In
integration with IOT and sensors it can also be analyzed if the employee is acquiring the skills in desired manner.

COBOTs /Robots are the next generation coworkers in industry:
Collaborative robots (cobots) and Robots have brought
highest precision, highest accuracy and highest speed to the
industry as compared to the way similar operations are
performed by humans. They(Robots/Cobots) are installed in
an environment where there are high quality requirements
and where human life is exposed to dangerous and unsafe
work. Cobots e.g are robot arms which mimics human arm
movement are ideal for repetitive and tedious jobs like
screw tightening, assembling, labeling, handling. Cobots can
work with humans effectively and with great precision in
processes like sealing door panels, part loading/unloading
(machine tending) for milling, CNC, injection molding
machines, assemblies of circuit boards etc
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Figure12. Cobot working with human in automotive plant [10]

Line Quality in digital environment:
Catching defect at the early stage leads to
reduced waste in manufacturing a product.
With advent of advanced integrated data
solutions, line quality assurance can take new
avatar. Various sensors connected to the
machines will capture real time data which will
help in root cause analysis in case of defect
produced or any abnormality captured at any of
the manufacturing stages. Hence the decision
making will become a “data based” rather than
practical hunch based. Historical data collected
over the period of time will create “data lake”.
Data analytics solutions can create predictive
model based on the captured data which will
Figure 13: Documenting the cause of mistakes at the source[11]
identify unfavorable conditions. With the
changing requirements, dynamic Industry 4.0 system is capable of setting new limits based on behavioral model
of manufacturing ecosystem. The cycle continues creating past trouble database automatically and a self -sufficient
Quality assurance can take over traditional quality control. One such example of data captures for logging in of
defect causes is given below in the form of screenshot.

Variation in Ambient conditions
Ambient conditions affect the machines’ wear and tear and sometimes even quality of parts directly. IoT based
solutions help to maintain the environmental conditions stable and controlled per specific requirements. Ambient
condition such as temperature, humidity can be monitored through sensors and thermostats and can be used to detect
issues affecting the performance of the machines. Closed loop Sensor data is monitored remotely creating real time
control environment.

Material Handling:
With sensors installed on each vehicle, each shipment; its real time monitoring during transit or at warehouse,
or during loading/unloading is possible. Manufacturing companies achieve real-time visibility and traceability with
such systems and further with the artificial intelligence optimum packaging, routes for transportation, ambient
conditions, pallet designs can be established which improves overall traceability, inventory management of pallets
and reduce product damage with standardization of processes like loading or unloading using clamps and specific
SOP. Further machine learning models based on historical data can predict breakdowns.

End to end Traceability:
A highly efficient way is to have end to end 100% traceability of the products manufactured which is possible
through various solutions such as digital tags to a product/shipment/asset, barcodes from raw material to final
assembly.

Proposed approach for Zero-defect:
It will not be possible to totally begin with a zero-defect producing automated set of machines for most of the
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manufacturing industry.
The authors propose a completely closed-loop, self-learning and adapting system totally controlled by Smart and
connected equipment and, processes fully capable of learning from the live-data and continuously optimizing the
input conditions over and over till a perfect rhythm is established to auto-correct and produce defect free parts.
The above proposed perfect closed loop self-control system cannot be produced directly. It will have to be a
normal manufacturing process with meticulous data collection capabilities for all input conditions. This manufacturing
system will first produce parts with good and bad quality like a normal process. The system will be then taught
to self-learn all possible variations in input conditions for all good and bad parts produced and generate an optimized
set of conditions that will define under what conditions a bad part and a good part is produced. The learnings
will help set new control limits for all parameters in the entire ecosystem to run within. The system will then have
to have auto-controlled input conditioning mechanism to allow to produce parts only within optimized good
conditions. This is sort of reverse DOE to learn from the results and define the inputs. The process will keep
repeating itself till system perfects itself to learn all possible combinations of good part production and controls
itself within these parameters all the time.
Imagine the amount of live data acquisition and live data processing required to feed into the algorithms that
will have intelligence to self-learn and adapt and come out with optimized set of input condition variations and
produce more and learn more and generate further optimized and refined conditions and thus this loop will continue
till perfect zero-defect is achieved.

Proposed Steps:
Creating such zero-defect producing perfect system will require huge amount of work on each aspect of the
manufacturing. The authors propose a step-by-step roadmap to create such system.
Before initiating the transformation journey, it is essential for top leadership of the company to obtain buy-in
of all team members and even stakeholders in the entire supply chain. In absence of complete buy in it is
very difficult to complete journey of Zero defect.
[2] Develop Zero-defect mindset culture by establishing area wise or cell wise leadership team with clearly defined
objectives.
[3] Establish a pilot product line and meticulously define the CTQs (critical to quality parameters) for zero-defect
demonstration. For example, rather than total value chain, you can begin with, zero defect at assembly after
machining process.
[4] Meticulously define all possible combinations of input conditions for the process under pilot study
[5] Connect as many sensors and other data collection modes as possible. Connect the machines on the pilot line
with a robust data acquisition system
[6] Establish total end-to-end traceability of the products with the processes, machines, equipment, etc
[7] Establish 100% auto-measurement system for all the CTQs defined above. Ensure that the measurement system
is capable and able to send good and bad part data online with complete traceability
[8] Run the process and collect data and create a data lake and data layer that can be accessed safely and remotely
[9] Perform 100% CTQ measurements online and send data to data lake with traceability of each part to input
conditions
[10] Develop algorithms to analyze the data with respect to traceable good and bad parts
[11] Define all input conditions that will determine if the part is good or bad. As required, add, data collection
sensors and other devices based on the results.
[12] Optimize the good part input condition variations and add poka-yokes to avoid bad part input condition
variation. The optimization will include closed loop systems that will auto-correct itself in the live-process
or even stop the process entirely till the input conditions are not corrected to eliminate or bring the variations
in acceptable limits.
[1]
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[13]
[14]
[15]

Run the process and repeat the cycle as many times as required till zero-defect is achieved
Select additional areas for zero-defect and thus complete the product line
Repeat the above process established on the pilot line to all lines of the factory and all factories of the organization

Flow chart demonstrating above steps for proposed roadmap for zero defect is given below.

Figure 14: Flowchart of proposed roadmap for Zero Defect

Key Learnings:
1.

Technology and Quality grow hand-in-hand: If we look at the history of industrial revolution and history of
quality in parallel, it is obvious that from the first mass scale production by assembly line workmen to automated robotic processes, the quality of the products and advances in manufacturing progressed hand-in-hand.
Either, technological advances helped produced better quality products or demand for higher quality products
led to advancement of technologies. In many cases, the advance quality requirements in automobile were borrowed from the fields like aerospace or military standards. In other cases, the technology was borrowed from
the advanced fields to meet the newer requirements.
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2.

3.

4.

5.

 Authors personally witnessed, in one of the Toyota factories of transmission assembly in USA where they
developed near zero-contamination assembly lines by borrowing concepts from hospital clean environment
and by studying operations like semiconductor manufacturing industry like Intel.
Technology is Industry 4.0: The newer concept of zero-defect then, must also be thought in terms of advances
in the manufacturing. In this case, Industry-4.0 will lead to Quality-4.0 which authors will like to coin as
“Manufacturing Quality 4.0”
Zero-defect means zero-error and zero-variations: By definition of zero-defect, one must try to attain perfection
in all aspect of business processes, all the time, in all the element, error free and flawless. In other words,
zero-variation in all the input conditions that will affect the process. Even if the products are designed robust
so as to allow small amount of variations in the process input conditions, the variations must be so closely
controlled that, there must not be an interaction effect to the nth level of each parameter.
Zero-variation means zero-human intervention in online process: This level of perfection, for the requirement
of this zero-variation or perfectly optimized input conditions without any interactions, is not possible to achieve
in all aspect of business processes, all the time, in all the elements with error free and flawless operating
conditions, when there is even a small degree of human intervention and decision making, when the process
is running online.
Zero-defects can be achieved by traditional quality understanding, in-depth process knowledge, and leveraging
conversions of IT and OT tools to build a perfectly synchronized self-learning close-looped system that will
continuously optimize all possible combinations of input conditions.
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Abstract
Quality is considered as conformance to customer or market requirements.
Customer Requirements are captured and deployed through Quality Function Deployment into product
specifications. Customer requirements are translated into product specifications and are embodied in design. Design
Efficiency is considered as the percentage of Customer Requirements addressed by Product Design. Manufacturing
efficiency is considered as percentage of product specifications achieved through the Manufacturing Processes.
The efficiency of Manufacturing Process has two components namely, Manufacturing Process Engineering and
Manufacturing Process Execution.
TQM Philosophy reveals that we need to provide the products and services in line with the Quality as defined
by customers at appropriate time and price. Thus, the customer requirements have three dimensions,
1) Product Value (Product Quality)
2) Timely Delivery- At the time when customer wants the product,
3) At appropriate Price – Appropriate price is defined by customers or market.
Thus the Processes should be Capable & Stable not only from Product Quality Point of view, but also from
the ability of quick response to market requirements economically. Due to severe competition in the marketplace,
the product value to be sustained and continuously enhanced. The reputation of the Organization should not get
damaged due to Quality issues. The customers can escalate the quality issues which can deteriorate the Brand
Value of the products.
Based on the background as explained above, the concept of Quality in Process Management is now broad
and complex. Hence, in the domain of processes management we need to look at management aspects from broader
perspective.
The Process Management should yield “Quality Products”, “Timely” and” Economically.”.
In the liberalized global and highly competitive market place, the Process Management Quality Index is to be
evaluated from the perspective of meeting customer requirements timely and at appropriate price.
Trust is defined as the firm belief in the ability and reliability i.e. sustained ability.
Trust is developed when the performance of process management on the above three aspects is repeatedly
exhibited. The measure of performance of the process management as per the above theme is considered as “Quality
Trust Index” in Process Management.

1. Introduction
Organization is a set of interlinked processes. There is a sequential chain of processes where output from
one process becomes the input to the other processes. There are certain processes which get branched out
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from the main sequence and they run as simultaneous processes. The network of the processes is executed to
meet company objectives.
It is necessary that the processes in the organization should be managed effectively and efficiently. This
is referred to as Process Management.
TQM Philosophy reveals that we need to provide the products and services to customers in line with the
level of Quality that satisfies customers at appropriate time and price. Thus, the customer requirements have
three dimensions,
1) Product Value (Product Quality) - as acceptable to customers.
2) Timely Delivery- At the time when customer wants the product.
3) At Appropriate Price – Appropriate price is defined by customers or market.
Based on the three dimensions of Quality as mentioned in the TQM philosophy, we need to manage and
evaluate our processes from the point of view of “Product Value”, “Timely Delivery” and at “Appropriate
Price”.
In this paper, the author has suggested an integrated approach towards looking at Quality considering the
three dimensions of Quality as mentioned above. He has formulated a framework to demonstrate how the
various significant process parameters can be chosen and placed under a common dashboard for the top
management to review.
The author has developed this concept based on his reading of various books, published literature and his
own working experience. The Quality Trust Index in process management is with reference to the
manufacturing industry in general and Automobile Industry in particular.

2. Trust in Quality
In today’s competitive environment, Quality has become the main driver for business. The impact of poor quality
has no longer remained just as cost of poor quality for replacing the faulty parts. The impact is now resulting into
reduction in sales, shrinking market share and loss of trust in Quality [1].
Due to globalization, toady, it is a buyers’ market and no longer has it been a sellers’ market. With the advent
in network technology, it has become very easy for the customers to access various products and they can choose
the products they want [2].
The Organizations with poor quality products will get impacted adversely. Hence, it is necessary that
Organizations need to consider Quality as the main business driver. The organizations sell actually the “Value
Prepositions” in the form of their products and services. The Value Prepositions embody “Must be Quality” and
“Attractive Quality” [3].
Trust is developed when the Organizations are in a position to provide the products and services consistently
and continuously with level of quality expected by the customers at appropriate price and time. This will happen
if the processes that result into the products which satisfy customers at appropriate time and price, are managed
well in the organization. The index which facilitates the top management to monitor the performance of the products
from this viewpoint is considered as “Trust Quality Index” for Process Management.
Trust is a belief in sustained performance and Trust Quality Index in process management is considered in this paper as an Index
to monitor the performance of the processes from the three aspects such as -

1.

Product Quality (Product Value)

2.
3.

Timely Delivery to Customer
At the Appropriate Price (as per the perception of Customer)

3. Process Management
A process is defined as a series of activities which are to be done for a particular purpose. The process has
Input and the Output. As has been mentioned, there are many processes in the Organization.
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It is necessary that the processes in the organization should be managed effectively and efficiently.
Here, the Effectiveness is evaluated in terms of achieving the target in line with the purpose of the process.
Efficiency is an indicator to reveal the optimum utilization of resources.
The Organization is classified in broader level processes which we call as various functions in the Organization.
The purpose of each function is defined in the Organization. Thus, each function is a group of processes which
are interlinked with each other. There are many functions in the Organization representing a cluster of processes
and sub-processes.
Generally, processes are to be executed as per the internal standards developed by the Organization. But, how
the process is contributing towards meeting customer requirement directly or indirectly is not addressed normally.
The process indicators reflect the performance of the process without taking into consideration the manifestations
of Customer Requirements at the process stage. It is necessary to have the processes which are supporting to meet
the customer requirements as well as to achieve Company Objective.
Company Objective is to achieve profit and year-on-year growth. But, profit comes from customers that too
when they are satisfied with the quality of the product if provided at the appropriate time and price. Thus, it is
necessary that each and every process should be aligned to meet customer requirements and company profit.
While there are many functions representing sets of processes in an Organization, in this paper, only three
functions and the associated processes are considered to illustrate the concept of Trust Quality Index for Process
Management.

The three processes chosen for the demonstration of Trust Quality Index are as follows:
1. Product Design and Development Process
2. Manufacturing Engineering Process
3. Manufacturing Process

3.1

Product Design and Development Process

In Product Design and Development Process, the customer requirements captured are converted into Product
Design Specifications. Design Verification, Development of Physical Prototypes, Development of Intended Product,
Testing and Validation is done and the product is fully developed to release to Manufacturing.
3.2

Manufacturing Engineering Process

The Manufacturing Engineering Process is related to design of Manufacturing Process, Facility Planning,
Installation, Commissioning and Productionisation. Achieving Process Capability economically is of immense
importance from the point of view of meeting Customer Requirements as well as well as company objective of
cost optimization. When Process Capability is achieved, it is to be sustained on continuous basis.
3.3

Manufacturing Process

In Manufacturing Process input raw material in converted to the finished product. In order to yield quality
products the manufacturing process capability & Stability should be achieved and sustained. Manufacturing Process
should be managed so as to minimize the waste [4] and thereby achieving Operational Efficiency. In order to meet
customer requirement of timely availability of the products. The process should be capable to produce the products
as per the Takt Time.
These processes are monitored normally through the internal indicators but it is necessary that at each process
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stage, customers’ real requirements are addressed and the processes should be managed to yield Quality Products,
Timely and at lower conversion costs.
The framework for Trust Quality Index in Process Management is developed in this paper on the above premise.

4. Development of Trust Quality Index Framework
Since in this paper the authors has focused only on three functions and associated set of processes, the framework
for Trust Quality Index is also developed taking into consideration the three functional processes.

The frame work illustrated above reveals that for each process there are many evaluation parameters which
addresses “Product Quality”, ”Time” ,” Customer Response” and “Cost “ .
In the actual demonstration of calculation of Trust Quality Index of Process Management, the significant
parameters from each process are chosen which are impacting “Product Quality”. “Timely Delivery” and
“Appropriate Price” which is possible when we reduce cost.
When design and development phase and Manufacturing Engineering phase is over , the Manufacturing activity
starts and then subsequently Manufacturing Processes remains under the focus as it is the most happening activity
and daily production and sales is monitored.
Production Output is measured as Target versus Actual, Labor Productivity, and the Cost of Poor Quality is
also on the radar and individual parameters such as Delivery, Productivity, Variable Conversion Cost, Internal and
external rejection cost is normally monitored.
Manufacturing and delivery of products is always as urgent and important activity. There are other important
activities which are not as urgent as that of manufacturing but they are very important and are on upstream side
in the process chain of organization. But once the upstream side process phase is over, the efficiency and
effectiveness of these upstream processes goes out of the dash board of the top management in case of many
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organizations.
It is essential to have evaluation of downstream and upstream processes from the viewpoint of their efficiency
and effectiveness simultaneously by top management. Continuous improvement in both type of processes is necessary.
There has to be the learning through execution of the processes that should be fed back to the upstream processes
for improvement.
A trust Quality Index is an integrated Index which makes management to focus on the status of the Downstream
Processes as well as Upstream processes .This Index is focused from the point of view of Meeting Customer
Requirements for Product Value, Timely Delivery and at an Appropriate Price.
The increase in output and generation of revenue are always attractive objectives which are monitored by top
management at regular frequency and sometimes issues related to process performance and customer complaints
take back seat. This phenomenon is also avoided through monitoring of Trust Quality Index.
Visual Management is always very important and showing the performance of downstream and upstream
processes together on one dashboard is always very significant from the business point of view.
The degree to which an organization as a whole is ensuring the performance can be expressed through Trust
Quality Index.
The methodology of calculation of Trust Quality Index for Process Management is illustrated through the Table
1, Table 2, Table 3 and Table 4.
Similarly, the Graphical representation of Trust Quality Index is shown through Graph no.1, Graph no.2, Graph
no.3 & Graph no.4.
The Table 1 gives the set of parameters for Design and Development Process for evaluation. Product Value
related aspect along with relevant time parameters are considered for evaluation.
Table 1 : Trust Quality Index Calculation – Product Value
Trust Quality Index Calculation : Product Value
(Assessment as per this chart can be done monthly/ quarterly)
Sr
No

Objective

Parameters

Score
value
Design
stage

% Achievement
against target

Score
Value

% Improvement

Performance Assessment
(Maker - Quality Assurance)

Current
Stage

over initial
value

Strong / Medium / Weak

1. Design and Development Stage
meeting Customer Desire : Score
Score card to ensure Customer Requirements based on
Product Attribute Targets (PAT)
2. Current Status
Customer Product Audit Score
Assessment of products from the point of view of customers
based on the customised assessment audits assessing the
measure PATs from the score card at design stage and the
customer requirements in the current stage
Customer Product Audit methodology and Scoring standard
done on current products under manufacturing
3. Trend of Design related Customer Complaints (benchmark
target)
Target Vs Actual

1

Sales

Profit

Assessment of Trust
(Checker - Top
Management)

Trust Quality Index
Score

Strong / Medium /
Weak

Strong : 9
Medium : 3
Weak : 1
3

9

Decreasing
/ Stable /
Increasing

Quality as desired by
4. Customer rage issues per thousand units
Customer
(Product Value) 5. Time to resolve customer rage issue
i) Immediate corrective action (target vs actual)
ii) Permanent corrective action (target vs actual)

Decreasing /
Stable /
Increasing

9
3
9

6. Number of projects undertaken to improve Durability &
reliability

9

7. Number of Attractive Quality features introduced

3

8. Number of Design improvements introduced to meet customer
requirements further

3

9. Time to market

1

10. Number of Proposals to reduce time to market

1
Product Value Trust Index Score (Total)

50

Total Score Possible

90

Note : The values of score under "Trust Quality Index" are put at random for illustration purpose only for deriving "Composite Trust Quality Index"

Original Excel tables are enclosed in Annex. I
The perquisite for deployment of this methodology is development of a score card to express the customer
requirements qualitatively and quantitively. Similarly the Customer Product Audit Methodology is also to be
developed to serve the intended purpose.
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The Trust Quality Index Methodology and Index Score for Manufacturing Engineering Process is shown through
Table 2, and for Manufacturing Process it is illustrated through Table 3.
Table 2 : Trust Quality Index Calculation – Manufacturing Engineering
Trust Quality Index Calculation : Manufacturing Engineering Stage - Assessment of Product Value
(Assessment as per this chart can be done monthly/ quarterly)
Sr
No

Process

% Achievement
against target

Value

Parame te rs

production
prov ing stage

Value

% Improvement

Performance Assessment
(Maker - Finance & Quality
Assurance)

Current
Stage

over initial value

Strong / Medium / Weak

Return on
Investment

Sales

Assessment of Trust
(Checker - Top
Management)

Trust Quaity Index
Score

Strong / Medium /
Weak

Strong : 9
Medium : 3
Weak : 1

1. Throughput time

3

2. Break-even point

9

3. Cost of Capital per unit of product

9

4. Enhancement in rated capacity year on year without
investment or with very low investment.

1

Manufacturing
Engineering

9

5. Production Ramp up time

9

Decreasing / Decreasing /
Stable /
Stable /
Increasing
Increasing

6. Capacity Utilization

9

7. Variable Conversion Cost per unit

3

8. Number of product specifications stable and capable

9

9. Time to resolve issues through process modifications

3

10. Number of projects for throughput time reduction

1
Product Value Trust Index Score (Total)

64

Total Score Possible

90

Note : The values of score under "Trust Quality Index" are put at random for illustration purpose only for deriving "Composite Trust Quality Index"

Original Excel tables are enclosed in Annex. I
Table 3 : Trust Quality Index Calculation – Manufacturing Process
Trust Quality Index Calculation : Manufacturing Process Stage - Assessment of Product Value
(Assessment as per this chart can be done monthly/ quarterly)
Sr
No

Process

Value

Parameters

production
proving stage

%
Achievement
against target

Value
Current
Stage

Performance Assessment
% Improvement (Maker - Finance & Quality
Assurance)
over initial
value

Sales

Contribution
Margin

Strong / Medium / Weak

Assessment of Trust
(Checker - Top
Management)

Trust Quality Index
Score

Strong / Medium /
Weak

Strong : 9
Medium : 3
Weak : 1

1. Number of product specifications stable & capable

9

2. Warranty Claims related to Process issues (Incidences per
thousand units)

9

3. PPM of input materials from Suppliers

9

4. Resolution of Process Issues (hours / no. of days)

1

Manufacturing
Process

9

5. Resolution of Supplier issues (hours / no. of days)

3

Decreasing Decreasing /
/ Stable /
Stable /
Increasing
Increasing

6. Operating Expenses per unit of output (weekly / monthly)

3

7. Obvious defects detected at the end of line (defects per unit)

9

8. Obvious defects observed in customer product audits (defects
per unit)

3

9. Delivery as per tact-time (Output per day , output per hour)

1

10. Average Total Throughput Time (ATTT) from Input Raw
Material to Quality OK (Standard vs Actual)

3
Product Value Trust Index Score (Total)

58

Total Score Possible

90

Note : The values of score under "Trust Quality Index" are put at random for illustration purpose only for deriving "Composite Trust Quality Index"

Original Excel tables are enclosed in Annex. I
The Calculation of Integrated Trust Quality Index is demonstrated through Table 4 . All the figures shown in
the Table 4 are indicative for demonstration.
Table 4 : Trust Quality Index Calculation : Summary (For demonstration purpose only)

Index
Integrated Trust Quality
Index
Trust Quality Index for
Product Value
Trust Quality Index for
Manufacturing Engineering
Trust Quality Index for
Manufacturing Process
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For Demonstration purpose only
Actual Score Actual Score
Target
Quarter 1
Quarter 2

Actual Score
Quarter 3

Actual Score
Quarter 4

270

172

175

181

184

90

50

53

53

53

90

64

64

67

67

90

58

58

61

64

Integrated Trust Quality Index is shown in the Graph No. 1. Here the illustration is shown to indicate that the
Trust Quality Index can be calculated quarter by quarter and the trend of performance can be seen,
The Graph No.1 gives the overall Integrated Trust Quality Index for all the three processes together. The Graph
no.2,Graph no.3 and Graph No.4 show the Trust Quality Index at the processes level.

Graph no. 1 : Trust Quality Index

Graph no. 2 : Trust Quality Index for Product Value

Graph no.3 : Trust Quality Index for Manufacturing Engineering

Graph no. 4 : Trust Quality Index for Manufacturing Process

The Trust Quality Index scheme i.e. methodology and calculation model is for the three processes viz. Design
and Development, Manufacturing Engineering and Manufacturing Processes. This model and be expanded and
extended to others processes.

-------------------------------------------End--------------------------------------------Note : The Excel Worksheets of tables and Graphs are enclosed in Annexure 1.
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Abstract
In the era of new normal, all IT service providers needs to operate entirely remotely. However this new normal
comes with new challenges for the IT service project managers. Quantitative project planning has become critical
to deliver project within Cost of delivery, Quality and ensure to meet service levels. This paper attempts to
showcase the successful journey of achieving client delight in the era of new normal for service projects, by
leveraging concepts of CMMi High Maturity practices for quantitative project management.
It enables project manager to quantitatively plan and predict the cost of delivery, quality and service levels
for critical services and ease decision making by using prediction model for quantitative planning. The quantitative
project management practices could not only overcome the challenges of project managers but also add business
value to the client and reaped maximum benefits
At the time of operations planning remotely, project manager may come across multiple scenarios where he
needs to analyze and make decisions to ensure Service levels and optimize the cost of delivery. It pinpointed
the pain areas of IT service support projects and come up with a robust data based plan to address the same.
Using this well-defined data based framework of quantitative planning, the project managers could identify the
shortfalls related to service delivery, SLA adherence, Capacity estimations and competency to optimize budget
and align operations to meet customer expectations.
This white paper highlights the best practices and proven framework to effectively plan the operations using
quantitative planning and prediction models which brings substantial benefits such as stable and matured processes,
increased productivity and greater satisfied stakeholders and most importantly increase in profitability.

1. Key Challenges of IT Service Industry in the new normal
The most of the IT service providers have been impacted by the pandemic and it appears that we have awoken
to a new era of work but at the same time its comes with new challenges for IT service support project managers
to plan the operations remotely and ensures the profitability and customer satisfaction.
We conducted the study for the service support project to understand the key issues and challenges for project
manager’s to remotely plan the operation. The outcome of the study were as follows
 Resource planning to meet service levels
o Ticket Inflow is adhoc : Adhoc inflow creates challenges for capacity estimation
o Shift Roaster Preparation: Experience based shift roasters were leading to backlog and SLA misses.
Shift wise variation in the inflow and day wise patterns makes it challenging to plan capacity
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o
o
o
o
o
o

Resource Utilization : No mechanism to capture the resource occupancy rate
Seasonal Increase or Decrease in the inflow
It creates hurdle for project manager to identify these pattern and revise planning
Manage Leaves : Revise the resource planning in case of planned/ unplanned leave
Support Scope Creep/Scope changes : Revise planning and forecast based on change
Monitor the Inflow and service levels
Revise the planning

 Maintain minimal or zero downtime
o Forecasting on the potential failure modes
 Forecast for the demand for better planning
o Forecast for next one year to plan proactively
 Meet Stringent service levels
o Mechanism to predict the SLA performance based on capacity planning and inflow

2. Quantitative Planning Framework for New Normal
After studying the new normal challenges for planning with multiple project managers, this framework was
designed to make the planning and decision making process data based forecasting models.

Fig. 1. Quantitative Planning Framework for New Normal

2.1

Step 1 : Understand customer expectations and Operational challenges in the new normal
o
o
o

2.2

Step 2 : Data Analysis and Baseline
o
o
o
o

2.3

Identify the Metrics and measure aligned with project objectives and identified scenarios
Collect the Inflow, Resource, Shift, Type of work, Service levels metric data
Baseline the service levels metrics data
Define the process workflow based on the type of work

Step 3 : Building Forecasting Model and Scenarios Compositions
o
o
o
o

2.4

Define quantitative project objective aligned with client expectations
Identify the scope for improvements based on challenges
Identify all the possible scenarios for capacity and availability planning

Create the process workflow
Prepare the forecast model using statistical techniques (Regression or Simulation based model)
Configure the process baselines
Compose the project specific scenarios

Step 4 : Compositions Scenario analysis (What If Analysis)
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o
o
o
2.5

Identify the scenarios to be analyzed for planning
Perform What If analysis
Analyze scenario specific model output

Step 5 : Planning & Decision Making
o
o

Decision making based on the what if analysis
Plan or Revise the planning

3. Framework Pilot Implementation Case Study
3.1

About the Pilot Client

This Framework was piloted for an American multinational technology company that specializes in specialty
glass, ceramics, and related materials and technologies including advanced optics, primarily for industrial and
scientific applications. This engagement started in 2014 as a managed service infrastructure support project with
around 300 resources @ offshore and 38 resources @ onsite.
The engagement scope includes 700+ servers, 5000+ Tb Storage, 46000+ Mailboxes, 80000+ Users and other
infrastructure configuration items. There are 30000 tickets get processes on the monthly basis and operations
supported through multiple locations.
3.2 Client Expectation & Challenges
The infrastructure operation support was impacted by the pandemic and have to move the 100% support remotely.
Client raised below concerns on the remote working model which triggers the need for defining the proactive
quantitative plan for operations which can forecast the service levels and operations performance by leveraging
CMMI High maturity practices





Client
Client
Client
Client

raised concerns on the moving 100% operation support remotely
demanded the proactive operation plan to ensure service levels for supporting remotely
demanded strategy and plan for daily monitoring of the operation
raised concerns on ensuring the service levels with limited resources due to pandemic

3.2.1 Quantitative Objectives
Based on the expectation and contractual commitments below quantities objective were defined to ensure the
operation performance during remote operation model
 Ensure Service Level (SLA Met >=99.5%)
 Ensure Executive Margin (>=30%)
3.3

Data Collection and Baseline

3.3.1 Data Collection Plan
 Inflow analysis
o Inflow data was collected to identify the inflow patterns type of work and priority wise
o Patterns analyzed were (Daily, Weekly, Weekday, Weekend, Seasonal, Peak Hours etc.)
 Resource and Shift Roaster Data
o Shift Structure, Times, Support window, Skill Mix data was collected and analyzed to understand the
current shift roaster planning process.
 Type of Tickets and Process Workflow
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o
o

Ticket data was analyzed to understand the type of work
Process workflow were defined based on the type of work

 Service Level Metrics Bassline
o Collect service level and related metrics data and baseline it
- SLA Met
- Backlog
- Response and Resolution Times
- Pending Time
- Wait/Idle Time
- KB Usage
- Same Day Resolutions
3.3.2 Baseline Approach and Steps
 Identification of the Data Type (Continuous /Discrete)
 Data Stability and Variation Analysis
o Time series data were analyzed using Individual chart and box plot to identify the outliers and study
stability
o Anderson Darling Test were used to identify the distribution of the data sets
o Basic statistics were documented which includes Mean, Median, Normality, distribution, Min and Max
o Process Capability were used to understand the probability of meeting the service level with the
current process baselines

3.4

Forecast Model Building & Compositions
Technique used: Regression analysis
Tool: Minitab
Identified Y
Service Levels (SLA Met %)
Identified X’s
1. Ticket Inflow
2. Skill Levels
3. Team Size Planned
4. Resolution Time
5. Reassignment
6. Knowledge Article Usage

3.4.1 Approach used for building the Model






Identify Y & study variation : Based on the CTQ SLA was identified as Y
Choosing, X’s : Multiple X’s were identified to analyzed to select the vital Few
Homogeneity of X’s : Homogeneity were studied using the box plot and scatter plot analysis
Removal of X’s : X’s with weak correlation were removed
Forecast Model (Regression Equation)
o Final model were built using the vital few selected X’s based on the below criteria
o No multicollinearity (VIF<2)
o All the regression coefficients are significant
o All the parameters are significant at 95%
o R-sqr adj is >=60 %
o Normality of Residuals verified

 Model Validation : Model were validated using the sample month data and output were analyzed for absolute
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error by comparing with predicted and actual
 Deployment and Usage : Model were used for planning the operation
 Rebuilding the model: Model will be recalibrated based on the process performance baselines.
3.5

Compositions and Scenario Analysis

Forecasting Model were able to forecast the service levels based on the inputs sourced for the vital few X’s
used in the model. Based on the project managers challenge and concerns raised by client, below scenarios were
analyzed for planning and decision making.
 Scenario 1 : Inflow patterns impact on the SLA
Inflow Patterns wise scenario’s Impact on the service levels were analyses based on the inflow patterns (Seasonal
increase, Weekday or weekend wise, Shift Wise)
 Scenario 2 : Team Size shift wise impact on the SLA
Shift wise team size impact were analyzed on the service levels for the inflow baselines.
 Scenario 3 : Resolution Time Impact on the SLA
Ticket resolution time and resource skill level impact were analyzed
 Scenario 4 : Knowledge Article usage impact on SLA
Tickets resolved by using KB articles were analyzed for impact on the SLA
3.6





3.7






Planning and Decision Making
Scenarios were analyzed and compared to evaluate the best scenario to plan the operation.
Model enabled project managers to source the inputs into model and study impact on the SLA.
Decision making for Team Size planning were taken based on the scenario analysis.
Daily operation report were shared with client

Results and Benefits
Client was delighted by the data based approach taken to ensure the proactive planning
Transparency improved with respect to inflow patterns, Shift planning and productivity
Client confidence level was improved
Account were able to use the model and plan the operation proactively
SLA ensured 99.99% during the remote working model through forecast based model planning.

4. Training and Roll Out
There were multiple other clients had raised similar concerns on the remote working model. This model was
converted into training and model were rolled out to other accounts.
4.1 Learning and Best practices








Transparency in the planning can improve the confidence level of client in remote working model
Operation can be effectively planned during remote model using forecast based models
Matured Quantitative planning Framework for new normal
Strategies to proactively address the challenges in the support project
Data based Shift Roaster planning
Service levels can be ensured at the start of the operation
Impact of seasonal increase can be proactively planned
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 Cost of delivery can be controlled through team size specific scenario and impact on the service levels
 Impact of change in scope can be validated through model and planning can be revised proactively
4.2







Takeaways for Industry
Improved Customer confidence in the remote working model
Better planning of IT resources as per current and future demand during remote working model
Ensure the service levels with frequent change in the resources or scope during pandemic
Quantitative Planning framework for remote working model
Predictability strategies for infrastructure support project
Forecast model to ensure the cost of delivery and meet customer expectation

References
No external References
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Abstract
Tata Steel strives its relentless journey of excellence in its mission to be the global leader in lowest cost steel
producer. The journey is even more significant in the present scenario of economy slow down and slump in
automotive market. Business Analytics emerges as one of the critical tools to leverage the competitive advantage
in cost reduction and lowering carbon foot print.
The paper mainly focuses on tubes division of Tata steel. However, the same philosophy and approach has
been adhered to by Customer Service Division (CSD) division for dispatching coils and sheet.
Tubes Division plays an important role in manufacture and supply of Steel Tubes. Tubes of various dimensions
(packed in form of bundles) are shipped from the manufacturing plant to various customers/stock yards through
roadways. There are 1200 varieties of tubes which are transported using 7 variants of trucks/trailers. Tata Steel’s
CSD, which caters to the needs of approx. 7 Million Ton per annum of various customer demand also dispatches
multiple stock keeping units. Both in CSD and tubes division, different stock keeping units have different
dimensions. This lead to massive challenge with regards to optimal placement of products on to vehicles. In-spite
of best efforts, manual methods lead to under-utilization of vehicle capacity hence more number of vehicles were
required to dispatch same product amount.
This paper describes the use of mathematical modelling to design advance mixed integer linear programming
algorithms that will derive optimal allocation of finished product onto vehicles/wagons for shipping. By maximizing
the utilization of wagon/truck’s carrying capacity, idle freight pay-out could be controlled which also further helps
in reducing CO2 emission. Additionally, the paper also elaborates digital transformation in these areas where in
manual process has been completely digitized to the extent of automatic delivery order and stock out generation,
without any human intervention.
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1. Introduction
For Tata Steel India, it is very clear that we have a challenge at our hands to run our business in an effective
way in a world market that is already challenging from an economical point of view. In addition, we are very
aware of the impact Steel production has on the environment and climate and are consciously finding new ways
to improve our ways of working. To put this project in perspective, one must understand that technical innovation
in developing country is happening on a very different level and pace as it does in a developed nation. Many
processes in India are manual. So, bringing innovation using Operations Research is creating enormous change and
includes a huge challenge of dealing with automation, adoption and training. We have selected this project as a
representative project of a suite of project; a project that creates change and hope that we can achieve so much
more.
This paper discusses the solution developed to help operators (Operator is a person who decide how to loads
goods into vehicles) to load finished goods in a best possible way in available vehicles. One of the objective of
the solution is to utilize the space of the vehicle in best way so that vehicle is loaded to its full capacity. This
would lead to other befits such as less numbers vehicle required to load same quantity of finished goods, lower
carbon footprint and reduction in logistics cost due to reduction in freight. This paper focuses mainly on the solution
developed for Tubes division of Tata Steel. The same solution was also deployed in CSD division of Tata Steel.
Tubes Division of Tata Steel Ltd transport tubes (Finished Goods) of various dimension to end customer/ stock
yard through roadways. Tubes are packed together to form bundles before dispatching them. Tubes division uses
trucks/trailer provided by vendor for bundle transportation to customer/ stock yard. Operator decides number truck,
types of truck and loading of FGs in the trucks based on FGs available for loading and their gut feeling. Two
different operators would load the same set of FGs in a completely different way. Possibly one operator loading
would lead to better space utilization compared to the other, however in both the case there is always a scope
of better utilization of space. Underutilization of space leads to excess logistics cost in the form of excess freight.
Since truck space is not utilized properly. Other drawback of operator depended loading are more trucks to load
same quantity of FGs, inconsistence loading i.e. operator depended loading and more carbon emission.
Similarly, at central hub, club loading targets at minimizing the idle freight of flat product movement in railway
wagons. It targets small coils (varying from 3-20 tons) and sheets from mills in Jamshedpur premises of Tata Steel
& tries to dispatch the same in wagons that would otherwise be loaded with just 2 Mother Coils of higher weights
(20- 27 tons) incurring high idle freight. To address the idle freight in wagons loaded with flat products, club loading
as a concept came to the rescue. Ideated to initially club sheet packets, the concept was promoted for clubbing
of small coils by sourcing them from different mills. The advantages of these were numerous; primary benefit being
the elimination of idle freight reduction in the supply chain. The other benefits included reducing the wagon
turnaround time thereby saving demurrage, reduction in days in inventory (dispatch-able to dispatch lead time),
swifter movement of slit coils & shutter-Patti which were the slow-moving inventory thus reducing cost of holding
inventory.
This paper focuses on various aspects of the business problem and the solution which was developed. The section
2 introduces Tata Steel and talk about its achievements. Section 3 explains the business problem and challenges
of Tubes and CSD division of Tata Steel. Section 4 explains the developed solution i.e. a Mixed Integer Program
(MIP) based solution. Formulation of business problem into mathematical model is explained in detail. Challenges
faced in modelling the business problem and clever technique used to overcome them would be discussed. Section
5 explains ways the model output could be used to take loading decision. It explains how 3D visualization of the
truck loading is build and its features. Section 6 discuss challenges faced during model building, its deployment
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and organizational difficulties. Section 7 discusses the value added by this project in term of monetary, man-hour
saved and its contribution to reduce carbon footprint.

2. About Tata Steel
Tata Steel Group is among the top global steel companies with an annual crude steel capacity of 27.5 million
tons per annum (MTPA) as on March 31, 2018. It is one of the world's most geographically-diversified steel
producers, with operations in 26 countries and a commercial presence in over 50 countries. The Group recorded
a consolidated turnover of US $20.41 billion (INR 133,016 crore) in FY18. Tata Steel Group is spread across five
continents with an employee base of over 65,000. Tata Steel retained Industry Leader position in FY18 and ranked
second overall in the DJSI assessment, 2017. The Company has been recognized as the Climate Disclosure Leader
in ‘Steel category’ by CDP (2017). Besides being a member of the World Steel Climate Action Programme, Tata
Steel was felicitated with several awards including the Prime Minister’s Trophy for the best performing integrated
steel plant for 2014-15 and 2015-16, Best Risk Management by CNBC TV18 (2018) and ‘Corporate Strategy Award’
by Mint (2018). The Company also received the ‘Most Ethical Company’ award from Ethisphere Institute for the
sixth time (2018), Steel Sustainability Champions (2017) by the World Steel Association, Dun & Bradstreet Corporate
Awards (2017 & 2018), Golden Peacock HR Excellence Award by Institute of Directors (2017) as well as 'Asia's
Best Integrated Report' award by the Asia Sustainability Reporting Awards (2017), among several others.

3. Business Context
3.1

Vehicle loading at tubes division

Tubes Division of Tata Steel Ltd transport tubes of various dimension to end customer/ stock yard through
roadways. Tubes are packed together to form bundles. These bundles are transported through trucks/trailers.
 Bundle of Tubes
The bundle will have same SKU i.e. 2 different SKU will
not be used to form a bundle.
 Shape of Bundle
Number of tubes in a bundle can vary i.e. given 2 bundle
of same SKU, one bundle can have 102 tubes and the other
can have 205 tubes. The shape of the bundle will depend
on many factors such as length, OD, tube shape and manual/machine packing however most of the bundle will either
be one of the following.

Fig 1: Valid bundle

Fig 2: Shape of tubes and bundle

Tata Steel hire trucks/trailer from 3rd party vendor. Tata Steel have contract with truck vendor under which
truck are provided and freight is decided. Tata Steel pays a minimum guaranteed freight if weight of bundles of
tubes loaded in truck/trailer is below a threshold, this is called idle freight. Example: say loaded bundle of tubes
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is 12 Tons then Tata Steel pays a freight equivalent of 15 Tons since 15 Tons is minimum tonnage guaranteed
and weight of loaded bundle is less than that. Tata Steel pays extra freight for 3Tons (15Tons – 12Tons).
Tata Steel’s tubes division dispatch approx. 2000 tons of tubes every day over 100 trucks/trailers. There are
1200 varieties of tubes which could be transported using 7 variants of trucks/trailers.
Table 1: truck detail

Length
(Meter)

Truck Type
Truck1-South
Truck2
Truck3-South
Truck4-Non-South
Truck5
Trailer1
Trailer2

6.71
6.71
7.63
7.32
8.53
12.19
12.19

Width
(CM)

Height
(CM)

213.36
213.36
225.55
225.55
225.55
268.22
265.18

185.93
185.93
182.88
188.98
188.98
179.83
182.88

Capacity
(MT)

Guaranteed Minimum
Tonnage (MT)

19
19
24
24
30
32
27

15
15
20
20
21
21
21

Deciding truck loading i.e. which tubes bundles should be loaded on which truck type is extremely difficult
if space utilization is the major objective. Deciding truck loading for 365 days in year using experience on this
enormous scale is not only challenging but also a mundane job. Even though person responsible for the same activity
has been doing the same for over a decade or two and he is very skilled in that, human minds are not best suited
for such kind of tasks. Such manual process automatically results in sub-optimal decision making which led to
under-utilization of vehicle space and capacity. Finding best combination out of million possible combination is
best suited to models and algorithms.
Loaded Truck

Fig 3: Bundle of Tubes Mixed Loaded

3.2

Fig 4: Bundle of Tubes Pure Loaded

Wagon loading at central hub

There were many constraints to club loading as well like the type of rake provided by the Indian Railways
and its loading capacity. The loading pattern as suggested by Indian Railways also restricted in minimizing idle
freight. Tata Steel, being a plant setup more than 100 year ago, the layout of the plant and the distance of mills
from each other was a hindrance as well. The availability of locomotives within the premises, loading capacity
of the mills, number of bays and crane capacity were a few other parameters that needed consideration. The nature
of the problem coupled with different types of products, wagons and combination of the same possess some unique
challenges. Most of the real- life constraints introduce non-linearity and discontinuity. A non-linear model was a
go to solution to the problem statement. However non-linear model most of the time fails to give global solution
and takes a lot of computing time. It only provides local optimum. Additionally, it is also dependent on initial
conditions. The challenge was to develop a linear model giving global optimum solution, irrespective of initial
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conditions, while incorporating all the necessary constraints.
The optimization model thus built is a mixed integer linear problem which minimizes the overall idle freight
of a rake. The model has the flexibility to run destination wise, plant wise and bay wise simultaneously and can
be used for each plant or each destination or each bay in a stand-alone manner. Since it is a linear model, the
solution thus formed will be a global optimum, subjected to achieving the desired Mixed Integer Programming Gap.
Rules for wagon loading along with various configurations
Only coil loading

Fig 5: Virtual division of space in wagon

a)

The difference between W1 coils weight sum and W2 coils weight sum should be equal or less than 2
MT.

b)

W1 and W2 can carry a maximum of 6 coils and to minimum of one coil. This is applicable for all
patterns.

c)

The maximum limit of W3 coils sum of weight is YMT (Generally 21 MT).

d)

If there is only one coil at W1 and W2 area, the following condition to meet.
a.

F1 should be equal or less than 1.5 where
F1 = Outer diameter of coil (mm) / Width of coil (mm)

e)

If there is more than one coil at W1 and W2 area, the following conditions to meet.
a.

The width difference between the adjacent coils should not be more than 300mm.

b.

The weight difference between the adjacent coils should not be more than 2.25 times of the nearest
smaller coil.

f)

Total tonnage of W1+W2+W3 to be between the maximum and minimum weight specified by the user.
User to enter the input no of wagons available for each wagon type.

g)

Priority has to be added into the model to give flexibility to user to select particular coil as per their
requirement

h)

Sum of coil weight at W3 should not be greater than sum of coil weight at W1 or W2.

Type of wagon
BOXN (Plain)
BRN (Plain)
BOOST (Plain)
Bundle Height /
No of Bundles

Bundle/sheet
Weight

Only sheet plate loading
Bundle Length (In meter)
3 bundle stacks
2 bundle stacks
Single stack
Sum of length of
Sum of length of
Sum of length of
bundle/sheet should be
bundle/sheet should be
bundle/sheet should be
within acceptable range
within acceptable range
within acceptable range
given by user
given by user
given by user
1) Maximum number of bundles/sheets 8
2) Bundle/sheet height should not exceed 1.5 times of width of loaded packet
1) Should not exceed CC
1) Should not exceed CC
1) Should not exceed CC
of wagon
of wagon
of wagon
2) Max axle load difference 2) Max axle load difference
of 2 ton
of 2 ton
3) Max load at centre
should not exceed more
than YMT
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Part coil and part sheet loading (2 nos. coils with one stack of sheet/plate (Stack of sheet W3))
Bundle Length (In meter)
Bundle Height / No of
Type of wagon
Bundle Weight
Single stack
Bundles
BOXN
Up to 3.0
1) Maximum number of
(CC of wagon- coils
bundles 8 2)Max 1.5 times
BRN
Up to 6.3
Weight) or 20 ton
BOOST
Up to 6.3
of bundle width
whichever is less

4. Literature Review
Knapsack problem is a very important problem in the combinatorial optimization. The basic Knapsack problem
is defined as an optimization problem in the selection of goods that can be placed into a container. The popularity
of Knapsack problems come from the fact that it is widely used by the theoreticians as well as the industry persons.
In mathematical perspectives, Knapsack problem is a special version of the general 0-1 integer programming problem.
Moreover, modelers can formulate this simple structured problem to a sub-problem so that it can be used to solve
more complicated real-world problems. Many industrial problems like the loading problem, task assignment and
multiprocessor scheduling, cutting stock, as well as many economics problems, such as project selection , budget
control , etc. The application of Knapsack problem was first appeared in the context of capital budgeting. Kellerer
et al. studied practical and theoretical results for the knapsack problems.
The load planning problem may be observed as a special case of packing-cutting Knapsack problem in view
of Martello and Toth . The goal in the load planning problem is identifying the best railcar platforms and the best
position in the railcar platform to load all items in as few railcar platforms as possible. Most of the cases, practitioners
face a much larger number of items than the number of available loading units. The positioning of the items being
determined by the physical configuration of both the rail wagon and items (coils or sheets). The goal is maximizing
the capacity of the rail wagon by identifying the best combination of given item dimensions and weights given
technical loading constraints. This load planning concerns also arise while planning the loading vehicles for other
freight transportation modes, namely truck loading, sea and air transportation. Each transportation mode can have
different loading constraints.
In this paper, we consider the wagon loading problem in rail load planning system. In connection with the rail
load planning problem, the first contribution was made by Feo and Gonzalez-Velarde . Subsequently Powell and
Carvalho studied the problem of balancing the flat cars over a network from a load planning perspective. Bruns
and Knust tried by considering matching problem between containers and rail cars and the weight constraints. Dotoli
et al. studied the issues related to block planning such as loading patterns related constraints. Bruns et al. proposed
robust optimization approach of load planning by considering weights, lengths and equipment failures related
constraints. Crainic and Kim studied intermodal freight transportation activities by introducing intermodal carrier
and terminal operations constraints. Several literatures are already documented in this area. For details see this.
Mainly there are two objectives in the load planning problems namely minimizing the costs in the yard or optimizing
the capacity made available by a given train.
In capacity optimization of load planning problem, most of the research were carried out in modeling the loading
problem optimization of goods for containers on ship. Several researches showed that complexity of the model can
be increased if one can introduce weight limit, location of the delivery destination, the size of the container, type
of the container related constraints. Depending on the demand, plan of the coil, sheets placement in a rail wagon
involved operational decisions about how to make good loading plans of coil, sheet and how the storage areas were
managed.
This type of loading problem can be cast as an 0-1 mixed integer linear programming model which is NP-hard
problem. In other words, its exact solution is very expensive in terms of computing time. Thus, several heuristic
and metaheuristic approaches have been proposed to achieve an approximate solution within a reasonable amount
of time, but without ensuring the optimality. Some hybrid methods can be developed by combining a
heuristic/metaheuristic with another heuristic/metaheuristic, or by combining an exact method with another exact
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method, or by combining a heuristic/metaheuristic with an exact method. Genetic algorithm, simulated annealing
was proposed by various researchers to solve these types of load planning problem. For details see this. In this
study, we consider the traditional branch and bound method to solve this problem.

5. Solution approach
5.1

Solution for Vehicle loading at
Tubes Division:

The given problem has multiple
objective, to dispatch as much material as
possible in minimum number of vehicles
with high preference to smaller vehicles
(business requirement, as this type of
vehicles are readily available).
Two MIP models were built, and a
decision module was developed which
would choose a MIP model among the 2
models based on input data and business
requirement. Often MIP model 1 is selected
when difference of dimension among
bundles is high otherwise model 2 is
selected.
An algorithm was developed which
consists of 2 mixed integer program (MIP),
a module to calculate bundle dimension, a
module which decides which MIP model
would be used for optimization and a
module for 3D visualization. Both the
models were developed in AIMMS and
CPLEX was the solver used.

5.2

MIP Model I

Truck space is virtually divided into small grids as show in the below figure
Suppose the height/width of the truck is 180/245 cm
then 1 grid height/width would be 30/35 cm. A bundle
of 45/50 cm would require 1.5/1.43 (height/width) grid.
Grid size (height/width) is decided dynamically based
on available bundles to be loaded and few other factors.
Please note that increasing the number of grids would
increase the accuracy of the model at the expense of time
required to solve the model

Fig 6: Back view of truck which virtual grid

The objective function of Model 1 is
1.

10 x Sum of Bundle weight Loaded in all the truck – sum of truck threshold
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MIP models the following constraints

1.
2.
3.

A bundle could be placed in any grid.
A bundle can capture more than one grid
1 grid can’t have multiple bundle

In the example one can round up/down the required no.
of grid for 45/50 cm bundle. Let us see the impact of
rounding up/down
Rounding UP the required bundle grid
Bundle size: 45/50 cm 
2/2 grids required. The below
would be the model output and as one can interpret lot of
space is wasted

Fig 7: Model output with rounding up required no. of bundle
grid

Rounding DOWN the required bundle grid
Bundle size: 45/50 cm 
1/1 grids required. The below
would be the model output and as one can interpret
overlapping of bundle would take place and hence the model
out would be wrong and impractical.
To overcome this problem 2 major constraints were added
which are
1. Sum of all bundle width placed in any row should
be less than width of truck

Fig 8: Model output with rounding down required no. of
bundle grid

2. Sum of all bundle height placed in any column
should be less than height of truck Some other important constraints
3. If a bundle capture more than 1 grid, then it must be a neighbor grid
As seen in the below figure, model output would be like left figure and actual loading would be like right
figure. These additional constraints would solve above discussed problem (Fig 4 and Fig 5)

Fig 9: Model output with rounding down and extra constraint model output and actual loading

Model 1 is mathematically complex problem and no. of variables, constraints increase exponentially as number
of bundle increase. To overcome this problem following is done
Bundles are sampled
1. Model is executed with sampled bundles, if loading for any truck is below threshold then reject that loading else
accept the loading
2. Check if all bundle is loaded, if no then repeat step 1 and step 2 Above iteration would speed up the
execution of model 1.
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5.3

MIP MODEL II

This model is used when dimension of the bundle to be loaded is within some limits. Let take the same truck
and bundle from the above example.
Suppose the dimension are: Truck 
180/245 cm and Bundle 
45/50 cm, then 4 bundle can be stacked in a
columns i.e. 180/45 = 4 and 4 bundle can be stacked in a row i.e. 245/50 = 4.9. Hence a total of 4x4 = 16 bundle
can be stacked in a truck. In case of different bundle size it does the following.
Suppose we have two different bundles of object BD1, BD2 having the width as 45cm, 40cm and height as 35cm,
33cm and weights per bundle as 0.6MT, 1.5MT respectively.
Now, a truck with a threshold capacity of 15MT and a maximum capacity of 19MT can fit 4.89~4 of BD1 along
its width and 5.5~5 along its height, this comes to a total of 20 bundles of BD1.
In case of BD2, the numbers are 5 along width and 5 along height which gives us a total of 25 bundles of BD2
in a truck.
If we send BD1 only in truck even though 20 bundles occupy most of the space, it only comes up to a total weight
of
0.6*20=12MT,
which is 3MT lower than the threshold and thus we are paying 3MT of idle freight and if we send BD2 the
25 bundles will account to a total of
25*1.5=37.5,
which is a lot more than 19MT which is the maximum capacity of the truck.
Now the objective becomes to find the perfect combination of both BD1 and BD2 to be sent in a truck such
that the threshold is also met, the upper limit of the capacity isn’t reached, and the volume is also utilized to
its maximum extent.
Now let’s assume X is the number of bundles of BD1 and Y is the bundle of BD2. Now one formulation
that we know directly is
15 <= X * 0.6 + Y * 1.5 <= 19

(eq1)

For the total number of tubes that can fit we have to either bring the size of the BD1 bundles in BD2’s
terms or vice- versa.
So, 20 BD1 take up the same space as 25 BD2. Thus, x bundles of BD1 will take up 25/20*X when
standardized with respect to BD2, therefore the formulation becomes
25/20*X + Y <= 25 + error term

(eq2)

If we put 20 bundles of X then we can put 0 bundles of Y as the equation has reached its maximum limit.
Similarily for the case of Y if we put 25 bundles of Y we cannot put more bundles of X. Solving these
equations simultaneously we can get the best possible way of loading the truck such that the volume is also
used up to the maximum and the threshold is also satisfies thus minimizing the idle freight.
Error term help in reducing the effect of representing BD1 in term of BD2. The error term is dynamically
calculated in the MIP model which is based on difference in bundle dimension. The error term take a positive
value if bundle of different dimension are loaded in a truck.
Some of the other important constraints are
1. Couple of constraints to capture error term
2. A bundle can be loaded in only one truck
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Innovative features of this project
1. Business user would use this project as a black box. The algorithm would decide the right MIP
model based on input data and business logic
2. Model 1 formulation replicates the business problem precisely, however as the # bundle increase the
MIP grows exponentially and hence execution time increase. To combat this problem Model 1 is
executed over sampled data in stepwise fashion as explained above
3. A 3D simulation and visualization of the loaded trucks as recommended by model helps, the user of
this project, to belief the recommendations.
4. Model 2 is fast. It would take some seconds to solve 400 tons of bundle loading in some 30 trucks.
5. The model runs for less than 10 minutes to plan bundle loading each day
Table 2: MIP Model Size for 100 bundles and 5 types of trucks

Model 1
45000
34000

Constraints
Variables

Model 2
700
400

6. Result and Interpretation
6.1

Vehicle Loading at Tubes Division

The output generated by the MIP model would be saved in the Oracle database. The result would have list
of bundle and truck assignment mapping. Some other important metrics are as follows:
1.
2.
3.
4.

Bundle list selected for dispatch, total weight to be dispatch
# trucks by truck types, truck load (tons) for every truck
Mapping of bundle with assigned truck
Idle freight if any

The other output which is useful is 3D visualization of output with loading sequencing animation. The 3D
visualization would tell the operator how to stack the bundle into the truck. This also gives confidence to the operator
to believe the model output. Operator accesses the 3D visualization through a web interface. The 3D visualization
was developed on Java Script, Three.JS, J Query, HTML, CSS and EXT JS.
3D Visualization of Model Output

Fig 10: Model Suggested Pure Loading

Fig 11: Model Suggested Mixed Loading

Wagon Loading at customer service division
The user interface showcased below is developed in dot net platform. The MILP optimization model, developed
in AIMMS is hosted in AIMMS server and it communicates with this front end via Microsoft SQL database.
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As shown below,6 Wagons having combined capacity of 402 MT were used to carry 22 coils having combined
weights 391.55 MT thus overall IDLE Freight came as 10.45 MT which is 2.6% in percentage terms. Moreover,
13 coils remained unused having combine capacity of 128.82MT.

7. Major challenges
This end to end integrated system is a great enabler of digital transformation in Tata Steel. We need to understand
that people working in these areas are seldom exposed to technologies and it is not easy to convince a person
who has been working in the same field for last 20/30 years that an IT enabled computer program can perform
the same work in a much efficient and better way. Here in, Tata Steel’s top management has been extremely
supportive in handholding this transformation initiative without affecting anybody’s life. To ensure the success of
this project the shop-floor people were involved from the very beginning in the solution designing process. Through
their knowledge and experience the rules and constraints were formulated. The whole system was developed as
their brain-child and it is up-to them to make sure that the initiative is a successful one. Rigorous training was
also provided with regards to use of technology and the system.
Managerial challenges aside, during implementation phase we encountered some technical challenges like
1.
2.

After the initial implementation of the model, it was observed that the material list suggested by the
model couldn’t be loaded in the vehicle, because of the varying size and volume of different SKUs.
Few tubes bundle sizes (height X width) were not available in the input master data. Similarly, for
some coils, outer diameter was missing in the prescribed database

There was no database table which contain actual tubes bundle size hence a database master table was created
which contained all tubes and their corresponding bundle size. The size of bundles was physically measured and
analytically verified.
Most of the time a bundle might not contain standard no of tubes hence bundle size would be derived using
an analytical method, which was also approved by business user.
Other challenges include
1.
2.

Data recording, fetching and gathering
Criterion for loading viz converting all real life nonlinear scenarios to set of linear equations so that
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3.

the model can provide global optima
Reducing model run time

8. Benefit of the project
Financial benefit
We realize that an initiative of such nature can only be successful in the long run if it is also economically
viable for the organization. This project has resulted in potential INR 3 crore savings per annum in tubes division
of Tata Steel and another INR 24 crore per annum saving from Customer service division
Above mentioned figures are vetted by accounts department of Tata Steel and they are recurring savings and
not one- time figure
Reduction in carbon footprint
This reduction in carbon footprint can be realized by our cost saving of INR 3 Crores. The forthcoming
calculations are done for a truck carrying 19 tons of a product. The transportation cost per km for a truck of this
kind would be INR 26. The total distance travelled using INR 3 Crores that we saved will be 11.5 Lacs kilometers.
Considering the mileage of the truck to be 5.5 kmpl on an average, the quantity of diesel used to cover 11.5 Lacs
km would approximately be 2.1 Lacs liters. The consumption of 1 liter of diesel results in the emission of 2.8
kilograms of Carbon Dioxide. Going by this figure, on an estimate, 550 tons of CO2 will be emitted upon consuming
2.1 Lacs liters of diesel annually. Approximately, 100 football grounds full of trees would be required to replenish
550 tons of CO2, which clearly indicates that an enormous amount of CO2 emission has been avoided while saving
2.1 Lacs liters of diesel at the same time.
Calculating carbon footprint savings from railways point of view is a bit challenging as we must consider multiple
parameters like
 Movement of railways inside plant through use of diesel loco
 While Indian railways mostly use overhead electricity for transportation, generation of electricity itself emits
lot of carbon di oxide and carbon monoxide
We are in the process of calculating the same and once vetted by respective authorities we will be able to publish
the figures
Intangible benefits
This initiative is a paradigm shift in the way of working in the sense that, prior to this, individual persons were
responsible for






Accounting of inventory
Managing incoming vehicles/rakes
Deciding placement of finished product onto the vehicles/rakes
Performing stock out onto the system (removing inventory in ERP)
Generating delivery order

However, this model has taken over most of the manual jobs and now the system is as follows
 The model fetches available inventory and incoming vehicles details from the database
 The Mixed integer programming optimization model is run after fixed interval of time to determine best allocation of finished products onto the vehicles
 Based on the output of the model, automatic stock out is done onto the system
 Automatic delivery order is created by the system
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This end to end automated solution has helped people to focus more on value generating jobs rather than mundane
repetitive work. As a result, we have seen sharp spikes in idea generation with regards to how the overall system
can be further improved and what are the major challenges restricting them
Scalability
This initiative looked at both vehicle and wagon loading. Tata Steel has various mills across India. We have
developed the solution for tubes and customer service division, however now the same model is being replicated
across Tata Steel. We recently started implementing the same at Tata Steel’s wires division in Tarapur. Apart from
Tata Steel, the concept and the logic can be well extended across industries and geographies, wherever there is
a need to dispatch discrete materials, either through road or rails. This project we believe is a true testimony of
Tata Steel’s philosophy “Values stronger than Steel”.

9. Conclusion
Through this paper we tried to elaborate our solution for one of the perennial issue in Tata Steel. In fact, before
advent of computing power and focus on analytics, it was not an issue at all since vehicle and wagon loading
was being done at best possible way available, via human intervention. But in an era of cut throat competition,
every penny counts and additionally Tata Steel takes a lot of pride in being one of the responsible corporates. As
a result, through application of operations research Tata Steel adopted ways to further improve on their loading
policy and thereby reduce both cost and carbon footprint. This project has garnered lot of attention and award within
Tata Steel and we hope that the sheer possibility of environmental impact in a positive way will encourage lot
of other organization across industries to take up this challenge.
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Abstract
and reduction in coking coal availability, integrated steel plants from around the world are switching towards
recycling of steel thereby posing a challenge to the sustenance of Blast Furnace Iron making process. The major
factors that reduces the flux consumption thereby steel cost is through reduction in hot metal silicon produced
by blast furnaces. Coke Ash comprises about 60% of silicon input, which accounts for 18% of coke chemistry
supplied to blast furnaces. Therefore, it is utmost necessary to reduce the coke rates to achieve best hot metal
quality and low-cost steel production. The reduction in coke rate is possible by debottlenecking the constraints
in process flow and replacing it will low cost pulverized coal. This study describes the paradigm shift in the
operation of ‘I’ Blast Furnace, the reduction of coke rate (coke consumption per ton of hot metal produced) from
440 kg/THM to 297 kg/THM and subsequent increase of coal injection from 130 kg/THM to 222 kg/THM by
process improvements with the available system using advanced statistical tools and big data analytics, thereby
making an recurring saving of approx. USD 10 million p.a. and hot metal silicon from 0.9 to 0.59%.
Keyword: s Coking coal, hot metal quality, hot metal silicon, coke ash, coke rate, coal injection, flux

1. Introduction
Modern steel making processes demand a very stringent quality of hot metal where silicon and sulphur play
a major role in defining the quality. A certain amount of silicon is desired at the steel-making units for effective
slag generation. However, excess silicon and its variation in hot metal cause high flux consumption and excessive
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energy generation during refining leading to refractory damage and increased processing cost. Therefore, it becomes
very crucial to control the silicon content in hot metal within a desired band. The blast furnace burden plays a
dominant role in determining the silica input to the furnace. It is well known that silicon in hot metal primarily
comes from reduction of silica from coke ash, coal ash and gangue of iron ore. Amongst these, coke ash contributes
around 70% of silicon in hot metal. Hence, reducing the silica input through the blast furnace burden is an effective
way of reducing silicon content of hot metal [1-3]. However, in the recent past, numerous operation-based techniques
have been developed for controlling the hot metal quality efficiently. The most common approaches including
reduction of coke rate, decreasing the coke ash, increasing the basicity and improving burden quality along with
some modern techniques like oxygen enrichment, coal injection, high top pressure etc. for controlling hot metal
silicon are derived by understanding the fundamentals of silicon pick up mechanism inside this gigantic counter
current reactor [4]. A. Klimczyk et al. has been successful in reducing the hot metal silicon variation by controlling
the MgO, hot metal temperature and tapping time within desired range [5]. Similarly, D. N. Togobitskaya et al.
developed an automated system where real time monitoring of slag chemistry is used to control slag regime and
the hot metal composition [6]. Likewise, in the past different authors have developed numerous theoretical and data
driven models for the real-time prediction of hot metal silicon and generation of control actions. Although, significant
work has been carried out in developing Si prediction models for minimising the hot metal silicon, the prediction
accuracy was not suffice for the full time implementation of the models on an industrial scale due to unavailability
of some real time data and continuous fluctuations in raw material input and process parameters [7-10]. A very
limited attention has been given for reducing hot metal silicon through identification of Si pick up mechanism and
carrying out multiple adjustments in furnace process segments thereby bringing an optimum operating regime for
blast furnace operation. Thus, the present work displays the different silicon pick up mechanism during the smelting
process along with the counter measures required to control the silicon in a desirable band.

2. Reduction of SiO2 in Blast Furnace: Mechanism in brief
Silicon pick up mainly occurs once the burden reaches the softening melting zone and the melting reaction starts.
Many possible mechanisms have been discussed regarding the reactions governing silicon transfer into hot metal.
However, most of the authors have concluded four broad mechanisms of silicon transfer, refer fig 1.
Generation of SiO gas through reduction of silica by carbon at high
temperature near the raceway is the most dominant mechanism of Si pick
up. The reaction starts when silica is released during burning of coke and
coal in the raceway and melting burden materials are exposed to high
temperature. The ash contains around 48-50% silica which takes part in
reduction process via two steps [11]:
Step 1:
SiO gas is formed in the first step through reduction of SiO2 present in
coke, coal ash and primary slag by carbon of the coke as per the reaction
1. The reaction occurs near the raceway being an endothermic reaction and
once SiO is formed, it starts moving upwards and/or towards the centre.
SiO2 + C  SiO + CO

Fig. 1 Schematic representation of Si pickup
mechanism in a blast furnace

(1)

Many researchers have mentioned the factors affecting the generation of
SiO gas. SiO generation in raceway primarily increases with increase in
% ash of coke and coal, increase in RAFT, decrease in top pressure,
increase in activity of SiO2.
Step 2:
The gaseous SiO generated in the above reaction reacts with the C of the
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carbon saturated hot metal as liquid iron drips down the cohesive zone into the hearth. The following reactions
depict stage 2:
SiO + C  SiO + CO

(2)

The other two mechanisms occurring along with SiO generation are the formation of SiS and SiC which on
further reduction lead to increase in Si content of hot metal. The SiC usually forms during melting of coke ash
and reduction with coke carbon. It acts primarily as an intermediate product and enhances the SiO generation.
SiO2 + 3C(s)  SiC(s) + 2CO(g)

(3)

SiC(s) + CO(g)  SiO(g) + 2C(s)

(4)

In the blast furnace hearth, the iron droplets descend through the floating slag layer followed by deposition into
the metal pool. During this descent, silica of the slag undergoes reduction by carbon saturated liquid iron and
resulting Si is transferred to the hot metal. However it has been a great debate regarding the hot metal and slag
interfacial reaction and considerable research has been carried out for controlling Si in the hearth of blast furnace.
(SiO2) + 2[C]  [Si] + 2CO(g)

(5)

Hence, the hot metal silicon is primarily due to transformation of silica of coke ash. With the following
mechanism, it is clearly visible that the cohesive zone plays a dominant role in determining the extent of Si pick
up reactions. With many researches [12- 14], it has been observed that silicon content of hot metal is higher in
the tuyere region as compared to the hearth. The increase in cohesive zone increases the volume of high temperature
zone resulting in increase in contact time between SiO and hot metal. The parameters affecting the position and
shape of cohesive zone affects directly or indirectly the hot metal silicon content. Moreover, experimental studies
also reveal the effect of operational parameters on the silicon level [15].
Therefore, considerable actions have been undertaken to change the operation pattern to bring down the silicon
level and minimize the variation within a desired band.

3. Counter Measures to Control Silicon
The following parameters affecting silicon are
segregated for a better visual control into different
categories in the form of a matrix as shown below.
The aim is to select vital few from trivial many, refer
fig 2.
To find the optimum range of the furnace
parameters affecting the silicon level, clustering has
been done into low and high silicon content of hot
metal by data mining technique. Following are the
plots, refer fig 3, of some of the parameters after the
analysis:

Fig. 2 Control Impact Matrix for Silicon effecting parameters
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Fig 3 K mean clustering of various factors affecting the hot metal silicon indicating the operation band for low and high silicon
Table 1 List of all the important factors and their relation with the hot metal silicon as obtained from the K mean clustering

Parameters
Coke Rate
Slag Rate
MWI
Al2O3
PWI
CWI
Upper K
Middle K
Lower K
Coke AMS
Sinter %
Pellet %
Ore %
RAFT

Mean Si
Low
Low
Low
Low
Low
High
Low
Low
Low
High
Low
Low
Low
Low

High
High
High
High
High
Low
High
High
High
Low
High
High
High
High
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Parameters
Slag B2
CZRT
O2 Injection Flow
HMT
HBT
Slag Time Ratio
Slag Rate

Mean Si
High
Low
High
Low
High
Low
High

Low
High
Low
High
Low
High
Low

 As shown above in the table 1, the silicon content in hot metal is majorly due to coke ash. Hence coke rate
is tried to bring down by various means simultaneously maintaining fuel rate through coal injection. Coal injection has been increased simultaneously by increasing oxygen enrichment to enhance combustibility.
 Hot blast temperature is increased by enhancing the Air to Gas ratio through intensive stoichiometric calculation.
 It is envisaged that the permeability of the cohesive zone increases with increase in MgO content. The MgO
content of the slag is increased by pyroxenite addition to reduce the slag hold up in the cohesive zone. Also,
MgO is expected to increase the slag fluidity which also enhances the slag metal reaction thereby pushing
the silicon from hot metal to slag. The slag rate was also maintained at higher level for efficient silicon removal
[5].
 Higher heat loss prominently demands a higher coke rate and thereby increasing the chances of silica input
to the furnace. Therefore, Heat losses are tried to bring down which resulted in significant drop-in coke rate.
 High top pressure is maintained at higher values to reduce the extent of SiO2 reduction in front of the tuyeres.
Also oxygen enrichment is increased. To maintain RAFT within the desired range, coal injection is being done
at defined rate.
A real time dashboard has been developed for monitoring cohesive zone by simultaneously controlling the furnace
parameters. Cohesive zone root height and shape has been derived and implemented.

4. Results and Discussions

Fig 4. Variation of silicon for the last 5 financial years

Fig 6. Variation of coal rate for the last 5 financial years
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Fig 5. Variation of coke rate for the last 5 financial years

From the above figures (fig 4, fig 5 and fig 6) it is clearly visible that with reduction in coke rate, there is
reduction in silicon content. As already discussed, the maximum contribution of hot metal silicon is from the coke
ash. Hence reduction in coke rate results in reduction in hot metal silicon. However, the fuel rate was maintained
by maintaining the coal rate which can also be confirmed from the replacement ratio and coal rate trend.
In FY’19 and FY’20, there is slight variation in coke rate and the silica input has also come to a minimum
after which the variation is less. However there is a drop in silicon content. This is due to variation in blowing
parameters and operating philosophy. Table gives a comparative analysis of different furnace parameters in terms
of blowing conditions, slag conditions and thermal conditions
The following table 2 differentiates how change in operating regime has resulted in change of silicon level in
hot metal.
Table 2 Comparison between the base operation regime and new operation regime

Parameter
3
Wind Volume (Nm /hr)
Oxygen Enrichment (%)
o
Hot Blast Temperature ( C)
3
Oxygen Input (Nm /hr)
Total Heat Loss (GJ/hr)
Slag Basicity (B2)
Slag Basicity (B3)
Slag %MgO
Slag Liquidus Temperature
HMT Standard Deviation
Coke Mean Particle Size (mm)
Cohesive Zone Height (m)
Cohesive Zone Volume
Permeability Resistance
Sinter Basicity
Sinter MgO

Base Operation Values
293500
8.1
1200
88000
122
1.04
1.33
8.7

Shifted Operation Values
289900
8.9
1230
90000
113
1.09
1.37
9.45

13.55
44.95
5.28
578.84
2.97
2.56
2.03

6.7
45.83
4.96
534.12
2.90
2.69
2.13

 From the table it is evident that with decrease in wind volume, shifting of cohesive zone results which decreases
the dripping height. This can also be inferred as the cohesive zone height decreases from 5.28 m to 4.96 m.
As a result, the contact time of SiO gas with hot metal droplets decreases there by leading to lower Si gain.
The shifting of cohesive zone to a lower height is also due to increase in melting temperature of slag which
is mostly governed by the CaO and MgO of the raw materials and increase in hot blast temperature in the
blast. Both the factors decrease the height of high temperature zone thereby reducing the reaction time of SiO2
reduction [17-18].
 Improvement in the oxygen enrichment is showing positive effect since the partial pressure of CO gas in the
bosh area increases with increase in oxygen input and reduces the reduction extent of SiO2. Additionally, it
also oxidizes the Si of hot metal in the raceway region in front of tuyeres thereby improving the desiliconisation
process [11].
 As well-known from the effect of cohesive zone, the cohesive zone volume also decreases due to increase
in CaO addition and corresponding increase in softening temperature. The decrease in cohesive zone too decreases the residence time of SiO gas and decrease the contact with the hot metal [19].
 The effect of cohesive zone together with increase in coke mean size is visible in the decrease of permeability
resistance. As the resistance to gas flow decreases, the liquid hold up in the Deadman goes down and the
reaction time for the Si pick decreases. Also, et al demonstrated the decrease in static hold up of hot metal
due to increase in coke diameter [20- 21].
 The slag basicity and slag MgO were increased from 1.04 to 1.09 and 8.7 to 9.45 simultaneously. The increase
in slag basicity increases the Si carrying capacity of the slag. This is also aided by increase in slag fluidity
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due to high MgO. As a result, the oxidation of Si in the hot metal occurs at a faster rate and the reduction
of SiO2 in the hearth is inhibited. High basicity and MgO is realised by increasing the CaO content and MgO
content of the charged sinter as shown in the above table. One more advantage of maintaining high MgO and
high basicity is the decrease in wettability between slag and coke. The decreased wettability decreases the contact area between slag and coke which further reduces the reduction of SiO2 [22].
 The real time dashboard for monitoring of cohesive zone shape, refer fig 7, was developed using cohesive
root height and stave temperature which allows to take necessary actions for controlling the process parameters
and in return controlling SiO transfer. The range for process parameters (Table 3) has been derived using K
mean clustering technique. Any deviation in the parameter from the defined range indicates with colour changing
thereby giving operator instant direction about the process deviation.
Table 3 List of few parameters with respective upper control limit and lower control limit for the real time silicon dashboard

Parameter

LCL

UCL

Slag B2
Slag B4
Slag MgO
HMT
RAFT
HBP
TGP
Coal Rate
Coke Rate

0.95
0.8
9
1495
2175
3.2
2
200
300

1.08
1.2
9.5
1515
2225
3.8
2.4
230
320

Fig 7 Real time Si Dashboard for monitoring of cohesive zone shape and root height and parameters affecting them

5. Conclusion
 Decrease in wind volume along with increase in oxygen enrichment decreases the cohesive zone height along
with increasing CO partial paressure and reduces reduction of SiO2.
 Increase in CaO and MgO increases the softening -melting temperature and fluidity of the slag respectively
resulting less silicon pickup and effective Si removal.
 Reducing heat loss and increasing coal rate also reduces the coke rate which reduces the silica input to furnace.
 Hot blast temperature brings the high temperature zone to lower height and reduces the contact time of SiO
with hot metal.
All the above are further aided by the increase in coke arithmetic mean size and decrease in resistance to gas
flow thereby reducing the slag hold up in the coke deadman.
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Abstract
LD2 & SC is a steel melting and continuous casting shop at Jamshedpur location of tata steel, with an annual
production of over 4 million tons. It primarily caters to the needs of Hot strip mills of tata steel Jamshedpur.
During the various processing stages at LD2 & SC such as Desulphurisation, Basic oxygen furnace & slab
Casting, there are inherent metal losses that significantly affect the shop’s yield E.g. retained steel post tapping
in BOF furnaces or returned steel in ladle post-casting will eventually get dumped into the pits along with the
impurities. A great volume of improvement work in the past by steelmakers had been on minimizing those losses.
These internal losses make up to 2 % of LD2 & Sc’s Production. These losses are close to 80 thousand tons
of steel. systematic improvement work at each stage has yielded great results for us, at the BOF stage
commissioning of specifically designed smart IR camera and development of Auto lifting logic (safely lifting 500
tons converter in auto mode) has helped in minimizing the retained steel inside converters as they not only improved
the slag detection accuracy at the end of tapping but also eliminated the variability in the performance of operators.
This led to a more than 50 % reduction in the metal loss at the BOF stage. At the casting stage development
of the heat weight prediction model along with the upgradation of ESD & its Logic (Electromagnetic Slag detection
system) has significantly improved the accuracy of ladle closing timing by eliminating false alarms. This has led
to a substantial decrease in the returned steel in ladle from casting.
The above-mentioned improvements have reduced the inherent metal losses by 50 % (from 15 kgs/tcs to 7.5
kgs/tcs), leading to an overall increase in yield by 1 %
Keywords: Basic oxygen furnace (BOF), Infrared camera (IR camera), Auto Lifting, Heat Weight, ESD (Electromagnetic
slag detection system), tcs (tons of cast steel), Prediction Model &, etc

1. Introduction
Improving yield is the most effective way of reducing cost in steel melting shops. While there are multiple levers
to increase the yield, the most effective one is to reduce the metal losses at each processing step [1]. Fig 1 shows
the process Flow at the LD2 & SC department of tata steel, Jamshedpur. At each step, certain metal losses govern
the overall yield of the shop. At the Desulphurisation station, metal goes into the pot with slag during skimming,
at LD converters (BOF) the retained metal goes with the slag during the slag removal process, at the casting stage
the left-over metal after ladle closing gets dumped with the slag.
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Fig.1. Process flow diagram of LD2 & Slab Caster

Fig 2 & Fig3 shows the long-term trend of Heat weight and total Metal losses respectively in the processes.
In the past average Heat weight at LD2 & SC plant have been 156 tons and subsequent average metal losses at
various stages has been 14.5 kg/tcs. While the total charge mix of BOF has been maintained at 175 tons.
The yield of the shop is defined as the steel produced (converted into quality slabs) per ton of hot metal and
scrap consumed.
Monthly Yield of the Shop = (Tons of slab produced in a month/weight of total charge mix at BOF) * 100

Fig.2. Trend of Average heat weight at LD2 & Slab Caster

Fig.3. Trend of total metal losses ( DS, BOF & Caster)
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2. BOF Metal loss reduction
There are several factors at BOF which affect the yield of the process, such as slag volume, slag FeO levels,
and metal losses during slag removal from the furnace. Though at LD2 & Slab caster the slag volume has been
significantly reduced from above 150 kg/tcs to below 130 kg/tcs over the years by reducing lime consumption and
maintaining lower hot metal Si levels (<0.65%), there was still scope left for reducing the metal losses.
2.1

Commissioning of Infrared based slag detection system and Auto-Lifting of the converter

Draining the steel completely during tapping is imperative to minimize subsequent metal losses during slag
removal. Also, it must be ensured that the BOF slag is not carried over into the steel ladle during tapping. Carried
over BOF slag has a severe negative impact on steel quality, phosphorus reversal, and Aluminium consumption.
LD 2 & SC Produces premium quality low phosphorus steel grades for a wide range of applications ranging
from white goods to automobiles skin panels. Given the High average Hot metal phosphorus content at Tata Steel
JSL (>
0.18 %). the low phosphorus steel grades (Steel Phosphorus < 0.015%) call for not only effective
dephosphorization at BOF but also control of phosphorus reversal due to Slag carry over during tapping. Later at
times leads to metal retention inside the converter as operators finish the tapping early to minimize slag carryover.
Though we have been using Dart as a slag stopper, its effective application has always remained a challenge,
leading to a high degree of variability in operators’ performances in terms of retained steel inside converter and
metal losses during slag removal.
To overcome this challenge, we introduced IR(Infrared) detection based technological solution as there is a
substantial difference between the emissivity of slag and steel. An infrared camera procured from Land Instruments
was installed in all three converters by Oct-19 end. this camera would continuously monitor the tapping stream
of steel and alert the operator as soon the slag starts coming out of the tap hole.
The selection of an IR camera for this application is the most important task. While we had tried a couple
of other IR cameras but haven’t achieved much success as they were susceptible to false alarms because of fumes
and steel jams at the tap hole’s outer opening. This camera’s unique wavelength band (3.9 µm) and high frame
capturing speed of 30 frames per second were able to overcome the challenges faced because of the harsh
environment of steel making. Fig 4 shows the IR camera set up installed and the slag detection screen where the
tapping stream is continuously analysed by the software.
To eliminate the variability in operators’ responses during converter lifting after tapping, we built an auto lifting
logic for 500 tons heavy converter based on the signals received from the IR camera. The following points were
taken into consideration for the safe and effective execution of this logic as anything wrong could lead to major
property damage or hours of outage, leading to major production losses.
Logic will be activated only after the tapping start signal is captured
1.
2.
3.
4.
5.

Tapping duration must be greater than 3 min for auto lifting activation (Eliminating false activations
during tap start or slag overflow from converter lip)
Tilt angle must be greater than 80 degrees for auto lifting activation (Eliminating false activations
during tap start or during slag over flow from converter lip)
Auto lifting will be disabled as soon the converter is in the +-3 degrees to the vertical line.
For tap hole life less than 80, logic will trigger with 18 % or more slag detected in stream for
continuously 10 or more frames
For tap hole life greater than 80, Logic will trigger at 15 % or more slag detected in the stream for
continuously 10 frames. (As the tap hole life increases the tapping duration reduces due to the
increased diameter of the tap hole, and it was observed that quick response in such cases will reduce
the slag carryover amount)
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The benefits of this improvement can be seen in Fig 5, While keeping the charge mix of BOF same as before
(175 tons), almost 2 tons of improvement was observed in the gross weight of the steel ladle after tapping, indicating
complete draining of steel from converters. Fig 7 shows the improvement in BOF metal loss trend after
commissioning of IR camera and Auto lifting at BOF

Fig 4. IR camera set up and slag detection

Fig.5. Improvement in ladle gross weight post IR
camera and Auto Lifting commissioning at BOF

2.2 Maintaining the Tap pad contour of BOF
Tap Pad refractory profile or contours can severely affect the BOF metal losses [2] as the formation of a dam
or hump in the vicinity of the tap hole will lead to incomplete draining of steel during tapping and that retained
steel will go into the slag pots during de-slagging (Slag removal), leading to increased metal losses and decreased
yield of the process.
For the above-mentioned reasons, it becomes essential to maintain the tap pad contours as flat as possible to
minimize retained steel inside the BOF converter. many parameters that can affect the hump formation in the vicinity
of tap hole such as tap hole sleeve size or gunning material amount used to fix the sleeve. Oversized sleeve or
excessive gunning will make the tap hole area more elevated than the rest of the region and thus leading to retained
steel inside the converter. The sleeve size/length must be decided based on the refractory thickness in the tap pad
area. The thickness of the tap pad can be determined using laser-based scans. Fig 6 shows one such result of a
laser scan performed on the BOF-3.
Though the above-mentioned practices have been in use for a long time. We started observing the build-up (hump
formation) near the tap hole area and the top cone area of BOF after slag splashing commissioning at our plant
(Apr- 19). The root cause was found to be high suction during splashing which was because of the high rotating
speed of the ID fan (1500 RPM: Rotations per minute).
Because of this high suction, small globules of slag were getting more lift and were getting adhered to the top
cone and tap hole area due to its inclination, this was resulting in more build up in those areas. Reducing suction
by reducing ID fan speed to 500 RPM has resulted in more uniform slag coating and eliminated the problem of
hump formation and excessive top cone build up. It can be observed in fig 6 how the hump formation took place
and was eliminated after this corrective measure. Now we are operating slag splashing with two different schemes
one with the ID fan speed of 500 RPM and another with an ID fan speed of 1000 RPM. The later is used occasionally
but is proven very helpful in repairing top cone, which has got a higher tendency for erosion since we have started
using SD lance (Secondary decarburization, post-combustion or, skull less lance).
Modification in slag splashing parameters along with IR detection based Auto lifting of the converter has resulted
in increased tap weight / gross weight and decreased metal losses at BOF as shown in Fig 5 & 7 respectively.
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Fig.6. Refractory thickness profile of converter using Laser scan

Fig.7. Vessel/BOF metal loss trend

3. Caster metal loss reduction
3.1

Improving Ladle ESD (Electromagnetic slag detection system)

Given the production of quality steel grades at LD2 Plant functioning of ESD is very critical in stopping the
ladle slide gate on the right time to minimize slag carry over to tundish and leftover metal in the ladle after casting.
To improve ESD performance the system was upgraded to a more sensitive and accurate one but still, we were
facing problems with the increased ladle losses after casting.
After the analysis, It was observed that false alarms were being generated due to which the slide gate system
of ladle was closing before actual slag detection especially at the time of subsequent ladle loading and unloading
on the turret
This was swiftly tackled by creating a new logic that would incorporate the following details
1.
2.

virtual details of an approaching ladle and prevent any slide gate movement that may be caused due
to vibrations during its placement.
Predicting heat weight accurately using a machine learning model and activating the ESD based slide
gate closing only after a certain ton has been cast. This could help eliminate losses due to false
alarms

While the approaching crane’s details were observed with the help of proximity sensors and EOT crane’s load
cell (>220 tons indicating a filled ladle), for building a machine learning model for heat weight predictions the
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following input variables were taken.
1.
2.
3.
4.
5.

BOF charge Mix (Hot metal & Scrap)
Scrap charge mix detail
Hot metal Si %
Steel ladle life
Slag % detected at Tap end by BOF IR camera (would give an indication of metal left inside the
converter)
6. Converter angle at tap end (indicating the amount of steel drained)
7. Oxygen volume blown at the converter
8.

Converter tag (1, 2, or 3 to incorporate converter wise variability)

Fig.8. Heat weight (Size) Model predictions

After trying the different machine learning models, we observed the best results with the Random forest model,
giving a mean absolute error of 2.9 tons and an absolute percentage error of 1.8 %. In more than 80 % of the
cases, the model prediction error was within the band of +- 5 tons.
The following logic was built using the heat weight prediction and proximity sensors data.
1.

The Auto-closing mode will be activated after 140 tons of steel cast (minimum possible heat weight in
any possible scenario)
2. If the turret senses crane proximity for more than 10 sec and the ladle’s weight is greater than 220 tons.
a. If the current cast weight left is more than 7 tons Deactivate the auto-closing model
b. If the current cast weight left is less than 7 tons (as per heat weight prediction model) activate the
auto-closing model
The positive effects were quite visible after implementation of this logic as can be seen from Fig 9. The
average metal losses came down from 8.3 kg/tcs to 4.5 kg/tcs almost a 50 % reduction.

Fig.9 Caster Ladle losses, Before and after logic implementation
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Fig.10 Heat weight and mental loss trend before and after the improvement work

Results and Conclusion
 IR detection-based auto lifting during tapping is helpful in completely draining the steel, which in turn minimizes
the metal losses during slag removal.
 The tap hole and top cone contours can affect metal losses at BOF stage. Therefore, it is important to maintain
the tap hole and top con contours in the right shape. The build-up in these areas can be regulated by varying
ID fan speed during slag splashing. conventionally it’s been done by varying lance height and gas flow rate.
 Caster ladle losses can be reduced by eliminating false alarms of the ESD system caused by vibrations of
the turret. predicting heat weight accurately can help activate the auto-closing of the ladle slide gate at the
right time, eliminating the chances of metal retention in ladle because of false alarms.
More than 1 % improvement was observed in shop yield because of all the above-mentioned improvements (Fig
11). The heat weight was increased by more than 2 tons and metal losses were reduced by almost 50 % (Fig 10).
For the 4 Mn tons annual production at our plant, it translates to an annual profit of 60 Cr Rs.

Fig.11 Shop yield improvement
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Abstract
Productivity of any establishment is one of the most important yardstick regardless of the industry. Steelmakers
also, like any other industry, all over the world are constantly striving to improve their productivity leveraging
continuous technological advancements, data sciences, and cross learning best operational practices. The LD Shop
1 of Tata Steel India is the world benchmark in the productivity in the 2 BOF Vessel X 3 Billet Casters operations
tapping over 60 heats from two vessels on an average daily basis. However, the productivity enhancement is an
ongoing journey in the dynamic market which has recently seen a precipitous drop in the steel prices, throughput
in conjunction with the conversion cost from hot metal to steel is the topic of the day. The refractory cost forms
a major chunk of this conversion cost. It is quite evident that from an initial investment on the converter refractory,
one would like to take as much output as one can to end up in a profitable proposition with increased productivity,
set apart the downtime costs associated with the relining of the converters. In LD Shop# 1 various changes have
been undertaken suiting to the operating conditions to improve the vessel life to more than 7000 heats. The
developments under the technological intervention includes the introduction of facilities such as slag splashing for
enabling utilization of slags to cover refractory lining, laser scanners to monitor the wear profile, and quick tap
systems for reducing the holding time of metal on weak area. Extensive simulation with R&D and subsequent
plant trials were conducted to maximize the effectiveness of slag splashing. Along with technological interventions,
operating process control are aimed for achieving optimum turndown condition and slag properties. Maintaining
the minimum bottom elements with optimum combination of flow and location are some of the operational practices
aligned to improve the vessel life. Finally, the wear profile from previous converter campaigns and various
improvements such as modified bricks for top cone, developing different types of patching and gunning materials
based on different situations. The paper details the various measures that enabled reaching the benchmark converter
life.
Keywords: Steelmaking, Manufacturing, Process Management, Refractory, Converter

1. Introduction
LD Shop 1 has 2 converters feeding three billet casters through the Ladle furnace route. The configuration renders
the BOF converters as the bottleneck of the steelmaking and casting throughput from the shop. The fact that the
LD shop is a world benchmark in productivity, tapping over 62 heats from two vessels on an average daily basis,
in this configuration demonstrates the tremendous volume of operational load on the converters. Therefore, for
envisaging any growth in the overall productivity of the shop, the availability and utilization of the converters are
the prime area of focus. In such a scenario, maximizing the converter life is warranted to reduce the down time
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of the converter for relining in a year.
The
LD
shop
was
commissioned in 1983 and
numerous initiatives have been
undertaken since its inception to
embark on an ongoing journey of
improving the converter life.
Major modifications have been
switching from Tar-dolo lining to
Mag-C refractory lined converter
to
enhance
converter
life,
Fig. 1. Year-wise trend of average life at LD#1
commissioning of the laser based
scanner of vessel to aid the human naked eye to improve the quality of vessel inspection & identification of weak
area and introduction of mechanized equipment to reach hard to access areas through hand gunning. Alongside these
upgradations regular, huge improvements were undertaken in the operational practices and quality of the refractory
bricks to retard the erosion rate of the converter refractory from the operations. The following figure showcase the
evolution of vessel life essentially for the last 15 years at LD#1
The paper, however focusses on the recent significant developments which have enabled to reach to a converter
life of more than 7000 heats. The differences in the operating, maintaining and technological parameters are captured
through the comparison of the two of the higher life campaigns. The details of the converter campaigns are tabulated
as under:
Table 1. Campaign details of the two campaigns

Campaign No
1
2

Start date
26th February 2017
16th September 2019

End Date
01st September 2017
11th May 2020

Converter Life
5841
7127

2. Operational Constraints & Failure Modes of Converter Lining
2.1

Benchmark Number of Heats per day.

The rate of production at LD#1
culminating into the number of
tapping renders very little time for
converter to cool down and slag to
solidify on the weak areas of the
converter protecting the direct
exposure to the refractory. This
accelerates the erosion rate. The
following figure shows the
evolution in terms of number of
heats per day by two converters.

Fig. 2. Comparison of No of heats per converter per day.

Additionally, the time for
repair maintenance is also very less and opportunity based when pull from the downside is less. If the comparison
were to make between the two campaigns, it can be observed that there is a shift in the instances where the no
of days at which the converter is tapping more than 30 heats. The following figure shows the number of the heats
per day per converter for camp 2 period. More than 87% days, the converter in campaign 2 has tapped more than
25 heats per day and above 40% days, more than 30 heats per day.
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Fig. 3. Comparison of No of heats per converter per day.

2.2

High Instances of Liquid Charge

Such a high productivity rates coupled with infrastructural constraints is also responsible for higher number of
cases of liquid charge i.e. the charge that constitute only hot metal. This adversely impacts the erosion of charge
pad as scrap acts as a cushion for charge pad.
2.3

High Tapping Temperature

Another operational aspect of the converters at the LD#1 shop is the high tapping temperatures. The reason
is twofold. One is to compensate for the temperature loss due to the need for maintaining high buffers in the system
to feed three continuous casters of relatively higher combined capacity compared to converters. The other reason
is the high alloy addition. The average temperature is around 1660oC which is around 15oC higher than the usual
tapping temperature of the shop. Consequently, in the direct heats, i.e. heats which are not routed through the ladle
furnace stations, the aim temperature is around 1720oC
2.4

Reduction in Process Lime

Last but certainly not the least
is the incessant drive to reduce the
cost of operation and improvement
in the quality requirements for
remaining cost-competitive in the
market. Consumption reduction
for prime fluxes such as lime
amongst others, forces to lower
down the operating regime of
basicity which again exercise
additional
pressure
on
the
converter. The figure shows the
trend of lime consumption over the years at LD#1

Fig. 4. Process Lime rate over the years (kg/tcs)

Therefore, in the condition that are extremely precarious for the refractory health of the converter, extending
vessel life any further poses a serious challenge. Continues efforts for curbing deterioration the frequent failure
modes. The analysis of the condition of the lining in terms of the refractory thickness during the latter part of
the campaign have shown that the major areas of concerns where the thickness have crossed alarming limits and
even resulted in failures are mainly the top cone & charge pad area. Hence, every attempt to increase the vessel
life must focus on the venerable area. Apart from charge pad and top cone bottom was also a concern as erosion
in bottom has direct implications on the availability of bottom elements which are crucial for producing low C
& P steel without further impairing the converter.
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Fig. 5. Wear patterns of different regions in a converter (a) Bottom (b) Charge pad (c) Trunnion
and (d) Top cone

Mechanism of Wear of Refractory Lining
The different regions of the furnace are exposed to varied contrition of thermal, chemical and mechanical stresses.
Thermal stresses are the results of exothermic oxidation reaction, gas temperature, metal infiltration and discontinuous
operation for varied reasons. Mechanical stresses reside
due to the hot metal and scrap charging activities, impact
abrasion, bath agitation forces and the stress due to the
cantilever loading of the bricks themselves. Finally,
chemical stresses emanate from corrosion due to slag
additives, oxidation and slag reactions.
The figure shows the elevated view of the converter
and different stresses that interplays at different regions
Although every region is exposed to a combination of
certain stresses, the predominant forces at charge pad area
is the mechanical stresses, at top cone is the thermal stress
and at the bottom is the chemical stresses though
There are numerous theories that attempts to, at the
least, qualitatively explain the refractory wear mechanism. The underlying principles circumscribing these theories
emphasis the role played by the slag properties, oxidation reactions and gas-slag-metal interfaces. Understanding
the underlying mechanism goes a long way in optimizing the operating parameters to prevent preferential erosion
of some area or even to congregate the erosion in some area in case of excessive build up.
In MgO–carbon refractory, the MgO grains are coated with carbon using pitch. From the top cone to the trunnion
region, the attack of FeO on the carbon sandwiched between the two layers of the MgO is shown in the following
schematic.
The figure shows that a direct contact of the slag and refractory is hindered by the formation of the gas between
the two interfaces. The FeO present in the slag reacts with the CO at the slag-gas interface to form CO2 This
formed CO2 reacts with the C present in the gas-refractory interface to form CO.
FeO + C = Fe + CO

(1)

FeO + CO = Fe + CO2

(2)
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CO2 + C = 2CO

(3)

Carbon removal due to its oxidation by FeO and CO2 is considered one
of the main causes of chemical wear of MgO–C refractory bricks. Once the
carbon is dissolved (or eaten up) by the above reactions, the MgO grains
become exposed and begin to dissolve due to action of CaO, FeO and SiO2
present in the surrounding slag, or even become loose and fall of into slag.
However, the poor wetting of refractory by metal may limit the carbon
dissolution rate. For bottom, the erosion mechanism is different. The slag only
comes in the direct contact of the bottom during & after the tapping, which
is although a short span, the slag properties greatly impacts that if the slag
will solidify on the bottom walls or erode the same gradually.

Fig. 6. Figure showing the interfacial
interaction between slag, gas and
refractory

Considering the above factors, slag making is one of the most important aspect that converges into the operating
regime for the steel makers.

4. Operational & Maintenance Considerations of Converter areas
4.1

Top Cone Area

In the past many campaigns, top cone failures had been a major cause of limiting the vessel life. To augment
the production, the converter was upgraded from 130 T capacity to 160 T capacity. However due to the infrastructural
volume constraints, the inner volume of the converter could not be proportionally increased which, coupled with
high operating temperature and less time for bricks to cool down between two consecutive heats, top cone erosion
is a rapid phenomenon. The incidents of bricks falling from a specific area from the top cone have serious safety
and operational concerns. In such cases, heavy gunning is required to fill the voids taking hours of operational
time of converter. More importantly the instance causing greater safety risks in continuing the operations.
To overcome the concerns, various improvements were brought about from the quality of the bricks to procedure
of the bricking in the top cone area during the relining of the converter.
4.1.1 Top Tightening Practice. During the relining of the converter, after the cone bricking is done, the gap
between the top place and the brick line is locked to eliminate any looseness in the stacking. Conventionally,
the top tightening is done by cutting the bricks to the size to fit in the gap. However, even with the most
adequate workmanship, gaps are left in the inside. Therefore, to avoid the possibility of the cavity inside the
brick layers, plastic ramming mass in place of the size cut bricks to fill the gaps between the lip plates and
the brick layered top cone.

Fig. 7. Difference between the top cone tightening by cut bricks and plastic ramming mass
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The ramming mass undergoes relatively less shrinkage by the virtue of its properties. This enables to prevent
the loosening of bricks during the campaign and arrest falling of top layer brick.
4.1.2. Quality of bricks. Improvement was done in the quality of top cone bricks. In order to lower the
erosion by preventing or delaying the exposure of the MgO grains, the free/residual carbon percent of the bricks
was increased by about 2%. The change improved the modulus of rupture, which is defined as the maximum
stress a rectangular test piece of specific dimensions can withstand in a 3-point bending test until it breaks,
increased by over 6-8% allowing greater endurance with respect to the thermos-physical stress. Another
important criterion for designing the refractory of the top cone bricks is that they must have higher resistance
to abrasion. The higher the cold crushing strength of a material is the greater should be the resistance to
abrasion and hence bricks with improved CCS were used to line the converter at the top cone area.
4.1.3
Top cone cooling. The higher operating
temperate and lower time between the consecutive
oxygen blowing sequences have a detrimental impact
on the erosion of the top cone. The radiant heat
reflected from the off-gas hood, the convective heat
from the vessel interior and radiant heat during
tapping and slagging off into the steel ladle and the
slag pot exerts huge thermo-physical stress. To control
the temperature of the cone section and thus retard Fig. 8. (a) Arrangement of top cone cooling (b) Channel profile
the wear rate, top cone cooling arrangement was
commissioned. A horizontal header ring near the lip ring supplied main water to the vertical channels welded
to the cone.
However, the top cone cooling could did not proved to be fruition in the long run due to the maintenance
considerations. The expansion of the top cone due to the heat and the subsequent non-uniform cooling of the
arrangement led to crack formations. High temperature at the junctions also made the maintenance difficult and
hence top cone cooling facility was eventually discontinued.
4.1.4 Slag Splashing. Slag splashing has been recently introduced at LD#1. In the initial phase of the
utilization phase of slag splashing, it did not prove to be very effective. There were many crucial areas which
were left out of any effect of the slag splashing. To improve upon the effectiveness of the slag splashing
practice tai lored to the converters necessity, various water modeling experiments and subsequent plant level
trials were conducted.
Various iterations were done on the quantity of slag, the flow of N2 , the position of lance and the ideal condition
of slag. Based on the modeling, it was established that If lance is held static, the projection of slag directly hits
a point and from this point flows through the walls of the converter which eventually takes more time and convers
less wall area. Also, the projection of slag particles was not able to reach
the cone area. Therefore, variable lance position was defined during the
splashing to cover the maximum area. The lance height changed in two
steps in the initial and the later part of the splashing duration of typically
3 mins. The quantity of slag retained was fixed between 12-14T although
this was purely based on the estimation based on the input hot metal
analysis & flux addition in the preceding heat.

Fig. 9. Water Modelling apparatus for trials on
slag splashing
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Fig. 10 The difference between the coverage of slag splashing for different pattern of lance
position for the slag splashing duration

Further, the condition of the slag was defined in order to selectively practice splashing for better deposition.
These conditions precluded the heats with very high turndown temperature (>1680), re-blows and even slightest
of metal retention in the converter. Also, addition of 0.5-1 T dolomite before splashing to condition the slag was
established increased the effectiveness of splashing. The following figures shows the improvement in the thickness
of top cone after changing variables for slag splashing

Fig. 11. Improvement in the thickness of top cone after changing variables for slag splashing

After these efforts, along with the operational improvement through rigorous process control which has been
subsequent sections, the top cone profile showed significant improvement in the overall wear rate when compared
to the previous campaigns. The following figure demonstrates the wear profile of the campaign 2.

Fig. 12 Top cone erosion profile
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However, there are few challenges that are yet to overcome for maximizing the effectiveness. First and the
foremost is the frequency of the splashing cycles which is very low, about 20% of the number of heats cast, when
compared to the other plants across the world, around 50% over the entire campaign. Second is the high temperatures
of converter due to number of heats and high tapping temperatures which does not allow the slag to sustain on
the converter lining and thus build-up of a slag layer over another layer could not be achieved.
4.2

Charge Pad Area

Charge pad is the first impact area when hot metal and scrap are charged into the converter. The charge pad
proves to be the weakest area of the converter owing to the combination of mechanical, thermal and chemical impact.
The erosion rate at the charge pad was much higher than the rest of the areas of the converter.

Fig. 13. Charge Pad wear pattern

Efforts were taken maintaining the operational discipline for oxygen blown metal does not resides on the charge
pad in the period of waiting of converter to be tapped for any reason. Additionally, vessel was rocked with the
slag with good sticking characteristics to accumulate the slag on the charge pad at periodic intervals
4.2.1 Use of Quick tap drops. The quick tap drops facilitate the measurement of the temperature post the
oxygen blow by dropping a capsule with a heavy weight and a sensor from the top eliminating the need for
vessel to tilt for manual temperature measurement thus reducing the resident time of the blown metal on the
charge pad. This also reduces the safety hazard possessed in the activity of manual sampling.
The probe has a sensor attached to the steel weight which is attached at the lower end of the long
probe. The steel weight ensures that the probe does not loses the direction of the descent. A vertical heat
resistance cable is suspended in the body of the probe which transmit back the data after measuring the
temperature through the sensor before it burns. In this way, the sensor is consumed per reading in one heat.
This innovative system was indigenously designed tailored according the plant space constraints and
operational needs.
However, the utility of the quick drop system is limited to the steel grades wherein there is a broader
tolerance in terms of an upper limit on the requirement of steel ‘C’ and ‘P’. In other quality critical grades,
the sample and temperature measurement cannot be avoided.
4.2.2 Patching mass. Due to the high erosion rate,
after the converter life crossed 3500 heats, charge pad was
frequently patched by the application of wet patching mass
in the interval of 1-2 days. Patching materials of various
suppliers are used. The patching material is typically
around 90% MgO and requires 30-60 mins of soaking
time depending upon the quantity applied for. Gunning in
the surrounding areas are done parallelly for locking the
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Fig. 14. Schematic diagram of tilting converter and charge pad
erosion due to higher resident time of blown steel

patch in the depressed area of the charge pad.
Despite the efforts, charge pad remains an avid area of concern and further work has been taken to work upon
improving the quality of the bricks.
4.3

Bottom & Knuckle Area

The maintenance of bottom is
very crucial as it facilitates the
longer life of the TBM elements
which are very critical to the
capability of the converter to
produce high quality steel at lower
operating costs. There are 8 MHP
elements
in
the
converter.
Therefore,
various
operational
practices were adopted to maintain
the bottom area of the converter.
These included the addition of raw
dolomite in the bottom before the
Fig. 15. Actual vs set bath height throughout the Camp 2
blow start and maintaining the hard
blow throughout the blow. This was achieved by setting the blowing bath height lower than that of the actual
bath height determined by the scanning of the vessel and the laser based bath height measurement system.
4.3.1 Multi-Hole Plug elements & Bottom wear. The converters at LD#1 are fitted with 8 MHPs which are
positioned in an asymmetrical manner to increase the effectiveness of the churning. Based on the studies
conducted on the wear pattern of the bottom, the interaction of the multi-hole plugs play important role. The
erosion pattern of the regions near the MHP were studies for the time the MHP was open and with the
average flow rate and it was established that the wear rate of the bottom increases with the number of active
elements (multi-hole plugs) and the flow of the individual MHP.

Fig. 16. The wear pattern of different active MHP regions wrt average flow rate

Therefore, it follows that it is of utmost importance to evaluate and establish a local optimum which enables
a lower wear rate of the bottom and aids achieving lower turndown P. One of the method to gauge the effectiveness
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of the MHPs is the CO product.
Therefore, the CO product viz-a-viz the
number of open MHPs were plotted.
This graph illustrates that the three is
a significant decrease in the CO product
until the flow reaches a threshold value of
total flow which, in this case, is 2.5
Nm3/min or 150 Nm3/hr. Further, To
determine the number of open bottom
elements ideal for the achieving the local
optima, gas flow w.r.t the different
numbers of bottom elements was
calculated and was concluded that the
2-4 active MHPs are capable of
generating the required gas flow.
With the results obtained from the
above analysis, the MHPs were
operated in the groups of two active at
one time and the wear of the bottom
was controlled for the rest of the
campaign.

Fig. 17. Relation between CO product and total gas flow

Fig. 18. Relation between total gas flow and number of active MHPs

5. Operational Improvements
5.1

Cycle time reduction

To enable the vessel maintenance maintaining the same or even better throughput rates, efforts have been directed
towards reducing the cycle time of the
converters. The key focus areas have been
towards the improving the availability of
the converter and and reducing the tap to
tap time.
5.1.1. Tap Hole Sleeve life and
Re-sleeving Time. Oxygen Blown steel
is tapped through tap hole. Owing to the
wear of the refractory due to flow of
metal, the tap hole sleeve is worn out.
When the wear is to an extent then
the sleeve must be changed to
prevent slag going ladle. Various
improvements have been done to
increase the sleeve life to reduce the
number of re-sleevings activity in the
unit time and increase the vessel
availability
for
production
and
refractory maintenance. The design of
the tap-hole was changed from the

Fig. 19. Average sleeve life over the years at LD#1

Fig. 20. Average re-sleeving time over the years at LD#1
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straight sleeve to the ISOJET-C which is tapered to achieve uniform streamline flow and prevent vortex
formation towards the inner side of the sleeve.
Subsequently, a Taphole Breaking and Drilling (TBD) machine for mechanized breaking and drilling of old sleeve
and placing the new sleeve to reduce the re-sleeving time. Various other incremental improvements were brought
about to reduce the re-sleeving time from over to 120 mins to around 70 mins on average saving humungous time
per re-sleeving.
5.1.2 Other enablers
 Use of quick tap drops as discussed earlier also aided in reducing the cycle time by 2-3 mins savings the
need to tilt the converter and manually inserting the probe.
 Increase in the oxygen flow of the main oxygen was brought about to reduce the main blow time.
5.2

Process control

The process and the end blow condition played an important role in determining converter lining wear. Measures
to control the turndown conditions and slag properties were taken to doctor the slag as to improve the slag sticking
properties. It is believed that the main factors which affect the kinetics of dissolution of graphite flakes lying between
the MgO grains in the MgO–C refractory lining trunnion and the top cone regions are the attacks by the temperature,
FeO in slag and CO2 in gas. FeO can easily penetrate the MgO grains along grain boundaries and reach those
places where graphite flakes are present and possible cause of wear in top cone region is also the oxidation of
carbon in the brick by CO2 gas and direct attack by FeO thrown from the jet impact region. Therefore, the process
parameters in controlling the temperatures, off-gas properties through the adjustment of pressures at the hood and
slag morphology plays unpresented role in determining the life of the converter.
5.2.1 Turndown C. The practice of
deliberately turning down at higher
TD %C was adopted in order to
give the slag a good sticking
characteristic. The retained slag from
such a slag was is used for coating
the vessel by rocking the vessel
from the tap pad to the charge pad
area. In view of the same, it was
religiously avoided to turndown at C
Fig. 21. Distribution comparison of the TD %C for two campaigns
lower than 0.03%. The CO value of
the off-gas analysis during the end
phase of the blow was therefore strictly monitored and used for termination at about 0-2% and before the
stack O2 reaches 2-3%. The graph shows the shift of the turndown %C regime in the two campaigns.
5.2.2 Turndown Temperature. At
LD#1, the BOF converters, being a
bottleneck facility, are operated at
higher average turndown temperature
for
compensating
the
higher
temperature drop for high buffers in
the system and higher alloy additions.
Therefore, this accelerates the rate of
erosion of the vessel refractory. That
also reduces the effectiveness of slag

Fig. 22. Distribution comparison of the TD %C for two campaigns
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splashing. However, the attempts were taken to reduce the turndown temperature not compromising the
adequacy for buffers and other operating conditions. The Graph shows the minute shift in the operating regime
with respect to the temperature.
5.2.3 Slag Fe. The % Slag Fe
control greatly affects the erosion of
the refractory lining.
Therefore,
various measures were taken to
control slag Fe. The ore addition was
restricted to the added from 30% to
75% of the blow only. Instead raw
dolomite was used towards the end
of the blow which would act as both
the coolant and slag conditioner.
Thereafter, the precautions followed
with respect to the blow termination
for controlling the turndown C also
helped to control the Slag Fe. Also,
the blow profile was altered to reduce
the parentage of soft blow in the
beginning and end of the blow.
All these measures helped to contain
the Slag Fe in the desired range to
achieve
the
desired
Turndown
Phosphorus at one extreme and reduce
the erosion on the other.

Fig. 23. Distribution comparison of the Slag % Fe for two campaigns

Fig. 24. Distribution comparison of the TD Phos for two campaigns

6. Conclusion & Way Forward
The operational discipline is the key to maintain the vessel refractory once relining has been completed. All
practices like control of tap temperature, TD ‘C’, Slag Fe and high MgO slag should be made to cover the bricks
with slag coating from the beginning of the campaign. Achieving turndown C above 0.03% with low temperature
and slag Fe in the range of 15% -17% were aimed to achieve the optimum balance between the quality of the
steel required and the lowest wear rate. Rigorous monitoring of these parameters would facilitate the sustenance
of established best practices with respect to protecting the lining from the rapid wear. Efforts are underway to increase
the life of TBM elements to cover higher percentage heats viz-a-viz increasing vessel life as this would enable
the control over the operating parameters necessary for achieving
Different practices for specific, particularly weak areas, must be exercised and reviewed in periodic manner.
However, charge pad remains the area of concern for the preferential rate of erosion. Apart from establishing
adequate operating practice which is being worked upon, trials of newer materials would be undertaken to reduce
the frequency of gunning. The maintenance philosophy for different area of the converter employs different practices.
The rocking of vessel with MgO enriched slag results in build-up of the charge pad, tap pad and knuckle areas.
Slag splashing to cover the top cone and gunning to fill specific affected areas.
The effectiveness of the slag splashing depends upon various factors such as quantity of preceding heat retained
slag volume, quality, duration of splashing, lance height and movement. The conclusion from plant level trials based
on water modelling simulation, the variable height during the splashing sequence increases the surface area of the
slag coverage and is favourable for increasing the effectiveness. However more work is required to be done to
improve the efficacy of slag splashing targeting the weak areas. A more quantitative approach to measuring the
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same is needed to attain the required level of success.
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Abstract
An integrated Steel Plant is a large manufacturing plant comprising several critical processes to convert iron
ore to liquid iron and further processed to make liquid steel. To enable these processes several other units support
the steel making process such as Coke ovens, Kiln, Oxygen plant, coal injection, Hot blast air, Cooling units
and many more plants and processes. These units contain thousands of pieces of process and utilities equipment
such as Electrics, Automation & Instrumentation. The instruments used are basic measurement sensors to measure
and transmit process information such as temperature, pressure, flow, level, weight, and many more process
parameters and make it available to operator to take important decisions. Instruments and valves are working in
different media such as various types of gases (Coke oven gas, Blast furnace gas, Nitrogen, Oxygen, Argon,
Propane, water, acids and several hazardous media etc.). Many challenges exist in maintaining instrumentation
system of an integrated steel plant having high level of automation and measuring instruments with high reliability.
How does the maintenance engineer plans a good maintenance philosophy to achieve high standard of reliability
and availability? Instrumentation reliability starts at the engineering stage of a plant. The enhanced reliability of
a plant can be achieved by adopting good engineering practices. In general, high standard of reliability of a
manufacturing unit cannot be achieved by design alone. In many ways, it depends on the effort put forth during
building a disciplined maintenance system along with the seamless adoption of the best prevailing maintenance
practices. In a manufacturing unit, a sustained, reliable maintenance system can be ensured by a structured
maintenance practice.
Subsequently, sustainability of the desired reliability can be attained through abiding by good maintenance
systems developed, designed and practiced by maintenance managers.

Introduction:
A large manufacturing unit consists of several complex processes. Each process or production unit controls and
maintains all process parameters as per specification. An integrated steel plant also has similar characteristic. Rather
steel manufacturing units are complex , hazardous & very challenging in terms of working environment and
maintenance requirements. Integrated steel manufacturing units comprises Coke making . Iron making , steel making
and mills unit .Every unit has its processes which are having measurements and control instrumentation system such
as sensors , control valves , analyzers dedicated to the unit. These instruments, valves & analytical instruments
are subjected to wear, erosion, deterioration, aging, chocking etc., resulting in increasing breakdowns and outages.
Steel plants units uses various media , water , gases for its production process and sensors and valves need to
give satisfactory performance. This calls for a sustained reliable maintenance strategy and structured instrumentation
maintenance practices.
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Integrated steelworks is an industrial plant for the manufacture of steel. Integrated steel works carry out all steps
of steelmaking from smelting iron ore to rolled product. Modern-day steel production makes use of both traditional
raw materials (iron) and recycled materials to turn them into steel. With this in mind, there are 6 steps to modern
steel production.
Step 1 – The iron making process
As iron is the main component of steel it firstly needs to be made. Iron ore, lime, and coke are placed
into a blast furnace and melted. The resulting liquid known as molten iron ( Hot metal) is then formed.
As molten iron still contains around 4% – 4.5% impurities such as carbon which in turn make the metal
brittle, they need to be eradicated. Blast furnace is the main process in Iron making. Coke is an
important ingredient in iron making process. Coke is produced in coke ovens batteries and used in blast
furnaces.
Step 2 – Primary steel making
There are two main methods for making steel and these are Basic Oxygen Steel making (BOS) and
Electric ark Furnaces (EAF). BOS methods for example involve adding scrap (recycled) steel to the
molten iron when in the furnace. Oxygen is then forced through the liquid to cut the impurities in the
molten metal down to 0.5% -1.5%.
Alternatively with the EAF method, recycled steel is fed into an electrical ark furnace along with the
molten iron which is then heated to around 1650 degrees Celsius in order to convert it into high-grade
steel.
Step 3 – Secondary steel making
Next the newly formed molten steel needs to be adjusted to make the perfect steel composition. This is
done by either manipulating the temperature and/or removing certain elements. This may include
processes such as degassing, stirring, ladle injection, or argon bubbling
Step 4 – casting
Next step is to pour it into cooled mould. This causes the metal to cool quickly. Once cooled the metal
is then cut into desired lengths depending upon the application i.e. slabs for plates, blooms for sections
such as beams, and billets for longer products such as wiring or thin pipes. This process is known as
continuous casting and billet casting.
Step 5 – First forming
Also known as primary forming, the initial shapes of slabs, blooms, and billets are formed into their
various shapes usually by hot rolling. Products that are hot rolled are then divided into flat products,
long products, seamless tubes, and specialty products for one last stage of processing.
Step 6 – The manufacturing, fabrication and finishing process
Finally a variety of
secondary
forming
techniques including
shaping, machining,
jointing and coating
give the products
their
shapes
and
properties. Sheets ,
coated
sheets
,
corrugated sheets are
the
finished
products.
Process Flow chart of Steel plant
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Main processes of Integrated Steel Plant :
Blast Furnace System
In a blast furnace (BF) the iron oxides are reduced and the resulting iron is melted. Approximately 70%
of the global steel production involves the use of BFs. Larger BFs have less heat losses and enable
installation of heat recovery equipment more cost effectively.
Cold blast blowers, and hot blast ovens are other important elements of the BF system. While the former
provides the necessary air flow at 3 – 5 bar pressure, the latter increases the temperature of air to 900 –
1350 oC. Ore, sinter or pellets, coke and lime (that removes impurities and acts as flux) are added to the
blast furnace from the top, whereas hot blast (compressed air) is introduced from tuyères at the lower part.
Auxiliary reductants/fuels – like coal, or other alternative sources – can also be injected from the bottom of
the furnace. At lower parts of the furnace coke is gasified and the resulting CO reduces iron oxides as it
ascends in the furnace. The molten iron trickles down and collects at the bottom. The impurities that are
removed by the aid of CaO form a slag that floats on the molten iron. The hot gases leaving the blast
furnace still maintain a pressure of 2 – 3 bar. Gas are collected which area called blast furnace gas with low
calorific value . After cleaning, this gas can are used as fuel Blast Furnace System Schematic

Coke Making/Coke Oven
Coke is a material with high carbon content and porosity. It has high resistance to breakage and low reactivity
with gases, particularly CO2. Coke production is an important part of the integrated iron and steel plants using
BF- BOF route, acting as a reducing agent, as a source of thermal energy, and providing physical support for the
burden in blast furnace. In blast furnaces 460 - 480 kg of total reductant /t-hot metal is needed, In modern blast
furnaces with supplementary fuel injection, coke
consumption can be less
Coke is produced by heating coking coals up to
1000 to 1200 °C for several hours in coke ovens
to drive off volatile compounds and moisture. The
oven is called coke oven batteries. Coal
characteristics play an important role on the coke
consumption and thus the energy demand. A 1%
increase in the ash content of coke may increase
the coke demand by 2%. This is an important factor
for countries like India where the coal ash content
is high.

504

Basic Oxygen Furnace
Basic Oxygen Furnace (BOF) is a pear
shaped vessel where the pig iron ( Hot
metal ) from blast furnace, and ferrous
scrap, is refined into steel by injecting a jet
high-purity oxygen through the hot metal.
In a BOF the carbon content of pig iron,
which is typically 4-5%, is reduced to
varying levels below 1% depending on the
product specifications and unwanted
impurities are removed;
Approximately 50 Nm3 of oxygen,
which is produced in another plant called
oxygen plant, is required for every ton of
liquid steel. As the reactions taking place
in the BOF are highly exothermic, the
temperatures in the furnace usually reach
1600-1650 oC. Scrap, or scrap substitutes, that meet purity requirements are often added to control excessive
temperature rises. Impurities are dissolved by the added limestone and formed into a slag. During the BOF processes
a gas with high CO content is formed which is called LD gas. These gases are recovered by a complex gas analysis
process which has high CO content and low CO content gases are flared through flaring stacks. BOF shops are
followed by secondary metallurgy processes - in laddle or in vacuum - to give the product its final characteristics.
Casting
A wide variety of processes that can be
part of finishing are grouped under casting
and shaping (rolling). Casting is a stage in
finishing operations where the hot metal
with the right properties is turned into
intermediate, marketable products. Casting
can be done as a batch (producing ingots)
or continuous (producing slabs, blooms or
billets) process. In most mills, casting is
performed in continuous casting machines
and the significantly low share of ingot
casting is mainly used for specialty
products.
Rolling Mills
In rolling mills, intermediate steel products are given their final shape and dimension in a series of shaping
and finishing operations. Most of the slabs are heated in reheating furnaces and rolled into final shape in hot– or
cold– rolling or finishing mills. While some products (e.g. reinforcement bars, steel plates) only require hot-rolling,
some others may require both hot– and cold–rolling (steel for cars and white-goods). Mechanical forces for cold
rolling will create much more force and energy needs, while hot rolling happens much faster with less forces;
however, there are significant energy costs to heat the metal to near rolling temperatures . In any hot rolling operation
the reheating furnace is an important process . Energy use in a reheating furnace depends on production factors
(e.g. stock, steel type )
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Overview of Hot Strip Mill – Hot Rolling

Role of Instrumentation
Instrumentation is an indispensable part of any production unit. Instrumentation is the basic process control in
industry. In industrial control a wide number of variables temperature, flow, level, pressure, and distance can be
sensed simultaneously. All of these can be interdependent variables in a single processing require a complex
microprocessor system for total control.
 Main objectives of instrumentation are:
 Safe plant operation High production rate
 To maintain the product composition within the specified quality limits.
Process instrumentation is an integral part of any process industry because it allows real time measurement and
control of process variables such as levels, flow, pressure, temperature, Ph. Gas analysis and humidity etc. With
the right instrumentation, process plants can run effectively, efficiently, economically and safely through the
integration of alarm signals. In integrated steel plant instrumentation plays a vital role in control as well as safety
of operation. Various sensors and transmitters are used to measure process and take control action using final control
elements such as control valves. Following are few very important sensors and transmitters which are widely used.
Pressure and Flow Transmitters : These are the instruments which are installed in pipe lines of various liquid
and gases to measure pressure and flow and finally information to operator as display and control.
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Temperature Sensors and transmitters : Various type and design of sensors are used for
temperature measurement in steel plant depending on temperature ranges and application of
process. Few examples are RTD , Thermocouples of various types. Transmitters are used
to transmit the signals to PLC and DCS for processing and display purpose.

Radar Level sensors : These are high technology instruments uses directed microwave pulses downwards into
process where level has to be measured. An integrated timing circuit calculates how long it took for pulses generated
at the antennae to return, providing accurate level measurements based on the dielectric characteristics of the
measured media.

Gas analyzers : Gas analyzers play a crucial role in process control , analysis of produced gas indicating health
and efficiency of process, protecting human health and safety and preventing explosions and other catastrophic events.
Detectors are widely used by the steel plant for plant operation , wastewater treatment , manufacturing, and other
applications. In integrated steel plant operation in iron making, steel making and furnace processes these analyzers
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play vital role by analyzing the liberated /produced
gases as by product. The analysis of gases also indicate
health of processes. Analyzers uses laser technique ,
Infra red techniques and other various sensing
technology in gas analytics.
Control valves : Control valves are the final control
elements. A control valve is a valve used to control fluid
flow by varying the size of the flow passage as directed
by a signal from a controller. This enables the direct
control of flow rate and the consequential control of
process quantities such as pressure, temperature, and liquid level. Steel plant uses many types of liquid and gases
for process cooling , combustion system in steel making process. Various types and design of valves are used in
different application in steel industry. Special valves are used in coal flow and oxygen flow system,
Since , various media such as water , coke oven gas, blast furnace gas , oxygen , ammonia , nitrogen and
other inflammable and toxic gas are used in steel plant , these control valves in above media post lot of maintenance
challenges to maintenance personnel. Effective inspection and overhauling is essential for a smooth trouble free
operation. Maintenance of these
valves are very important in steel
industry.
Impulse lines : These are
elements which are essential in
instrumentation. Impulse lines carry
the signals to instruments . Impulse
lines are connected from sensor to
transmitters. Impulse lines are laid
in different sizes and may take
bends to reach instruments. Various
liquid and gases are handled in this
impulse lines and these lines tend to
get dirty and chocked. Impulse line
maintenance are very important and
needs attention during maintenance.

Example of Impulse lines layout :

Root valves , pipes, manifold
and other items in impulse line need
periodic cleaning. Check have to
performed for any leakages and
clogging. Water accumulation out of
vapor of gases have to be
periodically removed/drained. Cable
condition, tightness have to be
checked. Local display unit and
tightness of cove to avoid any
ingress needs to be checked.
Considering all the points which are
called measuring points needs to be
identified and addressed during maintenance by implementing in task schedules.
At every step of a process control , there is need to measure , display the measured value and implement a
control system. These instruments, valves & analytical instruments are subjected to wear, erosion, deterioration, aging,
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chocking etc., resulting in increasing breakdowns and outages. Verification of calibration of each instrument is also
a very important element to verify accurate and correct measurement by instrument.
For implementing a structured maintenance policy for instrumentation Maintenance, journey starts with creating
a team of highly experienced engineers having versatile experience. The team designs a criticality matrix of all
process Instruments. Creation of Standard Maintenance practices for all instruments considering actual process, media
& environment with clear guidelines of frequency of inspection , maintenance & overhauling. Team issues uniform
guidelines to all units to follow. The guidelines form standard document called Standard Maintenance Practices.
Implementation of guidelines is through SAP based ERP platform by creating a structured Maintenance planning.
Maintenance planning component is integrated with different components of other modules and subcomponents in
Plant Maintenance such as procurement etc.
The expert team initiates the process of planning. Very first action starts with defining and grouping equipment
under criticality matrix based on its impact on production process, Safety, maintainability etc.
The basis of grouping of equipment are the following factors:
1.
2.
3.
4.
5.
6.

Safety & Environment aspect
Quality
Operation cycle
Impact on Production
Failure rate
Maintainability

The above factors have a scale of 1 to 3 depending upon the severity (shown in next slide) and all equipment
have been rated on this scale.
Equipment’s are grouped as follows:
Critical Equipment - A
Semi-Critical Equipment - B Non- Critical Equipment - C
The evaluation standard for above decision is created and scoring is allocated to calculate criticality.
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Table showing the scoring and ranking
Equipments
Furnace 1
Furnace 2
Roughing Mill
Delay Roller tables
Coil Box
Crop Shear
Secondary Descaler
Finishing Mill
Measuring House
Rot and Laminar Cooling
Down Coiler 1
Down Coiler 2
Coil Conveyor
Motor House

S
3
3
3
2
3
2
2
3
1
2
2
2
1
2

Q
3
3
2
1
2
1
2
3
3
3
2
2
2
1

W
3
3
3
3
3
2
2
3
3
3
3
3
3
3

D
2
2
3
1
3
2
2
3
3
3
3
3
3
3

P
1
1
3
2
2
1
1
3
1
2
2
2
1
1

M
2
2
2
3
2
2
2
3
2
1
2
2
2
3

Total Score
14
14
16
12
16
10
11
18
13
14
14
14
12
13

Rank/Criticality
A
A
A
B
A
B
B
A
B
A
A
A
B
B

In a large process plant huge number of instruments and sensors are used . Each and every instrument is identified
in process and instrumentation drawing with a unique tags. Such large number of instruments are categorized bt
creating a data base in soft tolls and ranked to identify them in criticality matrix considering impact on production,
opportunity loss, quality losses etc.
Criticality decision :

Standard Maintenance Procedure
A Standard Maintenance Procedure, or SMP, is a written set of instructions that specifies how a maintenance
procedure is to be performed. It should be specific and detailed enough so that a qualified maintenance technician
who has never before performed the task can do so successfully by reading and following the instructions contained
in it. Integrated steel plant processes are complex in nature and employ high degree of diversity due various media,
liquid, gases, steam, and other corrosive gases. SMP addresses these issues considering past experience and process
knowledge. Taking in account these aspects the maintenance strategy is designed on frequency based or condition
based and adopted in creation of SMP and by clearly specifying the various steps of maintenance to be performed.
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Time-based maintenance (TBM)
In this case, inspections and services are carried out after a fixed time interval, and the maintenance of equipment
is performed after a predetermined time. The time cycle is derived from the experience and from the manufacturer
recommendation, which are justified by known aging behaviour as well as statistics.
However, the application of the time-based maintenance requires a correlation between condition in which
equipment is functioning, dirt accumulation, and the failure rate, so that based on past experience, individual
instruments can be replaced/cleaned before an outage occurs. In practice, the time-based maintenance has the
significant ad- vantage that, for example, complete shutdown can be planned and thus maintenance of all equipment
at the same time is possible.
Condition-based Maintenance (CBM)
Since in many cases, a strict relationship between the failure rate and the time elapsed of the equipment is not
available, and thus, the TBM is not effective, this leads to the application of the CBM strategy. In this case, the
maintenance and the replacement of the equipment are carried out in dependence on the condition. This strategy
requires that the condition of an instrument is detected by monitoring or inspection / diagnostic procedures
and can be compared with the requirements.
Example of a Control valve SMP
MP - Inspection of Control valve ( Fort nightly – F)
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SMP - Control Valve maintenance – 6 monthly
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Standard Maintenance Practice - Example

Maintenance Strategy implementation
For implementing a structured maintenance policy for instrumentation Maintenance, team of highly
experienced engineers having versatile experience is instituted. The team studies the processes and designs
implementation strategies. By using past experience based on failure data and guidelines of Standard
Maintenance practices for all instruments considering actual process, media & environment , a clear guidelines
of frequency of inspection , maintenance & overhauling is created. Team issues uniform guidelines to all units
to follow. Various production units follow the same guidelines and plan their maintenance task through SAP
based ERP package available across the company.

Process Flow Chart of Instrumentation maintenance strategy implementation across company
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Calibration and maintenance :
Other than maintenance and overhauling , calibration of instrument is an important aspect in the area of
instrumentation maintenance. Calibration is the verification that instrument is working as per required accuracy.
calibration is a documented comparison of the measurement device to be calibrated against a traceable reference
standard/device. Calibration is performed at specified frequency. While planning instrumentation maintenance,
calibration planning is also incorporated along with maintenance and overhauling. Based on various media ( Gases,
liquids) considering the dirtiness ( clean gas , semi clean gases , dirty gases , service water , demineralized water
etc.), frequency of maintenance and overhauling is decided aligning to SMP.
Following table shows and example :

Calibration-ZM09 Maintenance-ZM03
Following abbreviations used
PT
DPT
FT
TT
RTD
CO gas
BF gas
LD gas

-

Pressure Transmitter
Differential Pressure Transmitter LT - Level Transmitter
Flow Transmitter
Temperature Transmitter
Resistance temperature detector TC - Thermocouple
Coke oven gas
Blast furnace gas
LD process gas

Above strategy is combined with actionable measuring points both for calibration and maintenance clearly
mentioning that what are task to be checked with required out come OK/NOK or calibration achievement with in
certain limits. These are specified in guidelines for implementation.
Example showing Measuring points of calibration ( ZM09)

Limits no. are in %
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For maintenance of instruments also similar guidelines as ZM03 is issued and implemented by all units. Example
showing Measuring points of maintenance ( ZM03)

Example of Control valve maintenance

Few more examples are given in Annex 1
Above Task is implanted through
SAP ERP package, Following flow
chart
shows
the
steps
of
implementation. Implementation of
guidelines is through SAP based ERP
platform by creating a structured
Maintenance planning. Maintenance
planning component is integrated
with different components of other
modules and subcomponents in Plant
Maintenance such as procurement
etc.
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Maintenance planning is used to describe date and inspection activities to be performed for technical objects.
Maintenance plan defines the schedule and list of tasks to be performed under maintenance planning. A maintenance
plan can be created as per organization’s work such as different objects can be maintained on different dates and
the scope can be different as per the object type. Each and every instrument is created with an unique equipment
ID across all units. Equipment is also embedded with Object, class & Characteristics. These parameters enable all
to locate similar instrument any time across all units. Task list elaborates the activities to be performed during
inspection / maintenance. Frequency based inspection and maintenance is designed and inspection points are available
for each equipment and type of maintenance or overhauling is planned. Trigger from SAP system give information
as notification to maintenance engineers/ technicians.
Example of a triggers of task from SAP ERP system of an unit : Order triggers

Example of a triggers of task from SAP ERP system of an unit : Order Triggers

After task execution is completed , all measuring points are entered & activities are logged in system and job
completion is entered in SAP system. System records all activities done, abnormality found, corrective action done
etc. Compliance is available for analysis and learning from failure is implemented to improve maintenance practice
and implement the learnings. Time based and condition based maintenance is implemented. Spares needed for
overhauling will be seamlessly procured using sub modules with procurement /purchase requisition functions.
Learning from failure : Normal plant operation continues. Some times instrument may malfunction and plant
outage and delay may happen due to the instrument. The failure data is recorded in Learning from failure (
LFF) initiative. In LFF , all failure/malfunctions are analyzed. Learning of the same is again implemented in
strategy and plan is modified. Activity is horizontally deployed across the unit to avoid future failure.
A company-wide system is implemented with uniform practices using check list and certified personnel . This
also permits review and implement learnings to continuously improve the maintenance practice by modifying plan
and also deploy horizontally in other units. Uniform practices bring reliability & quality of maintenance.
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Annex 1
1.

Example of control valve overhauling guidelines

2.

Example of Gas Analyzer measuring points :
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3.

Gas Analyser SMP
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Abstract
Blue Star Limited is leading organization in Air Conditioning and Refrigeration business was facing key business
challenges like low margin in sales , piled up inventory, high lead time for development of new products ,high
level of import contents, dependence on overseas markets for key parts and overall cyclic demand by customer
due climate and geography of India. To overcome these challenges, Blue Star has set long term business objectives.
Blue Star Limited has initiated the TQM Journey based on Deming Prize framework along with detail road
map which will enable to steer this business excellence journey along with configuration of TQM Apex Steering
Committee to achieve the milestone & business objectives.
Phase 1 of this journey was kicked off as part of Project Qualis 1.0 (TQM) along with the implementation
of TQM Concepts like Policy Deployment, Daily Work Management and Continuous Improvement initiatives like
5S, Kaizen, Six Sigma, QC Circle Projects, POKA YOKE and Low cost automation.
To inculcate the TQM knowledge multiple training programs on various TQM methodologies e.g. Policy
Management, Daily Work Management were imparted for
rank and files employees and involved our shop floor
operatives in all continuous improvement activities. The
continuous improvement initiatives were coupled by IT
enablement through implementation of eQMS, FFBR and
Customer Acceptance Lab across all plants.
TQM was promoted through online quizzes, Project Qualis
Bulletin and demonstrated the best case studies in external
forums like CII , QCFI , TPM Club of India , Manufacturing
Today , JUSE at regional, national & international levels and
the teams bagged multiple times appreciation through bagging
couple of awards.
Figure 1: Project Qualis 1.0 Framework

Phase 2 of Project Qualis ( 2.0 ) was launched in 2019 to
encompass larger horizon of functions , the enhanced project Qualis 2.0 is built upon 10 pillars. Project Qualis
2.0 framework was kicked off on 18th Jan 2020 across all plants by Top Management and signed off all team
members to achieve the business objectives.
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Figure 2: Project Qualis 2.0 Framework

Over a period, Blue Star Limited reported a modest growth of 2.4% in its consolidated revenue from operations,
for the year ended March 31, 2020, as compared to FY19.
On a positive note, effective working capital management throughout the year, despite COVID-19 disruptions,
consolidated net borrowings reduced to 36% as on March 31, 2020, compared to FY19.

Keywords: eQMS - Electronic Quality Management System, IT – Information Technology, CII – Confederation of Indian
Industries, QCFI – Quality Control Forum of India, JUSE - Union of Japanese Scientists and Engineers
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Abstract
In BOF process at Steel-making shops, Lime is added for Silica and Phosphorus removal, after the beginning
of the oxygen “blow”, where it reacts with impurities (primarily Silica and Phosphorus) to form slag, which is
later removed. There are 9 PFR (Parallel Flow Regenerative) lime Kilns in Tata Steel, Jamshedpur producing 950
KT/year of lime to cater to the Quicklime requirement of Steel-making shops, with stringent quality requirement
of high available CaO content in lime.
The paper discusses the use of Data Science in our endeavor to improve CaO content in lime and at the same
time reduce fuel consumption. First an exhaustive list of causes that can be substantiated with data are prepared
and narrowed down to 8 causes through correlation analysis. Linear regression on these highlights 4 prime causes
that is responsible for 38% of the variation in the output i.e. available CaO%. Statistical Design of experiment
is performed on these factors to find their optimum range. Simultaneously a need was felt to quicken the product
analysis cycle as it took 8 hours for the chemical analysis to come. This led us to develop a Quality Predictive
model based on the last 24 hours of kiln data. There was an effective reduction in Product to analysis cycle by
8 hours. After achieving above 90% strike rate of prediction with the actual, it was perceived that there was scope
of further reduction in the analysis time by 8 hours which shall enable the operator to take pre-emptive action.
As there is no chemical reaction in the cooling zone, quality prediction is done on the basis of only 16 hours
data and prompting the operator to correct the deviating parameter. This exercise led significant improvement in
the available CaO% in lime from 91.6% to 94%. The model has been quantitively validated with real time lab
data of CaO%.
To ensure the customer that sustainability cannot be compromised with quality, simultaneous reduction in fuel
consumption is of utmost importance. Running parameters of Lime Kilns are analyzed with respect to heat
consumption and quality of lime produced. In absence of any strong correlation between input parameters and
heat consumption, a novel technique of grouping of data into good and bad zones were employed to get the
optimum range for kiln parameters. Kilns that are Twin shaft vertical PFR were run within the range provided
by the model under the same production rate. Data during the trial period shows that there was significant reduction
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in heat consumed per kg of product. At the same-time a decrease in heat loss from waste gas temperature and
Lime heat is also seen. This is a good example of Nonlinear regression optimization technique application in a
heating unit having long gestation period.
Keywords: Lime kiln, Lime Making, Lime Quality, Prescription model, Fuel optimization.

1. Introduction
Total lime production is estimated around 350 million tons and 40-45% globally is used in steel
manufacturing industry [Manocha et al., 2018]. There are 9 number of PFR (Parallel Flow Regenerative) lime
Kilns at Tata Steel, Jamshedpur in order to cater to the lime requirement of LD shops. Six of the kilns are
Coke Ovens gas fired and 3 kilns are Mixed gas (CO gas+ BF Gas) fired. Lime is used as a basic flux to
execute chemical reaction during steel- making process [Karl-Heinz et al.].
Calcination of limestone, since an endothermic chemical reaction, requires considerable infusion of heat
energy. The lime stones must be heated to the dissociation temperature to complete the decomposition [Crump
et al., 2000]. When limestone is heated, the calcium carbonate is decomposed as per the following equation.
CaCO3 + 42.5 kcal of heat = CaO + CO2(↑)

(1)

In the process heat consumed/Kg of lime is 755 Kcal at 900 oC to 1100 oC.
PFR kilns, by design are highly fuel efficient using 800-820 Kcal for 1 Kg of lime. With heat losses so limited,
it is a challenge to reduce it further. As the In-house coke ovens generation is limited, we faced pressure to reduce
our fuel consumption to minimum in PFR (Parallel Flow Regenerative) Lime Kiln.
The parallel-flow heating system yields ideal burning conditions. The flame moves in the same direction as the
charge, providing the maximum temperature difference at the beginning of calcination in the burning zone as. The
flame pattern ensures a minimum temperature at the end of the calcination process to protect the smaller particles
in the charge from over burning as shown in Fig 1.
The regenerative preheating of the combustion air
provides a thermodynamic advantage. The stone
preheating zone acts as a regenerator for preheating
the combustion air produced by the excess heat of the
waste gas. The limestone itself temporarily stores the
heat. This regenerative process is completely
insensitive to dust-laden or corroding gases while
providing excellent heat transfer characteristics.
Regenerative preheating of combustion air makes the
kiln virtually independent of the excess combustion
air factor. This considerably simplifies setting the
correct length of the flame, as a large volume of
excess air produces a shorter flame while a smaller
Figure 1: Working of Lime Kiln.
volume of excess air produces a longer flame.
The regenerative system and the parallel-flow heating system demand a kiln with two shafts. The two shafts
alternate their firing and regenerative functions at intervals. The connecting channel between the shafts is located
near the bottom end of the burning zone. At this point, the kiln gases flow from the combustion chamber to the
regenerative chamber.
Here it requires to be mentioned that, for steel making process, LD#1 and LD#2 receives lime from kiln 1
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to 7 and LD#3 gets lime from kiln 8 and 9. Receiving lime from a combination of kilns has its own operational
complexity. When steel making is operated from level#2 automation, CaO content in lime is needed to be fed to
the converter model. This will make sense only when lime from all the kilns are having the same CaO content.
Same output from as many as 9 different kilns is easier said than done.
1.1

Challenges in ensuring lime with minimum standard deviation from all kilns:
1)

Chemical Analysis lead time of 8 hours:

After discharging of lime, it further takes 8 hours to know the chemical analysis of
lime. Only then the operator can take any corrective action.
2)

Comparatively slower process:

Limestone takes almost 22 to 24 hours from the time of entering into kiln and
coming out as lime.
This long conversion time also ensures that any action taken by operator takes its own time to reflect in the final
output.
1.2 How Agile methodology can come to rescue:If we can leverage data science and have a guess at the output instantly even with 90% accuracy , the operator
can take corrective action 8 hours earlier. Then we are left with only some fine tuning after actual chemical analysis
comes.

Figure 2: Lime quality prediction model using agile methodology.

So, this study aims to develop a machine learning based lime quality prediction model based on process data
to server the customer requirement. Multiple linear regression technique has been used to develop the model using
python programming. Further the model has been quantitively validated with the lab data of lime quality (CaO%).
Once we got a validated predictive model, we leveraged that in reducing our lead time for process correction.

2. Methodology: Model design and implementation
In the present scenario at lime kilns, the calcined lime used to be tested in labs to get the lime quality that
takes around 8 hours. Development of this machine learning based model will enable the user to control the lime
quality 12 hours before the final production of calcined lime. The control of lime quality is based on prescription
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given by the model to control the process parameters. This prescriptive model is linked with a predictive model
to provide prescriptions every hour as show in Fig 3. Both model follows the same modeling techniques as described
in subsequent sections.

Figure 3: Block diagram of prescriptive model.

2.1

Model Flow Diagram

Model has been built step by step as shown in Fig 4. It includes the steps from data collection to the final
output visualization.
The flow diagram for the current model is show below:

Figure 4:Model flow diagram.

2.2 Data Collection and Model Input
Data related to process is fetched from process side servers and stored in the Data-base. The data inputs used
in the model have been fetched from the data-base. Using cross-correlation technique the final list of data as input
(X) and output (Y) has been decided as below.
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Table 1: Input and output varaibles for the model

Independent variables (X)
Heat Input
Gas flow
Gas CV
Excess air %
Waste gas temperature
Pyrometric Kiln temperature
Cooling air pressure
Gas pressure
Kiln pressure
Combustion air pressure

Dependent
variable
(Y)
CaO%
(lime quality)

The input – output data of 14 months (October 2018 to December 2019) is fetched from lime plant level 2
system. The time synchronization technique has been used between input (X) and output (Y) to put all the parameters
at the same scale.
2.3

Data Cleaning

The crucial step in any machine learning data science based model is the cleaning of data. The data should
be authentic and must be free from any underside values before using into the model development. To serve the
same purpose, data has been cleaning by using python as a tool. Firstly, the data set was made free from NAN
values. Missing data have been handled using multiple imputation technique by filling the data with mean value.
2.3.1 Outliers Treatment
(2)
The undesired outliers negatively affect the model output. Treatment of outlier data is based on the Z score
of the respective data point. On those data points have been which have Z value less than or equal to 3. The
parameter Z score has been calculated by using following mathematical formula:
Here,
and
data point.
2.4

represent mean value and standard deviation of data set respectively.

is the value of each

Data Visualization

The variation in the data has been captured by plotting them on line graphs (for input variables) and scatter
graph (for output) as shown in below Fig. 3.
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Figure 5: Input data visualization.

3. Model Development
This data science based analytical model has been developed by using Python as a tool. Multiple linear regression
algorithm has been adopted to achieve the desired results.
3.1

Assumptions/Requirements
Following are assumptions/requirements considered before applying the regression model:
Linear relationship between input and output variables
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(1)
(2)
(3)
(4)
3.2

Input variables are normal.
There is no multiple collinearity among input variables (predictors).
There is no auto-correlation in residuals.
There is no sign of heteroskedasticity in the residuals pattern.

Checking for Multiple Collinearity

The absence of any correlation among input variables is referred as multiple collinearity. The input parameters
have been checked for the same. The correlation has been represented in the heat map as shown below:

Figure 6: Heat-map showing correlation among input variables.

The cut-off value of 0.7 has been considered to check the correlation among the input variables. As it can be
noticed that the parameters Shft_1_Kiln_pressure and Shft1_Air_pr(Cooling) have higher correlation than cut-off
value as shown in Fig. 6. Eventually, One of these input parameter has been removed from the final data set for
model development.
3.3

Standardization of the data

Different features (input parameters) included in the input data have their own scale of measurement. Hence,
standardization of the input parameters becomes important if we intend to compare the importance of the respective
parameters in the model. In this process, all the parameters are set at the zero mean (same mean) so that their
deviation from the mean can be compared to know their importance in the final model. Standardization has been
done by subtracting the mean ( ) of each data from the corresponding data point (
result by corresponding standard deviation ( ).

) and then dividing the

Below figure 7 shows the importance of the features (input parameters) in predicting the final output (CaO%)
based on standardized coefficients. Coefficients obtained from the standardized data are included to show the
importance of features.
It is noted that the coefficient obtained from the original data has been included to derive the regression equation.

527

3.4 Model Building
Multiple linear regression algorithm has been implemented to develop the model as per need. The linear regression
is a commonly used predictive analysis technique. In the predictive analysis, we do prediction on target variable
(output) based on the feature variables (input). The output is predicted by establishing a relationship between feature
variables and the target variable.
There are only two independent variables in simple linear regression but in multiple linear regression there are
more than two independent variables [eq. (3)] [Nikhil et al.].
The simplest mathematical form of regression equation showing relationship between input and output variable
is expressed as:
(3)
Here X, Y,
respectively.

,

are input variable, output variable, regression coefficients, intercept of regression line

3.4.1 Self-learning Technique
A self-learning technique has been incorporated into the model by the implementation of exponential algorithm.
This step improved the model performance from 75% in +/-1 to 90% in +/-1.
This integration of self-learning approach in the final model corrects the real-time error and improves the hourly
prediction [eq. 5] performance. A correction factor
been calculated as [eq. 4]:

(

based on exponential time series technique has

(4)
Here,

is the correction coefficient where

>

>…….>

Hence final prediction equation is given as:

(5)
Where is predicted CaO% at
time t.
3.4

Actual Vs Predicted
CaO%

Below box plot in figure
shows the actual CaO% (lime
quality)
and
corresponding
predicted values by the model.
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Figure 7: Feature importance.

It is clear from the plot that there is very narrow difference between predicted and actual values of CaO%. Mean
absolute error has been observed to be 0.97 as a residual value which is quite acceptable by the customer.

Figure 8: Actual CaO% vs Predicted CaO%.

3.5

validation of model performance with real time data

The model developed has been validated with the actual lab data of lime quality. Below figure 8 shows the
comparison of lime quality (CaO%) predicted by the model with actual lime quality coming from the kiln as output.
The variation shows the real-time lime quality which is predicted by the model. Accuracy of the model came to
be 90% in +/-1 of CaO% in real-time.

Figure 9: Comparison of predicted CaO% with actual CaO%.

4. Result and discussion
This section explains the model results which mainly consists of effects and benefits gained by customer in
terms of CaO% and efficiency from implemented model.
4.1

Improvement in Quality consistency

Figure 10 shows the variation of standard deviation of lime quality (CaO%). It is observed that the prescriptive
lime quality model has been able to lower the standard deviation from 1.6 to 1.1.
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Figure 10: Monthly variation of Standard deviation of CaO%.

Reduced standard deviation of CaO content resulted in improving efficiency factor of lime at LD shops.
Table 2: Improvement in efficiency factor.

Parameters
Efficiency factor FY19
Efficiency factor FY20

LD#1 customer
89
89.75

LD#2 customer
92
92.75

LD#3 customer
92
92.75
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Restaurant Bill Effect, or When can we Lean on “Lean”?
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Abstract
It is well known that “Lean” is not about just “diet” in activities, human resources and equipment. “Lean”
is about elimination of waste in order to work out processes with “as little waste as possible”.
Here the question arises: How to know that you achieved the stage of “as little as possible”, i.e. how to know
that you practically working “Lean”, or at least on the right track to be “Lean”?
So, striving to become a “Lean” Organization we must determine a criterion, or indicator, to be in right direction.
In this paper we propose to consider the “Restaurant Bill effect” as one of such criteria. Simply put, if you’re
not focused on reducing your waste, you’re not using lean principles.
The paper introduces the Criterion and a quantitative statistical approach to assess the achievement organizational
status of “being LEAN”.
Simply put, if you’re not focused on reducing your waste in such a way that your process will follow the
Pareto rule - then the RBE does not apply, you’re not using lean principles.
The paper is discussing why the Restaurant Bill Effect is undesirable and should be eliminated. You can “lean
on lean” if your process does not follow the Restaurant bill Effect.
For the above-mentioned purpose so called "Restaurant Bill Effect" (RBE) is introduced in the paper, following
the offered principle by the Organizational Maturity, Stability and Lean criteria.
The RBE, which is actually “the power of miscellaneous” or “power of trivial many against vital few”, at the
very first glance, simply contradicts the Pareto principle of “Vital few”.
Yet it was shown [2,3] that these two principles rather complement one another, pointing out the management
style.
Basically, the Restaurant Bill Effect demonstrates, in contrary to well-known Pareto principle, the Power of
Miscellaneous, the power of a large quantity of small elements, with essential influence on the result. Not “20-80”,
but rather “80-80”!
If the RBE phenomenon is recognizable in the processes of an organization, it means that the Pareto Principle
in this case is compromised, and “Miscellaneous” is no more negligible, i.e. no more the “Trivial many” but “Vital
many”.
The paper is discussing why the Restaurant Bill Effect is result of serious drawbacks in management, therefore
is undesirable, so the “Vital Many” consists a lot of waste and consequently should be eliminated. The advantages
for a process/system of being “Pareto-compliant” are presented as one of the criteria being “Lean”. The way of
transforming the “Powerful Miscellaneous” into “Trivial many” and therefore determination of a stable and mature
Vital Few is offered, leading to become “Lean”.
The RBE is a principle emphasizing "the power of miscellaneous”.
It shows the importance of Management Control over the elements gathered one-by-one but together - under
article "miscellaneous". The result of such a control should be conversion of this miscellaneous to the “trivial
many”.
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The statistical test for being certain that the Lean status is achieved is provided and explained.
Keywords: Lean, Restaurant Bill effect, Organizational Maturity, Stability, Lean criteria.
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Abstract
Software defects cause big problems to our society because software is embedded in numerous products. Thus,
defect detection via software testing is essential to prevent such problems and to improve the quality of software
design. Within this context, methods for software test design which have frameworks for the test requirements
analysis have been proposed to create effective and efficient test cases from various aspects, such as software
behavior, use cases, usage environment, and so on. These frameworks are effective in designing test cases; however,
the level of abstraction is high, and there is a lot of flexibility. So, the quality of test cases depends on the skill
of testers, which is considered as a problem. This paper describes a test design method that includes more specific
frameworks. We propose this method to understand the test object from both the static and dynamic aspects and
to design test cases in the viewpoints of “weakness” and “adverse conditions.” We evaluated the effectiveness
of the proposed method through an experiment wherein testers conducted the designing of test cases. It was
confirmed that they derived more test cases that were related to weakness and adverse conditions using the proposed
method than the empirical one.
Keywords: Software testing; Test requirement analysis; Test viewpoint; Test development life cycle

1. Introduction
1.1

Background

Products embedded with software have been used in various fields. Software found to have defects cause big
problems to our society. Thus, improving the quality of software design and verifying product quality via software
testing are important.
It is difficult to take into consideration comprehensively the severe conditions caused by the weakness of the
structure and software behavior, as well as the user’s usage conditions and usage environment. It leads to the outflow
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of defects to the market. There is also the insufficiency of the amount of time for the software testing caused by
the constraint of the cost of the project.
Software test design has become extremely difficult, and an effective and efficient methodology of the software
test design is needed in a situation wherein time restrictions are severe.
1.2

Previous Studies

Test design techniques, such as equivalence partitioning and boundary value analysis, have been applied to each
written content of specifications [1], [2]. Due to the increasing complexity of the test objects and their testing, the
test requirements analysis has become widespread, and various test design methods have been proposed [3], [4],
[5], [6]. The methods in which a mind map [7], [8] and a framework of 6W2H [9] are used are proposed by the
Japanese Association of Software Test Engineering.
Test conditions that are not written in the development specifications can be considered by using these methods.
However, the viewpoint of analyzing the test objects and the criteria for dividing them are very abstract. Therefore,
the results of the software test design depend on the skills of testers. More concrete frameworks for the analysis
of the test objects are required.

2. Purpose of This Research
The purpose of this research is to create a method for the software test design of system testing by which testers
can appropriately extract the test cases from the weakness of the test objects, severe usage conditions, and usage
environment.
In this paper, we refer to weakness peculiar to the means for realizing the system function as “weakness,” the
user’s usage conditions and usage environment as “usage scenario,” and the severe conditions caused by the usage
scenario as “adverse condition.” Our method enables structural extraction of weakness and adverse conditions.
Chapter 3 discusses the basic concept of the proposed method, and Chapter 4 presents the details of the method.
In Chapter 5, we verify the effectiveness of the method through a case study, and Chapter 6 presents the results
of the case study.

3. Basic Concept of the Proposed Method
Designing high-quality test cases can be achieved by properly understanding
and adverse conditions that are not written in the development specifications,
To consider weakness and adverse conditions, analyzing the function of the
the system function, and the user’s usage conditions, and usage environment is
process of the software test design as follows:

the test object, considering weakness
and finally, deciding the test cases.
test object, the means for realizing
important. We organize this thinking

1st step: Understanding the test object (understanding the structure of the test object, its behavior, and the
usage scenarios)
2nd step: Extracting weakness and adverse conditions
3rd step: Creating test cases, taking into consideration weakness and adverse conditions
In the first step, we understand the whole test object from both the dynamic and static aspects. From the static
aspect, we enumerate the components of the test object and organize their relationship, as well as understand the
structure of the test object. From the dynamic aspect, we analyze the means for realizing the system function and
usage scenarios.
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In the second step, we extract weakness and adverse conditions. Weakness is caused by the means for realizing
the system function. We need to viewpoints to aware weakness from the structure and behavior of the test object.
Adverse conditions are caused by the unexpected usage scenarios.
In the third step, we create test cases. The lack of test cases can be prevented by considering weakness and
adverse conditions. Test cases are created by combining weakness and adverse conditions as it increases the
possibility of faults. In this way, duplication of the test cases is decreased, and efficiently detecting faults becomes
possible.
Figure 1 presents the overview of the thinking frame of the software test design which we created according
to the above concept. In addition, it shows the relationships of the considerations. This figure also presents the
tasks and formats of our method and expresses the order of tasks using directional lines. The output of the previous
task is the input of the next task.

4. Details of the Proposed Method
4.1

A-1. Understanding the
Structure of the Test
Object

Enumerate the components
of the test object and create
System Under Test Structure
Diagram. The notation of the
diagram refers to the MAQ chart
[10].
Based on the development
specifications,
identify
the
components, and draw them as
ellipses in the diagram. Connect
the related components by
drawing lines. Then, draw the
abstract
functions
as
quadrangles, including some
components.
The components of software
functions are used in B-1, B-2,
and B-3, so list them in a
hierarchical
structure.
The
top-level
functions
are
considered as functions of
quadrangles
and
the
bottom-level
functions
as
components
of
software
functions. If you notice that a
component is lacking during the
creation of a hierarchical
structure, you can add it to the
diagram and the list.
Fig. 1. Thinking frame of the software test design considering weakness and adverse conditions
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Figure 2 presents the example of the System Under Test Structure Diagram of a vending machine. There are
nine functions indicated by quadrangles: receiving money, selling the beverage, refund, prize, response to
malfunction, various setting, merchandise inventory control, sales controlling, and initialization. Moreover, there are
72 components of software functions.
4.2

A-2. Understanding the Behavior of the Test Object

Visualize the software behavior in a sequence diagram. The notation of the diagram refers to UML [11], and
we expand the notation. Draw the sequence diagram by each function of the quadrangle of the System Under Test
Structure Diagram. Then, draw the diagram for only the functions which are concerned with weakness. The objects
in the sequence diagram are the components of software functions.
In our notation, the objects and the execution specification of the sequence diagram are colored for each CPU
executing the specification. This makes it possible to derive the weakness caused by the process management of
the operating system. The complex execution specifications are drawn as quadrangles with vertical lines on the right
and left edges. This makes it possible to derive the weakness caused by the complexity of the software program.
Figure 3 presents an example of the sequence diagram of a vending machine. Moreover, it shows the function of
“selling the beverage” in Figure 2.
Environment
Hardware (outside)
User

Hardware (inside)

interface

Actor

Software
Selling the beverage
Preparation
lamp

Check the
sold-out
lamp

Light

Sold-out
lamp

Push the
sales button

Sales
button

Wait for
emitting a
beverage/C
heck sales
button

Bill slot
Coin slot
Display

End user

Lighting the
preparation
lamp
Lighting the
sold-out lamp
Processing by
pressing the
sales button
Flashing the
sales button
Interrupting
money reception
Displaying
the amount
of money

Judging condition for
lighting the preparation
lamp
Judging condition for
lighting the sold-out lamp

Temperature
sensor
Controlling
temperature in
the rack

Heater

Calculating and saving
the number of stock
Deciding the rack
of emitting the
beverage
Judging and
saving the state
of the machine

Cooler

Emitting the
beverage

Temperature

Rack

Obliquity

Calculating and saving
the amount of money

Vibration

Fig. 2. “System Under Test Structure Diagram” of a vending machine (partial)

Processing by
pressing the
sales button

Flashing the
sales button

Deciding the
rack of
emitting the
beverage

Emitting the
beverage

Calculating and
saving the
number of
stock

Judging the
condition for
lighting the soldout lamp

Judging
condition for
lighting the
preparation lamp

Get the number of the stock

Judge processing
condition
Stop condition judging

Select rack

Start emitting

Judge lighting
condition

Detect jam

Start flashing
Judge lighting condition
Update the
number of stock

Get the number of the stock

Judge lighting
condition

Legend
The components processed by the master CPU

The components processed by the sales button CPU

The components processed by the rack CPU

Fig. 3. “Sequence Diagram” of a vending machine (partial)
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4.3

A-3. Understanding the Usage Scenario

Draw the usage scenario diagram to visualize the usage scenario. Extract the components of the users’ actions
from the System Under Test Structure Diagram and connect them using directional lines. The solid directional lines
indicate normal usage, whereas the dotted directional lines indicate dangerous usage. This makes it possible to derive
adverse conditions caused by dangerous usage.
Figure 4 presents the example of the usage scenario diagram of a vending machine. Moreover, it shows the
function of “a purchaser” in Figure 2.
4.4

B-1. Considering Weakness

Consider the weakness of the test object by using the Weakness Viewpoint List which will be described later.
We create the list by organizing the failure mode of the objects which have weakness. The list is presented in
Table 2, from the column “objects which have weakness” to the column “elements of weakness.” “Objects which
have weakness” are general components of a software product.
“Function abnormality” refers to the pattern in which the objects which have weakness do not function correctly.
“Weakness viewpoint” refers to the concrete function abnormality that happens to the objects. “Property to weakness”
refers to the property considered as a primary factor of the function abnormality. “Element to weakness” refers
to the failure mode caused by the property to weakness. By using the Weakness Viewpoint List, we can specify
the failure mode as weakness from the
Start
elements realizing the functions of the
product as well as from the property.
From the sequence diagram, derive the
weakness that is related to “OS – process
management,” “application – elements of
program,” and “application – structure of
program.” The others are used to
complement the test cases in the task of
B-3.

Check the
refund lamp

Check amount
of input money
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Input
money

Check the
sales button
Push the
sales

To derive the weakness that is related
to “OS – process management,” search the
sequential process, interrupt process, call
process, or parallel process. To derive the
weakness that is related to “application –
elements of program” or “application –
structure of program,” search the complex
execution specifications which have
vertical lines in the sequence diagram.
Then, list the weakness derived from the
sequence diagram, and use it in the task of
B-3.
For example, to derive the weakness
that is related to “OS – process
management – parallel process,” search the
objects and execution specifications that are
simultaneously implemented in different
CPUs. Then, you can find “flashing the
sales button” and “emitting the beverage”

Check the
sold-out lamp

Wait for
emitting the
beverage

Check the
sales button

Take the
beverage out

Wait for prize
roulette

Wait for the end
of the prize
roulette

Check prize
roulette
Check the result
of the prize
roulette

Push refund
button

Fig. 4. “Usage Scenario Diagram” of a vending machine (partial)

in Fig. 3. In these objects, there is a concern for gap of processing. So, derive “gap of processing” as weakness
of the components of these functions. For another example, to derive weakness that is related to “application,” search
the execution specifications which have vertical lines. Then, you can find some execution specifications in Figure
3, which have conditional branches and variables. There is a concern for “problems caused by elements of program”
and “problems caused by structure of program,” so derive these as weakness of the components of these functions.
A total of 104 weaknesses were extracted in the example of the vending machine.
4.5

B-2. Considering Adverse Conditions

Consider adverse conditions by using the Adverse Condition Viewpoint List presented in Table 1. We create
the list by organizing the failure of usage process and targets that cause the failure. “Adverse conditions viewpoint”
refers to the factor causing unusual process, whereas “element of adverse condition” refers to the concrete factor
of the adverse conditions viewpoint.
To derive adverse conditions from the usage diagram, consider the unusual usage processes in each action in
the diagram. These unusual usage processes include failure and preventing to execute the process indicated by the
solid line. Execution of the process indicated by the dotted line is also considered as an unusual usage process.
Consider the adverse conditions from each unusual usage process using the Adverse Condition Viewpoint List. Relate
the adverse conditions to
Table 1. Adverse Condition Viewpoint List
the components of the
software functions, list
Failure of usage
Targets which cause Adverse conditions
Element of adverse condition
process
the failure
viewpoint
them, and use them in the
Not carry out the action Users do nothing because they cannot
Not carrying out
User
task of B-3. By referring to
process
understand how to operate.
the System Under Test
Users miss the timing of the operation.
Users leave from the test object.
Structure Diagram and the
Action 1
Hardware
Hardware does not move The hardware itself does not move.
sequence diagram, you can
×
relate the adverse conditions
Operating condition is cut The power supply is cut off.
Environment
off
Communication is cut off.
to the components of the
Other systems
The system does not
The system stops.
software functions executed
move
by the user that causes the
Preventing process User
A repetition of the same operation
Action of interruption
Interruption of another operation
adverse conditions.
Action 1

For example, from the
viewpoint of “preventing
process – hardware –
disturbed by hardware,” we
consider the possibility of
not emitting a beverage
correctly
due
to
the
presence of foreign material
in the vending machine. We
derive “disturbed by another
hardware or object” as an
adverse condition. The
function executed during
“wait
for
emitting
a
beverage” in Figure 4 is
“emitting the beverage” in
Figure 2 or Figure 3. We
relate the adverse condition
to the function of “emitting

Hardware

×
Environment
Action 2

Other systems
Unexpected process User

Action 1

×

Hardware
Environment
Other systems

Inaccuracy of hardware (its operation is
unsuitable).
Hardware is disturbed by another hardware
and object.
Disturbed by environment Temperature
Humidity
Atmospheric pressure
Electromagnetic waves
Light
Air, gas, and wind
Liquid
Obliquity
Vibration
Sound
Disturbed by other
Interruption processing from other systems
systems
Wrong action
Unexpected operation
Different operations at the same time
Operation beyond restriction
Executing the wrong action
Wrong behavior of
Detection of the wrong value
hardware
Wrong assembly
Affected by environment * Not applicable
Disturbed by hardware

Affected by other
systems

* Not applicable
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the beverage.”

Table 2. Relationship List of Weakness and Adverse Condition
Objects which have weakness

Function

Weakness

abnormality

viewpoint
Wrong

Hardwar Resource

Central

Executing the

e

processing

wrong functionality processing

unit (CPU)
Main memory Not executing the
functionality

Property to weakness

Element to weakness

Element to adverse condition

It is weak with heat.

The error of operation occurs by

Temperature

thermal runaway.
It is affected by an electric

It malfunctions under the

noise.

influence of an electric noise.

Electromagnetic waves

Not store the

There is a maximum of the

The storage capacity is full and

Hardware is disturbed by another

data

storage capacity.

cannot write in.

hardware and object.

It can hold data only when

The power supply is intercepted

The power supply is cut off.

turning on electricity.

and data disappears (unusualness
in data).

Executing the

Store the wrong It is affected by an electric

wrong functionality data

It stores wrong data under the

Electromagnetic waves

noise.

influence of an electric noise.

It stores the value as it is.

The wrong value is specified, and Executing the wrong action.
it reads and writes as it is.

Detection of the wrong value

It stores the value in the

The wrong place is specified, and Executing the wrong action

specified place.

it reads and writes as it is.

Storage (hard Not starting the

Not store the

There is a maximum of a

A storage capacity is full and

Hardware is disturbed by another

disk etc.)

data

storage capacity.

cannot write in.

hardware and object.

Connection may go out

It fails to read and write data

The hardware itself does not move.

physically.

because it cannot access the

functionality

storage.
It is affected by an

It fails to read and write under

electric/magnetic noise.

the influence of electric/magnetic

Electromagnetic waves

noise.
Preventing the

Storing data

Reading and writing are

Reading and writing take time,

Hardware is disturbed by another

functionality

becomes slow

slow.

and processing is delayed.

hardware and object.

Executing the

Store the wrong It stores the value as it is.

wrong functionality data

The wrong value is specified, and Executing the wrong action.
it reads and writes as it is.

Detection of the wrong value

It stores the value in the

The wrong place is specified, and Executing the wrong action

specified place.

it reads and writes as it is.

It can hold data, even if it

The power supply is intercepted,

does not turn on electricity.

and halfway data remains

The power supply is cut off.

(unusualness in data).
Bus

Executing the

Communicate

wrong functionality the wrong data

There may be a gap of a

It transmits and receives wrong

Inaccuracy of hardware (its

signal at the multiple buses. data due to the gap of the timing operation is unsuitable).
of the signal.
It is affected by an electric

It transmits and receives wrong

noise.

data under the influence of an

Electromagnetic waves

electric noise.
Network

Not starting the

Not

functionality

communicate the

Preventing the

Communication

functionality

of data becomes communication has

Connection may go out.

Connection goes out and the

wrong data

data go wrong.
The quantity of

Communication becomes slow

Hardware is disturbed by another

due to congestion.

hardware and object. Operation
Communication is cut off.

slow

restriction.

Communicate

Connection may go out

Connection goes out during

wrong functionality the wrong data

during communication.

communication, and halfway data

Not starting the

The trigger for an input is

No data is inputted.

Executing the

Communication is cut off.

transmission and reception of

beyond restriction

remains.
Interface

Input devices

No input

(a keyboard, a functionality

required.

Users do nothing because they
cannot understand how to operate.

button, a

Users miss the timing of operation.

sensor, etc.)

Users leave from the test object.
The hardware itself does not move.
Executing the

Input wrong

wrong functionality data

The number of times of the

It mistake the number of times of Inaccuracy of hardware (its the

input and the input signal

an input.

operation is unsuitable).

The wrong value is specified and

Executing the wrong action.

which the user meant may
be different.
It inputs the value as it is.
Output devices Not starting the

No output.

The trigger for an output is

are

The hardware itself does not move.
Hardware is disturbed by another

functionality

lamp, etc.)

Preventing the

An output

The output to an output

It is not outputted in a timely

functionality

becomes slow

device is slow.

manner.

hardware and object.

Executing the

Output wrong

It outputs the value as it is.

The wrong value is specified and

Executing the wrong action.

it outputs as it is.

Detection of the wrong value

A deadlock may occur.

It cannot be accessed by a

-

Not starting the

required.

Not access a

functionality

database.

Preventing the

Access to the

The time which access takes Access becomes slow.

functionality

database

by data volume or query

becomes slow.

changes.

* Other middleware is TBD.
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Detection of the wrong value

No data is outputted.

(a display, a

wrong functionality data
Middlew Database

it inputs as it is.

deadlock.
-

OS

Process

Sequential

management processing

Executing the

The processing is It performs processing as it

wrong functionality not performed
correctly

A

It may process regardless of When it sees by the whole
the situation of the other

B

The processing order is wrong.

-

is in the specified order.
-

sequential operation, it has not

processes.

taken compatibility.

It may process, even if a

The following process starts

previous process does not

before the previous process

finish.

finishes or stops.

-

It may not process, even if a Although the last process finishes, previous process finishes.

the following process does not
start

Interruption

Not starting the

Not start the

It performs processing as it

The sequence priority of

Interruption of another operation.

processing

functionality

process

is in the specified sequence

interruption processing is wrong.

Interruption processing from other

A

B

priority.
Executing the

The processing is Even after interrupting, it

wrong functionality not performed
correctly

may continue processing.

systems
The interrupted process does not stop.

It is necessary to specify the After the interrupting process

-

processing after interruption finishes, the interrupted process
finishes.
Call processing Not starting the
A

B

does not resume

Not start the

It may be called from two or The called process cannot

functionality

process

more processes.

Executing the

The processing is It can continue processing,

wrong functionality not performed
correctly

Different operation at the same time

respond because it is processing.
The calling process does not stop. -

even after calling.
It is necessary to specify the After the called process finishes, a processing after a call

calling process does not resume.

finishes.
Parallel

Executing the

processing

wrong functionality not performed

The processing is It is necessary to take
correctly

A

B

A gap occurs due to lack of

A repetition of the same operation

synchronization between the synchronization.
processes of being parallel.
Even if a gap occurs, it can

By continuing prolonged

continue processing as it is.

processing, a gap between the

A repetition of the same operation

processes of being parallel
exceeds the tolerance level.
Preventing the

The processing is The timing of message

Messages arrive simultaneously

Different operations at the same

functionality

prevented

reception may overlap.

from two or more processes.

time

The timing of message

Two or more processes

Different operations at the same

transmission may overlap.

simultaneously access the same

time

resource.
File

File system

management
Device

Not starting the

Not access

It may break logically.

functionality
Device driver

management

The file system breaks logically

The power supply is cut off.

and cannot access data

Not starting the

The device does Two or more device drivers

By the affinity with the OS or

Hardware is disturbed by another

functionality

not operate

other device drivers, the device

hardware and object.

may interfere.

may not operate normally.
Memory

Paging system Preventing the

control

functionality

Memory access

If memories run short, I/O

is prevented

with submemory storage will becomes slow.

Thrashing occurs and processing

Hardware is disturbed by another
hardware and object.

occur frequently.
Applicati A mounting

Intermediary

Preventing the

Processing is

It may hold an unnecessary

Unnecessary data remains and it

on

file

functionality

prevented

file finally.

wastes the data storage.

The data type of a variable

Problems caused by the elements -

system and

-

an algorithm * Other mounting system and algorithms are TBD.
The

A variable,

component

arrangement, wrong functionality component the a and arrangement needs

Executing the

Wrong

of the

etc.

program

program

of the program

specification and an
initialization.

The structure Sequential

Executing the

of the

selection and

wrong functionality of the program

program

repetition

Wrong structure An order, the conditional
branch, and the number of

Problems caused by the structure of the program

times of the repetition of
processing need to be
specified.

4.6

B-3. Deciding the Test Cases

Create a test cases list by considering the relationship between weakness and adverse conditions. When relating
weakness to adverse conditions, refer to the Relationship List of Weakness and Adverse Condition in Table 2. The
structure in Table 2 makes it possible to specify the weakness caused by adverse conditions and the adverse
conditions that cause weakness.
In the “Function” of the test cases list, write the functions list created in the task of A-1. If some functions
should be tested simultaneously due to weakness, gap of processing, and so on, write multiple functions with “/.”
In the “Aim of test case” of the test cases list, write “Weakness,” “Adverse conditions,” or “Weakness/Adverse
conditions” to elucidate the aim of the test case. In the “Test case” of the test cases list, write the description
of the test cases that verify the function of the product under weakness and/or adverse conditions. For example,
you can write test cases in the following formats: “Verify not occurring the [weakness] in the [function]” or
“[evaluation content] of the [function] under the [weakness or adverse conditions].” When writing the evaluation
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content, refer to the system and software quality models in ISO25010. To verify the correctness of the function,
write “Verify the behavior”; for the availability, write “Verify the availability”; and for the time behavior, write
“Verify the performance.”
Table 3. “Test Cases List” of a vending machine (partial)
Aim of the

Function

Test case

test case
Selling the

Starting the Processing by pressing

beverage

sales

Weakness

Verify that there is no problem resulting from the
component of the program of processing by pressing

the sales button

the sales button
Weakness

Verify that there is no problem resulting from the
structure of the program of processing by pressing
the sales button

Processing by pressing

Adverse

Verify the behavior of the sales button at the time

condition

of repeating the same operation

Adverse

Verify the behavior of the sales button at the time

condition

of carrying out the unexpected operation

Weakness

Verify the priority of processing between processing

the sales button/judging

by pressing the sales button and judging condition

condition for lighting the

for lighting the preparation lamp

preparation lamp
Processing

Flashing sales button

the sales

Adverse

Verify the availability in the subsequent process at

condition

the time of doing nothing in checking the flashing
sales button

Adverse

Verify the availability of flashing sales button at the

condition

time of being disturbed by light

Flashing sales

Weakness/a Verify that there is no gap of processing between

button/emitting the

dverse

beverage

condition

when the same operation is repeated

Deciding the rack of

Weakness

Verify that there is no problem resulting from the

emitting the beverage

flashing sales button and emitting the beverage,

component of the program of deciding the rack of
emitting the beverage
Weakness

Verify that there is no problem resulting from the
structure of the program of deciding the rack of
emitting the beverage

Write the test cases from each weakness and each adverse condition. For the function which has both weakness
and adverse conditions, write the test cases that include both weakness and adverse conditions. Conversely, for the
function which has only weakness or adverse conditions, complement the test cases by referring to Table 2.
Table 3 presents the test cases of the vending machine. A total of 322 test cases were created. As an example
of the combination of weakness and adverse conditions, the test case with a gray background in Table 3 was created
by complementing “the repetition of the same operation” which was considered by searching the adverse condition
related to the weakness of “gap of processing.”

5. Verification
5.1 Method
We selected the vending machine as the test object and compared the test cases created using the proposed
method with those created using the empirical method. The number of whole test cases easily increases if any
viewpoint can apply numerous functions, so we counted the number of test cases by each viewpoint of weakness
or each viewpoint of adverse conditions.
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We used the test basis of the test design contest in 2014 for the empirical method and that of the test design
contest in 2015 for the proposed method. The test bases were different because we compared the test cases of
the test design contest in 2014 and 2015. The test basis of the test design contest in 2015 is the updated version
of that in 2014. The test bases have the same chapters and almost the same contents. If we used the test basis
of the real development project, it would be difficult to use both the empirical method and the proposed method
for the same test basis twice due to the cost. If we used the test bases of the different projects, the update of
the test basis would naturally occur. The difference of the test bases of this verification is the equivalent condition
to verifying in the real projects. The test basis of the test design contest in 2014 had 22 pages, whereas that in
2015 had 24 pages, which increased to about 900 characters in the Japanese version.
The participants of this verification were four software testers who have working experience of 6 to 12 years.
The same testers participated in the verification of the empirical method and the proposed method. All participants
did not experience dealing with the vending machine. The tasks of the test design were performed by the four
testers as a team.
First, they created the test cases list using the empirical method. Second, they created the test cases list using
the proposed method. Table 3 presents a part of the test cases list created using the proposed method. The test
cases list was created in the equivalent format using the empirical method. When they created the test cases list
using the empirical method, they used 6W2H of the HAYST method [9] to analyze the functions of the test object
and the usage scenarios, as well as the guide words of HAZOP [4] to consider the defect of the product. Finally,
they decided the test cases empirically from the result of the analysis. It took them about 50 h to create the test
cases using both the empirical method and the proposed method.
For the proposed method, we counted the number of the test cases by each viewpoint of weakness and each
viewpoint of adverse conditions. The test case related to both weakness and adverse conditions was counted as
one test case for both the weakness and the adverse condition.
The test cases created using the empirical method were more concrete than the viewpoints of both weakness
and adverse conditions. We extracted weakness or adverse conditions from the test cases and decided that they
fall into what viewpoints of weakness or what viewpoints of adverse conditions. For example, the test case of “verify
the behavior in pressing multiple sales buttons at the same time” was counted as the viewpoint of the adverse
condition of “executing the wrong action” because we abstracted the adverse condition of “different operation at
the same time” from the test case. If the aims of test cases, weakness or adverse conditions, were ambiguous, we
counted them as “others.”
5.2 Result
Table 4 presents the result of the verification. They considered 14 viewpoints of weakness and 8 viewpoints
of adverse conditions using the proposed method and 6 viewpoints of weakness and 3 viewpoints of adverse
conditions using the empirical method. The text with a gray background represents the viewpoint that was considered
only using the proposed method. “Others” is counted only from the test cases considered as use cases by the empirical
method.

6. Discussion
As can be seen from Table 4, the viewpoints of weakness or adverse conditions that were not considered in
the empirical method could be considered in the proposed method. In the empirical method, numerous test cases
fell into the viewpoints of “weakness – application,” and the scope of the consideration was limited. These test
cases can be operated in the unit testing. In the system testing, it is efficient to narrow down the test cases to
the high-risk functions.
In the viewpoints of weakness, the viewpoint of “hardware” was not considered by the empirical method because
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the testers tend to consider the normal behavior of hardware as a precondition for software testing. The viewpoints
of and “OS – process management” were considered more widely by the proposed method than by the empirical
method because the participants used the Weakness Viewpoint List.
In the viewpoints of adverse conditions, the viewpoint of “not carrying out process” was not considered by the
empirical method because the testers believe that software testing should have any input or actions to enable the
execution of some process. The viewpoint of “preventing process – environment” was not considered by the empirical
method because imagining the world around the test object with no viewpoints list is difficult. Moreover, the
viewpoint of “unexpected process – hardware” was not considered by the empirical method. The reason is the same
as the reason why the viewpoint of “hardware” in the viewpoints of weakness was not considered.
The test cases of “others – use cases” seems to include some weakness or adverse conditions. However, their
aims are unclear because the viewpoints of deriving weakness and adverse conditions from the usage scenarios are
not listed in the empirical method. Using the proposed method, the participants derived adverse conditions from
the usage scenarios and related
them to weakness. Thus, it is
Table 4. Result of the comparison of the test cases by the weakness and adverse condition
viewpoints
assumed that the test cases
created using the proposed
Promposed Subtotal Empirical
Subtotal
Classification
method fulfill the aim of the
method
method
test cases of “others – use
Main memory Not store the data
6
0
Weakness
Hardware
Resource
Storage
Store the wrong
8
0
cases.” The aims of the test
data
Input devices No input
11
0
Interface
cases have been elucidated by
Input wrong data
2
0
the proposed method.
Output
No output
15
0
devices

There is a possibility that
some effects of learning
affected the result of this
verification because the same
testers created the test cases.
However, we considered that
the effectiveness of the
proposed method was verified
as they were able to consider
the test cases from new
viewpoints using the proposed
method at roughly the same
amount of time of creating
them using the empirical
method.

Output wrong

3

0

6

6

1

1

2

0

1

0

7

3

3

1

38

59

data
OS

Process

Sequential

management processing

The processing is
not performed
correctly

Interruption

Not start the

processing

process
The processing is
not performed
correctly

Call

Not start the

processing

process

Parallel

The processing is

processing

not performed
correctly
The processing is
prevented

Application

The

A variable,

Wrong component

component of arrangement, of a program
a program

etc.

The structure Sequential,

Wrong structure

38

141

99

169

of a program selection and of a program
repetition
Adverse

Not carrying

conditions

out process

User

Not carry out

24

0

42

0

43

0

22

8

26

2

24

0

action
Hardware

Hardware does
not move

Environment

Operating
environment is cut
off

Preventing

User

process

Action of
interruption

Hardware

Disturbed by
hardware

Environment

Disturbed by
environment

Unexpected

User

Wrong action

process

Hardware

Wrong behavior of

56
1

6
238

0

16

hardware
Others
Sum total

546

Use case

0

0

12

12

379

379

197

197

7. Conclusion
In this research, we proposed the test design method by deriving weakness and adverse conditions based on
understanding of the test object. We organized the thinking process of the software test design and defined the
thinking frame for it. Moreover, we verified the effectiveness of the proposed method by comparing the test cases
created using the empirical method with those created using the proposed method.
The following are the future tasks: (1) developing the tool for each diagram of the proposed method and (2)
improving the Adverse Condition Viewpoint List and the Relationship List of Weakness and Adverse Condition.
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Abstract
Supersaturated designs are useful to narrow many factors down into a few active factors that influence the
response of experimental results. Recently, supersaturated designs have attracted a lot of attention for application
to computer experiments. Also, some data analysis methods for supersaturated designs are proposed to solve the
difficulty of factor estimation. However, in computer experiments, few proposals have been made as to which
supersaturated design or data analysis method can be used to accurately find the active factors. This paper conducts
numerical experiments from the viewpoint of which combination of supersaturated design and data analysis method
can identify the active factors accurately. In this case we apply some models for computer experiments and use
existing supersaturated designs and analysis methods. We use 12×22, 12×66, 24×46, 24×69, 48×93 supersaturated
designs and Forward Stepwise, Model-Averaging, LASSO, and Dantzig-Selector as analysis methods. As a result,
there are no combinations that always give good results. This paper shows that it is better to change the combination
when the number of experiments is small, or the number of columns is large. In addition, we find the sign of
the effect can vary the results in some supersaturated designs. To manage this problem, we propose a supersaturated
design that gives stable results regardless of the sign of the effect.

1. Introduction
Design of experiments is a series of procedures to make an appropriate plan and analyze the data by a method
based on statistics, which is applied not only to physical experiments but also to computer experiments. Since
computer experiments usually consider more factors than physical experiments, it must implement more runs to
estimate all the factor effects simultaneously. In this situation if runs are expensive or take a long time to implement
it may be difficult to conduct all runs because of the time restriction or budget constraints. To manage this problem,
it is a good option to use supersaturated designs.
Supersaturated design is a fractional factorial design whose number of factors is greater than the number of
runs minus one. Because of this feature, supersaturated designs have attracted a lot of attention for application to
computer experiments. In study of supersaturated designs, various methods of construction and analysis methods
to solve the estimation difficulties have been proposed. In the physical experiments using the supersaturated design,
several studies have discussed the performance of screening active factors. For example, Lin (1995) shows that the
detection of effective factors is possible when 10-20% of the factors are effective. In addition, Yamada (2004) shows
that the detection of 2 or 3 important factors is possible. However, in computer experiments, few proposals have
been made as to which supersaturated design or data analysis method can be used to accurately find the active
factors. In this study, we made some models for computer experiments and conduct numerical experiments and
discuss the combination of existing supersaturated designs and data analysis methods.
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2. Previous Studies and Problem Presentation
2.1 Construction Methods
Lin (1993) uses the half-fraction of a Hadamard matrix to construct
supersaturated design,
where n is the order of employed Hadamard matrix. His supersaturated designs satisfied lower bound of
criteria of Booth and Cox (1962) shows in (1), where
is the number of columns and
of cross products between the i-th column and the j-th column of a design.

is the sum

(1)

Wu (1993) constructs a supersaturated design by adding two-factor interaction columns to a Plackett-Burman
design. By using this method, we can construct a supersaturated design with more columns than Lin’s
designs. Although it is easy to construct such designs, its property is not good, e.g. the E(s2)-value of
supersaturated designs due to Lin (1993) is 6.86 on the other hand Wu (1993) is 7.40.
Tang and Wu (1997) constructs a supersaturated design by adding a matrix to the original Hadamard design
by swapping the rows, focusing on the correlation coefficient of the whole design. This method can construct
a supersaturated design with more columns than method used by Wu (1993). For example, in the
supersaturated design, Tang and Wu (1993) allows for up to 132 columns to be assigned, while Wu (1993)
allows for up to 66 columns.
Liu and Dean (2004) proposes a more generalized method of constructing supersaturated designs using the
cyclic generators presented in Plackett and Burman (1946). The proposed method is more general since it
includes the method of creating a supersaturated design using Cyclic Balanced Incomplete Block Designs
presented by Liu and Zhang (2000) and others. All the designs proposed in this research are optimal for the
criterion. However, since designs with the same number of rows and columns are constructed that are
not equivalent, this study introduces a new criterion for evaluating plans: the distribution of correlations
between columns and the maximum correlation.

2.2

Analysis of Data Obtained from Supersaturated Designs

Marley and Woods (2010) examines Forward Stepwise, Model-Averaging, and Gauss-Dantzig Selector to
-optimal supersaturated design and Bayesian
analyze the data obtained from simulations using the
D-optimal supersaturated design (see Jones, Lin, and Nachtsheim (2007) for Bayesian D-optimal supersaturated
design) and compare the results. This study shows the guidelines on the number of factors to be assigned and
the number of runs the experimenter should be reserved.
Draguljić et al. (2014) conducts numerical evaluation using a supersaturated design, considering not only the
main effect but also the interaction. This study also compares Bayesian method and shrinkage method such as
LASSO and SCAD.

2.3

Problem Description

In the study introduced in section 2.2, the model equation is set up as in equation (2), where
response vector,
vector, and

is the

is the

design matrix consisting of -1, 1,

is the

is the
parameter

error term.
(2)
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Equation (2) includes the error term in the model because it assumes that the supersaturated design is used in
physical experiments, but the model equation can be formulated as equation (3) if a two-level computer
experiment is assumed.
(3)
Previous studies have only compared supersaturated designs with a maximum of 18 runs, and no guidelines
are provided for using supersaturated designs of a larger size. In addition, as for the number of columns,
previous studies have only simulated at most 26 columns. In this study, we generate data using the equation
(3), conduct numerical experiments, and discuss various construction methods, analysis methods, and
combinations of them.

3. Outline of Numerical Evaluation
In this study, we randomly assign an active factor to the supersaturated design and analyze it after generating
a response and estimate the active factor. This is repeated 1000 times to compare the supersaturated design
and analysis methods based on the evaluation index.
The supersaturated design is constructed from Lin’s (1993), Wu’s (1993), Tang and Wu’s (1997), and Liu and
Dean’s (2004) method, and we use five types of supersaturated designs:
and

,

,

,

,

, respectively. However, Tang and Wu (1997) and Liu and Dean (2004) have not proposed a

supersaturated design. Therefore, in this study, the
supersaturated design will be compared
with Lin’s (1993) and Wu’s (1993) designs. In addition, since the Lin’s (1993) method cannot construct
and

supersaturated design, it is excluded from comparisons at these sizes.

As for the number of factors to be assigned, 3,…,5 factors are assigned to the
7,…,10 factors are assigned to the

supersaturated design,

supersaturated design, and 14, 16, 18, and 20 factors are assigned

to the
supersaturated design. This study also tests the effect size of the factors in two ways: one
with the same degree of effect and the other with a slope.
Four data analysis methods are used: Forward Stepwise, Model-Averaging, LASSO, and Dantzig-Selector. For
LASSO, two types of LASSO models are used: LASSO-BIC, which uses BIC as evaluation criteria, and
LASSO-mAIC, which uses modified AIC with modified overfitting of AIC. Although model selection by
cross-validation is often used in LASSO, it is confirmed in preliminary experiments that cross-validation do
not work well in the estimation of the supersaturation design (see also Yuan, Joseph and Lin (2007)), so in
this study BIC and modified-AIC are used as model evaluation indicators. Forward Stepwise is adopted
because the analysis process is easy to understand, while LASSO and Dantzig-Selector are adopted because
they are effective in analyzing data arising from supersaturated designs from previous studies.
Model-Averaging is interesting to compare with other methods because it has a different process of estimation
than other methods, which is to find an active factor by the majority voting principle by considering a
sub-matrix.
This study uses four evaluation indices, Sensitivity: the proportion of active factors that are successfully
estimated, False Discovery Rate (FDR): the proportion of factors estimated active that are actually inactive,
Type 1 Error: the proportion of inactive factors that are incorrectly estimated active, and Active Set-size
Discrepancy (ASD): the difference between the number of the factors that are estimated active and the
number of factors that are truly active. These evaluation indices are also used in Draguljić et al. (2014).
In this study, factors whose absolute value of the estimated coefficient is 0.001 or more are considered as
active factors. This is based on the point of view that experimenters want to get as much information as
possible. On the other hand, the number of factors to be estimated as active is limited to half of the number
of runs to avoid the inclusion of unnecessary factors.
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4. Result of Numerical Evaluation and Discussion
4.1

Supersaturated Design

Figure 1 shows the sensitivity of a

supersaturated design assigned 5 active factors, and Table 1

shows the distribution of correlation coefficients for each
supersaturated design. Since the model
equation does not include an error term, the variability of the results for the same design and method depends
on which column assign the active factors. Therefore, it is important to consider the distribution of correlation
coefficient of the supersaturated design in discussing the result.
Figure 1 and Table 1 suggest that more orthogonal combinations of columns (combinations of
more accurate in the estimation using the

) are

supersaturated design, even if there are combinations of

columns with somewhat larger correlation coefficients (combinations of
). In this case, Tang and
Wu’s design and Liu and Dean’s design are applicable. However, the accuracy of Liu and Dean’s design is a
little lower than Tang and Wu’s because there is always one combination of columns with
column. These features in the

case are similar to those in the

in each

case.

design and Model-Averaging for the
As for the analysis method, Dantzig-Selector for the
design are more accurate than other methods. In particular, Dantzig-Selector tends to have lower FDR and
ASD values and is less likely to include inactive factors in the model than other methods. In the specific
case where the effect of a factors is
sloped and the number of active factors
is small, Forward Stepwise provides a
very accurate estimation. Since Forward
Stepwise is a method of including the
factors that fit the model best in order,
this situation is advantageous for Forward
Stepwise.
supersaturated design, the
In the
number of factors that can be estimated
is small due to the small number of
runs. The limit of the number of factors
that can be estimated accurately is at
most 5 if the number of assigned factors
is twice the number of runs, and 3 if the
number of assigned factors is about 6
times the number of runs.

Figure 1. Sensitivity of each 12x22 supersaturated design
(5 active factors)

Table 1. Correlation distribution of each supersaturated Design (

0
1/3
2/3
0
1/3
2/3
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Lin
132
99
0

Wu
124
107
0
660
1485

)

Tang and Wu
150
75
6
993
1041
11

Liu and Dean
165
55
11
924
1133
88

4.2

Supersaturated Design

Figure 2 shows the sensitivity of a

supersaturated design assigned 10 active factors, and Table 2

shows the distribution of correlation coefficients for each

supersaturated design.

supersaturated design, the results show that the design of Liu and Dean, which suppresses
Using the
the number of combination of columns with high correlation by increasing the number of combinations of
columns with small correlation (
) while the number of combinations of orthogonal columns is small,
gives better results. This suggests that the combination of columns with small correlation does not have a
significant impact on the difficulty of estimation. A similar policy is proposed in Draguljić et al. (2014) to
construct supersaturated design, and the present results suggest that this policy is also valid. Lin’s design has
a similar distribution of correlation coefficients to Liu and Dean’s, but the accuracy of the estimation is less
than that of Liu and Dean’s design. This is largely due to the sign of the effects of the factors, which will
be discussed in detail in the next chapter.
As for the analysis method, Dantzig-Selector
and LASSO-BIC are more accurate than
other analysis methods. In addition, the
Dantzig-Selector
is
lower
than
the
LASSO-BIC when compared to the FDR and
ASD, indicating that, as in the case of
, the Dantzig-Selector tends to be less
likely to include inactive factors.
supersaturated design, the
In the
limit of the number of factors that can be
estimated accurately is about 10 factors if the
number of assigned factors is twice the
number of runs, 8 factors if the number of
assigned factors is 3 times the number of
runs.

Figure 2. Sensitivity of each 24x46 supersaturated design
(10 active factors)

Table 2. Correlation distribution of n=24 supersaturated design

0
1/3
1/6
1/2
0
1/6
1/3
1/2

4.3

Lin
414
552
69
0

Wu
820
0
215
0
1706
0
640
0

Tang and Wu
660
249
111
15
1247
729
315
55

Liu and Dean
276
736
23
0
874
1173
276
23

Supersaturated Design

Figure 3 shows the sensitivity of a
supersaturated design assigned 14 active factors.
The distribution of correlation coefficients for the
Lin’s design and Wu’s design are the same, even
for each column. However, based on the results in Figure 3, there are some cases where Wu’s design is
more accurate to estimate the factor. This may be due to features of the design other than the correlation
coefficient.
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To construct a
supersaturated design using Lin’s method, Hadamard matrix of orders 96 is needed,
and in this study, a 96runs Plackett-Burman design is used to construct. 96runs Plackett-Burman design are
based on the 48runs Plackett-Burman design, and consists of the following:
(4)
where X is the 48runs Plackett-Burman design. Assuming that the first column is chosen as the branch
column, the runs for the factors from column
1to 46 of the supersaturated design will be
repeated twice, once in the 1st to 24th run
and once in the 25th to 48th run, at the same
level. In other words, for the factors assigned
to columns 1 to 46, there are 48runs, but
only 24 of them are actually available. In
contrast, if the 93rd column of the
placket-Burman design is chosen as the
branch column, the same supersaturated
design as Wu’s design are constructed. Thus,
when half fraction of Hadamard matrix are
used as a supersaturated design, it is
important to note that the performance of the
Figure 3. Sensitivity of each 48 x 93 supersaturated design
design may change depending on where to
(14 active factors)
specify the branch column.

5. Discussion on Combination of Signs of Effect and Correlation Coefficient
5.1 Sign-Reversal Numerical Experiments
In the previous chapter, all the signs of the effects are positive in numerical experiments. In this section,
numerical experiments are conducted with a mixture of positive and negative signs of the effect (sign-reversal
numerical experiments). As a result, the experimental results for most of the designs are more varied than
when all signs of the effects are positive. This is because that the difference in the ease of estimation
depending on the sign of the effect of the factors and the sign of the correlation coefficient, as shown in
Figure 4. Let x1, x2 be a positive active factor and x1, x2, x3 be positively or negatively correlated with
each other. In this case, when the correlation is negative, the active factors may cancel each other out and
the inactive factor may be estimated more easily than when the correlation is positive.
The sign of the correlation coefficients and the signs of the effect can cause a variation in the accuracy of
the estimation, which may be an obstacle in the use of the supersaturated design. A full-balanced
supersaturated design is proposed as one way to solve this problem.

Figure 4. Relation between signs of effect and correlation
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5.2

Full-Balanced Supersaturated Design

A full-balanced supersaturated design is one in which the signs of the correlation coefficients between the
columns are comparable among those with equal absolute values. In this study, we conduct sign-reversal
and newly constructed
experiments on a
we use a design which the signs of the
correlation coefficients are positive (+max) or
negative (-max) as much as possible by
inverting the signs of some columns and
full-balanced design.

supersaturated design. In this numerical experiment,

Figure 5 shows the results of the
sign-reversal experiments for the above three
Lin’s design.
designs based on the
The p and n of 5p and 3p2n in Figure 5
denote the sign of the effect of the active
factor (p is the positive sign and n is the
negative sign) and the numbers denote the
number of active factors. As shown in
Figure 5, the full-balanced supersaturated
design is a design that avoids the situation
where the sensitivity is low and gives stable
results in estimation.

Figure 5. Sensitivity of different correlation designs based on Lin’s
supersaturated design

6. Conclusion
In this study, numerical experiments using the supersaturated design show that the combination of the design
and the analysis method that gives favorable results depends on the situation. This study also gave the number
of estimable factors at each size. The combination of the supersaturated design and the analysis method recommended
in this study is shown in Table 3.
Table 3. Recommended construction design and method combinations

Design
Analysis
Method

Tang and Wu

Tang and Wu

Liu and Dean

Liu and Dean

Wu

Dantzig-Selector

Model-Averaging

Dantzig-Selector

Dantzig-Selector

Dantzig-Selector

Table 3 shows the best combination, but for the
and
supersaturated designs, the results from
the Tang and Wu’s design and the Liu and Dean’s design are very close. In addition, LASSO-BIC shows similar
supersaturated design, the
results to Dantzig-Selector and Model-Averaging in terms of sensitivity. For the
difference in the results between the different designs and analysis methods is insignificant, except when Forward
Stepwise is used.
In computer experiments, the number of detectable factors for computer experiments is generally higher than
that for physical experiments. This is probably due to the absence of error terms in the model equations and the
development of designs and analysis methods that facilitate the detection of important factors.
In the future study, the development of a supersaturated design based on the guidelines obtained in this study
will be considered.
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Abstract
This paper proposes a collapsibility condition in the Ridge regression analysis
in order to avoid
multicollinearity problem. In the framework of Ridge regression analysis, the proposed condition provides an
unbiased estimator of the regression parameter of interest with the better estimation accuracy than the ordinary
least squares (OLS) estimator. The results of this paper extend Miyakawa et al (2003)
to the Ridge regression estimator.

from the OLS estimator

1. Introduction
Multicollinearity , which occurs when two or more explanatory variables are highly correlated with each
other, is an important issue in regression analysis. If multicollinearity exists, because the performance of least
square/maximum likelihood estimators of regression coefficients is worse, valid results may not be derived.
High-dimensional data problems, occurring when the sample size is smaller than the number of explanatory
variables, have also been discussed by many researchers. High-dimensional data analysis also suffers from
multicollinearity, which causes overfitting and interferes with the derivation of admissible solutions for
regression coefficients.
To overcome the difficulty, numerous kinds of variable selection criteria have been proposed by many
statistical researchers and practitioners. However, most existing variable selection criteria are based on (i) the
residual sum of squares of a response variable given a set of explanatory variables
between explanatory variables while ignoring the response variable

, (ii) the correlation

, or (iii) the regularized (penalized)

. Although these countermeasures have their advantages and disadvantages, there is no
regression analysis
doubt that they have played a major role in avoiding the multicollinearity problem in regression analysis
aimed at improving the prediction accuracy.
Nowadays, the role of regression analysis is not limited in the passive prediction of a response variable by
explanatory variables: it also plays an important role in evaluating total effects of the treatment on the
. As has
response variable, i.e., the changes of the expected response variable by an external intervention
often been noted repeatedly in the framework of statistical causal inference, in order to derive the unbiased
(or consistent) estimator of total effects, it is often required to include confounders as explanatory variables in

557

regression analysis, as we as the treatment and the response variable. However, there are many confounders
that affect on both the treatment and the response variable and that are highly correlated with each other in
reality. This situation would lead to multicollinearity problems that deteriorate the estimation accuracy of total
effects, which would prevent us from conducting an appropriate quality improvement policy. On the other
hand, the present countermeasures against the multicollinearity problem are formulated independently of the
confounding problems. Thus, although the stable prediction of regression analysis would be derived by these
countermeasures, which may cause a bias in the estimation of total effects.
Based on the consideration, to avoid the multicollinearity problem, this paper proposes a collapsibility
condition in the Ridge regression analysis . In the framework of Ridge regression analysis, the proposed
condition provides an unbiased estimator of the regression parameter of interest with the better estimation
accuracy than the ordinary least squares (OLS) estimator. The results of this paper extend Miyakawa et al
from the OLS estimator to the Ridge regression estimator.

(2003)

2. Ordinary Least Squares (OLS) Estimator
For the sample size , consider the linear regression model of a response variable
of explanatory variables, where
and

is an explanatory variable of interest and

and

dimensional vector of explanatory variables, respectively. In this paper,

neither

or

are affected by

on a set
are a

dimensional vector

is called a treatment. When

, they are often called covariates in the context of statistical causal inference.

Intuitively, a covariats which has an effect on both a treatment and a response variable is called a confounder.
and

represent

dimensional observation vectors of

observation matrix of

and an

and , respectively. In addition, let

observation matrix of

are the regression coefficient of

and

, respectively. Furthermore,

and the regression vectors of

and

be an
,

, and

in the regression model of

on
, respectively. Here, for simplicity, we subtract the sample means from statistical data
corresponding variables, in advance.
For the regression model
(1)
that minimize the squared loss function
(2)
are given by the ordinary least squares (OLS) estimators

,

and

of

,

and

(3)

respectively, where

is an -dimensional vector of error variables in the regression model (1) and

denotes the squared Euclidean norm. Here, we assume that each element of
probability distribution with mean

and variance

and

are the sum of squares of

and

are the sum of square matrices of

between
and
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and

and between

and between

and

and

and

as the others and all are mutually independent. Furthermore,
, respectively, and
and

, respectively.

, respectively.

, respectively.

has the same continuous

, and

is the sum of product between
and

and

.

are the sum of product vectors

are the sum of product vectors between

is the sum of product matrix between

and

.

From equation (3), the OLS estimator

of

is represented by
(4)

and the variance of

is given by
(5)

where

Similarly, for the regression model
(6)
the OLS estimators

and

of

and

are given by
(7)

is also an

respectively, where

-dimensional vector of error variables in the regression model (6).
has the same continuous probability distribution with mean

Here, we assume that each element of
and variance

as the others and all are mutually independent.

From equation (7), the OLS estimator

of

is represented by
(8)

and the variance of

is given by
(9)

Thus, noting that
given by

and

,the difference between

and

is

(10)

From equation (10), when

holds, we have

is said to be collapsible over

holds.

or

From this consideration, if
is collapsible over

if

, where

. Here, the regression coefficient

holds, then we find that the regression coefficient
is a

-dimensional zero vector

.

559

3. Ridge Regression Estimator
For equation (1), according to Hoerl and Kennard

,

,

and

that minimize the squared

loss function with regularization parameters
(11)

are given by

,

and
(12)

is a

respectively, where
. Here,
,

of

-dimensional diagonal matrix in which

,
and

and

is the

component

of equation (12) are called the Ridge regression estimators

, respectively. Different from the Ridge regression estimators in most standard

textbooks of multivariate analysis, note that regularization parameters do not appear in the (1,1)

components of the sum of square matrix

of

of

equation (12).
Now, even if the sum of product matrix

is invertible for a certain given

matrix, then
of

of

for

is not invertible, if

has an inverse

. Then, the Ridge regression estimator

is represented by
(13)

Here, when

is invertible, we have
(14)

or

From equation (14), if
with the OLS estimators

and

Theorem 1 Regarding the OLS estimators

, the Ridge regression estimator

. From the consideration, we derive the following theorem:

and the Ridge regression estimator

model (6) based on the loss functions (2) and (11) respectively,
holds. In addition, regarding the OLS estimators
Ridge regression estimator

560

is consistent

of the regression

holds if

or

of the regression model (6) and the

of the regression model (1) based on the loss function (11),

holds under the same condition.
When the sum of product matrix

of

is invertible, note that we have
(15)

where

Thus, the covariance matrix of

and

is given by
(16)

From the (1,1) component of this equation, the variance of

When

is given by

holds, the variance of the OLS estimator

is consistent with that of the Ridge

regression estimator

. Contrary, when

Thus, since

is a positive-definite symmetric matrix for

is invertible, we derive

, we derive
(17)

From the consideration, we derive the following theorem:
Theorem 2 Regarding the OLS estimator

and the Ridge regression estimator
or

model (1), equation (17) holds if

of the regression

holds.

When we wish to derive the unbiased estimator of the regression coefficient of

in the regression model

(1), as long as the same set of explanatory variables is used to estimate the regression coefficient of

,

Theorem 2 implies that it is better to use the Ridge regression estimator than the OLS estimator if
or

holds.

4. Numerical Experiment
In this section, we numerically compare the bias and variance of the Ridge regression estimator and the OLS
estimator in the sample sizes

and

. The regression model in the numerical experiment is given by
(18)

where

,

and

are independent of each other and

is the regression intercept of
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and

equation (18). In addition, both

follow the standard normal distribution. Furthermore,

is normally distributed according to

where

is the correlation coefficient between

and

.

In this situation, the values of parameters are given as follows:
:

Correlation coefficient

,

,

Regularization parameter

:

Regression coefficient

,

,

:

,

.

We evaluated numerically the sample means and sample variances of both the Ridge regression estimator
and the OLS estimator

of

for the above 36 experimental conditions, each of

which was repeated 5000 times. Here, note that the exact variances of the OLS estimators
are

and

(19)
(20)
, which implies that the variance of the OLS estimator

respectively
defined for the sample size

and thus

is not

would be unreliable. Contrary, Under the sample size

and the regularization parameter

, the variance of the OLS estimator

regardless of the regression parameter setting.The results are shown in Tables 1

is

2.

Table 1: Results

Case 1:
Regularization
Sample size
Estimate
True
Sample mean
Sample variance

,

,

,

,

Ridge
0.100
0.093
1.115

OLS
0.100
0.092
4.557

Ridge
0.100
0.099
0.022

OLS
0.100
0.101
0.022

Ridge
0.100
0.090
0.617

OLS
0.100
0.109
4.818

Ridge
0.100
0.100
0.022

OLS
0.100
0.101
0.022

Ridge
0.100
0.085
1.157

OLS
0.100
0.096
2.763

Ridge
0.100
0.100
0.022

OLS
0.100
0.100
0.022

Ridge
0.100
0.105
0.573

OLS
0.100
0.108
3.597

Ridge
0.100
0.099
0.022

OLS
0.100
0.100
0.022

Case 2:
Regularization
Sample size
Estimate
True
Sample mean
Sample variance
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Case 3:

Regularization
Sample size
Estimate
True

Ridge
0.100

OLS
0.100

Ridge
0.100

OLS
0.100

Ridge
0.100

OLS
0.100

Ridge
0.100

OLS
0.100

Sample mean

0.113

0.076

0.102

0.102

0.103

0.138

0.105

0.102

Sample variance

1.126

5.225

0.022

0.022

0.514

6.878

0.022

0.022

Table 2: Results

Case 4:
Regularization
sample size
Estimate
True
Sample mean
Sample variance

Ridge
0.100
0.122
1.051

OLS
0.100
0.121
6.227

Ridge
0.100
0.095
0.022

OLS
0.100
0.095
0.022

Ridge
0.100
0.073
0.545

OLS
0.100
0.041
6.534

Ridge
0.100
0.103
0.023

OLS
0.100
0.103
0.023

Ridge

OLS

Ridge

OLS

Ridge

OLS

Ridge

OLS

True

0.100

0.100

0.100

0.101

0.100

0.100

0.100

0.101

Sample mean

0.132

0.118

0.099

0.099

0.108

0.094

0.100

0.100

Sample variance

0.819

6.505

0.021

0.022

0.539

8.112

0.022

0.022

Ridge
0.100
0.111
0.888

OLS
0.100
0.117
5.554

Ridge
0.100
0.100
0.022

OLS
0.100
0.100
0.022

Ridge
0.100
0.099
0.591

OLS
0.100
0.098
7.014

Ridge
0.100
0.104
0.021

OLS
0.100
0.100
0.022

Case 5:
Regularization
Sample size
Estimate

Case 6:
Regularization
Sample size
Estimate
True
Sample mean
Sample variance

From those tables, we draw the following conclusions:
is significantly smaller than

1. Equation (17) holds in all cases. In particular, although the variance of
that of

when

, the difference is smaller when

.

2. Both the Ridge regression estimates and the OLS estimates are close to the true value of the regression
coefficient even in the sample size
since the exact variance is not defined.

. Here, note that the OLS estimates may be unreliable for

3. Regrading the OLS estimators, for the sample size
takes almost same value as that when neither
regression estimators, for the sample size

, the variance of
or
, the variance of

when
are zero. Contrary, regarding the Ridge
when
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is smaller than that when neither

or

are zero. In addition, the variance of

when

takes almost same value as that when neither
or
are zero. These
implies that the choice of covariates also has an effect on the estimation accuracy of the regression coefficients
in both OLS estimators and Ridge regression estimators.
4. The influence of the regularization parameter is significant in the variance of the
however, the difference becomes smaller as the sample size increases.

for the small sample size,

5. Application
The above results are applicable to analyze the data obtained from a study on “Development and design of
industrial wastewater treatment equipments" reported by Yoshizawa and Haga

and re-analyzed by Miyakawa

et al. . The data was collected with the purpose of designing the industrial wastewater treatment equipments that
not only satisfies the regulation value for the rate of the nitrogen within the wastewater, but also reduces the running
cost.
The sample size was

and the variables of interest are the following:
, Microbial concentration

Dissolved oxygen concentration
Chamber temperature

, pH value

Nitrogen compound oxidation capacity

, Incoming nitrogen compound
.

In this section, according to Miyakawa et al. , , ,
and
considered as a treatment and the response variable of interest.

are considered as covariates.

and

are

gave the undirected independent graph shown in Fig. 1 by applying graphical modeling
Miyakawa et al.
to the sample correlation matrix given in Table 3. Regarding the undirected independent graph, the deviation is
, the degree of freedom is
conditional independence related to

, and the

value is

. From Fig. 1, we find that the

is

| |
which implies that the regression coefficient of
1. Miyakawa et al.

considered

is collapsible over

given

according to Theorem

as a sufficient confounder that make it possible to identify the total effect

of
on , i.e., the change of the mean of
intervention.

when

would be changed by one unit through the external

Table 3: Sample correlation matrix

1.000
-0.385
-0.293
-0.254
-0.224
0.910
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-0.385
1.000
0.261
0.182
0.210
-0.534

-0.293
0.261
1.000
0.156
0.123
-0.458

-0.254
0.182
0.156
1.000
-0.150
-0.261

-0.224
0.210
0.123
-0.150
1.000
-0.298

0.910
-0.534
-0.458
-0.261
-0.298
1.000

Figure 1: Undirected Independent Graph

Here, based on the regression model of

on

,

,

, and

, we evaluated the sample means and sample

variances of the Ridge regression estimates and the OLS estimates, through 5000 times resampling

and

subjects from the whole 42 subjects. The results are shown in Table 4. Here, note that the regularization parameter
was introduced into the sum of squares of

,

, and

, respectively.

Table 4: Results

OLS

Ridge

Sample mean

6.388

6.346

6.234

Sample variance

6.853

6.678

5.645

OLS

Ridge

Sample mean

6.399

6.545

6.054

Sample variance

18.341

16.377

12.583

OLS

Ridge

Sample mean

6.689

6.439

5.492

Sample variance

91.912

64.928

33.248

From Table 4, although the sample means of the Ridge regression estimator take a smaller value than those
of the OLS estimators, the difference are significant when the regularization parameter takes a larger value. Similarly,
although the sample variances of the Ridge regression estimator also take a smaller value than those of the OLS
estimator, the difference are significant for the large value of the regularization parameter or the smaller sample
size.
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Abstract
There are many previous studies that analyze using only MEG data and EEG data only. However, there are
no previous studies that analyze data that combines MEG and EEG. Considering the characteristics of MEG and
EEG, comparing with the results of analysis of only MEG data, the results of analysis of data only EEG data,
and the results of analysis of data combining MEG and EEG, the aim is finding the advantages of each data.
MEG data and EEG data are measured when electrical stimulation is applied to the right median nerve. The
averaging process and the baseline correction are performed on these data. Also we remove the artifacts that occur
at 0 seconds. By performing such processing, data with less noise is created. Then, principal component analysis
based on the correlation coefficient matrix is performed on the data of only the MEG, the data of only the EEG,
and the combined data of the MEG and the EEG. Then, from the analysis result, the advantages of only the
MEG, only the EEG, and the combined data of the MEG and the EEG are found. The advantage of analysis
using only MEG data is that the characteristics of each principal component can be seen from the factor loadings
in association with the function of the brain region. In addition, the advantage of analyzing data of only MEG
is that a small reaction can be read from the principal component score. The advantage of analyzing the EEG-only
data is that in the response to the stimulus from the principal component score, a small response observed only
with the EEG can be observed. The advantage of analyzing data that combines MEG and EEG is that you can
know whether to measure MEG or EEG for each principal component. In addition, it is also possible to consider
the reaction of each main component and the characteristics of the MEG/EEG in association with each other.
You can also see that the response to the stimulus spreads throughout the brain.

1. Introduction
Magnetoencephalography (MEG) and electroencephalography (EEG) are used as a non-invasive measurement
method of brain function that electrically records the nerve cell activity of the brain to clarify the whole brain
function. Since these measuring methods have different principles, their properties are also different. Depending on
the type of electrical activity that can be performed in the brain, there are those that can accurately measure MEG
and those that can accurately measure EEG. However, looking at conventional studies, it is almost the case that
only MEG data is measured and analyzed, or only EEG data is measured and analyzed. Therefore, in this study,
I guess that more accurate analysis can be performed by combining the MEG data and the EEG data from the
respective characteristics of the MEG data and the EEG data. The data in this study are the data obtained by electrical
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stimulation of the right median nerve. The analysis is performed using data that has reduced the influence of noise
by performing averaging processing and baseline correction. In addition, in order to eliminate the influence of the
electrical stimulus artifact at 0 second, the brachial nerve, which is the fastest response to somatosensory evoked
fields (SEF) and somatosensory evoked potentials (SEP). In order to consider the signal originating from the
plexus(9ms), we look at the reaction between 0.05 s and 0.20 s after the electrical stimulation. Since principal
component analysis is performed on this data, SEF and SEP analyzes are performed by extracting the components
of brain signals. The purpose is to see the relationships between brain regions and the relationship between MEG
and EEG. In addition, when analyzed using only magnetoencephalographic (MEG) data, when analyzed using only
EEG data, and when analyzed by combining MEG data and EEG data respectively. By finding the advantages and
common advantages, the purpose is to show which data should be handled depending on the result.

2. Previous studies and focus of this study
2.1

Previous studies

Lee et al. (2003) analyzed using EEG data. Suda et al. (2016) conducted analysis using MEG data. In previous
study, it is difficult to observe with a magnetoencephalography or electroencephalograph depending on the direction
of the current of the brain signal.
2.2

Analysis of Data Obtained from Supersaturated Designs
Table 1 shows the differences between MEG and EEG measurement methods.
Table1. The characteristics of MEG and EEG measurement methods. This is created by Suda et al. (2016)
Method

Target

MEG

magnetic field

Spatial resolution Time resolution
5mm-7mm

10-4-10-3s

Advantage

Disadvantage

high spatial resolution

low sensitivity

high time resolution

in deep areas

high time resolution
EEG

potntial

30mm-40mm

-3

10 s

low restraint

low spatial resolution

low cost

According to Table 1, it is found that highly accurate data can be obtained by using only MEG without using
EEG data. The reason for combining and analyzing MEG and EEG will be explained from the characteristics of
MEG and EEG.
As described in Table 1, MEG uses the magnetic field as the measurement target, and the EEG uses the
measurement target as the electric potential. Therefore, when acurrent flows in a nerve cell, a brain magnetic field
is generated to surround the current according to the right-handed screw law, and the current is measured as a
MEG. Observe with electrodes. In addition, the MEG electrode is attached so
Ⅱ
as to cover the head, while the EEG electrode is attached to the scalp. Therefore,
Ⅲ
the current flowing along the direction of the scalp can be measured by MEG,
but not by EEG. On the other hand, an electrode that flows vertically to the
scalp is easy to observe with EEG, but difficult to measure with MEG. (Fig.1)
Fig.1. Brain and the direction of Figure 1 Brain and current direction. Ⅰ
indicates the direction of current that is easy to observe with MEG and difficult
to observe with EEG.Ⅱ indicates the direction of current that is easy to observe
with EEG and difficult to observe with MEG.Ⅲ represents the current that can
be observed in both MEG and EEG.
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Ⅰ

In most of the previous studies, only MEG and EEG are used for measurement. Therefore, the current in one
direction can be observed with high accuracy, but the current in another direction is difficult to observe. Therefore,
by combining and analyzing the MEG and the EEG, we believe that it is possible to completely observe the direction
in which the current in the nerve cell is flowing. Also, rather than observing an electrical signal with one
measurement method, it may be easier to identify the direction of the current flowing in the nerve cell by analyzing
it in combination. Therefore, in this study, we compare the case of analysis with individual data of MEG and EEG
and the case of analysis with data of combination of MEG and EEG.

3. Data acquisition and preparation for analysis
The method of measuring the data is described with reference to the tutorial of Yokogawa in brainstorm written
by “the brainstorm team”. The Yokogawa 160 axial gradiometer system of Yokogawa Electric Co., Ltd., located
in Kanazawa, Ishikawa Prefecture, is used as the measuring device for MEG. The EEG data is recorded
simultaneously with the MEG data using the "Nihon Kohden System". The subject is one normal adult male. As
a method of stimulation, a single-phase short-wave stimulation is transcutaneously stimulated to the median nerve
of the right arm at 2.8 Hz for 0.3 seconds. The strength of the stimulus is such that the thumb is gently touched,
and the stimulus is continuously applied for 120 seconds (336 times). The MEG and EEG data is recorded with
a bandpass filter that extracts 0.16 to 500 Hz at a sampling rate of 2000 Hz. The MEG data is measured from
160ch, and the EEG data is measured from 41ch in the International 10-20 method. The unit of MEG data is (fT)
and the unit of EEG data is (μV). The original data uses sample data of yokogawa in brainstorm.
The method of creating data to be used for data analysis is shown. In addition, the data used in this study
(created by the following method) is roughly divided into three.
1. MEG data only (Data 1)
2. EEG data only (Data 2)
3. Data combining MEG data and EEG data (Data 3)
First, arithmetic mean processing is performed on each of the measured the MEG data and the EEG data. The
averaging process is used to increase the S/N ratio. Since the S/N ratio increases in proportion to the square root
of the number of trials, in this experiment, it is √336 ≈ 18.33 times. Next, baseline correction is performed on
the data in 5ms-10ms. Baseline correction is used to reduce the effect of artifacts entering the moment of electrical
stimulation. These methods can produce data that is less affected by noise. The data generated by these methods
are often used clinically.
For the MEG data and the EEG data between -0.05 s and 0.20 s, which are created through this process, MEG
data and EEG data excluding -0.05 s to 0.005 s are used. The reason for removing -0.05s to 0.005s is that the
earliest signal of somatosensory evoked potentials (SEP) and somatosensory evoked potentials (SEP) obtained by
stimulating the median nerve This is because the reaction is said to occur at time 0.009s. The reason for removing
-0.05 s to 0.005 s is that at 0 s, a considerable amount of artifacts due to electrical stimulation are included, and
it is thought that the electrical stimulation artifact at 0 s had an effect on the analysis results during analysis.
Up to this point, the same processing is performed, but the method of obtaining the number of electrodes differs
for each data.
Data 1 uses the number of electrodes of MEG data of 160 ch, and data 2 uses the number of electrodes of
EEG data of 41 ch. On the other hand, in the data 3, the number of electrodes for the MEG data and the EEG
data is adjusted to 41. The reason for this is that the number of electrodes of MEG data and EEG data remains
the same as the original number (MEG data: 160 ch, EEG data: 41 ch). This is because the analysis of data 3,
which is a combination of data, shows that the MEG data has a larger number of electrodes, so the MEG data
strongly affects the analysis results. The solution is to divide 160ch into 41 clusters by using cluster analysis on
the MEG data. Then, an average waveform is created from the waveforms observed at the electrodes in each cluster
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and used as the waveform of each cluster.
For the above reasons, cluster analysis is performed on the data from 0.005s to 0.20s excluding -0.05s to 0.005s.
The combined data is created using the 41 MEG data obtained by averaging and the EEG data respectively observed
at 41 electrodes defined by the International 10-20 method.
It is expected that it will be argued that using the average is correct. As a matter of fact, when looking at
the data classified in the same cluster, there are points with large variations depending on the time points. However,
since the purpose of this study is to compare the individual and simultaneous analysis of MEG and EEG data,
it is within the same cluster at the time point (ex, around 20ms, 35ms, 50ms) that the influence of the signal is
large. Since there is little variation in, we decided to use the average.
We perform the same analysis on three data, and compare the results to find the advantage of performing analysis
on the MEG data, the EEG data, and the combined data.

4. Data analysis for extraction of brain signal component
4.1

The extraction of brain signal components

In the case of extracting the component only with the MEG data, the sample is the time point (391 points in
0.005 to 0.020s) and the observation variable is the MEG electrode (160ch). In other words, we create a 391 ×
160 data matrix.
In the case of component extraction using only the EEG data, the sample is the time point (391 points from
0.005 to 0.020s) and the observation variable is the EEG electrode (41ch). That is, we create a 391×41 data matrix.
When component extraction is performed with a data set that combines the MEG data and the EEG data, the
sample is the time point (391 points in 0.005 to 0.020s). In addition, the observation variables are clustered from
160 electrodes of the MEG data, and the number of data is 41, and 82 variables of 41 EEG electrodes are used.
That is, we create a 391 × 82 data matrix.
All data are subjected to principal component analysis using a correlation matrix. The reason is that the combined
MEG and EEG data is a combination of MEG and EEG data with different units. Principal component analysis
based on the variance-covariance matrix can better reflect the characteristics of the original data. However, in this
time, since the individual data and the simultaneous data are compared, the principal component analysis is performed
based on the correlation matrix only in the MEG data and the EEG data only.
The analysis procedure is as follows.
1. Find the eigenvalue and the coefficient of determination.
From the magnitude of the eigenvalues, we infer what each principal component represents. Possible features
are the response to stimuli, the effects of eye movements and the effects of heart movements.
2. Find the factor loading.
It is observed in which brain area each principal component reacts from the magnitude of factor loading.
It is generally said that the frontal lobe represents executive function, the parietal lobe represents somatic
sensation, the occipital lobe represents the visual cortex, and the temporal lobe represents memory, emotion
and hearing. Consideration will be made based on these findings.
3. Find the principal component score.
The notable points are the characteristics of somatosensory evoked potentials (SEP) and somatosensory evoked
brain magnetic fields (SEF) by Ozaki et al. (2012). The responses obtained by electrical stimulation of the
median nerve are N20-P30(P27)-N45-P80-N180 and stimulation pairs observed on the contralateral parietal
region in both MEG and EEG. P25-N35-P50-N90-P190 observed in the lateral center. In addition, it is known
to be observed, that a weak M15 component, which is a magnetic field signal that reflects the impulse
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propagation of thalamocortical fibers from the thalamus to the primary somatosensory cortex only in MEG,
and a weak P14 potential of brainstem origin only in EEG.
From the principal component scores, N20-P30(P27)-N45-P80-N180 observed in the parietal side of the stimulus
contralateral to the primary somatosensory cortex and P25-N35-P50-N90 observed in the central part of the stimulus
contralateral side Consider the reaction of. In addition, we consider eye movements and heart movements, whether
we can observe minute action potentials.
4.2

The comparison of each data

4.2.1 Advantages of using only MEG data
Referring to the result of applying the cluster
analysis to the factor loading with the criterion that the
absolute value of the factor loading is large, the first
principal component is 0.85 or more, the second
principal component is 0.70 or more, and the third
principal component is 0.50 or more.
Looking at Fig. 2, the first principal component is
involved in the sensation of body tissues because the
electrodes in the contralateral frontal lobe and the
primary somatosensory cortex (parietal lobe) react
strongly. It can be seen that it has characteristics
related to stimulation. The second principal component
is strongly involved in the executive function because
Fig.2. Factor loading in MEG data（●：+、●：-）
the electrodes in the parietal association area (parietal
lobe) and the frontal lobe are strongly reacting, and it can be seen that it has heterogeneous information and features
related to executive function．It can be seen that the third principal component is involved in the visual cortex
due to the strong reaction of the electrodes around the stimulus contralateral parietal lobe and the occipital lobe,
and it can be seen that it has characteristics related to visual information.
In this way, the reaction site of the brain in each principal component can be seen indetail, and the feature
of each principal component can be predicted from the factor loading amount, which is a feature that can be
understood from analysis of magnetoencephalographic data.

Fig.3. Principal component scores of the first, second, and third principal components in MEG data.

Looking at the principal component scores of the first principal component, an initial reaction N20 is observed
at the parietal region, and thereafter, P25-N35-P50-N90 observed in the contralateral center of the stimulus are
recorded. In addition, although it is minute, the M15 component is also observed in the figure. This is a result
unique to the measurement with MEG.
Looking at the principal component score of the second principal component, there is a possibility that it
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represents a tendency of cardiac movement, although it is partial. The
reason why it does not appear clearly is that other signals are mixed.
Looking at the principal component score of the third principal
component, it can be seen that there is a large positive reaction near
0.55 s and a large negative reaction near 0.70 s. Looking at eye
movements, a large negative reaction is observed at 0.48 s, and a
large positive reaction at around 0.64 s. From this, it can be seen
that the third principal component mainly represents the eye
movement response, and it can be read that it takes approximately
0.06 to 0.07 s until the eye movement signal reaches the brain.

Fig.4. Eye movement and heart movement

In this way, it is possible to confirm what characteristics each principal component represents from the principal
component score, because the data analysis is performed using the MEG.
4.2.2 Advantages of using only EEG data
Looking at the principal component scores of the first principal component, it can be seen that the initial reaction
P20 is observed at the parietal region, and thereafter, N25-P35-N50 observed at the contralateral central region is
observed. Since the electrodes with a large
factor load of the first principal component
are the contralateral side of the stimulus, the
frontal region, and the central part, it can be
seen that the first principal component
largely represents the response of the
primary somatosensory cortex. In addition,
P(N)14 of brainstem origin, which is said to
precede N(P)20, can be observed as the first
principal component, although it is weak.
The weak P14 potential, which is the
origin of the brain stem, can be recorded
only by measuring the EEG.

Figure 5. Principal component score of the first principal component in EEG data

4.2.3 Advantages of data combining with MEG and EEG
The sum of squares of the factor loadings at the observation point where the absolute value of the factor loading
in the first principal component was 0.80 or more was 19.35 (MEG:5.23, EEG:14.12), and the eigenvalue of the
first principal component was 38.03( MEG:16.72, EEG:21.32). From this, it is clear that 50.89%
( M E G : 5 . 2 3 / 3 8 . 0 3 ≈ 0 . 1 3 7 5 ,
EEG:14.12/38.03≈0.3713) of the features of the
first principal component are represented only by
these observation points. Therefore, it can be
considered that the effect of EEG on the first
principal component is about three times that of
MEG.
The sum of squares of the factor loadings at
the observation point where the absolute value of
the factor loading in the second principal
component was 0.70 or more was 7.45
(MEG:0.53, EEG:6.92), and the eigenvalue of
the second principal component was 18.96:
(MEG:6.95,EEG:12.02). From this, it is
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understood that the features of the second principal component are represented by 39.29% (MEG: 0.53/18.96 ≈
0.0280, EEG: 6.92/18.96 ≈ 0.3650) only at these observation points. Therefore, it can be considered that the second
principal component is almost the effect of the EEG.
The square sum of factor loadings at the observation point where the absolute value of the factor loading in
the third principal component was 0.60 or more was 1.88 (MEG:1.52, EEG:0.36), and the eigenvalue of the third
principal component was 7.12( MEG:4.73, EEG:2.38). From this, it can be seen that the characteristics of the third
principal component are represented by 26.40% (MEG:1.52/7.12≈0.2135, EEG:0.36/7.12≈0.0506) only at these
observation points. Therefore, it can be considered that the influence of the MEG in the third principal component
is approximately four times that of the EEG.
The reason for setting the absolute value of the factor loading for the first, second, and third principal components
is to make it easier to see which part of the brain mainly works for each principal component. Moreover, the method
of obtaining the criterion of the absolute value of the factor loading was obtained by applying the cluster analysis
to the factor loading.
By analyzing the combined MEG and EEG data, in the experiment of electrical stimulation in the right median
nerve, the first and second principal components were analyzed by EEG, and the third principal component was
analyzed by MEG.
Also, considering the properties of MEG and EEG, it can be inferred that the signal for the stimulus, which
is the feature of the first principal component, flows along the direction relatively perpendicular to the surface of
the brain. Moreover, since the EEG has a stronger effect, it can be seen that the response to the stimulus is an
uncomplicated response that can be measured even if the spatial resolution is low. It can be inferred that the signal
for the heart motion, which is the characteristic of the second principal component, flows along a direction that
is substantially perpendicular to the surface of the brain. Moreover, since the EEG has a stronger effect, it can
be seen that the response to heart motion is a simple reaction that can be measured even if the spatial resolution
is low. It can be inferred that the eye movement response, which is a characteristic of the third principal component,
flows along the direction parallel to the brain surface. Moreover, since the MEG has a stronger effect, it is clear
that the reaction to the eye movement should have a higher spatial resolution, and the reaction to the eye movement
is a complicated reaction.
For this reason, first, an analysis is performed using data that combines MEG and EEG, and it is investigated
whether the characteristics of each principal component appear strongly in MEG or EEG, and then individual analysis
suitable for each principal component is performed., I think
it will deepen the understanding. Also, although it is possible
to analyze EEG data for responses to stimuli and regularity
such as heart movement, it is better to analyze complex
reactions that do not have regularity such as eye movements
with MEG data.
Also, look at the factor loading of the first principal
component.
The standard of absolute value of factor loading is 0.80
or more. By combining MEG and EEG, it can be seen that
the response to the stimulus, which is the characteristic of
the first principal component, is spread over the stimulus
contratemporal and the stimulus side centering on the
stimulus contralateral parietal region. This is also because it
was analyzed in combination.

Fig. 6. Factor loading of the first principal component in the
combined data of MEG and EEG (●: +, ●:-)
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5. Conclusion
In this study, principal component analysis is performed on the MEG data only, the EEG data only, and the
combined with MEG and EEG data to extract the components of brain signals. Then, we have examined the
advantages of handling each type of data. It is found that the characteristics of each principal component can be
read from the factor loadings by using only MEG data. In addition, we are able to observe from the principal
component score to the small reaction of the MEG data. When data analysis is performed using only EEG data,
it is possible to see the details of the response to the stimulus of the first principal component. When data analysis
is performed by combining with MEG and EEG, it is possible to obtain an index that indicates which MEG or
EEG should be analyzed for a certain reaction. In addition, the features of MEG and EEG and the features of
each principal component could be considered. Principal component analysis can accurately perform dimension
compression and information extraction. Moreover, the reaction to the stimulus can be accurately observed by
considering it from the medical knowledge. Even weak reactions can be recorded.
The future issue in this study is to improve the accuracy of information extraction. Also, it is necessary to drop
the electrodes into a three-dimensional space and view them in three dimensions. By doing this, it will be possible
to see the connections between brain regions in more detail, and it will be a step leading to the elucidation of
the whole picture of brain functions.
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Abstract
The Mahalanobis Taguchi (MT) and the Recognition Taguchi (RT) methods are typical methods of the MT
system, used for discrimination of multivariate data such as bankruptcy judgement of company, medical checkup
and character recognition. They have a common problem regarding how missing data are handled. The use of
these methods requires the assumption that normal samples are obtained from a homogenous space called unit
space. Therefore, it is necessary to prepare sufficient samples for analysis.
In this paper, firstly we apply multiple imputation to the MT method, which is called the MI-MT method.
However, the MT method has a restriction that analysis cannot be performed if the sample size is smaller than
the number of variables. Even if the sample size is larger than the number of variables, it is reported that if
we do not have a sufficient sample size, the analysis results will be unstable. Therefore, secondly we apply multiple
imputation to the RT-method, which is called the MI-RT method. Through Monte Carlo simulation, we investigate
accuracy of MI-MT and MI-RT. We conclude that MI-MT and MI-RT are better than MT and RT using other
imputation methods such as mean-imputation.
Keywords: MT method; Anomaly detection; Missing value; MAR; Imputation

1. Introduction
The Mahalanobis Taguchi (MT) and the Recognition Taguchi (RT) methods are typical methods of the MT system
(Taguchi and Jugulum 2002), used for discrimination of multivariate data such as bankruptcy judgment against a
company, medical checkups, and character recognition. However, they have a common problem regarding how
missing data are handled. The use of these methods requires the assumption that a sufficient number of samples
are prepared from a homogenous space called a unit space.
This study applies multiple imputation to the MT method, which is called the MI-MT method in this paper.
However, a constraint of the MT method is that analysis cannot be performed if the sample size is smaller than
the number of variables. Even if the sample size is larger than the number of variables, it has been reported that
if we do not secure a sufficient sample size, the analysis will be unstable. Therefore, we apply multiple imputation
to the RT method, which is called the MI-RT method in this paper. We compare the performance of the MI-MT,
MI-RT, and mean imputation, and investigate which method works properly.
The remainder of this paper is organized as follows. In section 2, we describe the basic terms and methods
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used herein. We describe the proposed method in section 3. In section 4, we conduct Monte Carlo simulations
to compare the discrimination accuracy. In section 5, presents concluding remarks and proposes future tasks.

2. Basic concepts used
2.1

Missing mechanism

According to Takahashi and Watanabe (2017), missing values can be classified into three type depending on
the missing mechanism: missing completely at random (MCAR), missing at random (MAR), and missing not at
random (MNAR).
MCAR means that the probability of missing values is independent of the data. MAR means that the probability
of missing values is not based on the value of a variable that contains a defect, but it changes depending on the
values of other variables in the data. MNAR means that the probability of missing values depends on the value
of the variable itself.
2.2

MT method

The MT method defines a homogenous population, which is called unit space, and evaluates the distance from
the unit space using the Mahalanobis distance. Samples that belong to the unit space are judged as normal, and
those that belong unit space are judged as abnormal. The analysis process is as follows (Tatebayashi et al,2008).
Figure2.1 Data format of MT method

No.
1
2
n
Average
Standard deviation
First, calculate the average and standard deviation.
Normalize each variable

and determine the normalized value

.
(2.1)

Calculate the correlation coefficient matrix R.

(2.2)
When the variable set
of unknown data is obtained, using
normalized
by (2.1), the Mahalanobis distance is calculated as follows: The superscript T represents the transpose of a matrix
or vector.
(2.3)
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2.3

RT method

Like the MT method, the RT method is one of the MT system, and is used for anomaly detection and pattern
recognition. There are two advantages in this method compared with the MT method. First, there are fewer
computational constraints. In the MT method, if the unit space sample is less than the number of variables, we
cannot analyze the data. In the RT method, data that cannot be analyzed by the MT method can be analyzed. Second,
it is easy to calculate. The MT method calculates the Mahalanobis distance using only two contracted variables,
which is superior in terms of calculation cost. However, the disadvantage is that information is lost because the
variable is contracted to two variables.
The analysis process of the RT method is as follows (Taguchi 2006a, 2006b;, Tatebayashi et al. 2008).
It is assumed that the data in Table 2.1 could be acquired as the data for unit space, which is calculated according
to the following procedure and contract them to two variables. Let

and

be represented as follows:
(2.4)
(2.5)

The error fluctuation

is calculated as follows:
(2.6)

and
for each sample are calculated as follows.
and
are equal to the standard deviation
Statistics
of the slope and residual when a regression equation is calculated that passes through the origin with the mean
of each variable as the explanatory variable.
(2.7)
(2.8)
The average of

and

is represented as

and

, respectively.

The Mahalanobis distance is calculated after consolidation into two variables.
First, we calculate the dispersion and covariance, and the variance-covariance matrix.
(2.9)
(2.10)

(2.11)
(2.12)
Next, the cofactor matrix A of the variance-covariance matrix

is calculated.
(2.13)

Using this, the Mahalanobis distance of the sample is represented by the square root of the following equation:
(2.14)
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2.4

Improved distance of RT method

Nagata and Doi (2009) argued that distance used in the RT method has inappropriate properties as “It has a
positive value at the center of the unit space, becomes zero away from the center, and then increases” when the
data of each item is continuous or a multivariate value. Additionally, Nagata and Doi (2009) proposed an improved
distance as follows:
(2.15)
(2.16)

(2.17)
(2.18)
The improved distance becomes 0 at the center of the unit space and increases at it becomes distant from the
center.
Furthermore, they proposed another improved distance that considers the difference in the distribution of
and

.

(2.19)

This is a distance assuming that the variance of

is one dimensionally distributed, while the variance

dimensional is
times different. However, this distance assumes that each variable is
distributed in
evenly distributed and that the variables are independent.
2.5

Mean imputation

According to Takahashi and Watanabe (2017), mean imputation is one of the typical methods in single imputation.
It is the method of substituting the mean value of each variable in the observed data foe the missing value as
it is. There is a disadvantage in that it underestimates the standard deviation. Although mean imputation can be
easily performed, it is not suitable for practical use because it significantly distorts the data distribution.
2.6

Multiple imputation

Multiple imputation is used to replace missing values with M simulation values (M>1) based on the Monte Carlo
method.
The analysis process of multiple imputation is as follows (Takahashi and Watanabe, 2017; Takahashi and Itoh, 2014).
Step 1: Imputation stage
Generate M sets of substituted data by building the posterior prediction distribution of the missing data.
Step 2: Analyze stage
Statistical analysis was performed using the M substituted datasets created in Step 1 separately to obtain
the estimated value of the parameter

.

Step 3: Integration stage
The M sets of estimated values obtained in Steps 2 and 2 are integrated by the following formula:
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(2.20)
where
2.7

is the

th estimate of parameter

and

is the simple arithmetic mean.

Algorithm used in multiple imputation

Multiple imputation consists of three stages: the imputation, analysis, and integration stages. In the multiple
imputation, multiple imputed data are obtained by constructing the posterior prediction distribution of the missing
data. Three algorithms have been proposed as this method. In this section, we describe the algorithm used in the
imputation stage.
The fully conditional specification (FCS) complements the multivariate missing data for each variable. In other
words, it is an algorithm that constructs a complementary model for each missing variable and creates complementary
values for each variable. The mechanism of the FCS algorithm is shown below.
Let j be the variable numbers, and
is extracted from the observation data
site

.

is the complement of

. Then, (2.21) is used to extract

. First, the initial value
. Next, the substitution

is extracted using (2.22). We perform the following operations for the number of variables:
(2.21)
(2.22)

3. Proposed method
In the MT and RT methods, discrimination is performed using the correlation structure of data. It is therefore
necessary to impute a value that does not destroy the correlation structure between the data and the missing data.
The algorithm of the method proposed in this research is shown below.
Step1: Missing data is complemented by multiple imputation to create a unit space.
Step2: Estimate the variance-covariance matrix and mean vector using unit space.
Step3: Using the variance-covariance matrix and mean vector estimated in Step2, calculate the Mahalanobis distance
of unit space and test data.
Step4: A threshold is set such that the Mahalanobis distance discrimination rate of the unit space calculated in Step3
becomes 5%.
Step5: Evaluate the discrimination rate of the test data using the threshold value obtained in Step4.
When the MT method is used, it is represented as MI-MT, and when the RT method is used, it is represented
MI-RT. We compare these discriminant accuracies using Monte Carlo simulation, including the case of using the
mean value substitution method.

4. Accuracy comparison
In this section, we compare the accuracy of the methods with various patterns. Comparing the results of artificially
generating missing data in the data that follow the multivariate normal distribution, we complement and analyze
them using each method. The comparison methods are as follows: When applying the RT method, the original
method and the modified distance D# and DC# proposed by Nagata and Doi (2009) are also considered.
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1. Apply mean imputation to the MT method (mean-MT)
2. Apply mean imputation to the RT method (mean-RT, mean-RT(D#), mean-RT(DC#))
3. Apply multiple imputation to the MT method (MI-MT)
4. Apply multiple imputation to the RT method (MI-RT, MI-RT(D#), MI-R(DC#))
The evaluation index is the average discrimination rate, which is the average value of the normal discrimination
rate and the abnormal discrimination rate.
4.1 Simulation settings
Table 4.1 shoes the simulation settings. We set a threshold at which the misclassification rate of the unit space
data is 5%. In addition to, the multiple imputation uses complement by Random Forest (Ishioka, 2011).
Table 4.1 Simulation settings

Number of simulations
Missing pattern

100
MAR

Missing mechanism
Number of missing variables
Number of datasets created
Normal data

10
20
,𝜮)
30-dimensional multivariate normal distribution𝑁(𝑥|
Number of data in unit space：100,1000
Number of test data:5000
Pattern 1:30-dimensional multivariate normal distribution

Abnormal data

Pattern 2:30-dimentional-multivariate normal distribution

Threshold

Number of test data:5000
Set such that the misclassification rate of the unit space is 5%

Mean vector

Variance-covariance matrix

4.2

Missing mechanism

We assumed an MAR deficiency in which the missing rate of another variable changed with the median of
one variable. Figure 4.1 is a scatter plot when data is
artificially deleted so that the correlation between variables
becomes 0.5. The data plotted with × mark are missing. In
Figure 4.1, there is no missing data with a value smaller
than the media, and all the data with a higher than median
are missing.
4.3

Simulation results and discussion

In this section, the discriminant accuracy of each
method is compared by changing the correlation value and
the number of data points in the unit space. Based on the
Figure 4.1 Pattern for missing data
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results of the simulation, the average discrimination rate for each pattern is shown in Table 4.2 to 4.5.
Table 4.2 Average discrimination rate ( =0.1, Abnormal pattern1)

MT
mean-MT
MI-MT
RT
mean-RT
MI-RT
RT(D#)
mean-RT(D#)
MI-RT(D#)
RT(DC#)
mean-RT(DC#)
MI-RT(DC#)

Number of data in unit space:100
70.843
58.785
61.887
95.757
84.931
92.640
96.468
90.618
94.084
60.515
65.938
64.375

Number of data in unit space:1000
88.060
83.005
86.640
97.151
89.349
95.625
97.324
92.758
95.936
50.410
50.985
50.520

Table4.3 Average discrimination rate ( =0.5, Abnormal pattern1)

MT
mean-MT
MI-MT
RT
mean-RT
MI-RT
RT(D#)
mean-RT(D#)
MI-RT(D#)
RT(DC#)
mean-RT(DC#)
MI-RT(DC#)

Number of data in unit space:100
65.317
56.430
58.809
88.569
70.857
82.310
91.798
77.160
85.497
52.294
54.859
55.061

Number of data in unit space:1000
66.923
63.065
68.294
89.072
73.299
86.340
92.220
78.801
88.961
50.130
50.791
50.399

Table4.4 Average discrimination rate ( =0.1, Abnormal pattern2)

MT
mean-MT
MI-MT
RT
mean-RT
MI-RT
RT(D#)
mean-RT(D#)
MI-RT(D#)
RT(DC#)
mean-RT(DC#)
MI-RT(DC#)

Number of data in unit space:100
71.352
58.785
62.058
91.011
83.735
89.607
63.346
67.238
65.739
92.833
82.378
91.295

Number of data in unit space:1000
93.410
84.638
88.951
91.101
87.612
90.794
62.138
67.238
64.212
93.427
86.834
93.352
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Table 4.5 Average discrimination rate ( =0.5, Abnormal pattern2)

MT
mean-MT
MI-MT
RT
mean-RT
MI-RT
RT(D#)
mean-RT(D#)
MI-RT(D#)
RT(DC#)
mean-RT(DC#)
MI-RT(DC#)

Number of data in unit space:100
71.352
56.430
62.662
85.342
74.525
83.831
63.458
65.285
65.759
88.299
78.868
86.953

Number of data in unit space:1000
93.410
78.014
88.847
84.693
77.588
85.956
62.320
65.285
64.480
87.671
83.051
88.772

Tables 4.2 and 4.3 show the average discrimination rates for abnormal pattern 1. Table 4.4 and 4.5 show the
average discrimination rates for abnormal pattern 2. When the number of data in the unit space is 100, the
discrimination accuracy of the MT method is low. It is because the number of data in the unit space is small.
However, when the number of data in unit space is 1000, the discrimination accuracy of the MT method is higher
than when the number of data in unit space is 100.
It can also be seen that the discrimination accuracy of the RT(DC#) method is low. This is because values
of DC# show almost the same values between normal data and abnormal data, and it is difficult to discriminate.
From Tables 4.4 and 4.5, it can be seen that the discrimination accuracy of the RT(D#) method is low. This
is due to depend on the pattern of occurrence of abnormal data. Abnormal pattern 1 assumes an average value
abnormality, and abnormal pattern 2 assumes a variance value abnormality. Therefore, it is concluded that the RT(D#)
method exhibits excellent performance in detecting anomalies in average values, and is weak in detecting anomalies
in variance values.
In the abnormal pattern 1, the discrimination accuracy when the multiple imputation method is applied is higher
than when the mean imputation method is applied, except for the RT (DC#) method, which has low discrimination
accuracy. Also, in the abnormal pattern 2, the discrimination accuracy of the multiple imputation method exceeds
the discrimination accuracy of the mean imputation method, except for the RT (D#) method, which has low
discrimination accuracy. In addition, the higher the correlation between items is, the greater the difference in
discrimination accuracy between the multiple imputation method and the mean imputation method. This is because
in the mean imputation method, a value that destroys the correlation structure between items is substituted into
the missing value, which adversely affects the discrimination.

5. Conclusion and future challenges
The MT method and the RT method have a common problem regarding
applied multiple imputation to both methods, and compared the performance
MI-RT showed better discrimination accuracy than mean-RT and mean-MT. If
applying the mean-imputation substitutes a value that destroys the correlation
multiple imputation.

how missing data are handled. We
with mean imputation. MI-MT and
there is a correlation between items,
structure, so it is desirable to apply

The following three points are listed as future tasks.
First, it examines how to deal with missing test data. We consider the case in which only the data in the unit
space are missing. However, in the actual field of data analysis, it is assumed that not only the unit space data
but also the test data are missing.
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Second, it is necessary to perform simulations on various data. Our data reveal that the correlation between
adjacent variable is high and becomes smaller as the variables are separated. This simulation data has a certain
degree of regular correlation structure. However, in actual data analysis, it is assumed that data with different
correlation of each variable will be used instead of such regular data. Therefore, it is necessary to confirm whether
MI-MT and MI-RT are work normally even in such cases.
Finally, there is a consideration in the threshold setting. We set the threshold so that the misclassification rate
of the unit space data was 5%. However, there are multiple threshold-setting methods. Since the threshold set in
this study is not the best, it is necessary to confirm what kind of result will be obtained when analysis is performed
by another threshold setting method.
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Abstract
Products or systems degrade over time. Degradation over time is frequently modeled by stochastic processes
to account for inherent randomness. Based on the assumption of additive accumulation of degradation, a family
of degradation processes based on the Lévy processes has been well studied in the literature. Recently, a stochastic
degradation model based on the generalized inverse Gaussian (GIG) distribution shows good performance in the
empirical evaluation studies based on some well-known real datasets. The likelihood function of this model can
be seen a generalization of the likelihood function of the existing degradation processes including the Wiener,
gamma, inverse Gaussian (IG) processes, which belong to Lévy process. However, it is not clear that which
stochastic models is the best for modeling the degradation phenomena although the numerous papers have appeared
in decades.
In this paper, we consider more flexible degradation stochastic model than the prominent models. Specifically,
we propose a new stochastic degradation models based on the powered inverse Gaussian (PIG) distribution, which
can be seen a generalization of the IG distribution, and the powered generalized inverse Gaussian (PGIG)
distribution. The likelihood function of this model can be seen a generalization of the likelihood function of GIG
degradation model. The performances of the proposed models are assessed by comparing the proposed models
with the prominent models, based on the some well-known real datasets. The results of the evaluation show that
the proposed models perform better than existing models.
Keywords: Degradation model; Lévy process; Inverse Gaussian distribution; Maximum likelihood estimation; Akaike
Information Criterion

1. Introduction
On August 14, 2018, The Morandi bridge in Italy had a catastrophic failure during a torrential rainstorm, a
210 meter section of the bridge collapsed. The tragedy killed 43 people and left 600 homeless. It is reported that
part of causes of this accident was corrosion and damage. Since 2010, the bridge had been informed that it needs
to be repaired due to increased traffic. But, the repairing didn’t come true. From this case, we learned that it is
important to design a quantitative maintenance based on degradation information.
to account for inherent
Degradation over time is frequently modeled by stochastic processes
randomness. Based on the assumption of additive accumulation of degradation, a family of degradation processes
based on the Lévy family of stochastic processes such as the Wiener [6], gamma [2], and inverse Gaussian (IG)
[7][10][12] processes have been well studied in the literature. In numerous applications, the Wiener process has
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been fitted to nonmonotonic degradation path. However, it is generally not considered that degradation doesn’t
recover. Therefore, a new degradation model based on gamma process is proposed. gamma degradation model has
monotonic degradation path and solves the problem of the Wiener degradation model. However, both the Wiener
and gamma degradation models are sometimes not suitable for certain data (see [12]). The other choice for
degradation data is the inverse Gaussian(IG) process.
Recently, a stochastic degradation model based on the generalized inverse Gaussian (GIG) distribution [3] show
good performance in the empirical evaluation studies based on some well-known real datasets [9]. The likelihood
function of this model can be seen a generalization of the likelihood function of the existing degradation processes
including the Wiener, gamma, inverse Gaussian (IG) processes. However, it is not clear that which stochastic models
is the best for modeling the degradation phenomena although the numerous papers have appeared in decades.
While, Weibull distribution is often applied in failure mode effect analysis (FMEA). This distribution can be
expressed as exponential distribution with power parameter. Because the parameter expresses the tail of exponential
distribution, it is considered that it shows good performance in FMEA. It is assumed that the effect of power
parameter is also useful in the degradation phenomena.
In this paper, we consider more flexible two degradation stochastic models than the prominent models. The first
proposed model is the stochastic degradation model based on powered inverse Gaussian (PIG) distribution, which
can be seen a generalization of IG distribution. The second is the stochastic degradation model based on powered
generalized inverse Gaussian (PGIG) distribution. The likelihood function of this model can be seen a generalization
of the likelihood function of GIG degradation model.
In this article, we introduce the PIG and PGIG degradation model in Section 2. In Section 3, we describe the
parameter estimation. Through some of the well-known real datasets of degradation [6][8][11], we evaluate the
proposed model compared to some prominent models in Section 4. Finally, we conclude this study in Section 5.

2. Proposed Degradation Models
2.1

Degradation model based on the powered inverse Gaussian(PIG) distribution
The PIG distribution was introduced by [4]. The pdf of this distribution is given by

is defined

.

while log-normal distribution when
.This
The PIG distribution becomes IG distribution when
distribution does not have the additive property and it is therefore hard to construct a PIG process having the
stationary increments and belonging to Lévy process because the stationary increments doesn’t hold, unlike the
Wiener, gamma and IG degradation processes. Instead, the PIG degradation model is defined as a stochastic process
with the following properties when n observation times

are obtained.

1.
2.

are independent

3. Each increment follows an PIG distribution. Especially,
where
function of time t with

,and
.

referred to as shape function, is a given monotone increasing
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2.2

Degradation model based on the powered generalized inverse Gaussian(PGIG) distribution
The PGIG distribution was introduced by [5]. The pdf of this distribution is given by

where

is a modified Bessel function of the second kind, which is given by

and this

is the modified Bessel function of the first kind.

The PGIG distribution becomes GIG distribution when
, and IG distribution when
additive property like the PIG process.

, generalized gamma distribution when
. PGIG process also does not have the

The PGIG degradation model is defined as a stochastic process
properties when n

with the following

are obtained.

observation times
1.
2.

are independent

3.Each increment follows an PGIG distribution. Especially,
where

and

.

Figure1. The relationship of the degradation models

2.3

The relationship of the degradation models

Figure 1 shows the relationship of the degradation models. The GIG degradation model includes the Wiener
and gamma, IG degradation models, and the PGIG degradation model (Prop.) includes the GIG degradation model.
While the PIG degradation model includes IG degradation model, but not gamma and Wiener degradation model.
The PGIG degradation model doesn’t include the PIG degradation model because the transformation from the GIG
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distribution to the PGIG distribution is different from the transformation from the IG distribution to the PIG
distribution.

3. Parameter Estimation
The proposed degradation models are estimated by maximum likelihood estimation. That is, it is necessary to
obtain the estimate that maximize the likelihood function.
, the log-likelihood functions of the proposed models are given by

Given

where

, and

degradation i th unit at time

is the realization of

with

which is the stochastic

, and

,

.
The maximum likelihood estimators (MLEs) of these all unknown parameters

are obtained by
(5)

It is not easy to obtain the closed-form of the above MLEs, and we need to find the solution of the above
numerically. In solving (5) for
, we recommend to use the Nelder-Mead method and Internal point method in
Mathematica and MATLAB. These methods are applied to obtain the estimate
Table 1. AICs of the laser data (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

AIC
-146.07
-145.03
-147.62
-145.82

))

(LL)
(75.03)
(75.51)
(76.81)
(76.91)

.

Table 2. AICs of the crack data 1 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

Table 3. AICs of the crack data 1 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

of

)

AIC
105.69 (-49.05)
105.74 (-48.87)
99.04 (-45.52)
87.96 (-38.98)
)

AIC (LL)
88.99 (-41.49)
91.20 (-41.60)
84.36 (-38.18)
90.10 (-40.05)

587

4. Evaluation of the proposed method
In this section, we show two real examples based on the well-known real degradation data sets.
4.1

Example 1

The first is the degradation data of the GaAs laser devices initially provided by [6] and reanalyzed by numerous
authors, thoroughly analyzed this dataset and concluded that the Wiener nor the gamma process provides a good
fit. They found the IG process model fits the reasonably well.
The degradation of the laser device is measured as the operation current, which increases over time. The device
fails when the percent increase in operation current exceeds a fixed threshold. The degradation data from 15 testing
samples are collected, with observations made at 250, 500, … , 4000 hours. Based on the analysis of [6], the
.

log-likelihood(LL) and AIC of existing and proposed models are calculated with the shape function

Table 1 shows log-likelihood and AIC of each models. The IG degradation model is based on [7] and the GIG
degradation model is based on [9]. From Table 1,we found that while the PGIG model has the best log-likelihood,
the PIG model has the best AIC. This result indicates that PGIG model having four parameters may be too complex
to this data, compared to the other models.
4.2

Example 2

Next, we consider the aluminum alloy fatigue data initially reported by [11], wherein the quality characteristics
of the tested specimens are the crack sizes. 30 samples are tested for fatigue crack development and the inspections
are taken at the same measurement time for all. The measurement time is from 10,000 to 40,000 cycles every 5000
and
cycles. This data set termed as “crack data 1”. We consider two cases:
for the degradation paths, which are as same as those in the analysis of [7]. Table 2 summarizes the results of
AICs of the this data. As a result, for the shape function

, the PIG degradation model is the best in term

in term of AIC. For the shape function
of AIC.
4.3

, the PGIG degradation model is the best

Example 3

The following Alloy-A crack data is taken from [6]. The data from 21 testing samples are collected, with
observations made at 0.01, 0.02, ⋅ ⋅ ⋅ , 0.12 million cycles. The data were collected to obtain information on crack
growth rates for the alloy. This data set is termed as “crack data 2”.
and
for the degradation paths. From Table
We also consider two cases
4 and 5, a comparison of the AIC shows that the PGIG degradation model is adequate.
Table 4. AICs of the crack data 2 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

AIC
-1166.85
-1164.13
-1165.60
-1179.40

Table 6. AICs of the crack data 3 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)
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AIC
-436.21
-434.44
-436.48
-448.82

)

(LL)
(586.82)
(586.06)
(586.80)
(594.69)
)

(LL)
(221.11)
(221.22)
(222.24)
(229.41)

Table 5. AICs of the crack data 2 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

AIC
-1202.12
-1196.16
-1201.18
-1225.07

)

(LL)
(603.06)
(602.08)
(604.59)
(617.53)

Table 7. AICs of the crack data 3 (

Models
IG [7]
GIG [9]
PIG (Prop.)
PGIG (Prop.)

AIC
-436.40
-434.62
-436.66
-453.45

)

(LL)
(221.20)
(221.31)
(222.33)
(231.72)

4.4

Example 4

The final is the degradation data of the crack propagation of a crack in a terminal of an electronic device provided
by [8]. The data from 10 testing samples are collected and the crack growth for the terminal was measured every
0.1 hundred thousand cycles until 0.9 hundred thousand cycles. This data set is termed as “crack data 3”. We also
consider two cases
and
for the degradation paths.
Table 6 and 7 compare AIC for each degradation models. These tables indicates that the PGIG model has the
best values of AIC for crack data 3.

5. Conclusion and future issues
In this paper, we have proposed new stochastic degradation models based on PIG and PGIG distributions. And,
we compared the proposed degradation models and the prominent degradation models. The laser dataset of [6] and
the crack datasets of [6][8][11] were used to obtain parameter estimates for each model by maximum likelihood
method and we have evaluated these models by AIC.
, the best AIC model is the
As a result, for the laser data and crack data 1 in case of
PIG degradation model(Prop.). For the crack data 1 in case of
and the crack data 2 and 3, the best
model of AIC is the PGIG degradation model(Prop.). Therefore, in terms of AIC, the performance of the proposed
models show better than the prominent models, in general. Especially, the PGIG degradation model has been suitable
for many degradation datasets.
We will extend our model to random effect models although we have focused only fixed effect models in this
study. We plan to investigate the above lines of research as our future work.
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Abstract
In professional baseball games, the timing of changing pitcher is important factors to win. Since it has become
possible to utilize the various data recently, it is desirable to construct an effective analytical model that learned
past data and utilize it for team management. In this study, we propose a statistical model of estimating the expected
runs for each inning to support decision making of changing starting pitchers. Specifically, we construct a Markov
chain model with a transition probability matrix for states defined by the combination of out counts and the
occupation of the bases. Here, we should consider the fact that a transition probability can vary depending on
the match between a pitcher and a batter. However, even if the transition probabilities are estimated for each
match, the number of combinations becomes enormous and the estimation accuracy reduces. Therefore, we
introduce a latent class model to estimate the transition probabilities while grouping the combinations into a small
number of latent variables. By the proposed model, it becomes possible to accurately estimate the expected runs
by using the transition probabilities estimated for each latent class. To verify the effectiveness of the proposed
model, we conduct experiments by using actual Japanese professional baseball data, evaluate the estimation
accuracy of the expected runs, and interpret the estimated latent classes.
Keywords: baseball, starting pitcher, expected runs, latent class model, Markov chain model.

1. Introduction
In professional baseball games, management of pitchers is one of the critical factors for winning a game.
Especially, the timing of changing a starting pitcher during the game is an important factor that directly affects
the outcome of the game. However, the change of a starting pitcher has been based on the personal experience
of managers taking account of criteria such as the number of pitches, the condition of the starting pitcher and the
relief pitcher, and so on. Thus, it is possible that the appropriate decisions have not been made. By utilizing data
analysis technology for determining the timing of changing a starting pitcher, it aims that to provide a quantitative
criterion as a basis for decision making. In this study, we focus on the characteristics of professional baseball games,
where the states are discontinuous and the current state depends on the previous state, consider modeling using
the Markov chain model [1] - [3] for transition of state. Especially, we use Latent Segment Markov Chain (LSMC)
[4] which applies the think of Markov chain. Under the above premises, we estimate expected runs from transition
probability during states, where a state is defined as the combination of out counts and the occupation of the bases.
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By using the Markov chain model, we can stochastically represent discontinuous transitions of states and calculate
the expected runs in an inning.
In the previous studies [5], [6], the expected runs are calculated by estimating the transition probability from
the current state to the next state, considering only the batter's ability. However, the ability and the condition of
pitchers would also have a significant impact on the team's run. Therefore, in addition to the batter’s ability, we
consider reflecting the ability of a pitcher and the condition of the day in order to construct a more sophisticated
model. Specifically, we propose a model of calculating expected runs for an inning taking into account the different
transition probabilities among each match of a pitcher and a batter. However, if the transition probabilities are
estimated for every combination of the pitchers and the batters, the number of combinations becomes enormous
and the estimation accuracy deteriorates. Therefore, we introduce a latent class model [7] - [9] to estimate the
transition probabilities while grouping the combinations into a small number of latent variables. For making a
prediction of the expected runs based on the latent class Markov chain model, the estimated transition probabilities
for each latent class are mixed by the weights of belonging probabilities to the latent classes. Thereby, it becomes
possible to accurately estimate the transition probabilities for groups of combinations of the pitchers and the batters.
Consequently, using this transition probabilities, we estimate the expected runs at each inning of a pitcher. To verify
the effectiveness of the proposed model, we conduct experiments by using actual Japanese professional baseball
data, evaluate the estimation accuracy of the expected runs, and interpret the latent class.

2. Preliminaries
2.1

Related work

Conventionally, many studies have been reported on a data analysis model for baseball games. There are various
studies on data analysis models in baseball, and analytical and prediction models have been proposed for various
purposes. For example, Barry, D. and Hartigan (1994) proposed a change points detection model in 0-1 sequence
for predicting divisional winners in Major League Baseball [10]. For the purpose of Predicting Divisional Winners,
Barry and Hartigan (1993) also proposed a generalized choice model for the probability of a team winning a
particular game [11]. Their model can estimate the winning probability for different strengths for each team, different
home advantages, and strengths varying randomly with time. Yang and Swartz (2004) proposed a two-stage Bayesian
model for predicting winners in Major League Baseball, which is estimated by Markov Chain Monte Carlo methods
[12]. Fritz and Bruce (2010) proposed an objective model for determining the most valuable player in Major League
Baseball [13]. On the other hand, Albright (2012) focused on hitting streaks for individual batters in the game of
baseball [14]. This study explored whether these streaks occur more (or less) frequently than would be predicted
by a probabilistic model of randomness. As described above, various analytical models have been proposed for
baseball from various viewpoints.
On the other hand, from the perspective of analysis for baseball strategy planning, a slightly more microscopic
model is effective. Since baseball is a sport in which the situation discretely progresses through each match between
a batter and a pitcher, many research results and commentary articles [15] - [18] have reported that the Markov
chain model is useful. Moona et al. (2013) analyzed the data of the Korean Baseball League by a Markov chain
model [19], whereas Smith (2016) applied a Markov chain model for predicting Major League Baseball [20]. Ano
(2003) proposed a modified model to predict earned-run average taking account of steal effect based on a stationary
Markov chain and evaluated the contribution of each player[21]. For theoretical analysis, Palacious (2009) gave
the results of the almost sure limits of the proportions of the total number of runs, and of the number of runs
of a given length, over the number of transitions, for the states of a finite irreducible Markov chain [22]. Kira
and Inakawa (2018) discussed Markov perfect equilibria in Baseball [23]. An extension model to higher-order Markov
chain for baseball outcomes was also reported [24].
Although Markov chain models can be applied to the various data analyses for considering baseball strategies,
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the decision making of batting order is one of most important points every manager should decide every game.
Therefore, many studies focusing on the batting order have been reported. Hirotsu(2011, 2016) have developed the
sophisticated models based on a Markov chain approach for decision making of optimal batting orders [25], [26],
which were developed models of a Markov chain model for optimal pinch hitting strategies[27]. Thus, many of
these studies examined the hitting strategies that are useful for managers in offensive innings. On the other hand,
this paper focus on the data analytics for decision making on a starting pitcher switching by applying a Markov
chain model. In order to construct an effective statistical model for this purpose, we extend the conventional offensive
model based on Markov chains proposed by D'Esopo and Lefkowitz [5] and Ursin model [6] to a sopisticated model
taking account of the combinations of a pitcher and a batter on each situation. In addition, we introduce the concept
of latent class models into our model in order to acquire a high accurate statistical model and give interpretability
of the estimated model. These are the novelty points of the proposed model in this study.
2.2

Latent Segment Markov Chain (LSMC) [4]

The proposed model in this study is closely related with Latent Segment Markov Chain (LSMC) model proposed
by Dias, J. G. and Vermunt [4] as an analytical model of customers’ browsing behaviors on EC sites. In this section,
we describe LSMC briefly. The LSMC focusing page transitions in EC websites was formulated by a first-order
Markov model based on the latent class of page transitions that users visit. A page transition data of a user from
arriving at a target EC site to leaving from the site is a browsing sequence that is called a session. Unlike common
time series data, browsing history data on EC sites consist of a mixture of diverse browsing behaviors by users
who have completely different preferences and behavior patterns, so it is important to consider that point. By
constructing a Markov Chain model with latent classes, it is possible to model the similarity and heterogeneity of
browsing behavior, such as users who easily transition from the top page to the sale product page and users who
have difficulty putting products into their cart. In other words, we can model user segments with similar browsing
tendencies by considering the differences in user browsing behavior in a time series.
, the page type set be

Now, let the session set be
class set be

. If

then the browsing history series

, and the latent

is the number of pages viewed by the user in a given session

,

is given as follows:
(1)

where

is the

-th page type viewed by the user in a given session

if the number of times a user transitions from page type

to

then the occurrence probability of the browsing history series

and satisfies

in a given session

. Moreover,
is defined as

,

when the session belongs to a certain latent class

is defined as follows:

(2)
where

is an indicator function that takes 1 when

property is assumed in the part of
the browsing history series
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as follows:

and 0 otherwise, and first-order Markov

. Using equation (2), LSMC models the occurrence probability of

(3)
Also, if the number of pages viewed in the
history series

-th session

in the observation data is

, then the observation

is defined as follows:
(4)

is the -th viewed page type in the
where
The occurrence probability of browsing history
is expressed as follows:

-th session
in session

, satisfying
.
belonging to the latent class

above this

(5)
where the latent class
distribution, and
then viewing the page type

to which

belongs satisfies

. In equation (5),

is the probability of viewing the page type
at

is the initial
at

-th in

, and

-th. The graphical model of LSMC is represented in Fig.1.

Fig. 1. Graphical model of LSMC

3. The Previous Models of Runners Advancement and Calculation of Expected Runs
Although several analytical and predictive models have been reported in the field of baseball data analytics,
our study focus on the purpose of accurate estimation of expected runs for the decision making of starting pitcher
switching. For this purpose, our model is an extended model from the Markov Chain based baseball offense model
proposed by D'Esopo and Lefkowitz [5] and Ursin model [6]. In this chapter, we describe the model proposed
by D'Esopo and Lefkowitz and Ursin model, which takes the baseball offense as a Markov chain, and then explain
the algorithm for calculating the expected score.
3.1 D'Esopo and Lefkowitz model [5]
The D'Esopo and Lefkowitz model [5] defined the combination of runners and out-count as a state and simply
represented the transition rules based on the result of an at-bat and runners advancement conditioned by each state
in order to simulate the offence and calculate expected runs. In this model, the next runners’ advancement on each
occupation state of the bases is uniquely determined by the result of the batter's at-bat and runners never advance
to any other base.
This model defines 25 different states of baseball offense, which mean the combinations of out count (0 out,
1 out, 2 outs) and the occupation of the bases (based empty, runner on first, runner on second, runner on third,
runner on first and second, runner on first and third, runner on second and third, and bases loaded), in addition,
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the end of the offense with 3 outs. Therefore, they define a transition matrix, where each row represents the “offense
state before at-bat” and each column represents the “offense state after at-bat”. Here, using
the kind of the occupation of the bases), and

, the transition matrix

(8 means

is defined as follows:

Each row (and each column) of
corresponds to an offensive end state in which row (column) 1 to row
(column) 8 is 0 out, row (column) 9 to row (column) 16 is 1 out, row (column) 17 to row (column) 24 is 2 outs,
, each row and each column corresponds to the occupation of the bases,
and row (column) 25 is 3 outs. In
which is “based empty”, “runner on first”, “runner on second”, “runner on third”, “runners on first and on second”,
“runners on first and on third”, “runners on second and on third”, and “bases loaded” from top left to bottom right.
represents the transition probability when the number of outs does not increase, such as the batter's at-bat result
is a hit or a walk.

(7)

where

denotes the probability of Home Run,

denotes that of Triple,

denotes that of Single Hit,

denotes that of Walk, and

denotes that of Double,

denotes that of Out.

, each row and each column correspond to the occupation of the bases with
In the matrix , as well as in
“based empty, runner on first, runner on second, runner on third, runners on first and on second, runners on first
represents
and on third, runners on second and on third, and bases loaded” from the top and left, respectively.
the transition probability when the result of putting out in the 0 or 1 out, in which case the number of outs increases
are estimated for each
by one and the runner stays on base. The probabilities in the transition matrices
batter. In equation (6), the transition probabilities between states are assumed to be constant regardless of the number
of outs, so each element of

is always constant for each batter.
(8)

where
The vector

denotes a unit matrix.
represents the probability of transition from 2 outs to 3 outs.
(9)

They can simulate state transitions in offense by constructing
multiplying it by the transition in batting order.

from each batter's past performance and

Next, we explain how the expected runs in an inning are estimated. The maximum value of runs in an inning
is assumed as
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. The matrix representing the probability distribution of runs scored and states is defined as

, whose rows represent the runs scored in an inning and columns represent the states in this model.
In this case, it is possible to simulate offense state transitions by multiplying the transition matrix
the

-th state and score probability matrix

at-bat in an inning, and
matrix

in an offense inning is defined by

is defined as a submatrix with

-th row in

by

. Here,

of at the end of

-batter

. The state and score probability

at the start of an offense inning, that is, after the end of the 0-batter at-bat,

, is defined by the

matrix such that the component of only (1, 1) is only 1, and all the remaining are 0. At the end of
at-bat in an inning, the submatrices of

-th batter

are calculated as follows:

(10)

Then,

is a transition submatrix that is extracted from the transition matrix

contains only the elements of transitions that score

, where

runs in an at-bat.

In baseball games, the number of outs increases monotonically within an inning. Even in the transition matrix
, no transition with a decreasing number of outs occurs because the lower triangular part of equation (7), excluding
the diagonal component, is a zero matrix. Hence, in equation (11), the sum of the elements in column from 1 to
24 approaches 0 as

, and the sum of the elements in column 25, which represents the 3 out offensive end

state, approaches 1. Note that the probability that a score in an inning exceeds
line of

runs is integrated into the

.

means the 25-th column of
, and
Assuming that
runs in one inning (ER) can be calculated as follows:

means the element of

-th line of

, the expected

(11)

3.2

Ursin model [6]

The D’Esopo and Lefkowitz model does not correctly model the game of baseball because it dosen’t take into
account double and triple play. In contrast, Ursin introduced the concept of a double and triple play into the D'Esopo
and Lefkowitz model and construct a model to simulate team runs using the transition probabilities calculated from
batters' abilities [6]. They define a transition matrix as follows:

(12)
where the matrices
matrices

and

are transition matrices from 0 out to 0, 1 and 2 outs respectively. The

represents same as that of the D’Esopo and Lefkowitz model.

of 8th dimension. The column vectors

and

2 outs to 3 outs respectively. For example,

represent the probability of transition from 0, 1 and

represents the probability of transitioning from 0 out to 3 outs in

an at-bat. That is, the batter hits into a triple play. Similarly,
into a double play from 1 out and
and

denotes the column vectors

represents the transition probabilities of hitting

represents the transition probabilities from 2 outs to 3 outs. The vectors

are calculated by the double play or triple play ratio to number of at-bats. This model assumes that
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the transition probabilities are constant regardless of the occupation of the bases and considered only the batter’s
ability.

4. The Proposed Model
4.1

Overview

In this study, we consider estimating the expected runs of a pitcher per inning to provide useful information
for the decision-making whether a starting pitcher should be changed or not. In the Ursin model, when the expected
runs are estimated for each offense inning, the transition probabilities are calculated by taking account of only the
batter's ability. This is because their study focused on the sufficient data can be obtained for the probability estimation
of the results of at-bats for main batters. However, the expected runs are likely to be affected by the ability of
the pitcher as well as the ability of the batter. It is, therefore, necessary to predict the expected result when a starting
pitcher continue to pitch in the target defensive inning in order to make use of the model for the decision-making
of pitcher switching. However, if we simply extend the Ursin model to estimate transition probabilities individually
for all combinations of pitchers and batters, there’s not enough training data for each combination and the estimation
accuracy of the estimated transition probabilities may deteriorate. In order to overcome the problem, we assume
a latent class behind the combination of pitchers and batters and the state transitions. That is, we propose a latent
class model that assumes different transition matrices for each latent class by making the structure such that the
pitcher index and the batting order co-occur from the latent class. This allows us to group a huge number of pitcher
and batter combinations by a small number of latent variables. If we estimate the belonging probabilities to each
latent class for each combination of pitchers and batters, we can infer a transition matrix weighted by the belonging
probability to each combination of pitchers and batters. In this way, once the combination of a pitcher and a batter
is determined, the transition matrix is also determined, and it is possible to calculate the expected runs based on
the transition probabilities.

4.2

Pitcher and batter indicators

The main factors that cause professional baseball pitchers to lose runs are the ability of the pitcher, the ability
of the opposing batters, and the condition of the pitcher on the day. In this study, we estimate the expected runs
by taking account of these factors. In the previous model, only the batter's ability was considered, but it is expected
to improve the accuracy of the prediction of expected runs by considering the pitcher's ability and the condition
of the day. In addition, the difference of pitcher’s ability and their conditions are essential for the purpose of
decision-making whether a starting pitcher should be switched to a relief pitcher. Then, we use the pitcher's season
performance before to the game as the pitcher’s ability, the batting order as the opposing batter’s ability, and the
pitcher's pitching record before the previous inning of the day as the pitcher's condition. In this case, we use the
following four indicators that represent the characteristics of pitchers, which are considered to be highly relevant
to the number of runs scored in one inning.
・WHIP : The number of Runners Allowed per inning
・Lose Run Rate : Lost Runs per inning
・Strikeout Rate : The number of strikeouts per inning
・Grounder out/fly out Ratio : Ratio of grounder out and fly out
Each of the above indicators is categorized into three levels so that the characteristics of each class are clearly
expressed.
As described above, the combination of a pitcher and a batter is characterized in the model by WHIP, run rate,
strikeout rate, grounder out /fly out ratio (season and day performance, respectively), and batter batting order.
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4.3

Model formulation and parameter estimation

4.3.1 Model formulation
Let

be the -th pitcher's index (ability and condition) and batter's order concurrently

,

be

the number of elements, and the set of variables vector representing the -th pitcher's index and batter's order be
, and
be the variable vector representing the -th pitcher's index and batter's
order. For example, for the first pitcher indicator is WHIP of the season data, this is expressed on three levels,
. Also, let the set of outcounts and the occupation of the bases be , let the outcounts and the occupation
of the bases before at-bat be

, the outcounts and the occupation of the bases after at-bat be

. As well, let the set of the latent classes be , and the latent classes be
the graphical model of the proposed model is shown in Fig. 2.

,

Fig. 2. Graphical model of the proposed model

And the simultaneous probability is defined as follows:
(13)
In this model,

meaning the probability of pitcher’s index and batter's order under the latent class

meaning the probability the post-hitting state
follows the
follows the polynomial distribution and
same distribution. Since the latent class that is an unobserved variable is contained in the model, the parameters
are estimated by using the EM algorithm.
The LSMC is a single-topic model that is generated from a single latent class, but in this study, we assume
a multi-topic model in which the latent class changes in each seat depending on the pitcher's index, the batter's
order, and the state before and after at-bat. Therefore, we propose a model that extends the LSMC so that the
latent class can be re-estimated for each at-bat.
The steps for training and predicting phases of the proposed model are shown in the following:
Training Phase
Step 1 : To estimate the parameters of the proposed model using the EM algorithm.
Step 2 : To calculate the transition matrix
for each latent class.
Prediction Phase
Step 1 : To calculate the posterior probability based on the pitcher's index, batter's order of batting, and
out count / the occupation of the bases.
Step 2 : Based on the transition matrix
for each latent class and the posterior probability, to calculate
the transition matrix
for each pitcher's index and batter’s order.
Step 3 : Using
calculated in Step 2, to calculate the expected runs.
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4.3.2 Estimation of parameters using the EM algorithm[10]
Since the proposed model is a latent class model and assumes the existence of unobservable variables, the
parameters are estimated sequentially by the EM algorithm[29].
E-step

(14)
M-step

(15)

(16)

(17)
The EM algorithm iterates E-step and M-step in turn until log-likelihood is convergence.

5. Actual Data Analysis
In this chapter, an analysis using a real data set is demonstrated to confirm the validity of the proposed model.
First, we calculate the error of the expected runs for a test data set and verify the accuracy of the estimation of
the expected score. Next, the characteristics of each latent class are interpreted by checking the matchups belonging
to each latent class with the highest probability
the estimated latent classes are reasonable.
5.1

, and the result of clustering is analyzed to see if

Analysis condition

In this analysis we use three years data of Japanese professional baseball from 2016 to 2018, provided by Data
Stadium Inc. We use the 2016 and 2017 data for training and the 2018 data for testing to evaluate the prediction
error. We use only starting pitchers in this analysis, except the cases a starting pitcher is switched in the middle
of an inning. The number of training data is 84,510 at-bat and that of test data is 35,825 at-bat. The number of
latent classes is set as

from the viewpoint of interpretability through preliminary experiments.

As a baseline method for comparison of prediction accuracy of expected runs, we used the mean of real runs
per inning during the period of the training data as the predicted value. We evaluate the expected score by using
the mean absolute error (MAE) and mean square error (RMSE) between the calculated expected runs and the actual
runs.
5.2

Results of analysis and consideration

5.2.1 Verification of accuracy of expected runs
The MAE and RMSE of the proposed and comparison methods are shown in Table 1. The better accuracy
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is shown in bold.
Table 1. MAE and RMSE of proposed and comparison methods

Training data
Testing data

MAE
RMSE
MAE
RMSE

Proposed model Comparison method
0.5140
0.4660
0.8414
0.7539
0.7158
0.6151
1.0472
0.9490

Table 1 shows that the proposed model achieves higher prediction accuracy for the training data, but lower
prediction for the test data. A reason of this result could be that the model was over-fitting at training. However,
because of the characteristics of baseball, there are so many innings whose score is zero, there is a problem that
even if the predicted value is constantly zero for all innings, the prediction accuracy will be high. In fact, when
comparing the means of the expected runs between the proposed and comparison methods, the comparison method
is predicted to be about 0.18 points lower than the proposed model. That is, because the proposed model is influenced
by an inning with a high number of runs, it is possible that it predicted relatively higher expected runs. In addition,
it is more important to predict accurately for the innings in which runs are really earned in order to apply the
model to the decision making of pitcher switching. Therefore, we compare the prediction performance which is
estimated in only the innings that scored runs in the data. The MAE and RMSE estimated in only the innings
that scored runs in the data are shown as follows:
Table 2. MAE and RMSE for proposed and comparison methods limited in loss innings only

MAE
Training data
RMSE
MAE
Testing data
RMSE

Proposed model Comparison method
0.4402
0.3877
1.0271
0.9803
1.7632
1.2615
1.8292
1.7326

From Table 2, the proposed model achieves higher accuracy for both training and test data in only the innings
that scored runs in the data. Considering both Tables 1 and 2, prediction performance of the proposed model is
slightly superior to the conventional method.
5.2.2 Analysis of latent classes
Next, we give the interpretations of the estimated latent classes and show the validity
and utilization of the proposed model. First, the occurrence probabilities of each latent class
obtained from the analysis experiment are shown in Table 3.

Table 3. Occurrence
probabilities of latent
classes

has a slightly higher occurrence probability, while
Table 3 shows that the latent class
the latent classes 5 and 6 have lower probabilities.
The interpretation for each latent class is shown in Table 4 and 5. In these tables, a lower
WHIP and lose run rate are denoted as “good” and a higher rate as “bad”. The higher value
of the strikeout rate was written as “good” and lower value as “bad”, and the evaluation
of the grounder out / fly out ratio was written as “high” for the grounder out rate or “high”
for the flyout rate.
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Table 4. Interpretation of latent classes(class 1, 2, 3)

Class name
Occurrence
probability

0.3251

0.2010

0.1739

Characteristics of the
pitching index(season)

very good WHIP and lose run
rate, bad strikeout rate

bad lose run rate and
very high fly out ratio

Characteristics of the
pitching index
(current day)

good WHIP andlose run rate,
relatively bad strikeout

very bad WHIP and
lose run rate, high
grounder out ratio
relatively good lose
run
rate, high strikeout rate

Characteristics of the
batting order

Probability of belonging to the
1st to 4th batters is high

Every batter's order
exists

Example of affiliation

Takayuki Kishi(pitcher) and
Haruki Nishikawa(1st batter)

Yusuke Nomura
(pitcher) and D.Viciedo
(4th batter)

Probability of belonging
to the 1st to 3rd batters
is high
C.C.Mercedez (pitcher)
and Tetsuto Yamada(3rd
batter)

relatively bad WHIP,
very high fly out ratio

Table 5. Interpretation of latent classes(class 4, 5, 6)

Class name
Occurrence
probability

0.1423

0.0913

Characteristics of the
pitching index(season)

bad lose run rate
and strikeout ratio

bad WHIP and very bad
lose run rate. Relatively
high grounder out ratio

Characteristics of the
pitching index
(current day)

good WHIP and very
good lose run rate

very bad WHIP,
very high strikeout rate

Characteristics of the
batting order
Example of affiliation

Probability of belonging
to the 5th to 9th batters
is high
D. Buchanan(pitcher) and
Yoshiyuki Ishihara(8th
batter)

Every batter's order exists
Ayumu Ishikawa (pitcher)
and B. Laird (5th batter)

0.0664
very good WHIP, lose
run rate, and strikeout
ratio.
high fly out ratio
good WHIP and loss
run rate, and high fly
out ratio
Probability of belonging
to the 5th to 8th batters
is high
Tomoyuki Sugano
(pitcher) and Shota
Ono(8th batter)

Based on Table 4, the interpretations of the latent classes are given below. We present only the interpretation
of classes 1 and 2 whose characteristics are clear.
Latent Class 1
Pitchers belonging to this latent class have a good WHIP and strikeout rate for the season, so they have a pretty
high probability of nailing batters for the season as a whole. However, they are not in good form on the day and
they’re facing against a batter at the top of the batting order, so that the nailing probability tends to decrease than
means interesting matchups of good pitchers with a high nailing probability against
usual. Therefore, the class
a good lineup of batters but the mailing probability of the pitchers is relatively lower than usual depending on
their condition and compatibility of the day.
Latent Class 2
This is a class with a high probability of grounders in both the season and the day of the game. With a bad
WHIP and run rate both on the day and through the season, it can be said that the probability of nailing them
is low. In addition, a WHIP and lose run rate of the pitchers for the season are poor, but the lose run rate and
strikeout rate on the day are relatively good. Therefore, this class means matchups that the batters have advantage
from the viewpoint of season performance, but as the pitcher’s condition is likely to be good on the day the pitchers
are likely to nail the batters (with a high probability of a grounder out).
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The interpretation results of the latent classes confirmed that we are able to construct a reasonable clustering.
Therefore, the accuracy of the expected runs and the clustering results indicated that we have constructed an
appropriate model.

6. Discussion
6.1

Usefulness of the proposed model

First, from Table1 and 2, we found that the proposed model achieves higher accuracy only in the innings that
scored runs in the data, but lower accuracy in innings of all complete data. This is due to the inability to reproduce
over-fitting.
Next, we interpreted the latent classes and analyzed the matches by class. The results suggest that the starting
pitcher should be changed when the estimated transition matrix has a high probability of being hit or the expected
runs are high. This means that the proposed model can be used not only for changing pitchers between innings,
but also for changing pitchers in the middle of an inning, because the transition matrix is estimated differently for
each batter. Thus, by using the proposed model, it can obtain information to support the decision-making to change
the starting pitcher.
From the above discussion, it can calculate the probability of belonging to the latent class considering the pitcher's
ability, the condition of the day, the batter's ability by using the proposed model. Consequently, it can calculate
the expected runs. Furthermore, based on these results, we have shown that information can be provided to support
the decision-making for changing of the starting pitchers.
6.2

Advantages of the proposed model

In this study, considering the batter’s ability as well as the pitcher's ability and the condition of the pitcher
on the day, we construct the model of calculating the expected runs and analyze using it. By incorporating the
pitcher's condition on the day into the model, the expected runs for the next inning could be calculated considering
the condition until the previous innings. Furthermore, the interpretation of latent classes allows analysis of a matchup
between pitchers and batters, and it would be useful to provide information to support the decision-making process
for changing of the starting pitchers.
6.3

Scalability of the proposed model

In this study, only the starting pitcher was analyzed, the data on the replacement of the starting pitcher in the
middle of an inning and the relief pitcher were excluded from analysis. However, those situations are more important
because these have direct impact on the development of the game. Therefore, if the proposed model can be used
for all innings, the usefulness of the proposed model is expected to improve.

7. Conclusion and Future Works
In this study, we focused on the timing of changing starting pitchers and aimed to provide information to support
the decision-making process by constructing a model to estimate the expected runs per inning of pitchers based
on past data. In previous study, the expected runs were calculated by estimating the transition probability considering
only the batter's ability. Besides, in this study, we constructed a model to calculate the expected runs scored by
reflecting the pitcher's ability and the condition of the day in addition to the batter's ability. Specifically, we adopted
a latent class model to estimate the transition probabilities while grouping the combinations of pitchers and batters.
From this modeling, we estimate the transition probabilities for each latent class of combinations of pitchers and
batters and construct a model with relatively high accuracy. In addition, we applied the proposed model to actual
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Japanese professional baseball data to verify the accuracy of the expected runs and to interpret the latent class.
From the result of analysis, we showed the usefulness of the proposed model by comparing the expected runs
calculated by using the proposed model with those calculated by using a comparison method of benchmark. In the
qualitative analysis by the estimated latent class model, we also showed that the combination of a pitcher and a
batter with a high occurrence probability in the latent classes can be reasonably interpreted. The proposed model
enables us to analyze the matchups between the pitcher and the batter.
The future works are as follows.
First, it needs to reduce the number of parameters. In this study, despite of grouping a huge number of
combinations of pitchers and batters, we adopt a latent class model and use a small number of latent variables,
however, it may occur over-fitting. Second, it is also desirable to extend the model to relief pitchers. In this study,
we focused on only the starting pitchers. To extend the proposed model to relief pitchers will enlarge the usefulness
of the model.
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Abstract
In computer experiments, we often collect sample data by space filling design, and analyze relationship between
response and factors using Gaussian process regression. This approach is believed effective in predicting response
level from factor levels. However, in inverse estimation that is to find factor levels from the given response level,
there is a need to evaluate the effectiveness of the combination of space filling design and Gaussian process
regression. In this research, we focus on inverse estimation in case of nominal the best response. Nominal the
best response is to make the response closer to the target value. A previous research formulates inverse estimation
of linear regression problem with constrained response value. Based on the data, we conduct Gaussian process
regression and consider the inverse estimation of the constrained response. We compare the accuracy of inverse
estimation while changing sample size in space filling design and hyper parameter of kernel function in Gaussian
process regression. Moreover, while dealing with the improvement of the conventional space filling design, we
conduct some numerical experiments. Some results of comparison are introduced in inverse estimation of nominal
the best response from sample size, hyper parameter and the improvement of the space filling design.

1. Introduction
Such as Montgomery (2001), Wu and Hamada (2000) and Yamada (2004), design of experiments begins with
Fisher's agricultural experiments. Since then, it is used in physical experiments. However, in recent years, with the
progress of computers, the design of experiments by simulation is widespread. Such as Shen (2017) and Loeppky
et al. (2009), in computer experiments, a combination of collecting data by space filling design and analyzing the
relationship between factors and response by Gaussian process regression is often used. According to Santner (2003),
in space filling design, the design points of the experiment are evenly distributed within limited sample size, so
we can decide sample size and the number of factors. Especially, Latin hyper cube design proposed by McKay
et al. (1979) is a typical example. This design is expanded from idea of Latin square. Latin square is an
matrix in which
symbols are distributed so that each row and column is not covered. Based on this idea, the
design considered in hyper cube is Latin hyper cube design.
Gaussian process regression is an application of the stochastic process model described in Sacks et al. (1989).
According to Akaho (2008), this regression model is considered to follow normal probability model. When response
is and error vector is against factor levels , it is assumed that
in formula (1.1) follows a multidimensional
normal distribution with average vector 0 and variance-covariance matrix V.

604

(1.1)
In matrix

, we use gram matrix

against kernel function. The element of matrix in

-th row and

-th

. Gaussian kernel in formula (1.2) is often used as a typical

column is equivalent to kernel function
example of kernel function.

(1.2)
Gaussian process regression is believed effective for the problem of predicting response from factor levels.
However, there are some problems in applying it to inverse estimation problem that finds factor levels from the
given response. Nagashima and Yamada (2019) deals with inverse estimation of Gaussian process regression for
smaller the better response. Yamada (1997) formulates inverse estimation of linear regression problems for larger
the better response and nominal the best response. In this research, we compare the accuracy through several
numerical experiments to apply Gaussian process regression for inverse estimation of nominal the best response.

2. Previous researches and raising problems
Yamada (1997) formulates inverse estimation of linear regression problems with a constrained response of
for nominal the best response that makes response

close to the target value

optimization, there are some methods for finding factor levels

. In the field of mathematical

under the constraint of nonlinear function

In this research, we conduct Gaussian process regression based on response

.

collected by some experiments, and

compare the accuracy of inverse estimation problem constrained by the obtained function
. Yamada (1997)
mainly uses two evaluation indices for inverse estimation of linear regression problems. The first is an index based
on response. The true optimal levels is
error of response

, the estimated optimal levels is

, and the expected value of the squared

at each level is used as an index, as shown in following formula (2.1).
(2.1)

The second is an evaluation index based on factor levels. The difference between
consideration of the correlation between factors. The factor levels in
index is expressed as the following formula (2.2).

data is matrix

and

is described in
, and the

(2.2)
As in Yamada (1997), this research also considers the accuracy of inverse estimation from the two viewpoints
of response and factor levels. In the error of response, in order to make it easier to think the value directly, we
use the absolute value of the error instead of the squared error. The response at the estimated optimal levels is
, and we use the following formula (2.3) as the index.
(2.3)
In factor levels, we graphically represent through analysis of inverse estimation by Gaussian process regression.
In

obtained by Gaussian process regression, we investigate the distribution of the factor levels that satisfy
. In the inverse estimation of linear single regression in Miwa (1985) and linear multiple regression in

Fujikoshi and Nishii (1986) and Brown (1982), it is described that the expected value

of the estimated optimal

levels
does not match the true optimal levels
and the unbiasedness does not hold. In the inverse estimation
of Gaussian process regression for nominal the best response, we focus on whether the unbiasedness holds from
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the viewpoints of response and factor levels. If
is 0. The center of the distribution of

matches

should be

, the expected error of response in formula (2.3)

.

is not set
Moreover, in nominal the best response, the factor levels that satisfy the target value of response
at one point. It is necessary to consider how to set the true optimal levels, unlike the inverse estimation of smaller
and larger the better response. Yamada (1997) formulates the solution of optimal levels by considering correlation
between factors under the constraint of

, and adopting the minimization of Mahalanobis distance with a given

factor levels. For simplicity, in this time, the solution is the point where Euclidean distance from the given
close. The number of factors is

, and

that satisfies the following formula (2.4) is defined as

is

.

(2.4)

As a function to obtain a response, Nagashima and Yamada (2019) does not consider interactions between factors
but uses a polynomial with independent factors. To conduct a more practical simulation, it is necessary to collect
data using a function that includes interactions, as in the computer experiments of Tan (2015). To represent the
distribution of factor levels graphically, we use a function that have two factors.
Furthermore, the shape of the surface of Gaussian process regression changes depending on the value of hyper
parameter of kernel function in formula (1.2). Loeppky et al. (2009) investigate the accuracy in change of this
hyperparameter and sample size of space filling design when predicting response from factor levels. Both values
have a large influence on the accuracy, and it is suggested that sample size should be set to about 10 times the
number of factors. In this research as well, we compare the accuracy of inverse estimation by the value of hyper
parameter and the sample size. In addition, Tan (2015) describes a Latin hyper cube design that is transformed
to be dense at the edge of the experimental range. Prediction of response by Gaussian process regression tends
to be unstable at the edge of the experimental range. The transformation of Latin hyper cube design aims to overcome
this problem. In this research, we also introduce the transformed Latin hyper cube design and compare the accuracy.

3. Comparison method of accuracy in inverse estimation
In this research, we consider inverse estimation of nominal the best response that makes response

close to

the target value
using Gaussian process regression, and compare the accuracy from two viewpoints of error in
response and distribution of factor levels. First, we describe the accuracy comparison method of response error.
obtained by Gaussian process regression, the estimated optimal levels that satisfy

From
as

. The response at the estimated optimal levels
and

is

, and we use absolute value of the difference between

in formula (2.3) as the index. The true optimal levels

distance is close to given
within the constraint of
minimization problem of formula (2.4).
We determine the number of factors
and sample size

, function

is the levels

at which the Euclidean

. In other words, it corresponds to solving the

to obtain response, hyper parameter

in formula (1.2),

, and repeat inverse estimation by the following procedure. We explain -th iteration below.

(1) Using Latin hyper cube design, we determine design points
(2) We assign

is defined

to function and obtain response

(3) Based on response

by any sample size.

.

, we conduct Gaussian process regression and obtain estimated function,

.

at the center point of the block obtained by dividing the experimental range of each factor
(4) We find
into 100 blocks.
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that satisfies

(5) We extract

corresponding to the extracted

(6) In the factor levels
to

is

0.05.
, the point with the closest Euclidean distance

.

(7) The response at

is defined as

, and we calculate

.

Repeating the above (1) to (7) 1000 times, we use the average of response error
for accuracy comparison.

as an index

Next, we describe the accuracy comparison method of the distribution of factor levels. In this comparison, we
graphically investigate whether the factor levels that satisfies
match with the contour line of
.
The above steps (1) to (4) are conducted in the same way as when comparing response error. However, unlike
step (5) and later, the true optimal levels are not set, and one point
extracted. We repeat plotting the extracted factor levels 1000 times.

that has the closest value to

is

4. Comparison results of accuracy in inverse estimation
4.1. The function and designs used to obtain response
As the function to obtain response, we use the following
formula (4.1) with the number of factors =2 and including the
interaction.
(4.1)
2. The contour lines
The experimental range is -2
within the experimental range are shown in Figure 4.1 below.
Since the purpose is to deal with the function including interactions
and to graphically represent the distribution of levels that satisfy the
estimated response values, we use an elliptic function that has two
factors and easy to capture contour shapes. The target value of response

Figure 4.1. The contour lines of

is set to 2. Furthermore, the transformed Latin hyper cube design
of

at -2
2

is also adopted. After the level is determined in
, the transformation of

dense at

is conducted, and the level is set so that both edges become

.

4.2. Comparing response error from the estimated optimal levels
In this section, we calculate the error of response value at the estimated optimal levels

and the target value

of response
, and compare the accuracy. The true optimal levels are set at each point of the dense and sparse
contour lines. When the contour lines near the
optimal levels are dense,

is (0, 0),

and when they are sparse,

is (2, 2).

The contour lines of
= 2 and the true
optimal levels are shown in Figure 4.2 below.

Figure 4.2. True optimal levels near (0,0) and (2,2) at

=2
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First, Figure. 4.3 below shows the results of comparing the averages of

with sample size

from 10 to 50. We compare normal Latin hyper cube design and the transformed design of

changed

. Hyper parameter

is unified to 1. The left figure is when the contour lines near the optimal levels are dense and the right figure
is when these are sparse.

Dense near optimal level

Sparse near optimal level

Figure 4.3. Average of response error in change of sample size

It can be seen normal Latin hyper cube design is more accurate than the transformed design of
. To stabilize
the regression prediction, it may be effective to make the design points dense at both edge of the experimental
range. However, in these results, it can be read that it is better to use the normal Latin hyper cube design in the
inverse estimation for finding the optimal levels. The response value of this elliptic increases sharply toward the
edge of the experimental range, which makes it difficult to capture the overall tendency by regression. In addition,
in both designs, it can be read that the change in the error decreases after

=30, which is 15 times the number

of factors. When the contour lines near the optimal levels are sparse, the error after =30 is almost constant in
normal Latin hyper cube design. Comparing the two figures, response error is generally smaller when the contour
lines near the optimal levels are sparse. Even if the estimated optimal levels deviate from the true optimal levels,
it is considered that there is almost no difference in the response values.
Next, Figure. 4.4 below shows the results of comparing the averages of response error
of hyper parameter

. About hyper parameter, the common logarithm of

in the changes

is taken and it is varied from -1

to 1. Sample size is unified to 30. The left figure is when the contour lines near the optimal levels are dense
and the right figure is when these are sparse.
Even when compared in hyper parameter, it can be seen that the normal Latin hyper cube design is generally
more accurate than the transformed design of
. However, in both designs, the influence of parameter changes
is large. Except for the normal Latin hyper cube design when the contour lines near the optimal levels are sparse,
response error changes about 1.0. In case that the contour lines near the optimal levels are dense, the accuracy
is high when

is -0.25 to 0.25, that is,

is 0.5 to 1.8. In the sparse case, the accuracy is high when

is -0.5 to 0, that is, is about 0.3 to 1. Comparing the two figures in Figure 4.4, as in Figure 4.3, response error
is generally smaller when the contour lines near the optimal levels are sparse. In the transformed Latin hyper cube
, there is no result when
is -1 because there is no point that satisfies
design of
by regression. It is assumed that the curved surface is smooth and not be estimated correctly.
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< 0.05

Dense near optimal level

Sparse near optimal level

Figure 4.4. Average of response error in change of hyper parameter

4.3. Comparing factor levels from estimated response
In Section 4.2, we conduct inverse estimation of nominal the best response, and compare response error from
match

the estimated optimal levels. In this section, we investigate whether factor levels that satisfies
. Without setting the true optimal levels, we extract one point

with the contour line of
is the closest to
parameter

and repeat plotting the factor level 1000 times. In this case as well, sample size

are changed to compare the difference in level distribution. First, we unify

=0.5 and change sample size

that value
and hyper

=2 and hyper parameter

. Normal Latin hyper cube design is used to set the design points. Figure 4.5

below shows the scatter plot at sample size

=30 and 50.

=30

=50

Figure 4.5. Scatter plot of levels satisfying

at

=30 and 50

Looking at the two figures in Figure. 4.5, there are areas where the levels that satisfy
coincide
with the contour line. However, there are some areas where the level deviates from the contour line and is biased.
Increasing sample size

to 100, the bias does not disappear. At

=30, the level variation becomes stable to some

extent and the shape of the distribution can be captured. It can be seen when sample size
is 50, the width
of the distribution becomes narrower and the variation becomes smaller. It can be said that the results that response
error becomes smaller as sample size
match with Section 4.2.

is increased and the change of the error becomes smaller after =30 almost
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Next, we unify

=2 and sample size

=50 and change hyper parameter of kernel function. Normal Latin hyper

cube design is used to set the design points. Figure 4.6 below shows the scatter plot at hyper parameter
=0.3
and 2.0. Similar to Figure. 4.5, there are areas where they coincide the contour line, however, there are also some
areas where the level deviates from the contour line and is biased. Although Hyper parameter is changed with various
is changed in
values, it is not found that all levels match the contour line. In Section 4.2, hyper parameter
the range of 0.1 to 10 and the accuracy of inverse estimation is compared. In this section, it can be read that
the distribution and bias are different by changing hyper parameter in small range. Depending on where the true
optimal levels are set, it may be necessary to change setting of hyper parameter value within small range.

=0.3
Figure 4.6. Scatter plot of levels satisfying

=2.0
at

=0.3 and 2.0

5. Conclusion
In this research, we focus on the inverse estimation of Gaussian process regression in nominal the best response
with a restricted response value. From the viewpoints of response error at the estimated optimal levels and factor
levels at the estimated response value, we conduct some numerical experiments respectively. Looking at changes
in sample size and hyper parameter, it can be seen they have a large influence on the accuracy of the inverse
estimation. As for sample size, the accuracy increases as the size increases. However, even if sample size increase,
the bias in the distribution of levels does not disappear. It is thought that about 15 times the number of factors
is necessary to stabilize the accuracy of inverse estimation. As for hyper parameter of kernel function, it is found
that changing the value causes a difference in the bias of the factor levels distribution. Looking at it together with
the comparison results of the response error in section 4.2, it is considered necessary to select an appropriate value
by setting the true optimal levels.
Furthermore, the Latin hyper cube design, which is transformed so that both edges of the experimental range
are dense, is also introduced. This conversion may be effective for improving the accuracy of regression prediction.
However, it is not always good in inverse estimation. It is considered that the accuracy of the inverse estimation
is stable to some extent if we use normal Latin hyper cube design. In addition, if we change the setting of the
optimal levels depending on the density of contour lines near the levels, response error is smaller in the sparse
case. Even if the estimated optimal levels deviate, it is considered that response value does not change much.
As shown in the scatter plot of Section 4.3, the future challenges are that the estimated factor levels and the
contour line do not completely match, and there are some places where bias occurs. In order to apply the inverse
estimation of Gaussian process regression in nominal the best response, it is necessary to consider the cause from
various viewpoints such as theory and numerical experiments.
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Abstract

It has recently become possible to make use of not only simple purchase history but also various types of
auxiliary information. Due to the development of information environment with rich data, a method which enables
us to analyze customers' purchasing behavior using these various kinds of data for marketing purposes is desired.
Meanwhile, many models have been studied for handling such various data and predicting users' purchasing
behavior in the field of machine learning. One of those models is the Knowledge Graph Attention Network
(KGAT), which learns user preferences by modeling the relationship among users, purchase items and their
auxiliary information. In this model, the users' preference can be interpreted by using the auxiliary information
of items and this interpretability is useful for planning marketing measures. However, because KGAT does not
consider users' attribute information, it is not sufficient for an analysis that gives a bird's eye view of users’
purchasing behavior. Therefore, this research proposes a model that enables effective analyses from various
viewpoints by extending KGAT as not only using auxiliary information of items to a model but also considering
the relationship between users and their attribute information. Finally, we apply the proposed method to the actual
purchasing history data of an EC site and show the usefulness of our proposal.
Keywords: Customer analysis, Deep Learning, Knowledge Graph, Graph Attention Network.

1. Introduction
These days, the development of information technology with rich data enables us to utilize not only the purchase
history data but also various types of auxiliary information such as the category of the purchased item, the store
information, and the attribute of the user for marketing analysis. Therefore, the method of integrated analysis of
various data is becoming more important to know the customer preference and design an effective marketing measure.
In the field of machine learning, especially recommendation models which handle purchase history data, many models
have been proposed for predicting users’ purchasing behavior by handling such various data in an integrated manner.
A typical method that can handle various data is Factorization Machines [1] and this method is still widely used
in the field of recommendation. This method can model interactions between various kinds of data and provide
high performance but cannot model complex relationships. In recent years, many methods based on deep learning
have been proposed, for example, Neural Factorization Machines (Neural FM) [2], Wide & Deep [3] and xDeep
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FM [4], because they can handle various kind of data and can model complex relationship among them. However,
though these models can be applied to the recommender systems and would be high precise, it is difficult to interpret
why the item was recommended. Although the average accuracy of recommendation is important for recommender
systems, the interpretability of the model is also necessary for the guarantee of its robustness and applicability in
practice.
In addition, these existing methods model each interaction indecently and can’t consider high-order connectivity
among auxiliary information. Moreover, they don’t take their relations into account explicitly, for example, the
relations between “user and purchased item” and “item and store” are different but these differences aren’t
considered. So, they are insufficient to extract collaborative signal based on auxiliary information from the collective
users’ purchasing behavior.
To consider high-order connectivity among auxiliary information and the differences of relations, handling both
interactions between users and items and auxiliary information as graph structure is an effective way and, in this
research, we call this type of graph collaborative knowledge graph (CKG). Recently, several works have attempted
to apply the CKG for recommendation [5]-[8]. By applying CKG, because we can define relations among data
explicitly, it becomes possible to construct the interpretable recommendation models. Some recommendation models
adopting CKG introduce the meta-path to capture relationships among users, items and items’ side information. We
” or more complex “
”.
can define a simple meta-path “
Existing methods [8][9] qualify the importance of each meta-path using Attention Mechanism. Attention Mechanism
has been widely used in natural language processing and this method can specify the important information by
attention weight. These days, Attention Mechanism is applied to various tasks and improve the model’s prediction
accuracy and interpretability. By quantifying the importance of the meta-path using Attention Mechanism, it becomes
possible to interpret what information users place importance in their purchasing decisions and this suggests that
interpretable recommendation models can be useful not only predicting users’ purchasing but also analyzing users’
purchasing behavior and preference. However, in these meta-path based methods, path selection had large impact
on model performance and selecting path needs domain knowledge. So, the model which is interpretable and can
qualify the importance of relation in end-to-end manner is desired.
As one of such recommendation models, Knowledge Graph Attention Network (KGAT) [10] has been proposed,
which learns the users’ preference by modeling the relationship between the users, purchase items, and auxiliary
information using CKG. This model can learn the complicated relationships between users and purchase items, and
the relationship between items and auxiliary information of items by representing them in a graph. One of the
characteristics of KGAT is to quantify the importance of the relationship such as “user and purchase item” and
“item and store” as the edge weights of the graph in end-to-end manner. In this model, the edge weight, which
is used to explain the purchase behavior of users, will be learned to be larger when the co-occurrence is repeatedly
observed. Hence, it is possible to interpret the reason why the item was recommended to the user, for example,
KGAT can output an important item with the reason explanations such as “it is recommended because the user
bought an item in the same category” or “it is recommended because it is sold in the same store that the user
purchased in the past” and so on. Moreover, this interpretability can also be useful for understanding the customer’s
purchasing behavior and utilized for marketing analysis. The interpretability of the machine learning model is so
important for application because it is one of the big factors that are necessary for decision makers to introduce
into real problems in practice. However, because KGAT has been proposed as a recommendation model and the
analysis using the interpretability is still limited to explicit the reason for users’ purchasing, the way to analyze
users’ purchase behavior utilizing the trained model hasn’t been focused on. So, it is expected to establish the method
to analyze users’ purchasing behavior from various viewpoints utilizing a trained model for marketing. Therefore,
in this study, we focus on the edge weights of the KGAT model used in the recommendation system and propose
the reconstructed model as a customer analysis model. In the proposed method, we recapture the edge weight used
as an interpretation of the recommendation item in KGAT as the interpretability of the customers’ purchasing
behavior. In the field of marketing, the users’ attribute information is an important point for understanding the
customers’ purchasing behavior. However, in the original KGAT, the users’ attribute information is not taken into
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consideration, and it was impossible to analyze the users’ purchasing behavior from this point of view. To represent
this information in the extended model, we introduce the users’ preferences from purchased items and attributes.
This enables us to perform a multifaceted analysis of users’ purchasing behavior using their attributes, purchased
items, and item auxiliary information by the extended KGAT taking also account of user attribute information.
Finally, we apply the proposed method to the evaluation history data of actual EC sites and show the usefulness
of the proposed method.

2. Preliminaries
2.1

Knowledge Graph

The
Knowledge
Graph
expresses the relationships created
in the real world with a graph
structure that is expressed as a
directed graph. In the Knowledge
Graph, the set of entities is
defined as

, and the set of

relations is defined as
. Each
node is defined as an entity
, and the edge label given
between two edges is defined as
the relation

.

Fig. 1. The image of the Knowledge Graph

In addition, the Knowledge
Graph is defined as a set of combinations consisted of “head entity”, “relation”, and “tail entity”. A combination
of “head entity”, “relation”, and “tail entity” is called a triple. Each triple determines the direction of the
corresponding arrow in the directed graph and an arrow is connected from the head entity to the tail entity. Here,
we show a simple example of the Knowledge Graph in Fig. 1. In this graph, triples are (Tom, watched, STAR
WARS), (STAR WARS, genre, Science Fiction) and so on.
2.2 Knowledge Graph Embedding
Knowledge Graph embedding is an effective way to represent entities and relations as vectors while preserving
the graph structure. One of representative Knowledge Graph embedding models is the translation-based model. This
method is widely used to parameterize the graph including both interactions between users and items and items’
side information in the field recommendation models [11][12].
Translation-based models present the relationship between head entity and tail entity by defining some kind of
translation. In this model, the score of each triple

is defined as the function using vectors of entities and

relation
. This is called the score function and evaluates how accurately the vectors of triple represent
the relationship defined in the Knowledge Graph.
TransE
TransE [13] is the first translation-based model and paid attention because of its simplicity and efficiency. In this
model, the vector representation of entities and relations are learned to satisfy equation (1) for each triple defined
in the Knowledge Graph, where
of relation
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is shared by all triples.

is the vector representation of

. Please notice that the vector

(1)

.

And, the score function is defined by the following equation (2) and the smaller value of
more accurately the vectors of triple represent the relationship defined in the Knowledge Graph.

means the

(2)

.

Trans E can parameterize entities and relations as vector representations in a very simple way, but this method
doesn’t consider the differences of relations because the vector of the relation is common to all triples.

TransR
TransR [14] is the model which has developed from TransE and this model can consider the differences among
relationships. In this model, different semantic spaces are defined for each relation and entities are mapped onto
a different semantic space based on relation. Here, we define the semantic space after mapping is “relation space”
and the semantic space before mapping is “entity space” and show the image of this mapping function in Fig.
2.

Fig. 2. The image of the mapping function of KGAT

In TransR, vector representations of entities and relations are parameterized to satisfy the following equation (3)
to each triple. Here,

is the vector representation of entity

, and we define the translation matrix of relation

as

is the vector representations of
.
(3)

.
Then, we define the score function of given triplets

as equation (4). The same as TransE, a lower score

of
suggests that the triplet is more likely to be true, conversely high score suggests that the triplet is
not likely to be true.
(4)
2.3 Previous method
KGAT is a recommendation model which inputs the graph consisted of the users, the purchased items, and the
auxiliary information of the purchased items, and outputs the purchase probability for each item of the user. This
model learns the important relationships for recommendation while capturing the higher-level relationships on the
graph. In this method, users, items, and auxiliary information of the items are represented as vectors. The image
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of a part of graph that is the input of this model is shown in Fig. 3. In this graph, the combinations (user, buy,
item), (item, sold at, store), (item, is-category-of, category) are defined as triples, that is, users are related to only
items they purchased.

3. Proposed Model
3.1

Problem setting

KGAT had been proposed as a recommendation model and it is possible to interpret the reason why each item
was recommended to the user using the edge weight. However, in KGAT, because the graph is constructed only
from attribute information of the items, the users’ attribute information is not taken into consideration at all. In
reality, it is considered that the users’ attribute information is important while analyzing the purchasing behavior
of the users because there is a relationship between users’ purchasing behavior and their age and gender, for example,
young women may purchase more fashion-related items and cosmetics compared with other generations. In addition,
their age and gender are important factors for evaluating customers when companies design their marketing measures.
By constructing a graph that considers users’ attribute information, it becomes possible to perform analysis from
the viewpoints of the relationship with customers’ attributes. Moreover, since the conventional method has been
proposed as a recommendation model, the way to analyze users’ purchasing behavior using a learned graph hasn’t
been proposed.
In this research, we will reconstruct a KGAT based model as an analytical model of customers’ purchasing
behavior for marketing. To analyze customers’ purchasing behavior based on both users’ attributes and items’
auxiliary information, we will extend the conventional KGAT to the model that considers users’ attribute information
and we will create a graph consisted of users, their attributes, items, and auxiliary information of items. This graph
is used as model input for learning, and we propose the analysis method of customers’ purchasing behavior using
the edge weights of the learned graph. Our proposed method enables us to quantify the strength of the relationship
among the user and its attribute, the item, and its auxiliary information, then we can analyze those relationships.
3.2 Create Graph
In conventional researches, the Knowledge Graph containing a huge amount of knowledge such as FreeBase
[14] and Microsoft Satori [15] is sometimes used for model input [16],[17], but such the Knowledge Graph can
also contain useless information for purchasing behavior analysis. Therefore, in this research, we construct a graph
originally to analyze efficiently and use it as model input.
In this research, each node is
called an entity showing a user,
an item, and so on, and labels
such as “purchase” and “sold in”
given to edges are called
relations. Let
on the graph and
relation. In this

be the entity
be the
study, we

consider the users set
items set , the stores set

, the
and

the categories set
as the
auxiliary information of the items,
also consider the users’ attribute
set

as entities. The entity set
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Fig. 3. The image of the input of KGAT

is then defined as equation (5).
(5)

.
Also, the graph
is defined as the set of triples
and tail entity”, as shown in equation (6).

, which are three sets of “head entity, relation,

(6)

.

Here, the image of the graph constructed by the proposed method is shown in the Fig. 4 below.

Fig. 4. The image of the graph constructed in the proposed method

3.3

Model structure

The proposed model consists of the following three layers. Here, we explain the outline of the processing
performed in each layer.
1) KG Embedding Layer
In order to represent the Knowledge Graph that is the input of the model in the embedded space, we obtain
the vector representation of the entities and relations in this layer.
2) Attentive Propagation Layers
To each node on the Knowledge Graph, we perform a convolution operation by considering which relation
is important and obtain an expression that incorporates the information of adjacent nodes on the graph.
3) Prediction Layer
This layer output the purchasing probability of each item by each user.
3.4

KG Embedding Layer

In this layer, we acquire the vector representations of entities and relations on the graph given as the input
of the model. In this study, we employ TransR [14] to parameterize entities and relations as vector representation
considering the differences among relations. The score function is defined as equation (4), and the loss for the graph
structure is defined by equation (7).

.
Here,

is a set of tail entities whose relation is

, we define

(7)
by equation (8).
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(8)

.
3.5 Attentive Propagation Layers

In Attentive Propagation Layers, we adopt the idea of Graph Attention Network [18] and for each node, we
calculate the edge weight with the adjacent node and perform the convolution operation based on the weight. In
addition, repeating this operation L times, each node can capture information of the nearest L-th nodes. In this
layer, the proposed model can learn high-order relationships on the graph. Here, we explain the algorithm of graph
convolution.
STEP1: Calculation of the edge weights
The weights of triples existing on the graph
by the proximity between
connected with

and

are defined by equation (9) and each weight is calculated

in the relation space. Then we normalize the coefficients across all triplets

by adopting the softmax and we define this function by equation (10). Here,

defined on the graph for the first entity

is a set of triples

.
(9)

.

(10)

STEP2: Aggregation of peripheral vectors
Based on the edge weight calculated in step 1, we compute the weighted sum of the vector representations of the
of peripheral nodes. Here, the vector representation of

peripheral nodes and acquire aggregate vector

is

affected by
which has a large weight of
. Therefore, it is possible to quantify the strength of the
relationship between two entities defined on the Knowledge Graph relationship as the weight of the corresponding
edge.
(11)

.
STEP3: Aggregation of peripheral vectors and head entity vector
Here, we aggregate the peripheral vectors
aggregation function

calculated in step 2 and the head entity vector

. We define this

in equation (12).
(12)
.

Here,

are model parameters,

equation (13), where

is a hyperparameter of

is Hadamard product, and
and

function is defined by
.

(13)
STEP4: Repeating aggregation
By repeating aggregation function defined in equations (14) - (16), we can acquire vector representation of each
node which can capture information of the nearest L-th nodes.
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(14)
.
(15)
(16)

3.6

Prediction Layer
In this layer, we calculate the purchase probability score

between each user

After repeating aggregation procedure in Attentive Propagation Layers
for each user

namely

representations, we define

and each item
and

means concatenation of vector

and

.

times, we obtain multiple representations

,

by equations (17)-(18), where

and item

. Then, by using these multiple
is the concatenation operation, for example,

.
(17)

.

(18)
and

Then, we calculate the inner product of user and item representations using
score of

means user

is more likely to buy the item

by equation (19). High

.
(19)

.
The loss of the recommendation is defined by equation (20).

(20)

.
Here,

is sigmoid function and we define

pairs, and

by equation (21) where

is the set of observed user-item

is the set of non-observed user-item pairs.

.

(21)

3.7 Model Optimization
The total loss of the proposed model is defined as the sum of
and
. Here,
is a set of parameters
of the model, which is defined by equation (23). For the training algorithms of the proposed model, we adopt Adam
(Adaptive moment estimation) [19] and update model parameters to minimize equation (22).
(22)

.
.
3.8

(23)

Analysis Method using the trained model
We optimize the loss graph

on the graph is, and

, which measures how accurate representation of the relationships defined
, which measures how accurately users’ purchasing behavior is represented
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simultaneously. As a result, among the relationships actually defined in the graph, the relationships that are important
to express users’ purchasing behavior are emphasized by the normalized edge weight
equation (10).

which is calculated by

By using this weight, we can analyze users’ purchasing behavior. In the graph constructed by the proposed
method, users are connected to “purchased items” and “attribute”, and items are connected to “user who purchased
the item”, “sales store”, and “item category”. By focusing on the magnitude of the edge weights, we can detect
the important relationships in the purchasing behavior of the user represented as a graph. In addition, we propose
a method to analyze the “characteristics” of the target trail entity by calculating the average edge weight of the
head entities defined for a trail entity. Specifically, let
and let
entities

be the set of head entities defined for the tail entity

be some arbitrary entities set, and we calculate the average of
and the target tail entity

which is defined between head

by equation (24).
(24)
.

Here, the vector representation of the entity

with a large weight

depends on the trailing entity

. Therefore, the fact that this dependency is larger about the tail entities on average means that the tail entity
has an important relationship with
. By using this value calculated by equation (24), it is possible to
identify the items that are important to customers and the stores that are highly related to items. Please note that
because the relation can be specified uniquely when the head entity and the tail entity are specified in the Knowledge
Graph of the proposal method, we omit the differences of relations to avoid complex representations.

4. Actual Data Analysis
In order to evaluate the usefulness of the proposed model, we apply the proposed method to the evaluation
history data of actual EC sites in 2012 [20] provided through the service of the National Institute of Information
Research. In this research, we conduct an evaluation experiment by regarding the users’ evaluating action as
“purchasing action” for this evaluation history data.
4.1

Analysis conditions
As users’ attribute information, we used 7 levels of ages, from 10s to 70s, and their gender, women or men

) combinations of users’ attributes. Regarding the auxiliary information
(2 types). That is, there are totally 14 (
for items, we used stores and item category information.
We deleted the data corresponding to the following three conditions: (1) Items which are purchased less than
3 times, (2) Stores with less than 25 items totally purchased, (3) Users who purchased items less than 3 times.
Then, we sampled 2,000 users from each attribute type.
Table 1. The dataset overviews
However, about the 70s women, the number of users
after deleting the data corresponding to the
Number of users
27,641
above-mentioned conditions 1 to 3 was 1,641, so
Number of items
123,751
sampling was not performed, that is, all data of this
Number of stores
13,123
attribute type are used for analysis. Here, the dataset
Number of categories
13,658
statistics after processing are shown in the Table 1 .
Number of triplets
275,143
4.2

Validation model accuracy

To verify the validity of the proposed model, we compare the prediction accuracy with a model that handles
similar data and can make purchase predictions. Here, we used Neural FM [10] as the baseline which is the latest
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factorization model that includes FM under the neural network.
In this study, we adopted NDCG@20 and NDCG@100 as evaluation indices. Here, we show the comparison
of prediction accuracy in each method in the Table 2 below.
Table 2. NDCG@20 and NDCG@100 of proposed and comparison methods

NDCG@20
Neural FM
Proposed Method

0.0340
0.0375

NDCG@100
0.0424
0.0562

Table 2 shows that the proposed method showed higher prediction accuracy at both NDCG@20 and
NDCG@100, and by expressing the data as a graph structure, the proposed model can capture the users’
preferences more accurately.
4.3

Analysis relationship between users and their attribute
First, to analyze the preference tendency of each attribute, we apply the equation (24) to users

attribute

to calculate

. Then we conduct comparison and consideration. Here,

a large value means that the vector representation of users depends on attribute
the value of

and users’

is relatively high for attribute

with

. Then, the situation that

means that the vector representations of the users

whose attribute type is
tend to be similar to some extent. Therefore, by comparing
, we can
analyze how much common preference exists for users with the same attribute type. Here, Fig. 4 shows the value
of

in each users’ attribute type.

than women on the whole. From
When compared by gender, men tend to have lower values of
this result, we can see that men have strong user-specific preferences and women tend to make similar purchasing
behavior for each attribute. Besides, comparing age groups in the same gender, the values of men take highest
in their 30s and 40s and decrease at more advanced ages, while the values of women tend to increase at more
advanced ages. From this result, it can be inferred that after the 50s, men tend to have strong user-specific preferences
and purchase based on diverse individual flavors such as hobbies or lifestyles. On the other hand, the individual
preferences of women tend to become similar with others and homogenized, as the degree of association with
attributes

increasing at more advanced ages. Besides, in both young men and women in their 10s and

20s, the value of
is lower compared with other generations. This fact shows that the preference of users
in these generations is diverse. Hence when trying to design effective marketing measures for these generations,
we need to implement different strategies for different users.

Fig. 4. The values of

in each users’ attribute

Furthermore, to examine the usefulness of edge weights, we analyze
the users who purchased five times, we select the user

and

. Here, among

with the highest value of

and the user
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with the lowest value of

, and consider their purchasing tendency. Table 3 shows the values of

and tail entities of the selected users. In Table 3, the user
purchases products from multiple genres, such as
daily necessities and food, and doesn't make biased purchases. Thus, this user (40's men) has the standard purchasing
purchases some pets goods so that we
behavior of common men in their 40s. On the other hand, the user
can confirm this user has purchasing behavior based on user-specific preferences. In this way, we can characterize
the user’s preferences by the value of
tend to have user-specific preferences.
4.4

and we can understand users with smaller values of

Analysis relationship between users and the item
and the users set

Next, we apply equation (24) to each item

and qualify the importance of the relationship between an item
item with a high value of

and analyze the characteristics of items
and the users who purchased it. Here, the

with users has strong relationships between them, which means that the item is important

to express the user’s preference. More specifically, the item

with large

has strong relationships

with many purchasing users and expresses the user's preference well. On the other hand, the item

with a small

can be interpreted as the item which is not important to express to users’ preference. Here, we select
the top 6 and bottom 6 items of

from items purchased more than 16 times and less than 25 times.

From Table 4, we can see fashion items tend to have high

, and these items are purchased depending

on each user’s preference. On the other hand, items with low
are mainly consumables such as food
and daily necessities and any user would purchase these items. In this way, we can quantify items’ characteristics
by using

.

Table 3. The values of

Entity name

and

about selected users

Entity name
Pet hoodie
Pet polo shirts
Blanket
Dog supplement
Dogs dental care

：(40’s men)
Pasta set
Chair
Watches
Flashlight
DVD player

：(40’s women)

Table 4. The top 6 and bottom 6 items of
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Item name
Volume up pannier for children's dresses
One day color contact
Women's underwear
Color contact case
K-POP group poster
Men's chino pants

9.63
9.48
9.39
9.27
9.21
9.09

Hijiki (seaweed) sprinkling
Cotton chino pants
Dried mango

3.40
2.18
1.26

Aromatic agent
Glucosamine supplements
6 Socks (3 pairs) + 2 Yokan (Japanese
sweets)
4.5

1.15
1.08
9.76

Analysis relationship between items and the store

In this section, we apply equation (24) to the items set
and the store
. Here, we selected stores in
which items are purchased totally more than 500 times and less than 1000 to conduct an effective analysis targeting
is high for a store
and the expressions of items sold are
average stores. The case the value of
similar means that the users who purchased the item at the store before are more likely to prefer other items for
, the users who purchased
sale in the same store. On the other hand, regarding the store with a low value of
an item at the store before are less likely to prefer to purchase other items in the same store. Here, we show the
and the horizontal axis is the number of items
scatter plot of selected stores in Fig. 5. The vertical axis is
handled in the store. We expressed the size of the bubbles in the scatter plot as the total number of interactions
in each store. In Fig. 5, the stores with a large value of
items. On the other hand, the stores with small values of
users are less likely to prefer items of a specific store.

have small kinds of items and sell specific category
sell fashion items. Thus, about fashion items,

Besides, the daily necessities store D and the home appliances/furniture store E have relatively large values of
even these stores sell many kinds of items. Here, the daily necessities specialty store D sells daily
necessities at a lower price. Thus, it seems that users purchase this store’s items because these items are cheap
and the users buying items in this store are attracted to the low price of items. Hence, we can interpret the users
who bought items in this store are likely to buy items again because of the price setting. On the other hand, the
characteristics of the home appliance/furniture store E is to coordinate the design of items for users. Users buy
items because they are attracted to their design, so the users who bought items in this store before tend to prefer
other items in this store because of their coordinated design. In this way, we can devise items lineup by extracting
stores where
stores.

is large and which has strong relationships with users and analyzing the items sold in those

Fig. 5. The values of

in each users’ attribute
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5. Discussion
In this work, we used “age and gender” as users’ attribute information to analyze purchasing behavior by using
these attributes. However, the analyst can flexibly change the attributes to make a graph that is the input of the
proposed method. In addition, we can also use the connection information on the social network as the user attribute
information. In fact, users who are connected on social networks often have similar preferences, and recommendation
models taking account of this connection have also been proposed. A user who is connected to many users and
has strong relationships with them is the user who influences many users’ preferences. By detecting such users
and analyzing this purchasing behavior, it becomes possible to understand the characteristics of user preferences.
Also, any other auxiliary information about items can be considered as well. When the proposed model is applied
to the viewing history date of movies, by analyzing the strength of the relationship between the movie and its
auxiliary information, it will be possible to consider the reason why a user watched a movie. For example, if we
found the actor who is strongly related to many movies, we can interpret that the users watch movies attracted
by the actor. We can use this result to make proposals such as implementing measures focusing on such actors.
In this way, the analysis by using the proposed model is also useful for planning marketing measures.
Furthermore, by considering the time sequence, we could also apply the proposed
and it is expected that we could be able to predict the latest trends in the market.
a graph which is the input of the proposed model according to the purpose of analysis
for planning marketing measures. Therefore, the proposed model is highly scalable

model to identify influencers
In this way, we can change
and use the result of analysis
and practical.

6. Conclusion and Feature Works
In this study, we aimed to construct an interpretable structured model that can handle various data and analyze
the users’ purchasing behavior in various ways. We focus on KGAT that can express the relationship between users
and purchased items, and its auxiliary information as a graph and interpret the users’ preference using the edge
weight on the graph. Then we expanded KGAT to the model that can also handle user auxiliary information. In
addition, we also proposed a method for analyzing the users’ purchasing behavior using the edge weights on the
graph obtained by training the proposed model. Using an actual EC site data set, we analyzed the relationships
between users and their attribute information, users and items, and items and a store. We demonstrated the analyses
from various points of view using edge weights on the graph and showed that the proposed model is a useful analysis
model for understanding customer preferences. Analysts can construct a graph structure used in the proposed model
flexibly according to the purpose of analysis, so the proposed model is expected to be applied to various fields.
As a future work, it is necessary to further verify the usefulness of edge weights obtained by training the proposed
model. In this study, we showed the usefulness of edge weights by utilizing them to analyze users’ preferences
and interpreting them. However, more quantitative evaluation is desired in the future. For example, a possible way
is to compare the prediction accuracy when performing the graph convolution operation considering the edge weight
with when the convolution operation is performed by a constant without considering the weight. Furthermore, it
is also expected to conduct various analyses by the proposed model trained considering other attribute information
which is related to marketing, such as customers’ rank.
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Abstract
Japan is one of the world's most disaster-prone countries. The continuation and restoration of business are
important in such circumstances. The inability to provide healthcare services, in particular, has a severe impact
on disaster areas. Some hospitals establish a Business Continuity Management System (BCMS) to increase
healthcare resilience. One of the essential activities in BCMS is disaster exercise. Organizations must implement
disaster exercise, evaluate the result, and improve BCMS. However, there are cases where it does not lead to
improvement of BCMS because many hospitals implement the exercise only a few times a year. Disaster exercise
also plays a role in raising the staff's awareness of the disaster. Conducting disaster exercises in a scenario that
is far from reality, pose a concern about a possible reduction in staff motivation. This study aims to propose
a method for planning exercises based on events that occurred in hospitals in the disaster area during past disasters.
The study makes it possible to reproduce the previous disaster by exercise and raise awareness of the disaster.
Moreover, this study enables us to carry out an evidence-based evaluation of disaster exercise by using past
correspondence to provide answers.
Keywords: Business Continuity Management System (BCMS), Business Continuity Planning (BCP), Resilience, Disaster
Exercise

1. Introduction
Japan is one of the world's most disaster-prone countries. The continuation and restoration of business are
important in such circumstances. Many injured persons are likely to come to hospitals during natural disasters or
mass casualty incidents, requiring these institutions to provide increased healthcare services. Therefore, hospitals,
which play an essential role as social infrastructures, need to establish a Business Continuity Management System
(BCMS) to improve business continuity.
Business Continuity Planning (BCP) aims to ensure business continuity in the face of disaster risk (ISO, 2012;
Japan Institute for Promotion of Digital Economy and Community, 2013; Japanese Standards Association, 2013).
As such, BCMS is now increasingly implemented to maintain, perform, and improve BCP (ISO, 2012; Japan Institute
for Promotion of Digital Economy and Community, 2013; Japanese Standards Association, 2013).
BCMS requires regular evaluation and improvement of the management system. However, since BCMS is targeted
for business continuity in an emergency, it cannot be evaluated using the results of daily work. Therefore, it is
necessary to carry out disaster exercises, evaluate the results, and improve BCMS.
However, there are still few studies on the method of planning exercises in hospitals for improving BCMS and
the evaluation method. Therefore, even though disaster exercises are conducted, few hospitals evaluate and improve
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BCMS. Additionally, disaster exercises also have the purpose of raising the staff's awareness of the disaster.
However, exercises that are far from reality may reduce motivation and awareness.
This study aims to propose a method for planning exercises based on events that occurred in hospitals in the
disaster area during past disasters. This study makes it possible to reproduce the previous disaster by exercise and
raising awareness of the disaster. Moreover, this study enables us to carry out an evidence-based evaluation of
disaster exercise by using past correspondence to provide answers.

2. Previous studies and approach of this study
Previous studies have proposed methods for planning the map exercises (Hu et al., 2007), and hospitals have
conducted disaster exercises concerning them. However, according to the survey report of the Japan Municipal
Hospital Association, about half of the disaster base hospitals are trained only once a year (Japan Municipal Hospital
Association, 2019). Disaster exercises have not been systematically implemented.
Against this background, Wakabayashi (Wakabayashi et al., 2016) clarified the target work, purpose, and method
of disaster exercises at hospitals, and proposed a method for formulating annual exercise plans. As a result, the
hospital was able to develop a yearly plan for improving BCMS and carrying out various types of exercises.
Thus, current studies focus on the planning of exercise plans and their implementation methods. However, no
research clarifies the process of setting exercise scenarios from past earthquake disaster records and using them
for evaluation.
This research proposes a method of planning exercises that can reproduce the facts that occurred at the disaster
base hospital, which plays a central role in a disaster, by utilizing the disaster records of the Kumamoto earthquake.
The Kumamoto earthquake occurred on April 14 and 16, 2016, in Kumamoto Prefecture, Kyushu. First, we
investigate the disaster records that are needed when planning an exercise. Next, we decide on how to use the
records in exercise. Based on this, we propose a method for detailed exercise planning and evaluation. Further,
we conduct an exercise at a hospital and evaluate its effectiveness.

3. Investigation of disaster record of Kumamoto earthquake
3.1 Investigation of records disclosed by related organizations
When a major disaster occurs, each related organization often records the actions taken in chronological order
and then publishes them. Therefore, we investigated what kind of information is disclosed as a record of
correspondence at the hospital at the time of the Kumamoto earthquake.
As a result, various institutions such as hospitals, local governments, and medical associations in Kumamoto
had records. This study uses records for disaster exercises in hospitals. Therefore, we decided to utilize the records
at Japanese Red Cross Kumamoto Hospital (Japanese Red Cross Kumamoto Hospital, 2017) and Saiseikai Kumamoto
Hospital (Saiseikai Kumamoto Hospital, 2016), which are disaster base hospitals in Kumamoto City.
The records of each hospital show the damage status of buildings and lifelines, the number of patients, and
the attendance status of medical staff in chronological order. Moreover, the record also summarizes the challenges
faced by each department, their responses, and lessons learned in the future.
3.2 Conducting interview surveys
The disaster records surveyed in Section 3.1 show the overall response to the disaster but may not describe
it in detail. We visited each of the following persons and conducted an interview survey on the excellent points
and problems in disaster medical care during the Kumamoto earthquake to reproduce the events that occurred in
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the past disaster in the exercise:





A doctor at Japanese Red Cross Kumamoto Hospital
A doctor at Saiseikai Kumamoto Hospital
Kumamoto Prefectural Office staff
Disaster support team members such as DMAT (Disaster Medical Assistance Team) and JMAT (Japan Medical
Assistance Team) (15 members in total)

We were able to understand facts that were not recorded in the disaster records through this survey. For example,
the opinion that evacuees rushed to the hospital immediately after the disaster and had a difficult time responding
to them was obtained. Although disaster records also indicated that evacuees had visited the hospitals, an interview
survey revealed that this was one of the most challenging aspects of the initial response. Thus, the study revealed
activities that were particularly difficult to deal with in the disaster records. It becomes possible to effectively learn
from past experiences by taking these as the theme of the exercise.

4. Examination of methods for exercise planning and evaluation
4.1 How to utilize past disaster records
This chapter describes the exercise planning and evaluation method. We use the disaster exercise for heads of
medical departments at Hospital A (acute care hospital, 750 beds), which is one of the disaster base hospitals, as
an example to explain. These were decided through discussions with eight BCP planning members, such as the
Vice Director of Hospital A and the Director of Emergency & Critical Care Medicine.
First, we set the purpose of the exercise. The target for exercise is about 60 heads of medical departments,
but we assumed a difference in awareness of the disaster depending on the department. Therefore, we set the purpose
as follows:
1) In improving awareness of disaster, we set to let them understand what happened at the disaster base hospital
during the Kumamoto earthquake.
2) Not all heads of medical departments will be members of the disaster countermeasures headquarters. However,
by understanding the movements of the headquarters, it is necessary to understand the items to be reported
from each medical department in case of a disaster.
Next, the exercise method was decided based on the previous study (Wakabayashi et al., 2016). To achieve
purpose 2), we decided to conduct a situation judgment exercise of the disaster countermeasures headquarters. The
situation judgment exercises are drills to make judgments as the disaster response headquarters, based on the
occurrence and damage situation given to each team. One team consists of 5 or 6 people. From these purposes
and methods, we decided how to utilize disaster records.
i) The damage situation in Chapter 3 is used as the situation given in the exercise. This makes it possible
to achieve the purpose of 1) through exercise.
ii) The damage situation in Chapter 3 is used as the situation given in the exercise. This makes it possible
to achieve the purpose of 1) through exercise.
4.2 Planning a detailed exercise
We examined the specific contents of the situation judgment exercise in order of (a) to (c).
(a) As shown in the left column of Table 1, the situations that occurred at the two disaster base hospitals are
arranged in chronological order. Based on the opinion that the initial response was the most confusing,
we focused on the situation 12 hours after the disaster. The Kumamoto earthquake occurred at night, which
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caused further confusion in the hospital. To improve awareness of catastrophe, the time when the situation
occurred was set to the same as that of the Kumamoto earthquake. We decided to have the exercise
participants read the situation and the time of occurrence shown in Table 1, and then consider the response
as the disaster countermeasures headquarters.
(b) Next, based on the BCP of Hospital A, when the same situation as the Kumamoto earthquake occurred
at Hospital A, the matters to be decided and dealt with by the disaster countermeasures headquarters were
listed in the middle column of Table 1. However, the BCP of Hospital A did not have a response policy
for all situations. In such a case, Table 1 listed the excellent points in dealing with the Kumamoto
earthquake.
(c) In the exercise, part of (b) in Table 1 was hidden. We asked the participants to read the situation of (a)
and had them consider the response as the disaster countermeasures headquarters. We examined the questions
to be asked to the participants at that time. It was challenging to cover all of (b) since the exercise time
was one and a half hours. Therefore, issues that were difficult to deal with found in the survey in Section
3.2 were given priority and the questions were created. The created questions were shown in the right column
of Table 1.
4.3 Evaluation method
Although situation judgment exercises have been practiced previously, the situation to be given was assumed
by the exercise planner. Therefore, it was difficult to evaluate the responses that the participants answered in the
exercise. In this study, we decided to compare (b) and (c) in Table 1. Thus, the participant's answers to the question
in (c) were compared to the response described in the BCP of Hospital A or the response at the Kumamoto
earthquake in (b). Then, if (b) and (c) match, the answer to that question is regarded as the correct answer.
However, as mentioned in ii of Section 4.1, not all the responses took during the Kumamoto earthquake were
excellent. As such, there were some questions for which no model answer could be prepared. In that case, we decided
to give a functional evaluation when the participants could describe the response that would improve the BCP.

5. Verification-Implementation of the situation judgment exercise and evaluation
The disaster exercise for heads of medical departments at Hospital A was scheduled to be conducted in early
March 2020. However, the exercise was postponed due to the spread of COVID-19. This chapter shows the
effectiveness of the proposed method by using the results of the rehearsal of the exercise conducted in January
2020.
We divided 15 DMAT members into three teams and asked each team to answer five questions. Table 2 shows
the evaluation results of each team. It became possible to evaluate the exercise results, as shown in Table 2, by
preparing the model answers. Furthermore, Hospital A discovered a defect in BCP during this rehearsal and improved
it. Therefore, although it is only the result of one hospital, it is suggested that the exercises that contribute to the
improvement of BCP can be carried out by planning based on the proposal of this study.
However, it is a future task to set the criteria for distinguishing between ○ and △, and the criteria for judging
whether or not the description of the correspondence that leads to the improvement of BCP as described in Section
4.3.
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Table 1. Design sheet for the situation judgment exercise (Partial)
(a) Given situation

(b) The matters to be decided on and dealt with by the

Date/

disaster countermeasures headquarters
No
Situation
Time
・・・
・・・
・・・
1:50 ⑥ Before the installation of the triage booth, more than 【Response described in BCP of Hospital A】

(c) Question in the exercise
・・・
Question 3：

ten patients and evacuees visited the emergency

・In principle, patients are prohibited from entering the

It is necessary for the disaster

department. Since it is at night, there are more

hospital until the triage booth is set up. Based on the

countermeasure headquarters to give

injured people than staff who can respond. There is

instructions from the disaster countermeasures

instructions to the confusing site. What

no distinction between mild patients and evacuees,

headquarters, the entrance of the patient into the hospital

kind of instructions will you give?

and the emergency department is confusing.

is started.

Older adults are living alone and evacuees whose

・A support group guides the patient to evacuate and

homes have been damaged, making it difficult to get return home.
them home.
【Response at disaster base hospitals during Kumamoto
earthquake】
・The handling policy for visiting patients was decided. For
example, people who could not walk or who had a lot of
bleeding were guided to the emergency department.
People who could walk were asked to wait in the corridor.
・It was decided to set up a mild patient booth as soon as
possible.
・・・

・・・

・A space for evacuees was set up.
・・・

・・・

Table 2. Evaluation results of each team
Question 1 Question 2 Question 3 Question 4
Team A

○

○

×

△

Team B

○

○

○

△

Team C

○

○

○

○

Question 5
Members could not
answer in time

△
Members could not
answer in time

○：Members' answer matches the model answer
△：Members' answer partially matches the model answer
×：Members' answer does not match the model answer

6. Discussion
Reproducing past disasters is one of the measures to improve the awareness of the disaster, but the population,
number of hospitals, and damage situations differ from region to region. Therefore, merely giving the past disaster
situation to participants in disaster exercises may not be suitable for the area of the hospital where the exercise
is conducted. It is essential to be able to imagine what could happen at the participants' hospitals at the time of
a disaster to improve awareness of the disaster.
Not only the damage situation of Kumamoto but also the data comparing the population and the number of
disaster base hospitals in Kumamoto City and the area around Hospital A were presented in this rehearsal. As a
result, the rehearsal participants were discussing the expected number of patients and issues particular to Hospital
A in addition to examining the response of the disaster countermeasures headquarters. This made it possible to
conduct exercises that could improve BCP. Additionally, this research enables the evaluation of exercises using past
excellence points as model answers. Since the answers can be created based on the facts, it is assumed that the
evaluated participants are in agreement with the evaluation result.

7. Conclusion and future tasks
This study showed a method of investigating past disaster records and using them for situation judgment exercises.
Further, this study also discussed the evaluation method using the excellent response of recent disasters as a model
answer.
Future research should carry out the proposed exercises in the disaster exercise for heads of medical departments

630

at Hospital A and other hospitals, and verify the effects. Furthermore, it is also necessary to offer detailed evaluation
criteria.
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Abstract
In recent years, the diversification of customer requirements has resulted in the development of various products.
In particular, bean bag chairs, a product designed to provide people with relaxation, have attracted significant
attention. A bean bag chair is filled with microbeads, which consequently enables it to change its shape to fit
the user's posture. Additionally, a bean bag chair is expected to relax people more than regular sofas because
of their characteristics, such as fitting to the user's body shape.
However, the relaxation offered by a bean bag chair has a high degree of abstraction; its constituent elements
are unclear, and a useful model to evaluate this relaxation has not been established.
Therefore, we first extracted the overall relaxation factors that an individual subjectively experiences through
a questionnaire survey and classified them using the KJ method. Next, through interviews and questionnaire
surveys, we clarified which relaxation factors are applicable when using a bean bag chair. Furthermore, we set
up a relaxation assessment model from previous studies and the laddering method. Based on the model, we analyzed
the graphical modeling to clarify the evaluation structure of relaxation in the bead sofa. This clarification will
enable us to utilize it in product design and marketing activities.
Keywords: Kansei evaluation, bean bag chair, evaluation of relaxation

1. Introduction
In recent years, the diversification of customer requirements has resulted in the development of various products.
In particular, bean bag chairs have attracted significant attention. A bean bag chair is filled with microbeads, which
consequently enables it to change its shape to fit the user's posture. Therefore, it can be expected to deliver a higher
degree of relaxation than a regular sofa.
However, the relaxation offered by a bean bag chair has a high degree of abstraction; its constituent elements
are unclear, and a useful model to evaluate this relaxation has not been established.
he purpose of this study was to clarify the relaxation factor and to propose a method to evaluate the degree
of relaxation when using a bean bag chair.

2. Previous Studies and Approaches
The definitions of relaxation have diversified. However, to clarify the relaxation factor and examine its evaluation,
an explanation of relaxation is needed. Therefore, we first define and evaluate relaxation regarding Nakakita [1]
and Nomura's stress evaluation model [2].
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2.1 Definitions of relaxation
Nakakita [1] conducted a literature review of a wide range of academic disciplines, mainly in the medical field,
and analyzed the concept of relaxation. As a result, relaxation was defined as the opposite concept of stress —
the psychosomatic responses and effects arising after intervention for strain. It primarily refers to well-balanced
positive effects or a good condition.
In this study, the definition of relaxation was "the opposite concept of stress" based on results of the analysis.
Then, we evaluate the "relief from the stressor" and "reduction of mental and physical tension" during the use of
the beaded sofa.
2.2 Stress evaluation model
Nomura [2] developed a stress assessment method and proposed the following Stress Assessment Model.
The process of the stress response is
"receiving stimuli from a stressor"
—"recognizing stimulus information and
evaluating whether it can be threatening or
harmful to you"—"If it is perceived as a
threat, it is amplified in the body to an
emotional response such as anxiety or
tension" —"Three types of reactions to
stress: physical reactions such as increased
blood pressure, behavioral reactions such as
decreased appetite, and psychological
reactions such as tension and anxiety"
Furthermore, this stress response is greatly
affected by social support and stress coping.

stress
coping

Stress reaction
behavioral

stressor

cognitive
assessment

physical

emotion

psychological
social
support

Figure 1: Nomura's Stress Assessment Model

In this study, relaxation was defined as "a state relative to the stress response," and examines a method for
evaluating the degree of relaxation based on the Nomura stress model.
2.3 Research Approach
We first extracted the overall relaxation factors that an individual subjectively experiences through a questionnaire
survey and classified them using the KJ method. Next, through interviews and questionnaire surveys, we clarified
which relaxation factors are applicable when using a bean bag chair. Furthermore, we set up a model for evaluating
the degree of relaxation when using a bean bag chair regarding the laddering method and previous studies. Finally,
a graphical model (GM) is conducted on the set-up model to clarify the evaluation structure of the feeling of
relaxation when using a bean bag chair.

3 Set up a model for evaluating the degree of relaxation
3.1 Extraction of the overall relaxation factors
To consider how people perceive relaxation and the factors that contribute to it, we conducted a WEB
questionnaire survey. The survey outline is as follows:
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Respondents：65 (20-50 years old)
Method: Online survey
Questions: (1) When and why do you relax?
(2) What emotions are you feeling in that scene?
The responses to (1) and (2) were taken as one set, and 223 sets of answers were classified using the KJ method.
Table 1 shows the results.
Table 1. Classification of overall relaxation factors
Relaxation factors

Definition

example

environment

Space and environmental elements necessary for individuals to relax

cleanliness,size,quietness

time factor

Factors related to certain scenes that affect relaxation

night,before going to bed,after work

personal situation

Situation or state that is

No pressure

interpersonal factors

Factors related to who is influencing relaxation

with a close person,no interference from others

emotions

How individuals feel when they are relaxed

feel safe,feel calm,good feeling

physical condition

The physical state of your body when you are relaxed

weakness,resting state of the body

unconscious state

State that is not much of worldly thought or awareness and no sense of reality.

be in a daze,a state of immersion

action

A conscious act of the individual

go to bed,taking a bath

the absence of personal mental and physical stress

As shown in Table 1, the relaxation factors were classified into eight major categories: "environment," "time
factor," "personal situation," "interpersonal factors," "emotions," "physical condition," "unconscious state," "action."
3.2 Extracting the relaxation factors when using a bean bag chair
In understanding where the relaxation factor of a bean bag chair fits into the overall relaxation factor, we
conducted a web-based questionnaire survey of 46 people in the same format as in section 3.1. Additionally, we
conducted an interview survey to extract the relaxation factors comprehensively. The survey outline is as follows:
Respondents：17 student
Method: Interview survey
Sample: 3 bean bag chairs and sofa
Questions: What is your impression of the product?
In addition to the eight relaxation factors mentioned above, the results were divided into nine "product
characteristics," such as softness, feel, and other items specific to bead sofas and sofas and were organized using
the KJ method. Table 2 shows the results.
Table 2. Relaxation factors of beaded sofas and sofas (some)

product
characteristics

fit
texture
size
hue
hardness
seat height

emotions

・・・
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・・・
feel safe
feel calm
happy
sitting(sleeping) feel
peaceful
chill
feel wrapped up in it
comfortable
・・・
・・・

favorite position
easy
physical conditon

weakness
be rested

・・・

unconscious state

Thought stop.
immersive state

・・・

You can sit in any position you want.
No stress on the body.
position is easy
My legs will be easier.
It's easy on the body.
sluggishly
break
chill
It takes the tension out of your body.
・・・
be in a daze
not thinking anything
Stop thinking.
be doze
focus.
・・・

As shown in Table 2, we clarified the relaxation factors when using a bean bag chair. For example, we extracted
emotions such as "calmness" and physical condition such as "ease of body."
3.3

Investigation of Relationship between Relaxation Factors

3.3.1 Laddering survey
We assumed that the nine relaxation factors in section 3.2 have a causal relationship, and it is necessary to
examine a model to clarify and evaluate the relationship between them. Therefore, we set up an evaluation model
based on interviews and previous studies. First, we used laddering, an interview method to understand the depth
of psychology by repeatedly asking "why" and "specifics." We gave an overview of the survey as below:
Respondents：4 student
Method: Interview survey using the laddering method
Questions: Laddering is carried out based on the subject's image of a relaxing scene, and the upper and
lower items are extracted.
laddering was asked in the following format:
■ upper item extraction method
Why do you feel relaxed in a scene of ○○?
■ lower-item extraction method
What exactly is going on in the ○○ scene for you that is affecting your relaxation?
Figure 2 shows the laddering results for the sleeping scene, which is one of the most common scenarios for
the bead sofa.
be in a daze

space size

take a comfortable
posture

comfortable
bed

lethargy

feel of
skin
cleanliness

quiet Space
when go to
sleep

settle in

one person's space
brightness

easy
relieve oneself of
fatigue

the place you are used to

point of departure

comfortable
Pillow

hardness
size

upper item

lower item

Figure 2: Laddering results for the sleeping scene

Figure 2 shows the laddering results for the sleeping scene. For example, we linked the top items to the
unconscious state of "be in a daze" from the physical state of "being able to have a comfortable posture," which
led to the emotion of "settle in."
As described above, the results of the laddering of each scene showed that the top items for relaxation were
often unconsciousness, such as "be in a daze," physical states such as "relieving fatigue," and emotions such as
"relief," which were associated with relaxation. Subordinate items tended to be related to environmental factors such
as "quietness" and product characteristics such as "texture."
3.3.2.

Conceptual diagram of the relaxation assessment model

In addition to the results of the laddering described in section 3.3.1, a conceptual diagram of the relaxation
process was developed based on the stress evaluation model of Nomura [2] and the relaxation factors extracted
from the questionnaire. Figure 3 shows this relaxation process.
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Figure 3 Conceptual diagram of the relaxation process corresponding to the relaxation factor

From the definition of relaxation, to be in a relaxed response state, the stressor is as absent as possible, and
the stressor has been successfully coped with/reduced (action/behavior). Therefore, Figure 3 shows that there are
three modes of response: physical reactions such as muscle relaxation, emotions as psychological reactions such
as reassurance and calmness, and unconsciousness as a temporary release from the stressor by being absent. The
relaxation factor in Table 2 also represents the state/situation in which the stressor is not present, and the more
this state/situation is present, the more likely the relaxation response will be output.

3.4 Setting up a relaxation evaluation model using bean bag chairs
Based on the above considerations, we propose a relaxation evaluation model for the beaded sofa, as shown
in Figure 4.
Figure 4 shows that relaxation is
influenced by four items of the factor
system, namely, "environment," "product
characteristics," "personal situation," and
"product characteristics." These items affect
the "unconscious state," "emotion," and
"physical condition," which are the relaxed
state, and finally, lead to the relaxation of
the total sensibility. We excluded the time
factor because it assesses the degree of
universal relaxation. Since the beaded sofa
is mainly used for resting (sleeping and
sitting), we decided to fix it and evaluate the
effect of the beaded sofa in the form of
Figure 4.

Relaxation Factor (Stress Factor)
environment

Unconscious
state

Interpersonal
factor

Personal situation

emotions

relaxation

Relaxation Factor
Product
characteristics

Physical
condition

causal factor

Result system (state)

overall
evaluation

Figure 4: Relaxation evaluation model for the bean bag chairs

4 Understanding the Evaluation Structure of Relaxation
4.1 Selection of Key Assessment Terms
We conducted a questionnaire to understand the structure of the evaluation of the sense of relaxation based on
the items in Table 2. We decided to focus on the selection of evaluation terms in Table 2 because many of the
items in this section have similar meanings, but with different expressions. Therefore, we conducted the following
survey to select the evaluation terms that belong to "emotion," "physical aspect," and "unconsciousness," which have
a significant impact on the "relaxation" of the total sensibility. We gave an overview below:
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Respondents：7students
Method: Questionnaire
In each sitting and sleeping scene. Semantic differential method (5-point scale)
Sample: Three bean bag chairs and sofa
Questions: Items related to the overall sensibility one item, emotions 11 items, physical condition six items,
unconscious state two items
Based on the above survey data, we analyzed the partial correlation between the overall sensibility and each
evaluation item. Tables 3 – 5 show the results.
Table 3 Results of partial correlation analysis of emotions and overall sensitivity (significance level**<0.01)
Evaluation Terms

feel safe

feel calm

happy

sitting(sleeping) feel

peaceful

chill

partial correlation coefficient

-

-

-

0.265**

-

0.251**

feel warm comfortable

-

feel wrapped up in it

touching feeling

-

-

0.314**

Table 4 Results of partial correlation analysis of physical aspects and overall sensitivities (significance level**<0.01)
Evaluation Terms

stability

comfortable position

ease

weakness

No pain

No strain on the legs and feet.

partial correlation coefficient

-

0.27

-

0.515**

-

-

Table 5 Results of partial correlation analysis of unconsciousness and total sensitivities (significance level**<0.01)
Evaluation Terms

concentrate be in a daze

partial correlation coefficient

-

0.621**

The results showed that the following six items had a significant impact on the overall sense of relaxation: "sitting
(sleeping) feel," "chill," "comfortable," "comfortable position," "weakness," "be in a daze." The word "chill"
encompasses the meaning of calmness and security. Therefore, these are the evaluation items of the relaxed state
(outcome system).
4.2. Understanding Causal Effects of the Relaxation Factor
We conducted the following questionnaire survey to understand the evaluation structure of the sense of relaxation.
Respondents：77 (20-50 years old)
Method: Online survey
Questions: Items related to the factor system of the relaxation factor：26 items (five-point method)
Items related to the resultant system of the relaxation factor：6 items (five-point method)
Using
this
data,
we
performed two-tiered graphical
modeling based on the evaluation
model shown in Figure 4,
excluding the overall sensibility.

Relaxation
state

0.38
Sitting(sleeping)
feeling

0.35

0.50

0.25
0.19
0.22
weakness

Comfortable
position

0.26

0.27

Figure 5 shows the results of
the GM analysis and the causal
relationship between the causal
and consequential systems as
well as an undirected graph
within
the
hierarchy
of
consequential systems. Figure 5
shows, for example, that the "fit"

chill

comfortable

0.31

relaxation
factor
0.19
room
brightness
hardness

Fluffy

texture

fit

0.18

Humidity

0.20
Room
size

Product
characteristics

0.37

0.34
Sta bele mental
outlook

With someone
very close

No pressure

Interpersonal factor
Personal situation
environment

Figure 5. Graphical modeling analysis results
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of the "product characteristics" is connected to the partial correlation coefficient of 0.31 for "weakness," which has
a significant impact on relaxation. Further, causal factors such as environment, personal situation, and interpersonal
factors were confirmed.

5. Discussion
Several previous studies have been conducted to evaluate users' sensitivity and reflect it in product design and
marketing activities; however, there have been few studies on relaxation in the field of Kansei Engineering.
Relaxation was highly abstract, and its components and methods of evaluation were unclear.
In this study, we first extracted and categorized the overall relaxation factors that individuals subjectively perceive
from users. We also clarified where the relaxation factor in the use of the beaded sofa fits into that category. We
also set up a model to evaluate the relaxation factors extracted regarding laddering and previous studies. Furthermore,
a graphical model (GM) is conducted on the set-up model to clarify the evaluation structure of the feeling of
relaxation when using a bean bag chair.
In the future, we designed a questionnaire that adds overall sensibility to the items of the derived evaluation
structure and asked subjects to use multiple bean bag chairs and sofas. This aspect allows us to understand individual
preferences and differences between products, which can be reflected in marketing activities and product design.

6. Conclusion and Future Issues
In this study, we extracted the relaxation factors and set up a qualitative relaxation evaluation model. Moreover,
we conducted a GM based on the evaluation model and clarified the structure of the evaluation of relaxation.
In the future, we will ask the participants to evaluate the four products under the two representative usage
conditions of "sleeping" and "sitting" analyze the differences between the products, and examine how to utilize them
in marketing activities effectively.
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Abstract
In the event of a disaster such as an earthquake or a pandemic, a medical institution needs to carry out disaster
medical services such as treatment and transportation of injured people in addition to normal medical services
such as treatment of hospitalized patients. It is difficult for a single organization to carry out these services,
therefore, many organizations in an area need to work together to provide continuous medical care services.
Previous studies have clarified the functions that should be performed in the event of a disaster and the method
of its deployment, targeting only earthquakes. However, since pandemics have different characteristics from an
earthquake, the conventional method can not be applied as it is. This research considers the differences between
deployment of functions for earthquakes and pandemics.
First, based on conventional research, the method of deployment of functions for earthquakes was divided into
the following five steps: function derivation, consideration of deployment granularity, deployment of function,
derivation of development viewpoint and creation of a classification table, and proposal of deployment method.
Then, we considered the differences between an earthquake and a pandemic when the latter is targeted at each
step.
Keywords: Business Continuity Plan, COVID-19, Structural relationship table

1. Introduction
Japan is a country where various disasters such as earthquakes and pandemics occur. Since a large number of
patients will be generated in the event of such a disaster, it is necessary for the hospital to carry out not only
normal medical services for inpatients, but also disaster medical services such as patient treatment. It is difficult
to carry out a medical service in a disaster by only a single organization because there are a wide variety of medical
services such as treatment and transportation of injured persons. Therefore, it is necessary for various organizations
in the area to cooperate in order to provide medical care continuously.
Kajihara et al. [1] clarified the function that should be performed in regional cooperation in order to continue
medical care in the event of an earthquake (hereinafter referred to as function). Furthermore, the roles of each
organization were clarified by expanding them into concrete work and associating them with related organizations.
Iwata [2] clarified the granularity when deploying a function and proposed a method for deploying it to a specific
task. However, these are only for earthquakes.
The purpose of this study is to consider the differences between earthquakes and pandemics..
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2. Previous Studies and Research Approach
2.1

Previous Studies

Kajihara et al. [1] clarified the function and responsible organization for medical treatment in the event of an
earthquake. In this study, focusing on a) medical practice, b) support work, and c) preparation in the previous stage,
we derived functions such as patient support and patient transport, and expanded them into concrete work. In addition,
the related organization was clarified, and the organizational function-structure relationship table (hereinafter,
structural relationship table) in Table 1 was created in which some functions were associated with each other.
However, the granularity and methods of deploying the function to specific tasks were unclear.
Table 1. Structural relationship table
Kawaguchi City Office
In charge of unification and
information gathering
Detailed Functions

Functions

First Hierarchy
(1)
(1)-1 Gather the
Treatment Information on
at the
damages
Disaster
Area
・・・

Second Hierarchy
Grasp the number of injured
persons in target area
Grasp the situation in relation
to damages
to hospitals and clinicd etc.
Grasp the traffic conditions

Headquarters
Chairman

Information
gathering
section

・・・

Fire
fighting ・・・
section

◎
△

・・・
Imprement first triage

(1)-4 Provide
treatment

Take temporary measures
Comfirm amount of dead

Business function expansion [3] is a method of expanding functions. This is a method of expanding business
from basic functions to secondary and tertiary functions using the concept of purpose and means. However, this
method deals with the functions within a single organization, whereas the function at the time of a disaster involves
multiple organizations. In addition, it is difficult to apply business function deployment because some functions
cannot be deployed depending on the purpose and means.
Iwata [2] clarified the granularity and method of expanding functions. In this study, the granularity was defined
as "a level that shows a work entrusted to the organization" and the functions were developed according to the
flow of patients at the time of a disaster. Then, the decompression method was clarified by deriving the viewpoint
of decompression and creating a classification table.
However, these are considered only for earthquakes. Since the required responses for pandemics and earthquakes
are different, it is considered that the methods that have been clarified so far cannot be applied to pandemics in
their current state.

2.2 Research Approach
In this research, we first review the method of Iwata [2], which targets earthquakes. Then, at each stage of
Iwata's method, we consider the differences between pandemic and earthquake situations.

3 Consideration of the difference between earthquakes and pandemics
3.1 Research by Iwata [2]
3.1.1

Function derivation

In the research by Iwata [2], disaster operations comprise of multiple functions. In order to clarify what kind
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of functions it is composed of, we took two measures, "correspondence at the site and first aid center" and
"correspondence to the artificial dialysis patient" as disaster operations, and listed the necessary functions. At that
time, referring to the materials of the council of the Shizuoka area (hereinafter referred to as materials. The materials
include minutes, medical relief plans, etc.) [3] that examined the continuation of medical services in the event of
a disaster in Shizuoka City. The method of Kajihara et al. was derived by focusing on a) medical practice, b) support
work, and c) preparation in the previous stage. Then, this was confirmed by comparing with the function shown
by Kajihara et al.
As a result, while similar functions were derived, some functions could not be. Referring to the material of
a single area, it depends on the description method and the content of the material. Therefore, we proceeded with
the function from Kajihara et al.
Table 2. Functions to deploy
Type of Function
a

Functions
Lifesaving on site

b

Dispatch of corresponding person

b

Securing and providing necessary goods

c

Preparation for accepting victims of medical institutions

c

Lifeline priority supply request to disaster base hospital

c

Request for support to other areas

c

Securing trasnportation means

c

Preparation for first aid station

a

Treatment and response to injured people at medical institution and first aid stations

a

Response of people who need to help

b

Securing and managing corresponding person from inside and outside the region

b

Securing and managing resources from inside and outside the region

b

Priority supply of lifelines

b

Setting up and operating a first aid station

b

Constraction of transportation system

b

Public information to local residents

3.1.2 Consideration of deployment granularity
We examined the granularity of deployment by defining the purpose of using the deployment results. The
structural relationship table from Kajihara et al. correlates the work that is the deployment results with related
organizations, and can grasp the work performed by each organization in the event of a disaster. In the event of
a disaster, it is important to be able to understand the work because multiple organizations need to work together.
Therefore, the purpose of use was set to "can grasp the disaster operations".
Next, we examined granularity according to the purpose of use. In the business function development, the
procedure is not expanded, and the level of granularity is "the level that indicates a group of people entrusted as
a business". Here, it is not necessary to develop up to the procedure because it is sufficient to understand the work
to be performed from the above purpose of use. In addition, since the specific procedure depends on the local
resources and equipment, the level of granularity is defined as "the level that indicates the entrustment of the work
to the organization"
3.1.3 Deployment of function
The functions shown in Table 2 were expanded according to the specified granularity. In the development that
referred only to the materials used in (1), omission occurred depending on the description method and contents.
Therefore, we examined the development along the flow of patients.
Medical care is mainly for patients, and in order to continue medical care in the event of a disaster, it is important
that flow of patients proceed smoothly. Flow of patients is “go to a medical institution(medical care facility such
as a hospital or first aid center) for treatment after the disaster”. As a result of examining what is necessary according
to this flow, it has been clarified that functions during a disaster can be divided into five types, as shown in Fig.
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1. that is, preparation, transportation, reception/operation, patient treatment, and information.
Preparation
reception/operation

Accident
occurred
Patient
treatment

Patient
treatment

Transportation
Information
Fig.1. Flow of patient

Next, the function to be developed was associated with patient flow. Then, referring to the results of the
deployment based on the materials, we examined the tasks and resources necessary to fulfill the functions and
developed them to fit the granularity. Table 3 shows some of the results.
Table 3. Result of deployment
Type of
Function

c

Function

Items to be
implemented

Specific work

Preparation for accepting
Understanding the
victims of medical institutions damage situation

Understanding of
response capability

a

Treatment and response to
injured people at medical
institution and first aid
stations

Understanding the damage
situation of buildings
Understanding the damage
situation of equipment
Understanding the safety of
staff and hospitalized patients
Understanding the damage
situation of medical equipment
Understanding the damage
situation in the surrounding
area
Understanding the number of
ensured corresponding person

Response to minor ill
Response to
moderately ill
Response to severely
ill

3.1.4 Derivation of development viewpoint and creation of a classification table
It is not a reproducible procedure to develop in correspondence with the flow of patients. Therefore, we derived
how to think and develop as a viewpoint. Then the classification table shown in Table 4 was created by organizing
and summarizing the derived viewpoints for each of the five classifications of the functions described above.
Table 4. Viewpoint classification table
Classification of function

Function →Items to be implemented
What should be grasped

Preparation

Transportation

Items to be implemented→Specific work
What can be grasped to understand the response capability
What situation to grasp

What should be do

What should be requested

What is the system to maintain

What should be do to maintain

What should be grasped

What can be grasped to understand the response capability

From where

What kind of patient

What should be do

What should be requested
What shluld be decided

What should be instructed
Reception/operation

What kind of resource
What should be grasped

Patient treatment
Information

What can be grasped to understand the response capability
What can be grasped to understand the necessity

What kind of action is needed
What kind of patient

What kind of action is needed

What kind of information shluld be collected

What to collect about

What information to convey
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3.1.5 Proposal of deployment method
Based on the content of the examination, the following development methods were proposed.
(1)
(2)
(3)
(4)
(5)

Function derivation
Consideration of classification of function
Grasping the viewpoint
Implementation of deployment
Grasp the viewpoint, implementation of deployment

3.2 Consideration of the difference between earthquakes
In this section, we discuss the difference between earthquakes and pandemics for each item from section 3.1.
3.2.1 Function derivation
Earthquake damage doesn't spread so far from the epicenter, making earthquake s a local phenomenon. However,
since pandemics occur nationwide rather than locally, they do not have regional characteristics and differ in character
from the concept of rescue activities in specific disaster areas. In addition, there may not be support available from
other areas, and pandemics may need to be handled individually by region. Furthermore, there is no power outage
or water outage and no direct damage to the lifeline Therefore, among the functions shown in Table 2, functions
such as "lifesaving on site", "request for support to other areas", "priority supply of lifeline" do not exist in
pandemics.
Other functions include factors related to essential goods, preparation for treatment at hospitals and first aid
centers as well as transportation and public relations. These are functions that are commonly required even in the
case of pandemics. For goods, it is necessary to secure and provide infection protection equipment, and to prepare
medical institutions for acceptance, it is necessary to prepare to isolate infection persons. Although the first aid
station is not necessary in the case of a pandemic, it can be said that it has a similar function because it requires
an outpatient fever and an outpatient returnee/contact person outpatient. The same applies to transportation and
public relations with residents.
On the other hand, it is considered that the pandemic has a function that does not exist in the case of an
earthquake. For example, there are tests to confirm that they are infected, isolation of infected person, and
investigation of infection routes. Therefore, these functions need to be added to Table 2.
Based on the above examination, the function deployment in the case of a pandemic is summarized in Table
5 below.
Table 5. Function to deploy (Pandemic version)
Type of Function
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Functions

b

Securing and providing necessary goods

c

Preparation for accepting victims of medical institutions

c

Securing trasnportation means

Remark

c

Preparation for fever outpatient

a

Treatment and response to infected people at medical institution and first aid stations

b

Setting up and operating a fever outpatient

b

Constraction of transportation system

b

Public information to local residents

a

Inspection for infection confirmation

＊

a

Triage of minors

＊

a

Health survey for minors

＊

b

Isolation of infected people

＊

b

Preventing the spread of infection

＊

b

Investigation of infection route

＊

In Table 5, those functions marked with * in the remark column are functions that exist only in the case of
a pandemic, and those that are not marked are the same functions used in the case of an earthquake.
3.2.2 Consideration of deployment granularity
In the case of an earthquake, the purpose of utilization was stipulated as "can grasp the disaster operations ".
This is the same in the case of a pandemic, so it is possible to determine that "can grasp the operations during
the pandemic" as the purpose of use.
Regarding granularity, the level is defined as "the level that indicates the entrustment of the work to the
organization " during an earthquake, and it can be similarly applied to the case of a pandemic. Therefore, there
is no big difference in the purpose of use and granularity.
3.2.3 Deployment of function
Even in the case of a pandemic, medical care is still centered on the patient, so it can be developed in line
with the flow of patients. However, since the pandemics have different characteristics from earthquakes, there is
a different flow of patients than in Fig. 1.
During a pandemic, patients generally do not directly visit a medical institution, first contact the local consultation
centers established by the prefecture and go to the returnee/contact person outpatient department or fever outpatient
department established by the prefecture. Then, doctors visit the medical institutions designated by the outpatient
clinic, and if the patient is seriously ill, they are hospitalized. Therefore, the flow of patients during a pandemic
is, as shown in Fig. 2, "go to an outpatient facility set up by a prefecture, visit a designated medical institution,
and be hospitalized or treated at home."

Onset
Outpatient

Treatment
Designated
medical institution

Fig.2. Flow of patient

The function can be expanded by applying the function to this flow and examining the required tasks and
resources. Regarding the classification of functions, although the flow of patients changes, the five classifications
of preparation, transportation, reception/operation, patient treatment, and information are considered to be applicable
to the pandemic case.
3.2.4 Derivation of development viewpoint and creation of a classification table
About the derivation of the viewpoint of deployment, in the same way as in the case of an earthquake, we
derived how to think and develop as a viewpoint. In addition, since the five categories of functions are the same
as in the case of earthquakes, it is possible to create a classification table by summarizing the viewpoints of
development related to the functions corresponding to each category.
3.2.5 Suggestion of the deployment method
Deployment can be performed in the same steps as in the case of an earthquake. However, it is necessary to
use the materials for the pandemic, such as the guidelines issued by the national government regarding infectious
disease response and records of past infectious disease responses. As for the classification table used for expansion,
it is necessary to use the one for the pandemic created in (4).
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4. Verification
Since COVID-19 is prevalent at present, we investigated current problems for medical institutions for multiple
hospital personnel. As a result, it was found that there are problems such as the distinction between infected patients
and symptomatic patients, the inability to immediately inspect patients who are transported, and changes in the
medical care system. It was also found that securing and managing medical staff, acquiring infection protection
equipment, and providing enough beds for severely ill persons are issues. These are the same as the contents
considered as the difference between the earthquake and the pandemic in this research. Therefore, the differences
considered in this study are considered valid.

5. Conclusions and Future Research
In this study, we examined the differences between earthquakes and pandemics using the method of deploying
functions for continuing medical care in the event of an earthquake proposed by Iwata [2]. As a result, we found
that the development flow was similar. Regarding the functions to be handled, we found that things related to
goods and transportation are common. In addition, we found that things related to other areas and things related
to lifelines do not exist in the pandemic, and things rerated to inspection and isolation of infected people are exist
in the pandemic.
Future issues include deriving and expanding functions during a pandemic and creating a structural relationship
table based on the differences considered in this study.
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Abstract
In recent years, the use of machine learning to predict stock prices has attracted a lot of attention, and there
has been a lot of research using text data. Some studies use multidimensional sentiment to analyze Twitter data
to predict the Dow Jones Industrial Average, while others use variance representation and sentiment analysis to
predict the Nikkei Stock Average. However, the accuracy of these methods in predicting stock prices is not high
and needs to be improved. This is due to the sparse representation of the text in each study and the algorithms
used, which are inadequately validated.
In this study, we will compare various methods used in existing studies to further improve the accuracy of
stock price predictions and explore the development of new methods.
Keywords: word2vec, clustering,cluster analysis, SVM

1. Introduction
Stock price prediction research has been carried out using various methods. In recent years, machine learning
methods are often used and big data collection has become easier. We can use not only numerical data but also
textual data such as social networking sites and news articles as big data. Some research has actually used text
to predict stock prices, and this is an area where future development is expected. However, there is still room for
improvement, as the results of these studies are not fully validated and the accuracy is still lacking in practicality.

2. Previous Studies
There have been a number of studies of text-based stock price predictions, the first being one that analyzed
Twitter sentiment to predict the Dow Jones Industrial Average stock price[1]. The study collected a total of 9.8
million tweets from 2.7 million users over a period of about one year and conducted causality tests on six items:
"calm, alert, sure, vital, kind, happy". The highest causal relationship, "calm" was used as the data, and a
self-organizing fuzzy neural network was used to make predictions, and the accuracy of the directional accuracy
of the binary predictions was successfully achieved at 86.7%.
Other studies have analyzed the sentiment of each news site's articles and used decision trees to make
predictions[2], and some studies have acquired and predicted variance representations based on stock bulletin board
information[3].
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3. Purpose
Previous studies have not yet been fully successful. The problems with each of them are that the number of
validation days for [1] is only 15 days, and the prediction accuracy for [2] and [3] is not as high as 60 percent.
Therefore, this research aims to improve the accuracy of text-based stock price forecasts. In addition, it is
necessary to quantify the text when it is used for forecasting. There are methods such as Bag-of-Words, which
is a simple count of words, and others that use distributed representations obtained by learning a neural network.
Since there are few studies comparing the accuracy of these methods, we are looking for the most accurate method.

4. Method
4.1 Training data
The data we are dealing with is an article from one news website. The collection period was five years in total,
from 2015 to 2019, with about 10 articles collected per day, bringing the total number of data items to about 17,000.
The closing price of the Nikkei Stock Average over the same period was collected and used.
4.2 Separate writing
The collected text data are in Japanese. Unlike English and other languages where sentences are separated by
spaces, Japanese is a sentence in which all words are connected. Therefore, it is necessary to divide Japanese
sentences by each word. Therefore, the morphological analysis is performed on each word to find the parts of speech
of each word and separate them into words.
4.3 Predictive Techniques
In this study, we use deep learning and LSTM to perform multimodal learning and forecasting, and we adopt
LSTM because it can deal with long-term fluctuations in stock prices.
4.4 Representation of Characteristics
In this study, we explore the best way to express characteristics for stock price forecasting. The following methods
are possible at this stage.The first is a bag-of-words, which simply counts words, and the second is a distributed
representation of sentences trained by a neural network's skip-gram model, etc. The first counts only whether a
word appears or not, so it is desirable to use it for learning because it is difficult to drop information, but the
dimensionality In this paper, we use a distributed representation to learn and make predictions. Therefore, in this
paper, we use distributed representation to learn and predict them. In addition, there are various ways to obtain
distributed representations, but in this paper, we will use "Word2Vec" which uses skip-gram model and "fastText"
which is said to be more powerful than it.
4.5 Experiment
The input is the sum
of the daily word
vectors of the 10-day
news articles and the
closing stock price on
the
same
day,
normalized by a single
mean 0 variance. In

648

Figure 1 The structure of the proposed deep learning model

order to increase learning efficiency, the news article vector and the stock price vector are entered separately here.

5. Results
We trained and compared with the proposed method with a unified batch size of 50 and number of epochs
of 20. The performance evaluation index used mean-absolute-percentage-error(mape), and the percentage of correct
answers was obtained by making binary predictions in the trained model. In addition, the activation functions used
are Linear for the output layer, Relu for the document vector output and Relu for the 10-day stock price output.
Table 1 Performance Comparison

Word2vec
fastText

mape
0.180
0.176

accuracy
0.487
0.456

6. Discussion and Conclusions
We compared the accuracy of stock price prediction between fastText and word2vec. We tried training with
both methods, but there was not much difference between them, and the accuracy of the up-down binary prediction
was poor. We believe the reason for the poor accuracy is that our model outputs normalized stock prices, while
previous studies have constructed their models to output binary values, and we judged whether the stock price went
up or down based on the output of the model. For this reason, we did not incorporate binary predictions into the
model this time, and we will need to incorporate them in the next model. We also need to learn and compare
with various methods such as decision trees and SVMs because we only used a total of two methods for comparison,
which makes it difficult to evaluate how versatile they are.
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Abstract
Exponential dispersion models are linear exponential families with a dispersion parameter and are the prototype
response distributions for generalized linear models. The Tweedie distribution, a member of the exponential
dispersion models with variance function is the pth power of mean, where p is a power parameter, is a wide
family of distribution, which includes the normal, Poisson, compound Poisson, gamma and inverse Gaussian
distributions, and is widely used in various areas such as reliability and psychology. The distribution has desired
properties such as not only the flexibility to be fitted to various phenomenon but also the additive property. Because
of the latter property, the Tweedie distribution is seen as a suitable model for the degradation phenomenon in
reliability engineering.
It is well known that the parameter estimation for the Tweedie is very difficult since the probability density
function (pdf) of it cannot be expressed when the power parameter p is in a certain range. Therefore, the maximum
likelihood method doesn’t work well. In spite of many papers dealing with the Tweedie models, there does not
appear to be any work wherein parameter estimation methods work successfully for all p.
In this paper, we propose two new methods of parameter estimation. The key ideas of them are to use the
moment generating function (MGF) and moments, instead of the pdf and cumulative distribution function (cdf),
which have never reported in the literature in spite that there have been a lot of papers about parameter estimation
of the Tweedie distribution by numerous authors. The simulation results and illustrative examples based on two
real data sets show that the proposed methods perform satisfactory for all p, and outperform the existing methods.
Keywords: Exponential dispersion model; Tweedie distribution; Method of moment; Maximum likelihood estimation;
Empirical moment generating function

1. Introduction
Exponential dispersion models (EDM) are linear exponential families with a dispersion parameter and the
prototype response distributions for generalized linear models. Any EDM can be characterized by its variance
function V(.), which describes the mean-variance relationship of the distribution. Let Y follows an EDM with mean
µ, variance function V(.) and dispersion parameter φ , then the variance of Y can be written
Var(Y)=φV(µ).

(1)

Of special interest is the class of EDM with power mean-variance relationships for which
for some

where

is a power parameter. We call Tweedie Exponential Dispersion Model[9]. The Models is

a wide family of distribution, which includes the normal (
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), Poisson (

), compound

Poisson-gamma (
, gamma (
and inverse Gaussian (
distribution, and
is widely used in various areas. For Example Tweedie distribution have also found applications in causality
insurance[10][17][19], biology[11], fisheries research[6][7], and genetics and medicine[2][12]. The Tweedie
exponential dispersion model has desired properties such as not only the flexibility to be fitted to various phenomenon
but also the additive property. Because of the latter property, the Tweedie distribution is seen as a suitable model
for the degradation phenomenon in reliability engineering [15].
It is well known that the parameter estimation for the Tweedie is very difficult since the probability density
. Therefore,
function (pdf) of it can be expressed only when the power parameter p is in
the maximum likelihood (ML) method works well when p is in this range. In spite of many papers dealing with
the Tweedie models, there does not appear to be any work wherein parameter estimation methods work satisfactorily
for all p.
In this paper, we propose two new methods of parameter estimation. The key ideas of them are to use the
moment generating function (MGF) and moments, instead of the pdf and cumulative distribution function (cdf) ,
which have never reported in the literature, in spite that there have been a lot of papers about parameter estimation
of the Tweedie distribution by numerous authors. The simulation results and illustrative examples based on two
real data sets show that the proposed methods perform satisfactory for all p, and outperform the existing methods.

2. Proposed methods
The Tweedie distribution was introduced by [9]. The pdf of this distribution is given by

(2)

and
is suitable functions[9]. Let us notice that, unless
, the
pdf cannot be written in closed form or formula. So parameter estimation of the Tweedie distribution by the ML
. To remedy the deficiency of the ML method, we
method does not work when
propose alternative methods for parameter estimation of the Tweedie distribution. The key ideas are to use the
moment generating function (MGF) and moments, which have never reported in the literature in spite that there
have been a lot of papers dealing with parameter estimation of the Tweedie distribution by numerous authors.
In this section, we describe the details of the two proposed methods.
2.1

Proposed method Ⅰ:Method of moment

We propose to use the method of moment for Tweedie parameter estimation. From the first, second
and third moments of the Tweedie distribution with the pdf (2), we obtain the following estimators by the method
of moments,
(3)
(4)
(5)
where
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2.2

Proposed method Ⅱ:Estimation based on the Empirical moment generating function
While the probability density function of the Tweedie distribution is very complicated, its moment

generating function (MGF) can be simply expressed. The MGF of

is given by
(6)

where

and

We notice that the MGF can be written in closed form for all p. We proposed to estimation based on the empirical
moment generating function(EMGF). Given a random sample
is defend by

from any distributions, the EMGF
(7)

This estimation method was initially introduced by [13] for mixtures of normal distributions. We obtain the MGF
estimator as follows..
(8)

where

3. Simulation study
In this section we present a simulation study that was conducted to compare the performance of the ML method
and the proposed methods. We generated 10,000 data sets considering different sample size (
100), and compute the simulated bias and RMSE. The value of mean value parameter is chosen as
The values of dispersion parameter are chosen as
parameter are chosen as

and
.

. The values of the power
, and 3. In the proposed methods Ⅱ,

is a hyper parameter

and we set
, here. We have 16 different scenarios for our
simulation study. Figures1-4 display the simulation results of bias and RMSE of the estimators of the three
parameters by all methods. The rates of obtaining estimates by all methods is presented in Tables 1-4.
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From the Figures 1 and 2, for the case of

, we found that Proposed method Ⅱ is comparable

to ML method for all p in terms of Bias and RMSE. From the Tables 1-4, for the case of
,we found that ML method did not work at all, but the proposed methods worked satisfactorily for all values of
p. Furthermore, from the Figures 3 and 4 ,the proposed method Ⅱ outperformed the ML method for all values
of p with respect to Bias and RMSE.

Bias

RMSE

Figure 1. For the case

, Bias and RMSE by estimation methods (sample of size n=25)

Bias

RMSE

Figure 2. For the case

, Bias and RMSE by estimation methods (samples of size n=100)

Bias
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RMSE

Figure 3. For the case

, Bias and RMSE by estimation methods (samples of size n=25)

Bias

RMSE

Figure 4. For the case

, Bias and RMSE by estimation methods (samples of size n=100)

Table 1. For the case Tw(2,0.05,1.1), the rate at which maximum likelihood estimate is obtained

Sample size
n=25
n=100

ML method
0.539
0.551

Proposed method Ⅰ
1.000
1.000

Proposed method Ⅱ
1.000
1.000

Table 2. For the case Tw(2,0.05,1.5), the rate at which maximum likelihood estimate is obtained

Sample size
n=25
n=100

ML method
0.594
0.678

Proposed method Ⅰ Proposed method Ⅱ
1.000
1.000
1.000
1.000

Table 3. For the case Tw(2,0.05,2), the rate at which maximum likelihood estimate is obtained

Sample size

ML method

n=25
n=100

0.695
0.839

Proposed method Ⅰ Proposed method Ⅱ
1.000
1.000

1.000
1.000

Table 4. For the case (2,0.05,3), the rate at which maximum likelihood estimate is obtained

Sample size

ML method

n=25
n=100

0.903
0.997

Proposed method Ⅰ Proposed method Ⅱ
1.000
1.000

1.000
1.000

4. Illustrative Examples
In this section we fit the Tweedie distribution to two real datasets. We evaluated estimates by all methods using
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Kolmogorov-Smirnov test and QQ plot. However , since cumulative distribution function for Tweedie cannot be
expressed formula when
, the Kolmogorov-Smirnov test is applied after applying the saddle point
approximation to the cumulative distribution function.
4.1

Survival times in male rats

The data is survival times in weeks for 20 male rats that were exposed to a high level of radiation and left-skewed
data. The data have been estimated by using ML method, proposed method Ⅰ and proposed method Ⅱ. The results
are shown Table5. Kolmogorov-Smirnov test results are shown in Table 6. The QQ plots are shown in Figures
5 and 6.
Table 5. Estimated value for each estimation method of the Survival times in male rats

Estimation methods
ML method
Proposed method Ⅰ
×
113.45
×
×
-1.067

parameter

Proposed method Ⅱ
113.45
-1.069

(*) × means estimates does not exist
Table 6. KS test for each estimation method of the Survival times in male rats

KS test statistic value
-value

Figure 5. QQ plot at Proposed method Ⅰ

Proposed method Ⅰ
0.094
0.994

Proposed method Ⅱ
0.095
0.994

Figure 6. QQ plot at Proposed method Ⅱ

From Table5, we observe that the ML method cannot get an estimates. The proposed methods Ⅰ and Ⅱ can
get estimates successfully. From Figures 5 and 6, we see that the proposed methods Ⅰ and Ⅱ fit well to the
data.
4.2

Strength of glass 1.5 cm fibres

The data is experimental data of the strength of glass 1.5 cm fibres from the National Physical Laboratory in
England[15]. The data have been estimated by using ML method, proposed method Ⅰ and proposed method Ⅱ.
The results are shown Table7. Kolmogorov-Smirnov test results are shown Table8. The QQ plots are shown in
Figures 7 and 8.
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Table 7. Estimated value for each estimation method of the strength of glass 1.5 cm fibres

Estimation methods
ML method
Proposed method Ⅰ
×
1.507
×
0.583
×
-4.217

parameter

Proposed method Ⅱ
1.507
0.265
-2.349

(*) × means estimates does not exist
Table 8. KS test for each estimation method of the strength of glass 1.5 cm fibres

Proposed method Ⅰ
0.144
0.147

Proposed method Ⅱ
0.112
0.408

Sample data

Sample data

KS test statistic value
-value

Figure 7. QQ plot at Proposed method Ⅰ

Figure 8. QQ plot at Proposed method Ⅱ

From Table 7, we observe that the ML method cannot get an estimates. The proposed methods Ⅰ and Ⅱ
can get estimates successfully. From Figures 7 and 8, we see that the Proposed methods Ⅰ and Ⅱ fit well to
the data.

5. Conclusion
In this paper, we propose two new methods of parameter estimation of the Tweedie distribution. We performed
the simulation study to evaluate the proposed methods by comparing with the ML method. The results showed
that the proposed methodsⅡis comparable to ML method in Bias and RMSE in the case that the ML method does
work. In the case that the cases ML method does not work(small value of
of the proposed methods work satisfactorily.

or negative value of p), the both

We illustrated the applications of Tweedie distribution through the analysis of two real data sets. The results
showed that the proposed methods can estimate successfully even when
by ML method.

is negative, which cannot be estimated
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Abstract
The purpose of this research is to clarify the actual usage of ISO 14001 in society. In addition to usage to
improve environmental performance, ISO 14001 has usage in a society to appeal to the outside including customers,
financial institution, government and industry group for being able to build the Environment Management System.
Previous researches have already revealed that the usage in society is one of the incentives to implement the ISO
14001 certification. However, it is not clear how the certified company is utilizing its own or supplier’s ISO 14001
certification currently. In this research, referring to the research about the usage of ISO 9001 in society, 206 people
in charge of EMS in the manufacturing and construction industries in Japan are surveyed on the Web. The collected
data are analyzed by SEM. As a result, this research shows that ISO 14001 is actually utilized in the selection
of suppliers and in the appeal to the outside. This fact will be valuable to companies who suspect the effectiveness
of the usage of ISO 14001 in society. This research is a collaborative research with the Management Systems
Study Group of Japan Accreditation Board.

1. Introduction
ISO 14001 is an international standard that defines the specifications of environment management systems (EMS).
It has been revised several times since it was published in 1996, and the latest version is ISO 14001:2015. The
number of certified organizations was 350,000 in 2017 in the world, and the types are wide, including manufacturing,
construction, and service industries. One of the reasons for widespread implement of ISO 14001 is the adoption
of a third-party certification system. For example, in Japan, a certification body accredited by Japan Accreditation
Board conduct conformity assessment that whether or not the certification is suitable for the organization.
By adopting such a third-party certification system, ISO 14001 has two usages. The first is ability improvement.
This means enhancing the environmental performance of the certified organization through implementing EMS and
being certified. The second is proof of ability, in other words, utilization in society. This means continuing transaction
and increasing financing through externally appealing for ISO 14001.
In this research, we focus on utilization in society. Despite the utilization that directly influences the pursuit
of profits, which is the essential goal of a company, the utilization situation is not clear. Therefore, by conducting
a questionnaire survey, this research shows two actual usages, “How do you appeal to organization’s own
certifications to the outside?” and “How do you evaluate certifications of other organization?” In addition, the
relationship between the intention and effect of certification that has been researched in the past is examined by
Structural Equation Modeling (SEM) for each appeal destination.
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2. Previous Studies
Mas-Machuca et.al (2019) points out that there are internal factors and external factors as the reasons for
implementing ISO 14001 based on 66 previous research reviews. Specifically, it mentions that external factors are
Customers/Community/Image, Market/Internationalization, Suppliers, Competitors, Legal/Organizations/Government
and Environmental and that internal factors are HHRR, Financial, Operations, Product/Service/Innovation,
Management and General Improvement. In other word, it can be said that the existence of utilization in society
has already been recognized.
Although Koyama et.al (2019) investigated the actual usage of ISO 9001 in society, and Heras-Saritaribitoria
et.al (2019) investigated the actual usage of EMAS in society, no research done on ISO 14001. In particular, two
point that Koyama et.al(2019) showed: ➀ to whom and how they appeal their own certification and ② how they
evaluate other companies’ certifications, is not clear in ISO 14001.
Prajogo et.al (2012) and Gavronski et.al (2015) show that there is an interrelationship between the motivation
and effectiveness of ISO 14001 certification. Prajogo et.al (2012) also showed that internal motives enhance
environmental effects, external motives enhance social and market effects, and environmental motives enhance social
and market effects. Gavronski et.al (2015) showed that customer appeal has reactive factors that respond to external
demands at the present time and proactive factors that prevent future external demands. It also shows that financial
effects are positively influenced by reactive factors, but negatively affected by proactive factors, and Market effects
are positively influenced by proactive factors. However, these are too brief summaries of their use in society, and
do not reveal how they relate to each other.

3. Survey design regarding actual utilization of ISO 14001 in society
In order to clarify the actual usage of ISO 14001 in society, we will create a usage diagram with the cooperation
of Koyama et.al (2019) and management system study group’s advice. After that, the survey target is determined
based on the utilization diagram and the data is collected. In this survey, there is no open source for transactions
between companies, so a questionnaire survey is conducted. The main survey contents are (1) to whom and how
the company's certification is being appealed, and (2) how to evaluate the certification of other companies.
3.1

Creation of utilization diagram

In order to visually organize the usage of
ISO 14001 in society, first create a usage
diagram of ISO 14001.
Koyama et.al (2019) has four supply
chains, "Supplier", "Company", "Customer",
and "Consumer/Society" in order to clarify the
actual usage of ISO 9001 in society. We
assume a model in which a “Financial
institution” is added to the axis. The certified
organizations are the "Company" and the
"supplier". The "Company" utilizes the
certification of the Company and the
certification of the supplier. Therefore, these
are horizontally expanded to ISO 14001.
Furthermore, this study also considers appeals
to "investor" and "government/industry" based
on Mas-Machuca et.al (2019). The created

Fig. 1. The model of utilization in society of ISO 14001
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utilization diagram was reviewed by the Management System Study Group to ensure that it was not missed.
3.2

Demonstration of the own certification of Company

Company demonstrates its own certification to “customer”, “consumer/society”, “financial institution”, “investor”,
“government/industry”.
By demonstrating to the customer, Company shows that it conforms to the transaction standards and inspection
standards and has a high level of environmental awareness, and gain advantages such as continuing existing
transactions, increasing new transactions, and omitting inspection items. In this research, we further divide into
reactive cases where certification is required from the customer by establishing transaction standards and inspection
standards, and active cases where the high awareness of the environment is proactively demonstrating to the customer.
When demonstrating to consumer/society, it shows a high level of environmental awareness and can benefit from
image improvement. In addition, if demonstrating to a financial institution, it is shown that the conditions for
financing and reduction of insurance premiums are met, and the advantages of smooth financing and reduction of
insurance premiums can be obtained. Further, Company can show the high environmental awareness by
demonstrating to the investor, and can obtain the merit of increasing the investment amount. Finally, by
demonstrating to the government/industry, it can be shown that the conditions for bidding qualifications and work
qualifications are met, and the additional benefit of qualification acquisition can be obtained.
As for the appeal method, there are a method of demonstrating to a specific object and a method of demonstrating
to an unspecified object. When demonstrating to a specific target, there are a customer that demonstrates at the
time of business, a financial institution that demonstrates when applying for a loan or reduction of insurance
premiums, and a government or industry that demonstrates when applying for a bid qualification or work
qualification. In the case of demonstrating to unspecified targets, we are demonstrating to our customer,
consumer/society, and investor by stating the certification on our website and catalog.
Table 1 below summarizes the above intentions/effects and methods of demonstration.
Table 1. to whom and how the company's certification is being appealed

User

Target
customer

Company
(certified)

consumer/society
financial institution
investor
government/industry

3.3

intention/effect
New/recurring order Omission of
inspection
Image improvement
Smooth financing Insurance
reduction
Increased investment
Bid qualification Work qualification

appeal method
Description on media present at
business
Description on media
Present at the time of application
Description on media
Present at the time of qualification

Evaluate the certifications of Supplier

Company uses not only their own certification, but also the certification of their suppliers.
Company evaluates the company based on the presence or absence of the certification of the supplier, adopts
it as the selection criteria when selecting the supplier and the contractor, and omits the inspection items. This
represents the utilization when Company is in the position of "appealed organization" rather than "appealing
organization" in the relationship that Company demonstrates its own authentication to the customer.
Therefore, the utilization method is the same as when Company demonstrates its own authentication to the
customer. The above description is summarized in Table 2 below.
Table 2. how to evaluate the certification of other companies

User
Company
(certified)
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target
Supplier to company
(certified)

intention/effect
Supplier selection
Supplier inspection
Outsourcing selection

appeal method
Description on medium
Present at business

3.4

Survey Plan for ISO 14001 Certified Company

Data is collected to clarify this utilization situation. Since there is no open source that shows the actual usage
of transaction information between Company and the customer, a questionnaire survey is conducted. The target
organization is set as the "Company", which is the center of the model of utilization in society of ISO 14001.
Furthermore, in order to set the person who is most aware of the actual usage of Company, we asked the
management system study group for advice and set it as "EMS (ISO 14001) in charge of the company or department".
Large companies may have assigned a person in charge for each department, which was taken into consideration.
There is a case where the manager is surveyed like Salim et.al (2018), but Heras-Saritaribitoria et.al (2018) points
out the lack of understanding of the manager. In this survey, it was determined that those who had a better
understanding of the ISO 14001 mechanism could obtain more appropriate answers. In fact, Gavronski et.al (2015)
and Koyama et.al (2019) are also conducting a survey on ISO 14001 personnel of certified organizations, which
can be said to be a general survey target. Regarding the industry of Company, we set the manufacturing industry
with the largest number of certified organizations in Japan and the construction industry with the second largest
number. The questionnaire survey was a Web survey to check the tendency of society in general, and it was easy
to secure a sample size, and we asked a survey contractor.
The contents of the survey are four themes: utilization of certification of Company, utilization of certification
of the supplier, comprehensive image of ISO 14001, and future utilization of ISO 14001. This structure is based
on the survey questionnaire of ISO 9001 by Koyama et.al (2019). This questionnaire was revised and added to
the text of ISO 14001. When making revisions, we asked the management system study group to review the
questionnaire and devised it so that "EMS (ISO 14001) in charge of the company or department" would be easy
to answer.
A detailed survey paper will be posted at the end. Regarding the utilization of certification of Company, referring
to Table 1, we asked the intention and effect of certification acquisition in Q1 to Q3, and the demonstration method
in Q4 to Q6. The questions are structured so that the intention/effect and demonstration method can be understood
for each demonstration destination, and it is devised so that comparisons can be made at the demonstration
destination. Regarding the use of supplier certification, referring to Table 2, we asked in Q7 to Q11 about the use
when selecting a supplier, when using a supplier inspection, and when using an outsourcing contractor. Finally,
through the use of certification of providers and suppliers, we ask in image Q12 held in ISO 14001, and in Q13
about future use in society.
Table 3. Structure and contents of questionnaire

Question
Number

Theme

Q1
Q2
Q3
Q4

the utilization in
society of the ISO
14001 certification
of Company

Q5
Q6
Q7
Q8
Q9

the utilization in
society of the ISO
14001 certification
of suppliers

Contents

Number of
questions

Answer method

intention of certification
acquisition
effect of certification
acquisition
reasons why effect cannot be
realized
intention of external
communication
effect of external
communication
reasons why effect cannot be
realized
evaluation to supplier at
selection(rough)
evaluation to supplier at
selection(details)
reasons not to activate for
supplier selection

8 questions

5-point Likert scale

8 questions

5-point Likert scale
"not intended"
multiple selection +
free text

1 question
5 questions

2-point Likert scale

5 questions
1 question

5-point Likert scale
"not intended"
multiple selection +
free text

1 question

5-point Likert scale

5 questions

5-point Likert scale

1 question

multiple selection +
free text

661

Question
Number

Theme

Contents

image of ISO 14001
future utilization of
ISO 14001

evaluation to supplier at
inspection
revaluation to outsourcing
contractor
image of ISO 14001
future utilization of ISO
14001

Q10
Q11
Q12
Q13

Number of
questions

Answer method

4 questions

5-point Likert scale

3 questions

5-point Likert scale

5 questions

5-point Likert scale
multiple selection +
free text

5 questions

4. Survey results for companies that have acquired ISO 14001 certification
4.1

Survey outline and sample

The survey is conducted from December 11th to December 13th, 2019. This applies to 206 persons in charge
of ISO 14001 for the entire company or divisions of the manufacturing industry or construction industry that have
passed ISO 14001 certification for more than one year. By industry, manufacturing is 50.0% and construction is
50.0%. By size, SMEs with 0 to 300 employees account for 41.2%, and large companies with 300 or more employees
account for 58.8%. Since the ratio of large companies in Japan is about 1%, it is necessary to consider that it
is closer to the data of large companies than the general public. The most frequent certification period is 7 to 10
years, 10 to 13 years, and most of the
organizations have a certain period of time
after certification.
The outline of the questionnaire results is
summarized in the following the model with
result. For a five-step scale, the top two sums
and the geometric mean are noted. For
example, if 14% are "intended" and 26% are
"intended a little" with respect to the
intention to appeal to financial institutions,
and the weighted average is 2.7, then
"intention: 40% (Ave 2.7)” is indicated. In
the 3-step scale, only the highest rank is
selected. The points that have not been
investigated are shown. There are four
questions about the intent and effect of
appealing to active customers, but these
values are calculated and the arithmetic mean
is stated.
4.2

Fig. 2. The model with result of this research

Actual utilization of the own certification by Company

88% of all intend to demonstrate to active customers, and 49% of all intend to demonstrate to reactive customers.
Surprisingly, half of all aren't meant to demonstrate to reactive customers. In particular, 55% of all SMEs intend
this. This denies the dogma that "SMEs are primarily intended to meet the demands of customer." 40% of the
total is intended to demonstrate to financial institutions, 64% is intended to demonstrate to investors, and 65% is
intended to demonstrate to industry administration. The demonstration to financial institutions is the lowest. This
is the same as the hypothesis pointed out by Koyama et.al (2019) that the demonstration of ISO 9001 to financial
institutions is low in the first place. And 42% of all responded to the demonstration to financial institutions, and
62% of all felt the demonstration to investors. This is because the number of companies, which is almost the same
as the number of companies that is intended, is actually effective. 77% of all respondents have a positive effect
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on demonstrating to active customer, and 55% of all have demonstrate to the government industry. The number
of companies that have been able to realize the effect is smaller than the intended number of companies. 75% of
all feel that they are demonstrating to reactive customer. The number of companies that have been able to realize
the effect will increase by 16% compared to the intended number of companies. Therefore, it is speculated that
the passive demonstration to customer is influenced by other intentions/effects. This is mentioned in Section 4.4.
77% of the total is stated on the medium, and 55% of the total is presented at business. In other words, 20%
or more is stated in the medium but not used as a transaction material.
4.2

Actual utilization of the Suppliers’ certifications by Company

47% of the total is used for selecting suppliers, 44% for omitting supplier inspections, and 64% for selecting
outsourcing contractors. From this result, it is found that 17% more companies use the outsourcing contractor than
the supplier selection. This is because the outsourcing contractor has a greater risk of the providing organization,
so the selection criteria are stricter. In addition, the value of 47% of supplier selection corresponds to the intention
of appealing to reactive customers at 49%. This reinforces that about half of companies utilize the presence or
absence of ISO 14001 in their transactions.
4.3

Relationship between intent and effect of certification

There is a weak correlation between 0.3 and 0.5 between the intent to obtain certification and the effects.
Therefore, with reference to the covariance structure analysis model of Gavronski et.al (2015), 10 relationships: intent
and effect of appealing to active or reactive customers, intention and effect of appeal to investors, intention and
effect of appeal to financial institutions, intention and effect of appeal to government/industry, are shown.
At this time, the intention/effect of appealing to the active customer is summarized in four questions in the
first principal component score. The contribution rate is 76.1%. As a goodness-of-fit index, a model with the smallest
AIC is selected under the condition that CFI is 0.9 or more, AGFI is 0.9 or more, and RMSEA is 0.9 or more
(Toyota (2007)). At this time, the p-value is not taken into consideration because the number of samples is as large
as 200 or more. For the convenience of the interpretation of the path, "social situation" was added as a latent variable
of the intention to financial institutions and the intention to investors.

Fig. 3. Relationship between intent and effect of certification
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The correspondence between the model path and the actual event is comfirmed. The path from the intention
of demonstrating to investors to the intention of demonstrating to customer represents that the more organizations
that are conscious of ESG investment, the greater the awareness of the environment to their customer. A similar
reason is the path from the intention of active demonstration to the customer to the effect of demonstration to
investors. The path from the intention of demonstration to a financial institution to the intention of a reactive
demonstration to a customer represents that the higher understanding of a lesser-known mechanism of obtaining
a loan or reducing insurance premiums after obtaining certification, the more the new transacttion to increase.
Similarly, the path from the intent to demonstration to financial institutions to the intent to demonstration to industry
administration is also shown to indicate that organizations with a higher rise will be more enthusiastic in acquiring
bid qualifications and work qualifications for new transactions. The path from the intent of active demonstration
to the customer to the intent of demonstration to the government/industry is the higher awareness to show a high
environmental awareness to the customer, the higher awareness to show to the government/industry ,too. The effect
of demonstrating to financial institutions from the intention of demonstrating to investors indicates that companies
that are conscious of ESG investment are enjoying similar preferential treatment to financial institutions. The path
from the intention/effect of active demonstration to the customer organization, the effect of reactive demonstration
to the customer organization is to convey a high level of environmental awareness to the customer, even if there
is no explicit request from the customer. If it is large, it means that it leads to new transactions or continuation
of transactions. The path from the effect of demonstrating to financial institutions to the effect of demonstrating
to financial institutions indicates that actually enjoying the loan and reduction of insurance premiums led to the
improvement of additional credit and demonstration to investors. The path from the effect of demonstrating to
financial institutions to the effect on industry administration and the path from the effect of financial institutions
to the effect of passive customers are the same as the path to the effect of demonstrating to investors.
This model shows that the impact is infinitesimal, as there is no path between the intention to demonstrate
reactively to customer and the effect reactively to the customer. Specifically, it means that the strength of the
intention of the request from the customer does not affect the actual continuation of transactions or the increase
of new transactions. In fact, the correlation between intention and effect is 0.330, which is a very weak correlation.
Rather, looking at the standardized comprehensive effect, it can be seen that the greater the active intention to the
customer, the more it affects the continuation of transactions. From the above, in order to realize the effect of
continuing transactions and the increase of new transactions, it is not important whether or not the customer actually
requested it, recognizing what you are trying to appeal using ISO 14001 certification is important.
Table 4. Relationship between intent and effect of certification

5. Conclusion
In this research, as the actual utilization of ISO 14001 in society, the relationship between the actual usage
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of certification of Company the actual usage of certification of the supplier, the intention at the time of certification
acquisition and its effect is shown.
As for the use of certification of the Company, 88% of the whole is intended to actively demonstrate to the
customer, 49% is intended to be reactive to the customer, 40% is intended to demonstrate to financial institutions.
64% is made clear that they has an intention to demonstrate to investors and 65% has an intention to demonstrate
to the administrative industry. From this, it has been revealed that they are generally utilized in some kind of
society.
As for the utilization of supplier’s certification, it is revealed that 47% is used for supplier selection, 44% for
omitting supplier inspection, and 64% for outsourcing contractor selection. From this, it is found that it is often
used when selecting an outsourcer.
In addition, regarding the relationship between the intention and the effect at the time of certification acquisition,
it is shown that the continuation of transactions and the increase of new transactions do not depend on the requests
from customers. From this, it is clear that it is important to have an active intent to appeal to customers, and it
is necessary to clearly have a voluntary intent to appeal regardless of whether or not there is a request from the
customer.
The above results may be an incentive for a company that has not been certified to acquire a certificate, and
may be an incentive for a certified organization to start a new utilization of itself. In addition, for certification
bodies and accreditation bodies, it will be useful as reference data for future measures and standards as data for
understanding the current situation.
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Abstract
Since it has recently become common to analyze browsing and purchase history data for marketing research
on EC sites, various analytical models have been proposed based on statistical and machine learning approaches.
Most previous studies have focused on differences in the users’ browsing behaviors between purchasing sessions
and non-purchasing sessions by constructing a discrimination model and proposed measures to improve the purchase
behaviors of all users. However, it is challenging to utilize a discrimination model for planning personalized
measures for each user even if it can predict his/her purchasing action. In this situation, a generative model, which
can infer browsing behaviors on both conditions that a user purchases and does not, is effective. In this paper,
we propose a generative model for users’ browsing behaviors based on Conditional Variational Autoencoder and
identify important browsed pages for the purchasing action by generating a pseudo-session assuming that a user
with a non-purchasing session changes to purchase. Conditional Variational Autoencoder is a kind of generative
models and infers the data from the discrete label and features of the input data. We show a method to analyze
important browsed pages that contribute to each user’s purchase action. We clarify the effectiveness of our proposed
model by applying to real browsing history data with mixed purchasing sessions and non-purchasing sessions and
analyzing the purchase factors on an EC site.
Keywords: Conditional Variational Autoencoder, browsing history data, purchase factor analysis

1. Introduction
In recent years, many products are purchased and sold through electronic commerce (EC) sites, and a huge amount
of browsing and purchase history data has been accumulated on the databases of these sites. A browsing sequence
from the user’s arrival at the target EC site to leaving from the site is called a session that is used as the unit
of browsing sequences for users. Browsing history data include the information of sessions, that is, page transitions
from accessing to leaving the EC site, and whether the user purchased at the session. At each session, a user transits
between different pages for searching products and checking information related to the products and finally leaves
the EC site without purchasing products or with purchasing products. In browsing history data, sessions that lead
to a purchase (purchasing sessions) and do not lead to a purchase (non-purchasing sessions) are mixed. Therefore,
if we can discover the differences in the characteristics of browsed pages between purchasing and non-purchasing
sessions, it will provide useful knowledge for marketing.
When analyzing the differences of the users’ browsing behavior between purchasing and non-purchasing sessions,
it is common to construct a discrimination model to classify purchasing and non-purchasing sessions based on the
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browsing behavior of each session. The model makes predictions about whether a user will purchase an item in
each session. By using the discrimination model, we can estimate the differences of overall characteristics between
purchasing and non-purchasing sessions. This analysis is useful to take measures for improving the purchase behavior
of all users, such as increase Click Through Rate(CTR) of products due to reconstructing Web UI.
On the other hand, each user has different attributes and product preferences. Therefore, the possibility of purchase
can be increased by planning personalized measures for each user according to those characteristics. Namely,
personalized measures, such as measures that encourage browsing the specific pages, can increase the purchasing
possibility for each user whose session is predicted to be “non-purchasing.” For this situation, it is challenging to
utilize a discrimination model, which analyzes the browsed pages of the whole users even if it can predict his/her
purchasing action. In contrast, a model that can analyze the users’ browsing behavior on a session-by-session basis
is efficient for making personalized measures. Thus, we consider inferring the browsed pages of a pseudo-purchasing
session corresponding to each non-purchasing session. The pseudo-purchasing session is an estimated session in case
the status of a user in the corresponding non-purchasing session changes from “non-purchasing” to “purchasing.”
In this inference, we treat the browsed pages in each session as the data and “purchasing session or non-purchasing
session” as its label, and estimate the browsed pages when the label is changed from “non-purchasing session”
to “purchasing session.” At that time, it is possible to analyze the browsed pages contributing to each user’s purchase
action by comparing the browsed pages in the non-purchasing session and those in pseudo-purchasing session. In
other words, the model, which can infer browsed pages of each session using “purchasing session” or
“non-purchasing session” as label information, is more suitable than the conventional discrimination models that
predict “purchasing session” or “non-purchasing session” based on browsed pages.
Conditional Variational Autoencoder(CVAE)[1] which is well known in the field of deep learning enables the
inference explained above. CVAE is one of the neural network based models developed from Autoencoder (AE)[2]
that is a non-linear feature extraction method. The network structure of AE is learned as restoring the input feature
vectors from the middle layers representing latent feature vectors, whereas Variational Autoencoder (VAE)[3] is
an extended version of AE as the latent features in middle layers are represented by using probabilistic distributions,
and CVAE is a further extended model with the label information. CVAE generates an output feature vector from
a given label and a feature vector of input data by learned network structure with middle layers representing latent
feature vectors. These latent features are unobservable potential features and can be regarded as an essential
representation of the data. CVAE infers latent features of the data from input data and its label and generates new
data based on those latent features by specifying a label. If applying CVAE to browsing history data, we can expect
that CVAE infers the characteristics of the browsing behavior based on the browsed pages in each session and
its label, “purchasing session” or “non-purchasing session.” Thus, CVAE can generate a pseudo-session
corresponding to a given label (“purchasing session” or “non-purchasing session”) based on the inferred latent
features of the browsed pages. That is, CVAE is considered to be useful in analyzing the relationship between
browsed pages and purchase behavior in each session.
Therefore, we propose an analysis-based CVAE model to find important browsed pages that contribute to the
user’s purchase action for each non-purchasing session. Specifically, CVAE is applied to the browsing history data
with whether a user purchases or not as label information. Thus, the proposed model generates a pseudo-session
assuming that a user with a non-purchasing session changes to purchase and detects important browsed pages leading
the user in a non-purchasing session to purchase by comparing the differences of browsed pages between the input
data and the generated data. Finally, we show the effectiveness of the proposed model by applying the method
to actual browsing history data with mixed purchasing and non-purchasing sessions and analyzing the factors for
purchasing on an EC site.

2. Preliminaries
2.1

Related Work
In this section, we describe related works on factor analysis of purchase behavior using browsing history data.
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Various studies analyzing the browsing history data and purchase history data on the EC site have been reported.
Namatame et al.[4],[5] proposed the method for clustering users using features such as user attributes, the number
of purchases, and browsing time of the EC site. They divided all users into clusters using these features. After
that, they analyzed the characteristics of purchase behavior in each cluster. Besides, a probabilistic model such
as Aspect Model (AM)[6] is known to be effective as a user clustering method focusing on purchase history data.
AM is a latent class model that focuses on the co-occurrence relation between users and items and expresses
unobservable features such as customer preferences and item attributes. With this model, it is possible to take
measures for each cluster considered user preferences, and various studies have proposed extensions of AM as
analytical models[7]-[10]. When analyzing the browsing history data, the latent class model focusing on the page
transitions, such as Latent Segment Markov Chain models (LSMC)[11] and Hidden Markov Model (HMM)[12],
that can express the users’ purchasing intention is well known. By these models, it becomes possible to perform
user clustering considering page transitions and to analyze purchase possibilities in each cluster.
In addition to the methods of user clustering based on browsing history and purchase history, researches on
the analysis of browsed pages that contribute to each user’s purchase action were conducted. Hotoda et al.[13]
constructed a discrimination model based on Support Vector Machine(SVM)[14] that predicts “purchasing session”
or “non-purchasing session,” using browsed pages of a session as the input data. By using such a discrimination
purchasing or non-purchasing”
model, it becomes possible to model the relationship of “browsing behavior
and analyze the differences in the characteristics of browsing behavior between purchasing and non-purchasing
sessions. Then, the model can discover important pages that contribute to purchasing action for all users by focusing
on the weights of browsed pages in a session against the output. It also shows that the analysis can discover a
focus to propose measures for improving the purchase behavior for the entire user, such as improving the browsing
probability of the specific page by redesigning the Web UI design.
On the other hand, generally, taking measures considering the preference for each user, such as guiding the
user to a page that promotes purchasing intension by displaying a personalized advertisement, is effective for
marketing activities on EC sites. For utilizing the analysis to the marketing measures, the analysis should consider
user’s preferences and characteristics of browsed pages that are not observed directly. Therefore, in this research,
we consider a purchase factor analysis model taking account of the characteristics of the individual user’s browsing
behavior.
2.2 Conditional Variational Autoencoder
Model Overview of CVAE
CVAE is a kind of generative models based on neural network[15]. Fig.1 shows the graphical representation
of CVAE, which consists of the encoder and the decoder. The encoder infers probabilistic latent features from an
input data (an input feature vector) and its label, and the decoder generates an output data (an output feature vector)
using the inferred latent features and the given label. Then, inferred latent features represent the characteristics that
do not depend on the label of the input data (general features), and the output data regenerates the input data.
If the label inputted to the decoder is changed from the input to the encoder, the output data represents the features
that are varied by the different label from the general features of the input data. That is, it is possible to generate
data with the changed label while preserving the general features of the input data by using CVAE.

Fig. 1. Graphical representation of Conditional Variational Autoencoder
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Formulation of CVAE
Here, we are faced with
label

-dimensional data

and the corresponding class

. Then, the training dataset with the size

Besides, we define the output data as
corresponding to the input data

, and
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distribution over the label
label
spherical Gaussian distribution.

.

-dimensional latent features

. It is also assumed that the prior

follows the categorical distribution with the occurrence probability of each
, and the prior distribution of the latent features
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and the variance
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. The posterior distribution
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and the variance

following equation (1). The latent features

follow

defined by the

is obtained by sampling from

.

(1)
Similarly, the decoder gets the latent features
parameter

of the output data

inferred by the encoder and the label

. The distribution of the output data

is defined as the generative model
is input to the decoder, the output data

in the latent features

. The output data

from the generative model

, and outputs the

. When the latent features

and label

is obtained by sampling

inferred from the input data

is similar to the input data

.

Optimization of CVAE
We apply the stochastic gradient variational Bayes method[3] to optimization the parameters of CVAE. For this
) is calculated by equation

model, the variational bound on the marginal likelihood for observed data (
(2).

(2)
In learning CVAE, we minimize the loss function
the variational bound on the marginal likelihood

, which is an inverted sign of
.

3 Proposed Model
3.1 Model Overview of Proposed Model
Our research goal is to estimate the important browsed pages that are likely to increase the purchase probability
of each user with non-purchasing sessions. Moreover, each user has different attributes and product preferences,
and the possibility of purchase can be increased by planning personalized measures for each user according to these
characteristics. However, it is difficult to analyze the relationship between “purchasing or non-purchasing” and page
transitions of individual users by the previous discrimination-based models. Therefore, we consider inferring the
pages to be browsed on the case assuming that a user in a non-purchasing session changes to purchase. These
inferred browsed pages represent a pseudo-purchasing session for the corresponding user. At that time, it is possible
to analyze the browsed pages contributing to each user’s purchase action by comparing the browsed pages between
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the non-purchasing and pseudo-purchasing sessions. CVAE, which is a generative model that can infer the data
based on the latent features of the input data and a given label, is suitable for this type of inference.
In this paper, we propose an analysis-based CVAE model for analyzing the purchase factors on an EC site.
Specifically, we construct CVAE that uses browsed pages in each session as input data and “purchasing session”
or “non-purchasing session” as its label. Then, the latent features of each session are inferred by inputting the
browsed pages in the non-purchasing session and its label of “non-purchasing session” into the encoder of CVAE.
These inferred latent features represent general features, which are the characteristics that do not depend on the
label information. After that, the browsed pages of a pseudo-purchasing session are generated as output data by
inputting the corresponding inferred latent features and the label changed to “purchasing session” to the decoder
of CVAE. This pseudo-purchasing session is an estimated session assuming that a corresponding user in a
non-purchasing session made a purchase an item, and its browsed pages retain the general features of the browsed
pages in the non-purchasing session. Finally, we analyze important browsed pages that contribute to the user’s
purchase action of each session by comparing the input data of browsed pages in the non-purchasing session and
the output data of browsed pages in the pseudo-purchasing session.
3.2 Variable Definition
and the browsing
Here, we define the number of page categories on the EC site targeted for analysis as
vector, which is a bag-of-words vector with the number of browsing each page category in a session, as the input
and whether a user purchases or not in a session as the class label

data

. Then,
represents “non-purchasing session,” and
represents the
“purchasing session.” Besides, we define the browsing vector generated by the proposed model as the output data
, and the total number of browsed pages for the input data
the probability of browsing each page category about the output data
At this time, the decoder of CVAE outputs
and label

as

, and

as

.

and the distribution of the output data

in the latent features

is assumed to follow the multinomial distribution defined by equation (3).

(3)
3.3 Algorithm of Proposed Model
The algorithm of the proposed method is shown below.
[Step1] Learn CVAE using browsing history data: The parameters of CVAE are learned by minimizing the loss
function
data

. This function brings the output data
and

the

KL

divergence

between

the

and the prior distribution

posterior

distribution

regenerates the input
of

latent

features

becomes small.

[Step2] Infer the latent features of browsing behavior in non-purchasing sessions: The latent features
inferred by inputting the input data
model. Then, the label

and its label

is

into the encoder of the trained

indicates “non-purchasing session.”

[Step3] Generate a pseudo-purchasing session assuming that a user with a non-purchasing session changes to
purchase: By inputting the latent features

inferred in Step2 and the label

into the

decoder of the trained model, the browsing vector
of the pseudo-purchasing session when the
corresponding user in the non-purchasing session is assumed to purchase is generated. At this time, the
output data
(
preserved.

is corresponding to the data converted the label from “non-purchasing session”
) to “purchasing session” (

) with general features of the input data
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[Step4] Purchase factor analysis: We analyze the change of browsed pages due to purchase by comparing the
browsing vector

of the non-purchasing session in Step2 and the browsing vector of a

pseudo-purchasing session
in Step3. As a result, we analyze the browsed pages that contribute to
the user’s purchase action for each non-purchasing session.

4. Analysis Results
In this section, we clarify the effectiveness of our proposed method by using the real browsing history data
with mixed purchasing and non-purchasing sessions. We also analyze the purchase factors for each non-purchasing
session and its overall trend.
4.1 Dataset
In this paper, we use actual browsing history data of “Rakuten Market” site provided by VALUES, Inc. The
dataset has been collected from August 1 until October 31, 2017. The number of users is 766, the number of total
sessions is 37,304, and the number of purchasing sessions is 1,079. Also, the number of unique pages browsed
on the site is 53,462, and we aggregate these unique pages into 35 page categories shown in Table 1.
Table 1. The page categories of “Rakuten Market” site

4.2 Analysis Conditions
We exclude the cart, purchase procedure, and purchase completion pages from the input data and use 32 page
categories for the input feature vector. This is because these page categories, which are necessary for purchasing
items and then have high appearance frequencies in the purchasing sessions, obstruct analyzing the relationship
between purchase behavior and browsed pages. Moreover, it is difficult to extract characteristics from session data
with a very small number of browsed pages. For that reason, we set the target data for analysis as the sessions
with five or more browsed pages and use 898 purchasing sessions (

) and 10,664 non-purchasing

sessions (
). Then, the number of purchasing sessions is significantly smaller than the number of
non-purchasing sessions. Therefore, we artificially increase the number of purchasing sessions to eliminate the
imbalance in the numbers of training data between the purchasing and the non-purchasing sessions. We combine
a batch of the purchasing session and
and use this for learning the model.

batches of the non-purchasing session into one batch

For CVAE, the dimension of the input data is 32 that is equivalent to the target page categories, and we set
the dimension of the latent features to 20 and any hidden layer to 100. Besides, both the encoder and the decoder
of CVAE have two hidden layers. We use the Softplus function as the activation function at the hidden layer and
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the Softmax function at the output layer. We apply Adam[16] to update the parameters of the proposed model.
4.3 Evaluation of Learning the Browsing History Data
In this section, we analyze the learning of characteristics in browsing behavior by the proposed model. This
analysis evaluates the regeneration ability of browsed pages of the proposed model by using mean absolute error
(MAE) between the input data and regenerated data. In the proposed model, the number of each browsed page
category in the non-purchasing session is input to the encoder, and the latent characteristics of browsing behavior
are inferred in the middle layers. After that, the browsed pages of pseudo-sessions are generated as the output data
by inputting the inferred latent features and the same label with the encoder into the decoder of CVAE. At this
time, we define the proportion of each browsed page category, which is calculated from the number of each browsed
page category in the non-purchasing session, as the observed distribution. Similarly, we define the probability of
in pseudo-non-purchasing sessions generated by inputting the label of
each browsed page category
“non-purchasing session” into the decoder as the restored distribution and the probability of browsing each page
category
in pseudo-purchasing session generated by inputting the label of “purchasing session” into the decoder
as the converted distribution. Therefore, it is possible to evaluate the data restoration using MAE between the
proportion of each browsed page categories for the observed distribution and the probability of each browsed page
for the restored distribution. In other words, the learning of characteristics in browsing behavior
categories
by CVAE can be evaluated quantitatively. Fig. 2 shows the value of MAE between the observed distribution and
the restored distribution in the purchasing and non-purchasing sessions of the training data.
As shown in Fig. 2, the value of MAE decreases as the number of browsed pages increases in both purchasing
and non-purchasing sessions. This is
because the probability of each browsed
page category in the output data
reproduces the probability in the input
data in more detail, as the number of
browsed pages increases. In other words,
the proposed model can learn the
characteristics of browsing behavior for
sessions with a high number of browsed
pages. Moreover, the value of MAE for
the non-purchasing sessions is larger than
that for the purchasing sessions regardless
of the number of browsed pages. This is
because over-fitting occurred as a result
of oversampling the purchasing session,
Fig. 2. The value of MAE in the purchasing and non-purchasing sessions
as described in Section 4.2.
4.4 Session-by-Session Purchase Factor Analysis in Non-purchasing Session
In the proposed model, we analyze important browsed pages contributing to the user’s purchase action of each
session in order to take personalized measures. Here, as an example, one actual non-purchasing session is extracted,
and the result of purchase factor analysis for that session is shown. Table 2 shows the probability of each browsed
page category when the non-purchasing session is converted to the purchasing session.
In Table 2, the observation distribution represents the proportion of each browsed page category per one actual
non-purchasing session. Similarly, the restored and converted distributions each represent the browsing probability
per one session. We can analyze by making three comparisons - the observed and the restored distributions, the
observed and the converted distributions, and the restored and the converted distributions. The analysis results of
each comparison are described as follows.
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Table 2. The probability of each browsed page category in a given non-purchasing session (%)
Event
Observed distribution
𝒙 ,𝑦

0

Restored distribution
𝒙 ,𝑦

0

Converted distribution
𝒙 ,𝑦

1

Item detail

Top

Review

…

Shop

58.82

25.53

17.65

0.00

…

0.00

53.59

23.40

20.55

0.53

…

0.95

11.67

37.78

13.59

20.93

…

8.66

Analysis Focusing on the Observed and the Restored Distributions
We can analyze the learning of characteristics in browsing behavior by focusing on the observed and the restored
distributions. Focusing on the trend between browsing proportion in the restored distribution and browsing probability
in the observed distribution, the ranking of page category in both data is the same. The restored distribution captures
the characteristics of the observed distribution. On the other hand, when comparing the probabilities of the two
data in detail, they do not completely match. For example, the browsing probability on the event page of the restored
distribution is about 5 percent lower than that of the observed distribution. This is because most users browse only
about ten pages, even in the purchasing session in which the number of browsed pages is larger than in that in
the non-purchasing session.
Analysis Focusing on the Observed and the Converted Distributions
It is possible to analyze important pages leading the users with a non-purchasing session to purchase by comparing
the observed distribution with the converted distribution. Focusing on the restored distribution, the user in a specific
non-purchasing session, mainly browse the event page, item detail page, and top page. On the other hand, in the
converted distribution, the browsing probability of the item detail page is significantly higher than that in the restored
distribution. Next, focusing on the review page, which is not browsed in the observation distribution, the probability
of browsing this page is significantly increased to 20.93 percent in the converted distribution. Moreover, the same
tendency can be recognized about the shop page. Therefore, in this session, the item detail, review, and shop pages
are the pages whose probability of browsing increases with the purchase. In particular, newly browsing the review
page and shop page contributes to increasing the purchasing probability in this non-purchasing session.
Analysis Focusing on the Restored and the Converted Distributions
It is possible to analyze important browsed pages leading the user in a non-purchasing session to purchase by
comparing the restored and the converted distributions. For purchase factor analysis, the method of comparing the
observed distribution and converted distribution described in the previous section can also be considered. However,
the reconstruction error occurs between the observed and the converted distributions, and this error also included
in the converted distribution generated from the same latent features as the restored distribution. Therefore, by
comparing the restored and the converted distributions generated from the same latent features, it is possible to
analyze only the influence of “purchasing or non-purchasing,” which is not affected by the reconstruction error.
In this non-purchasing session, it can be seen that newly browsing of the review page and shop page contributes
to the purchase. This result matches the analysis result focusing on the observation and converted distributions. Thus,
the proposed model well represents the characteristics of browsing behavior.
4.5 Purchase Factor Analysis for the Entire Non-Purchasing Session
From the analysis results in the previous section, we can see that two types of important browsed pages contribute
to purchase in non-purchasing sessions. The first type is pages browsed well even in a non-purchasing session but
browsed further along with the user’s purchase action. In this case, the probability of browsing the pages in the
restored distribution is high to some extent, and that in the converted distribution is further increased. Pages that
are likely to be browsed regardless of purchasing or non-purchasing, such as the item detail page, are applicable
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to this type. The second type is pages that are likely to be newly
browsed with the user’s purchase action. In this type of pages,
the browsing probability in the restored distribution is close to
0 percent but significantly increased in the transformed
distribution. There is a high possibility that purchasing will be
triggered by browsing this type of browsed pages. Thus,
measures such as guiding these browsed pages are effective.
In this section, for entire non-purchasing sessions, we
analyze the overall tendency of page types that are estimated
to newly browsed in the pseudo-purchasing session.
Specifically, we count the number of “non-purchasing sessions”
estimated to have “the pages that are likely to be newly browsed
if the user purchases the item” for each page. We set” the pages
that are likely to be newly browsed if the user purchases the
item” as the pages whose browsing probability in the restored
distribution are close to 0 percent but in converted distribution
are increased by more than 5 percent. Moreover, we analyze
non-purchasing sessions including more than 20 browsed pages.
The number of these sessions is 1,406. This is because the users
with short sessions do not tend to consider purchasing, and the
characteristics of browsing behavior do not appear. Table 3
shows the proportion of newly browsed pages attendant on a
purchase in entire non-purchasing sessions

Table 3. The proportion of newly browsed pages attendant
on a purchase in entire non-purchasing sessions
Page content

The number
of sessions

Proportion(%)

Item comparison

25

13.441

In-shop category

25

13.441

In-shop research

19

10.215

Sreach

19

10.215

Event

17

9.140

Search sale item

13

6.989

Shop

12

6.452

Review

11

5.914

item detail

11

5.914

Log in

9

4.839

Category

8

4.301

Redirect

8

4.301

Shop comparison

1

0.538

Member information

1

0.538

FAQ

1

0.538

Others

6

3.226

In Table 3, the number of sessions that have “the pages that
are likely to be newly browsed with the user’s purchase action” is 186. Thus, the non-purchasing sessions on which
a new type of pages is browsed along with the user’s purchase action are with a small percentage of all
non-purchasing sessions. From Table 3, for each target session, various types of pages are estimated to be browsed
newly with the user’s purchase action. Thus, it can be said that the proposed model can find effective pages leading
to the user’s purchase action by catching the characteristics of the browsing behavior in each session. Also, in Table
3, the percentage of the item detail pages is relatively low. This is because the product detail page has a tendency
to be browsed in advance in the case of non-purchasing sessions with a large number of browsed pages.

5. Discussion
In this paper, we showed the analysis of the important browsed pages contributing to the purchase for each
session by using the proposed model. By using the proposed method, we can consider personalized measures for
sessions in which “non-purchasing” is predicted. Since the proposed model is based on CVAE that is a kind of
generative models, the model learns the distribution of the data conditioned on the latent features of the user and
a label. Thus, it is possible to infer the corresponding browsed pages in case the label of a user in the non-purchasing
session changes from “non-purchasing session” to “purchasing session.” In contrast, in the conventional analysis
method based on a discrimination model, the model learns the discrimination boundary about the browsed pages
between the purchasing and the non-purchasing sessions. Hence, it is possible to find effective pages for purchase
action among all users, but the model cannot infer browsed pages assumed that its label is changed from
“non-purchasing session” to “purchasing session.” Therefore, the proposed model is suitable when analyzing the
purchase factors in consideration of individual user characteristics.
In addition, it is better to note the following points when considering the real-time marketing measures using
the proposed model.
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5.1

The Time of Applying Marketing Measures:

In the proposed model, the browsed pages of each session are converted into Bag-of-Words(BoW)[17]. When
taking marketing measures in real-time, it is necessary to convert the pages that were browsed until just before
the measures executed into BoW. Therefore, it is necessary to consider when to take the measures in the session.
For example, when arriving at a target site, many users are considered to be browsing the top page. Thus, it
is difficult to extract the characteristics of the browsing behavior between sessions when the number of browsed
pages in the session is very small. On the other hand, when the number of browsed pages exceeds a certain number,
it is possible to extract the characteristics of browsing behavior. In this situation, these users in these sessions are
more likely to purchase an item than other users but tend to leave the target EC site. It is necessary to promote
the purchase before leaving the EC site. In this way, the timing of actually taking measures is important.
5.2

Prediction of Purchasing or Non-Purchasing Action for Each Session:

The data input to the proposed model are browsed pages and whether a user will purchase an item in each
session. Therefore, when taking personalized measures for users who are predicted the “non-purchasing” in real-time,
it is necessary to predict “purchasing” or “non-purchasing” based on the browsed pages. The proposed model is
a generative model and not a discriminative model, so that it is not suited to predict if a user will purchase or
not in the future. Thus, it is necessary to apply other methods that predict the “purchasing session” or the
“non-purchasing session” from the browsed pages and label each session before analyzing the purchase factor by
using the proposed model.

6. Conclusion and Future Work
In this paper, we proposed an analytical model to evaluate important pages, which are likely to increase the
probability of making purchases for users who are predicted to be “non-purchasing” in each session. Thus, the
proposed model generates a pseudo-session assuming that a user with a non-purchasing session changes to purchase
and detects important browsed pages leading the user in a non-purchasing session to purchase by comparing the
differences of browsed pages between the input data and the generated data. Moreover, we showed the effectiveness
of the proposed model by applying to actual browsing history data and analyzed the purchase factors of each user
in the non-purchasing sessions. In the analysis, various types of pages are estimated to be browsed newly with
the user’s purchase action for each non-purchasing session. Thus, it can be said that the proposed model can find
effective pages leading to the user’s purchase action by catching the characteristics of the browsing behavior in
each session. At this time, the personalized measures such as guiding the user to a page that promotes purchasing
intension by displaying a personalized advertisement are effective. Therefore, it can be said that it has become
possible to take personalized measures for each user on an EC site.
The future issue is the construction of an analysis model that considering the order of browsed pages. In this
research, the browsing history data is treated as the vector of the number for browsed pages in a session, so its
sequence cannot be considered. When actually implementing measures based on browsing history data on an EC
site, it is more effective when the user continues to be interested in pages related to the measures. Thus, it is
necessary to strongly consider the pages which the user browses just before the measures executed. Therefore, it
is considered that the order of browsed pages has a strong influence on the purchase of products according to the
measures, and it is necessary to construct the model corresponding to the time series. Specifically, by constructing
the encoder and decoder of CVAE with a neural network corresponding to time-series data such as Recurrent Neural
Network(RNN)[18] and Long short-term memory(LSTM) [19], it becomes possible to discover the order of browsed
pages that have an influence on purchase. It will lead to measures that are more suitable for the actual situation.

676

Acknowledgments
We would like to express our gratitude to VALUES, Inc. for providing us with the actual browsing history data
on the Internet. We would also like to thank all members of Goto laboratory, Waseda University, for their supports
and helpful suggestions for this research.

References
[1] Kingma, D. P., Mohamed, S., Rezende, D. J., & Welling, M. (2014). Semi-supervised learning with deep
generative models. Advances in neural information processing systems, 3581-3589.
[2] Hinton, G. E., & Salakhutdinov, R. R. (2006). Reducing the dimensionality of data with neural networks. Science,
313(5786), 504-507.
[3] Kingma, D. P., & Welling, M. (2014). Auto-encoding variational bayes. The International Conference on
Learning Representations.
[4] Oikawa, H., Otake, K., & Namatame, T. (2016). Loyal customer discriminant model using customer features
on EC site. Future Technologies Conference (FTC), 285-292.
[5] Su, Y., Otake, K., & Namatame, T. (2019). Analysis of the Characteristic Behavior of Loyal Customers on
a Golf EC Site. International Conference on Human-Computer Interaction, 475-485.
[6] Hofmann, T. (1999). Probabilistic latent semantic indexing. In Proceedings of the 22nd annual international
ACM SIGIR conference on Research and development in information retrieval, 50-57.
[7] Hofmann, T. (2004). Latent semantic models for collaborative filtering. ACM Transactions on Information
Systems (TOIS), 22(1), 89-115.
[8] Yamagami, K., Fujiwara, N., Mikawa, K., & Goto, M. (2014). A Statistical Model for Recommender System
to Maximize Sales Amount Focusing on Characteristics of EC Site Data. The 15th Asia Pacific Industrial
Engineering and Management Systems Conference.
[9] Endo, K., Yamashita, H., & Goto, M. (2016). A coupon effect model considering behavior data. The 17th Asia
Pacific Industrial Engineering and Management Systems Conference.
[10] Bassi, F. (2007). Latent class factor models for market segmentation: An application to pharmaceuticals.
Statistical Methods & Applications, 16(2), 279-287.
[11] Kawazu, H., Toriumi, F., Takano, M., Wada, K., & Fukuda, I. (2016). Analytical method of web user behavior
using Hidden Markov Model. IEEE International Conference on Big Data (Big Data), 2518-2524.
[12] Matsuzaki, Y., Mikawa, K., & Goto, M. (2016). Modeling customer purchase behavior based on page transitions
by latent class model for customer segmentation. The 17th Asia Pacific Industrial Engineering and Management
Systems Conference.
[13] Hotoda, M., Mizuochi, H., Kumoi, G., & Goto, M. (2019). Analytical Model of Customer Purchase Behavior
Considering Page Transitions on EC Site. Total Quality Science, 5(1), 23-33.
[14] Boser, B. E., Guyon, I. M., & Vapnik, V. N. (1992). A training algorithm for optimal margin classifiers.
Proceedings of the fifth annual workshop on Computational learning theory, 144-152.
[15] Goodfellow, I., Bengio, Y., & Courville, A. (2016). Deep learning. MIT press.
[16] Kingma, D. P., & Ba, J. (2015). Adam: A method for stochastic optimization. The International Conference
on Learning Representations.
[17] Harris, Z. S. (1954). Distributional structure. Word, 10(2-3), 146-162.
[18] Mandic, D., & Chambers, J. (2001). Recurrent neural networks for prediction: learning algorithms,
architectures and stability. Wiley.
[19] Hochreiter, S., & Schmidhuber, J. (1997). Long short-term memory. Neural computation, 9(8), 1735-1780.

677

Japan-17 I ANQ-134

An Analytical Model of Customer Purchasing Behavior Considering Event
Characteristics on Flower Delivery Business
Aya Kitasato1*, Kenya Nonaka2, Haruka Yamashita3, Masayuki Goto4
1
2

Waseda University, Japan, JSQC, ayakitasato@akane.waseda.jp

Waseda University, Japan, JSQC, nonakakenya@akane.waseda.jp
3

Sophia University, Japan, JSQC, h-yamashita-1g8@sophia.ac.jp
4

Waseda University, Japan, JSQC, masagoto@waseda.jp

Abstract
On an electronic commerce site (EC site) providing fresh flower products, the purchase frequency per each
customer is extremely lower than that on other EC sites treating commodity products or books. Therefore, the
accumulated data for each customer on an EC site providing fresh flower is a few and it is difficult to analyze
individual preferences. On the other hand, fresh flower products have the feature that the sales have a strong
relationship with several events in daily life such as birthday and funeral. Moreover, the selected colors and prices
of flowers tend to be different depending on events. In this research, we focus on the event effect for the sales
of flowers and propose the analytical model considering the relationship between the event, the color and the
price of flower items, and so on. Because customers’ purchase behaviors are various, conventional research likes
hard clustering that each data belongs to one class may be difficult for explain the variation of the relationship.
Therefore, we apply the latent class model to the purchasing behavior data. The proposed model is expected to
reveal customers' purchase behaviors and efficient for marketing strategy. Moreover, we validate the effectiveness
of our proposed method by applying it to the real purchase history data of the EC site.
Keywords: EC site, Latent Class Model, Purchase History Data, Fresh Flower

1. Introduction
In recent years, the number of users who buys various products via the Internet has increased significantly, and
a huge amount of purchase history data has been accumulated at each EC site. Various data analyses have been
carried out in order to propose marketing measures that make effective use of these data and many cases have
been successful in customer analysis and product recommendation [1], [2]. The purchase history data accumulated
on the databases is a precious resource for business management and it is desirable to make use of such data for
appropriate purposes. Especially at the shopping mall type of EC sites where the same customers' purchases are
frequently repeated, data utilization has been highly developed, such as recommendations by utilizing the purchasing
tendency and the browsing history of each customer. However, there are various specialty EC sites with different
characteristics from the shopping mall type EC sites and it is also meaningful to develop the analytics targeting
for such specialty EC sites.
In this research, we focus on the case of a fresh flower EC site providing various flower products online. A
target fresh flower EC site (hereinafter, referred to as EC site A) in this study provides a direct delivery services
of fresh flowers as merchandises by receiving orders through the Internet. However, fresh flowers have the
characteristic that the number of purchases by each customer during the year is extremely small compared to daily
products and books. Therefore, in the purchase history data stored in EC site A, the number of purchase history
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data by the same customer is limited. In addition, the fresh flower items are mostly purchased for the gift purpose
related on several life events, so that a purchased item may depend on a recipient rather than personal preferences
of a purchaser. It is, therefore, difficult to analyze the preference of each customer on a fresh flower EC site. On
the other hand, fresh flowers have the characteristic that they are purchased in connection with events such as
birthdays and Mother's Day (hereafter, referred to as “events”); therefore, analysis focusing on events is effective.
When a customer selects and purchases a product, he/she references the categories, the color and the price of the
product. In addition, it can be considered that the purchasing tendency differs depending on the attribute of the
customer (gender or age).
Therefore, we will focus on the item category, color and price of flowers, and the age and the gender of customers
in our model and construct a statistical model that can analyze customers’ purchasing behavior based on this
information. Here, we should take the diversity of customers into consideration in order to construct an analytical
model, so that try to introduce the latent class model. The latent class model which assumes variables that we can’t
observe directly from the data and analyze the structure which is behind the data is well known as a statistical
model for analyzing data with such multiple different characteristics [3][4]. At the beginning, Factor Analysis [5]
was considered as the most famous method.
Nowadays, Latent Dirichlet Allocation [6] (LDA) and Probabilistic Latent Semantic Analysis [7] (PLSA) can
be considered one of the typical methods as the latent class model. LDA is known as appropriate method for
clustering of text data. PLSA is known as a probabilistic model that considers that each data to probabilistically
arise from multiple latent classes, which is possible to express probabilistically the differences of customer
characteristics and purchasing tendencies. This model is used for analysis of credit card user’s behavior [8], social
gourmet service user’s behavior [9] or supermarket user’s behavior [10]. In this research, we propose a latent class
model that expresses the relationship between event information, customer information and product information and
show a method for analyzing customer characteristics and purchasing behavior at various events on EC site A. The
usefulness of the proposed model is shown by applying the proposed model to the actual flower purchase history
data at EC site A and clarifying the customer attributes and purchasing tendency for each event. Furthermore, we
consider the analysis results and suggest interpretations.

2. Data Description
In the purchase history data handled in this research, there are 2 cases of order as individual and corporations.
Since the purpose of this study is to analyze purchasing behavior based on individual preferences, we exclude
purchase history data of corporations and utilize purchase history data concerning customers who have registered
as individual members.
Here, we show the basic statistics of the purchase history data of EC site A which is the data from August
2018 to September 2019. Fig.1 shows the annual purchasing frequency of each customer. Fig.2 and Fig.3 show
the annual sales volume stratified by events and colors of flower items from number 1 to number 20 in descending
order respectively.

Fig.1. Annual purchasing frequency
Fig.2. Number of annual purchasing for
each event

Fig.3. Number of annual purchasing for
each color of flowers
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From Fig.1., it can be seen that there are almost no customers who purchase multiple times in a year. Since
the purchasing history of most customers is only one time, it is impossible to accurately estimate the preferences
of each customers. Even if the preference of each customer can be estimated, the daily promotion by making use
of such detail information would be meaningless because most customer don't purchase a flower product again in
the same year. Fig.2. shows that Mother’s Day and Birth Day account for about 52 % of the total number of
annual sale volume. From Fig.2., it is considered that Mother’s Day and Birth Day account for half of the whole
event but the rest of events are various and customers have various reason for purchasing. Fig.3. shows that Mix
and Pink account for 70 % of the total number of annual sales volume. From Fig.3., it is considered that Mix
and Pink account for almost events and most customers don’t have various preference for color of flowers. From
these results, it is considered that it is difficult to analyze the preference of each customer and we should focus
on event as we told above.

3. Related Work
As mentioned before, because of the complex structure of our data, simple clustering like K-means [11] or Group
average method [12] is difficult express customer’s behavior. For data with a complex structure with various mean
or the data is high dimension, the probabilistic modeling is effective and one popular probabilistic modeling is latent
class model [3][4].
By assuming the existence of latent variables behind data, each data is considered to belong to latent classes
probabilistically and the estimated latent class model expresses the relationship between each variable with this
model. In marketing analysis, the latent class models are sometimes effective because the characteristics of customers
are usually not unique, but divide to some types. It can be reasonably assumed that the market consists of several
different types of customers. Therefore, the latent class model is a strong tool for analyzing the market consisting
of different types of customers. PLSA [7] is a method of latent class models, which is used to grasp the purchase
tendency. The co-occurrence relation of customers and items is expressed with conditional probability distribution
in laten classes and it has been applied to grasp preferences of customers [13].
Let

the

latent

be

classes
,

and

a

set

of

a
users

set

of
is

items
denoted

by

.
The probabilistic model formula is expressed by Eq. (1).
(1)
A model introducing such latent classes enables modeling that takes the latent differences into consideration in
the purchase situation. Since the latent class
cannot be observed as given data, the Estimation and Maximization
algorithm (EM algorithm) is applied [14] for parameter estimation.

4. Proposal of an Analytical Model of Customer Purchasing Behavior Considering Event
Characteristics in Flower Delivery Business
4.1

Concept of Proposal

In this study, we target EC site A whose business is delivery order of fresh flowers, and our purpose is the
analysis of purchase tendency of users on EC site A.
It is effective to construct a model that can analyze customer purchasing behavior. However, as described in
section 2, focusing on the purchase frequency of each customer at EC site A, most customers only purchase fresh
flower products for use at events such as Mother's Day and birthdays, and most of the consumers buy the fresh
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flowers through the site at most once or twice in a year. Therefore, the number of purchase history data for each
customer is very small and it is difficult to analyze the purchase behavior that captures the preferences of each
customer like other EC sites that handle daily necessities and books.
Therefore, we focus on the events
that are very closely related to the purchase of fresh flowers. In addition, since it is naturally assumed that each
customer takes purchasing action based on the information of fresh flowers (use, color, etc.), we construct a model
taking account of these item information. Furthermore, purchasing behavior may differ depending on the customer's
attributes (gender or age). In other words, by modeling the relationship of these pieces of information, it will be
possible to analyze the customer's purchasing behavior at the event. For this reason, we use a latent class assuming
a latent relationship between multiple variables.
In the conventional PLSA, only items and customers are linked by latent classes and their co-occurrence
relationships are analyzed. In this research, event information, user attributes, and product information are linked
by the latent classes as we mentioned above. In the proposed latent class model, the co-occurrence of the customer's
gender, age, use of fresh flowers (event information), color, unit price, and item category are assumed to be
conditional independent one another on a given latent class.
4.2

Formulation of the Proposed Model

Co-occurrence relation of age and gender as characteristic of customers and item category, color and unit price
as characteristic of flowers is expressed and it is possible to know tendency to purchase flowers like what kind
of event, what kind of customer and what kind of fresh flower by our model.
We

denote

a

finite

of

,

events
, a ser of age

a

set

of

gender

, a set of colors

, a set of categories

,

unit price of flower, and a set of
formula proposed is expressed by Eq. (2).

as an

. At this time, the probabilistic model

(2)

Fig.2. Graphical Model of proposed model

We assume Multinomial distribution for the probability distribution about event, age, gender color, category
,
distribution for

,

,

,

A

multinomial

and assume a normal distribution expressed by Eq. (3) for unit price of each flower.

(3)

where,
4.3

and

represent the mean and variance of the k-th normal distribution, respectively.

Parameter Estimation By EM-algorithm
In all

purchase history data of EC site A, the n-th event is denoted by

, gender of a user
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is

, age of a user is
and unit price is

(
by Eq. (4) below.

, color of flower is

and the category of flower is

, then the nth purchase data can be represented by these co-occurrence
). Then, the log-likelihood

for all

purchase history data is expressed

(4)
The parameters of this model are estimated using the EM algorithm [14] based on the following updating formula
so as to locally maximize the log-likelihood function

.

Estep)
(5)
(6)
Mstep)

(7)
(8)

(9)
(10)
(11)
(12)
(13)
(14)
Note that

is an indicator function that takes 1 when

and in other cases

.

5. Actual Data Analysis
5.1

Experimental Conditions

In this section, we apply the proposed model to the actual flower purchase history data at EC site A. The total
number of data (sales volume) used in this analysis was 390,461. The data is accumulated from August 2018 to
September 2019. The number of event types was
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, the number of gender types of consumer was

, the number of age types of customer was

, the number of color types of flower was

, and the number of category types was

. Furthermore, the number of classes in

the latent class model was set as
experiments.

from the view point of interpretability as a result of preliminary

5.2 Experimental Result
The analysis results obtained by the proposed model are shown from Table 1 to Table 4.
Table 1 shows the estimated probability of each latent class,

.

has the highest probability

and from
to
, the latent classes are sorted in descending order. In Table 2 and Table 3, the
results that estimated conditional probabilities of characteristics of users (except gender) and flower items under
are more than 0.05 and the top three are shown. In the results of gender, both of gender when we define
occurrence of men under
is
and 0.45
the summary of Table 1 and Table 2 and average unit price of each class.

. Table 4. shows

From these results, the features in terms of events, colors, categories, average prices, customer ages, and genders
are different in each latent class by the proposed model.
Table 1.

of each class

Latent class

Latent class
0.217

6.56
4.63
4.47
4.08
2.75
4.71

0.170
0.122
0.117
7.83
6.66
Table 2. Event and color of each class

Latent class

Event
Mother’s Day
Birth Day, Else, Father’s Day
Offering Flower, Mother’s Day
Birth Day, Else
Celebration, Else
Offering Flower, Obon, Delayed Mother’s Day
Celebration for Opening Store, Celebration, Birth Day
Mother’s Day, Grandparent’s Day
Birthday, Celebration, Offering Flower
Wedding Anniversary, Mother’s Day, Celebration for
Marriage
Celebration for Retire, Celebration for New Year,
Visiting Someone in Hospital
Celebration for Pass, Graduation or Enrollment,
Celebration, Otyugenn*

Color
Mix, Pink, Red
Pink, Yellow and Orange, Mix
Mix, White, Pink and Mixish
Mix, Yellow and Orange, Red
Mix, Pink, Red
Mix, White, Pink
Mix, Pink, Yellow and Orange
Mix, Pink, Red
Yellow and Orange, Pink,
White
Pink, Mix, Blue and Purple
Mix, Pink, Yellow and Orange
Mix, Pink, Yellowish

*Otyugenn means a cultural tradition of giving mid-year
Table 3. Item category, age and gender of each class

Latent class

Item category
Mother’s Day Gift, Mother’s Day Gift Ranking,
Celebration for Opening Store, Bouquet

Age

Gender

40~44,45~49

Female
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Birthday Flower Gift, Father’s Day
Flower for Offering, Delivery until Mother’s Day
Birthday Flower Gift, Quick (Special delivery within
the day),
Celebration, Christmas Flower, Arrangement
Flower for Offering, Obon, Mother’s Day Gift ”Sorry
for being late”
Celebration for opening store, Celebration, Quick
(Special delivery within the day)
Mother’s Day Farm Fresh Gift, Grandparent’s Day
Flower, Mother’s Day (limited area, extend the period)
Farm Fresh Express Delivery
Quick (Special delivery within the day), Shop’s Choice

45~49,40~44
50~54,45~49

Female, Male
Female

45~49,50~54

Male, female

45~49,50~54

Female

50~54,45~49

Female

45~49,40~44

Male

40~44,45~49

Female

40~44,45~49

Wedding Anniversary, Celebration, Mother’s Day Gift

45~49,40~44

Female
Male

Celebration for Retire, Celebration for New Year,
Visiting Someone in Hospital
Celebration for Graduation from kinder garden and
Entrance of kinder garden, Celebration for birth,
Coming-of-age Day

45~49,50~54

Female

45~49,40~44

Female

Table 4. The feature of each class

Latent class

The feature of each class
Female customer who is in her early 40 and likes the flower which is 3871 yen and mix or
pink for Mother’s Day.
Female customer who is in her early 40 and likes the flower which is 3798 yen and pink
or yellow and orange for Birthday or Father’s Day.
Female customer who is in her early 50 and likes the flower which is 4457 yen and mix or
white for Mother’s Day or Offering Flower.
Male customer who is in his late 50 and likes the flower which is 4525 yen and mix or
yellow and orange for Birthday or Else as a quick delivery.
Female customer who is in her late 40 and likes the flower which is 4114 yen and mix or
pink for Celebration.
Female customer who is in her early 50 and likes the flower which is 6962 yen and mix or
white for Offering Flower or Delayed Mother’s Day.
Male customer who is in his late 40 and likes the flower which is 10384 yen and mix or
pink for Birthday or Celebration for Opening Store.
Female customer who is in her early 40 and likes the flower which is 4586 yen and mix or
pink for Mother’s Day or Grandparent’s Day.
Female customer who is in her early 40 and likes the flower which is 4317 yen and yellow
and orange or white for Birthday or Offering Flower.
Male customer who is in his late 40 and likes the flower which is 4592 yen and pink or
blue and purple for Mother’s Day or Grandparent’s Day.
Female customer who is in her late 40 and likes the flower which is 4502 yen and mix or
pink for Celebration for Retire or New Year or Visiting someone in hospital.
Female customer who is in her late 40 and likes the flower which is 6146 yen and mix or
pink for Graduation or Enrollment, Celebration, Otyugenn

6. Discussions
6.1 Effectiveness of the Proposal Model
For suggesting the effectiveness of the proposal model, we interpret the result in two viewpoints and compare
with our experimental knowledges.
Focusing on the latent class

, the class has a high probability of Celebration for opening of the store and

average unit price is 10,384 yen; therefore, it is considered that a result of
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matches the fact that it is a celebration

like

sending

expensive

Phalaenopsis

and

flowers

on

stand.

Moreover,

Table

1.

shows

that

has high
and Mother's Day and Birth Day occurred with high probability
and the detailed features are described in Tables 2. and Table 3. These results match the fact that the image that
people send flower is strong in Mother’s Day and the event Birth Day occurred for any people, and suggest the
availability of the analysis based on the proposal model.
6.2 Consideration in Terms of Ages of the Consumer
Here, for the detailed consideration, we interpret the features of some latent classes in terms of the ages of
, Flower for Offering of flowers such as Obon (It is a traditional Japanese event
the consumer. In
to welcome the spirits of ancestors) occurred as high probability. Moreover, when focus on age, these results show
and
is higher than other classes. Therefore, it is considered that it could capture the fact
that age of
that the opportunity to buy flowers for events such as Obon increases as the age increases.
6.3 Consideration in Terms of Other Features of the Data
Here, we interpret the results in terms of gender of the consumer, color and price of the flower. In
,

,
Mother's Day occurred as high probability, but in
and
,
customers tend to be female and warm colors such as mixed colors and pink are preferred. On the other hand,
has a high probability that customers tend to be male and the preferred color is not only warm, but also cold
color such as blue and purple. This suggests that the preferred color may change depending on gender on Mother's
, it is common that Birthday occurred with a high probability, but it is
Day. In
clear that the average prices are different in each class. Comparing these classes shows that the price increases
when the customer segment is male. In other words, it is suggested that the price range of purchase may change
, Mother’s Day and Offering Flower event occurred in same
depending on gender. In addition, when focus on
class that is unexpected result, but we should take measures for these customers belonging to this class because
is large.
In this way, the results suggest the validity in proposal model. In order to compare the classes that similar event
occurred and see co-occur relationship, it shows latent feature of customers or purchasing tendency on each event.
Furthermore, if it is even the class which has the lowest
like
, it can be considered that the
number of sold items that the customers belonging to this class purchase is 1880 and it seems to be worth it to
analyze the classes have low

.

7. Conclusion and Future Works
In this research, we formulate a new latent class model in order to analyze the purchase history data which
has complex structure. At that time, we actually use the real purchase history data from EC site A and analyze.
The latent class model represents the co-occurrence relationship between the event, category, color and unit price
of flowers and gender and age of customers. As a result, we were able to analyze each latent class from various
viewpoints and find different features in each class. In particular, even for similar events, it was possible to
understand differences in preferences or purchasing tendency between gender or age. By utilizing these results, it
is expected that different products can be recommended for each segment given by gender and age for each event,
which may lead to improve customer satisfaction and an increase in the sales volume.
However, in this EC site, there are also many customers who does not want to take up their time to select
a flower item and want to buy quickly [15]. Therefore, it is more efficient to focus on the customers who considers
well to buy flowers in EC site because we want to know purchasing behavior that captures preference of the
customers. It will be a future work to analyze the customer characteristics in detail by utilizing the site browsing
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history data until each customer makes a purchase to know how motivation they have when they purchase. In
addition, it enables to know preferences of the customers in more detail to add the site browsing history data to
our model [16].
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Abstract
Nowadays, many companies have come to use business chat systems among employees for their working
communication. With simple communication or information sharing, these online communication systems perform
an important role in improving work efficiency. Additionally, analyzing accumulated communication data on the
systems can be effective for human resource management to create further business value. Especially, the reply
time between two employees reflects their relationship and generally efficiency of their work. Therefore, it is
effective to design a model for analyzing the reply time between two employees as a minimum communication
unit on a chat system. In our study, we propose a new latent class model that quantitatively expresses the
relationship between the two users based on the reply time. We also analyze the communication characteristics
from the viewpoint of the reply time. By assuming that a combination of two users and response times arise
probabilistically from a latent class, we can express the difference of users’ behaviors that are affected by who
are the conversation partners and other conditions. Finally, we apply our proposal to the actual data of Japanese
companies and conduct a response interval analysis. Through the actual data analysis, we revealed the
communication characteristics of the companies and the relationship between each employee pair and as a whole
company.
Key Words: Human Resource, Latent Class Model, Stochastic Model, Relationship Analysis, Behavior Evaluation

1. Introduction
In recent years, People Analytics [1]-[3] have come to play a critical role for many companies on business.
That is a method to collect a variety of information about employees and statistically analyze them, so that we
can figure out some knowledge related to employees. Traditionally, human resources department employees have
been mainly making subjective decisions based on their own experience that can lead several problems. It is hard
to make objective decisions, to improve business efficiency and to solve organizational problems only by their
personal experience, however People Analytics are expected to enable them to be realized. On the other hand, many
companies have introduced business chat systems that enable close communication through straightforward sentences
as a tool to support communication and collaboration among employees who work together [4],[5]. Thanks to these
systems, there is a movement to use the communication data accumulated on the systems for People Analytics,
which will be used for decision making and execution in strategic human resources policies. However, in the past,
simple statistics are mainly used such as the number of utterances. It would be possible to analyze the data by
more sophisticated way that takes advantage of the characteristics of chatting.

687

Therefore, we focus on the features of the chat systems and consider making them to take advantage in order
to gain more valid knowledge. One important feature of the chatting system is the easy to use for communications
with various topics between many users. For example, it is possible to reply to a received message without being
limited to a certain place and time by using various devices. We also can reply to many users by straightforward
text at the same time [6]. Therefore, it is easy to show the communication characteristics in terms of the time
between receiving and replying (hereinafter referred to as "reply time"), which differs from e-mail communication
since the timing of reply is more flexible. In addition, the reply time is likely to vary greatly depending on the
relationship that the sender wants to establish with the receiver. In particular, business-related interactions on business
chat systems are likely to show a characteristic reflected by the relationships built in the workplace.
The relationship between employees has a great impact on business development [7],[8]. Therefore, we should
gain useful knowledge for team building and organizational management for business by analyzing the data on
business chat systems from the viewpoint of reply time. Micro analysis based on concrete figures, focusing on
individuals, is also necessary for human resource activities in companies. However, it is sometimes difficult to
relatively objective criteria to judge the employees and it will take a lot of costs by human resource staff. In this
study, we consider not only to understand the relationship between two employees, which is the smallest unit that
can establish a relationship, but also help the human resource department solve this important task by for efficient
method.
Here, it can be assumed that the user’s response is easily influenced by who the conversation partner is, especially
depending on the topic, or the state of the user at the time of speaking. That is, we can say that the tendency
of a user's reply time varies depending on a lot of conditions. Here, latent class model is known as a valid analytical
method for data given in a collection of groups with different statistical properties [9]. This model assumes the
existence of latent discrete variables behind the observed data and represents the relationship between the data
thorough latent variables, which enables us to interpret a huge amount of data. Considering our objective data,
employees’ tendency to reply is easily changed depending on the conditions. Thus, we introduce the probabilistic
latent class model in order to represent complex users' communication behaviors. The probability which users belong
to several different latent classes can be expressed affiliation probability. Since the assumption of different user
groups is reasonable, the latent class model is considered to be suitable for the analysis of target data.
In this study, we propose a latent class model that quantitatively expresses the relationship on a business chat
system among the two users (sender and receiver). The proposed latent class model represents the communication
characteristics by the statistical relationship between the combination of sender and receiver and the reply time.
Then, we apply our proposal model to the actual data of Japanese companies and conduct a response interval analysis
and discuss the results of the analysis in order to show the usefulness of the proposed model.

2 Related Work
2.1 People Analytics
With the recent development of information technology, the study about analyzing large amounts of recorded
data for corporate management has become more and more active. In the field of marketing, in particular, there
are many cases of significant results [10]-[12]. On the other hand, utilizing data is being late in the field of human
resources management, even though it is a major pillar for company management. In the field of human resources
management, many decisions were made relying on the subjective judgments of employees’ own experience. In
fact, there were many problems caused by these decisions. On the other hand, in recent years, it also has become
technologically possible to collect the data about employees' communication records. The analytics for human
resources management are called “People Analytics” has attracted a lot of attention. The People Analytics is an
effort to utilize the collected information mainly related to employees for decision-making and to operate efficiently
in human resources by statistically analyzing the information in order to respond to major changes in the labor
market and business environment. Furthermore, we require the results from more complex data analysis by linking
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not only one piece of internal data but also various data. And it is expected to lead to the implementation of strategic
human resources measures such as more efficient recruitment, appropriate human resource allocation, and reduction
of turnover by using objective decision-making materials obtained from data analysis.
2.2 Business Chat System

Slack [13], the subjected business chat system of
this study, is the most used message system in the
workplace in the world as of 2019 and has gained
even more users due to the COVID-2019 [14],[15].
The company's CEO, Stewart Butterfield, stated on
his twitter page that the number of subscribers has
increased dramatically since 3/12/2020 [16] along
with showing Fig. 1. Additionally, he mentioned: the
number of "concurrent users" as of March 25, when
we had 12.5 million "concurrent users" as of March
25; 9,000 new paying users from February 1 to
March 25; and an increase of about 20% in
messages per user per day during the same period.

Transition

Business chat systems are communication tools designed to be used in business. Those have the following
features: it enables immediate conversations with concise sentences among employees, it can be used from various
devices such as PCs and smartphones without a limitation of time and place, and it has business support functions
such as file sharing. Thus, compared to conventional communication tools such as e-mail, the new system enables
efficient two-way information sharing. As a result, it has attracted attention as a new communication tool that can
be expected to significantly increase the amount of communication. Additionally, realizing various ways of working,
leading to increased business efficiency and increasing productivity are expected by the systems. Especially in recent
years, the demand for business chat systems is increasing rapidly and are being apply remote work smoothly on
the background that most employees face the
difficulty of face-to-face communication in order to
protect themselves from the COVID-2019.

Fig. 1. The number of new workspaces established

Slack provides users various functions to send not only text messages, but also "stamps" and other forms of
information, such as enriching messages and showing responses to activities. Furthermore, information can be shared
not only one-on-one, but also collectively in "Channels", which are groups created by selecting appropriate related
employees for their purpose. It also has many functions for facilitating work, such as summarizing job descriptions,
remarking deadline in an easy-to-read manner or operating external tools. When you install Slack into a PC, you
can check from multiple devices such as smartphones and tablets, so you can discuss working in any viewing
environment without waiting for your colleagues on the way to office or your boss on a business trip.
2.3 The Latent Class Model
Latent class models are known as statistical models appropriate for analyzing data with multiple different
characteristics. By assuming the existence of unobservable discrete variables behind the observed variables, it
becomes possible to model the relationship between the observed variables even when each data group has different
statistical characteristics. The latent class model also makes it possible to interpret data with a huge number of
combinations, such as the data analyzed in this study, on the basis of latent classes. Latent class models are used
in a wide range of fields such as purchase history analysis, store visit prediction, quantitative sociology, fashion
coordination recommendation, and information science fields such as information retrieval or image recognition and
so on [17]-[19].
Aspect Model [20], one of the simplest methods of latent class models, is a stochastic model that assumes a
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latent class between two observed variables and allows data to arise probabilistically from some latent classes.

3. Preliminary - Analysis
The subject of this study is a chat communication dataset of a company introducing Slack. These data are
provided by Laboratik Inc. [21], that is a Japanese company developing various advanced services for human
resources management. The raw data are in a log file on Slack with the information of senders, receivers, posting
time, text contents, the existence of using the mention function, and so on. We have shaped the data from the
raw log data to a combination data of sender, receiver, and reply time. The number of data is 98,224 and the period
covered is from November 2, 2018 to September 24, 2019 (326 days). The reply time is defined by the time elapsed
from "statement of User A to User B" to "reply of User B to User A" on condition that the reply of User B
to User A is confirmed within the day after the statement of User A to User B. Fig. 2 shows an image of calculating
reply time. In order to exclude the effect of the increase in reply time caused by non-working hours, the calculation
is made on a daily basis. Examples of data set after preprocessing are shown in Table 1.

Sender

Fig. 2. The Image of the chat situation and reply time definition
Table 1. The image of the dataset

ID
1
2
3
...

Sender
User 3
User 18
User 7
...

Receiver
User 18
User 3
User 9
...

Reply time(seconds)
80
74
196
...

Table 2. The basic statistics on the frequency of occurrences
as a sender

Average
Median
Minimum value
Maximum value
Standard deviation
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1,818.98
1,227
49
6,909
1,475

The occurrences as a sender

The number of users is 54. The basic statistics on the frequency of occurrences of each user as a sender (a
user sending a message to others) are shown in Table 2 and the bar graph is shown in Fig. 3. From Table 2, we
can see that the range between the maximum and
minimum values is so large and the standard
deviation is sufficiently large that each user has a
different tendency of communication on Slack.

Fig. 3. The bar graph of the frequency of occurrences of each user as
a sender

Fig. 4 shows the distributions of reply time by seconds from 1 to 2,000(s), and Fig. 5 shows the distributions
of logarithmic reply times by 0.1. From Fig. 4, we can see the difficulty to express the reply time in a probability
distribution because most of the values are clustered in a small number of seconds. However, we can assume that
it follows a mixed normal distribution with applying the logarithm as shown in Fig. 5.
The bar graph of the average reply time of User 7 to each user is shown in Fig. 6. According to this graph,
it can be said that the reply time to user 8 or user 18 is relatively large, while the average reply to user 6, 12,
16, or 33 is relatively small.
Fig. 7 shows the distributions of reply time by seconds of each month for User 7. From Fig. 7, we can see
that the tendency of the replies varies with time even for the same User 7.

Reply time (second)

Fig. 4. The histogram of reply time with a class width of
one second between 1 and 2,000(s)

Fig. 5. The histogram of logarithmic reply times with a class
width of 0.1

Fig. 6. The bar graph of the average reply time (seconds) of
user 7 for each sender

Fig. 7. The histograms of the reply time (seconds) of
User 7 with a class width of one second

From the above, each user has multiple aspects that are influenced by the replying target and time.

4. Problem Setting
As mentioned above, with the penetration of business chat systems and the attention to People Analytics in recent
years, new analytics services using chat data for companies have come to be provided. However, the simple statistic
outputs, such as the number of conversations or the number of conversation partners, are used as the index. Therefore,
there is a need for an analysis model that takes advantage of the features of chatting, such as the incorporation
of various feature values in a complex manner. One of the characteristics of chatting is that it is easy to have
an immediately conversation with multiple people in simple sentences, without being limited in place and time.
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Considering this point, we can see a big difference in the reply time which is caused by how high priority of
the reply to the other is. In other words, the reply time tends to show the relationships with the others to a large
extent. Furthermore, each user's reply is multifaceted, such that it varies according to the replying targets and time.
Therefore, in this study, we analyze the characteristics of chatting from the viewpoint of reply time, while
successfully expressing the multifaceted nature of chatting.

5. Proposed Model
5.1

Conception of Proposal

Conversations on a business chat system are carried out in an environment where conversations can unfold quickly
because of the "simplicity" of the systems, so the relationship between the two employees is likely to show up
in the reply time as a big difference. Therefore, it is possible to interpret the relationship of them by using the
reply time on the business chat systems and capturing the features of reply. For example, it can be interpreted
that users who replied more quickly tend to want to keep better relationship with the senders. Also, the reply time
may be different on the direction even if the communication is between the same two users. The more equal the
reply times of both users are, the more likely it is to be interpreted that both sides have the same awareness of
trying to build an equal relationship. Therefore, this study proposes a statistical model analyzing the reply time
of the conversations and evaluates the relationship between the two employees by making use of communication
log data on Slack.
5.2

Detail of the Proposed Model

In this study, we propose a latent class model to express quantitatively the relationship between sender, receiver
and reply time. The proposed model enables us to analyze "what kind of reply from a sender to a receiver has
happened" by associating a sender, a receiver and a reply time with a latent class and expressing their co-occurrence
relationship. This is equivalent to clustering of sender, receiver and reply time.
5.3

Algorithm of Proposed Model
We

denote

a

set

of

sender

consisting

users

of

, a set of receivers consisting of
, a reply time as

,

users as

, and a set of

and reply time as
,
defined by the following equation (1).

as

,

latent classes assumed between sender, receiver
. The stochastic model of the proposed model is

(1)
One initiating event in this model is when a reply time

is given

by the sender
to the receiver
. The graphical model of the
proposed model is shown in Fig. 8.
Here, they are assumed to follow the following distributions:
is a multinomial distribution of
elements of the discrete set

terms with the

as the random variable,

is a multinomial distribution of
terms with the elements of

as the random variable, and

is a multinomial distribution of
Fig. 8. The graphical model
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terms with the elements of

as the random variable. For the reply time, assuming that

distribution, and the probability density function of the reply time
and variances of

of

-th latent class are

follows a normal

is as in equation (2). Note that the average

and

.

(2)
Let the number of training data be
as

, the reply time as
and the
,

. For the

-th training data, the sender is defined as

and the latent class as

, then the

-th training data is

,

,

the

, the receiver

-th complete data is
. With an

set

of

{

training

,
data

is
. In this

case, the probability of the

-th complete data is expressed by equation (3).
(3)

Now, assuming independence between each variable among the complete data, the following equation holds.

Then the probability model representing the complete data for all

pairs is represented by equation (4).

(4)

Since the proposed model is a latent class model whose likelihood function includes the integral operation by
unobservable variables, we apply the EM algorithm [22] for parameter estimation. The parameters to be calculated
,
,
are
the updating equations of the EM algorithm.

,

and

. In this section, we show the procedure with

E-step

(5)

Therefore, the Q function can be expressed as in equation (6).
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(6)
𝑁

𝐾

𝐾

𝑝 𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 log 𝑝 𝑧𝑛 +

=
𝑛=1 𝑘=1

𝐾

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 )log 𝑝(𝑏𝑛 |𝑧𝑛 )

𝑝 𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 log 𝑝(𝑎𝑛 |𝑧𝑛 ) +
𝑘=1

𝑘=1

𝐾

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 )log 𝑝(𝑐𝑛 |𝑧𝑛 ) .

+
𝑘=1

Let
and (8) hold.

be an indicator function that takes 1 when

and the following equations (7)

(7)

(8)

Therefore, the Q function is given by equation (9).
𝑁

𝐾

𝑄sender

𝐾

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 )log 𝑝(𝑧𝑛 ) +

𝑄=
𝑛=1

𝑘=1

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 )
𝑘=1

𝑄receiver

𝐾

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 )

+
𝑘=1

𝑚 =1

𝑝(𝑧𝑛 |𝑎𝑛 , 𝑏𝑛 , 𝑐𝑛 ) log
𝑘=1

(9)

𝛿(𝑏𝑛 , 𝑟𝑚 ) log 𝑝(𝑟𝑚 |𝑧𝑘 )

𝐾

+

𝛿(𝑎𝑛 , 𝑠𝑙 ) log 𝑝(𝑠𝑙 |𝑧𝑘 )
𝑙 =1

1
2𝜋𝜎𝑘2

exp −

log 𝑐𝑛 −

𝜇𝑘

2𝜎𝑘2

2

3600

.

M-step
In M-step, we consider maximizing the Q function in equation (9). First, we calculate parameters
and

,

by using method of Lagrange multiplier. The constraints are the following

equations.

(10)
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(11)
(12)
Under the above constraints, the Lagrangian function

is defined by equation (13), where

and

are Lagrange multipliers.
(13)
The solution is calculated by partial differentiation of the Lagrange function

with the parameters

,

, and
that we want to update and setting the partial differentiation to zero. In
the following, we calculate them step by step.

By partial differentiation of equation (9) with

and setting it to 0, we obtain equation (14).

(14)

By partial differentiation of equation (9) with

, and setting it to 0, we obtain equation (15).

(15)

By partial differentiation of equation (9) with

and setting it to 0, we obtain equation (16).

(16)
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Next, we calculate parameter

and

By partial differentiation of equation (9) with

.

and setting it to 0, we obtain equation (17).

(17)

By partial differentiation of equation (9) with

, and setting it to 0, we obtain equation (18).

(18)

Summary of EM Algorithms
The parameter estimation procedure in E-step and M-step derived above is summarized below.
E-step
(19)

M-step
(20)
(21)
(22)
(23)
(24)
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Convergence condition for the EM algorithm
In the EM algorithm, repeat the E-step and M-step calculations until the change in the log-likelihood LL of all
complete data represented by equation (25) is reached the threshold value or less.

(25)
In the EM algorithm, a single E-step and M-step are combined into a single step. Determine convergence by
the difference between the log-likelihoods obtained in the previous step and the log-likelihoods obtained in the current
step.

6. Actual Data Analysis
6.1

Analysis Conditions

In this chapter, we present the results of applying our proposed model to real data in order to confirm the
effectiveness of the model. The target actual data of employees’ communication on Slack of Company A was
provided by Laboratik Inc. in Japan for our research purposes. The main analyses from three viewpoints are shown
below:
1. Examining whether the representation of diversity of same user is well
2. Analysis of the overall communication characteristics of the target company by latent classes
3. Analysis of communication characteristics between two employees
The raw data provided by Laboratik Inc. have not only the information of senders, receivers, posting time, but
also text contents, the existence of using the mention function, and so on. Therefore, we have shaped to a
combination data of a sender, a receiver, and the reply time between them in Slack from the raw log data. The
period covered is from November 2, 2018 to September 24, 2019 (326 days), the number of data
the number of sender

is 54 where each sender is denoted as

is 54 where each receiver is denoted as
7 through an exploratory search with high interpretability.

~

~

is 98,224,

, and the number of receivers

. The number of latent classes

is set as

6.2 Examining whether the Representation of Diversity of Same User is Well
Table 3 shows the percentage of each latent class affiliation of User 7 as a sender. Since it probabilistically
belongs to multiple latent classes, we can say that User 7 has multiple communication characteristics. Therefore,
this result shows that the diversity is well represented by our proposed model.
Table 3. The percentage of each latent class affiliation of User 7 as a sender

0.0454

0.1777

0.0444

0.0019

0.0107

0.0002

0.7197

6.3 Analysis of the Overall Communication Characteristics of the Target Company by Latent Classes
Table 4 shows the results of parameter estimation that are the estimated probabilities of each latent class
and the estimated mean and standard deviation of the logarithmic reply time distribution for each latent class. In
addition, the interpretations of each latent class based on those estimations are shown. For clarity, they are also
represented as figures in Fig. 9. The horizontal axis represents the estimated mean, the vertical axis represents the
estimated standard deviation, and the size of each circle represents the percentage of each latent class. These allow
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us to understand what communication characteristics exist in the company. For example, the distance of two circles
in Fig. 9 represents the similarity of these latent classes. Thus, we can gain a rough understanding of the
characteristics.
Table 4. The parameter and the probability

-4.42
-3.96
-2.53
-1.80
-0.87
0.33
0.52

2.45
3.17
3.56
2.10
3.04
0.54
1.19

43.47
68.34
286.63
592.62
1510.27
4986.64
6042.52

0.198
0.376
0.109
0.042
0.094
0.059
0.123

Interpretation
The highest priority and prompt replies
High priority and prompt replies
Somewhat high priority and somewhat quick reply
Somewhat high priority and somewhat quick reply
Somewhat low priority and slightly late reply
Low priority and slow replies
The lowest priority and slow replies

Fig. 9. The parameter and the probability

6.4 Analysis of Communication Characteristics between Two Parties
6.4.1 Analysis method
First, we describe the method of analysis of the relationship between the two employees. we interpret the features
of a one-way reply from a sender
to
feature of

belongs to a latent class
as a sender and

to a receiver

by the latent class. The probability that the reply from

means that the probability of simultaneous affiliation what
also has the feature of

has the

as a receiver. The concurrent affiliation probability

of
and
to
is given by the following equation (26), which is calculated to interpret the features of
the reply made in one direction.
(26)
In addition, the following equations (27) and (28) hold.
(27)
(28)

Next, we analyze characteristics of the reply in the reverse direction from sender
to receiver
which
swapped the roles as sender and receiver and interpret about their relationship in the same way. We compare these
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two-way interpretations to explore the relationship between the two employees from their difference point of view.
In this study, we evaluate the difference in communication characteristics by comparing latent classes with the
maximum simultaneous affiliation probability in both directions.
6.4.2 Result
As several specific examples, Table 5 shows the results of calculating the concurrent affiliation probabilities for
the pairs of User 3, User 4, User 16 and User 35. These users are shown here because the results were distinctive.
Note that grayed-out areas represent the maximum probability of simultaneous affiliation.
Table 5. The concurrent affiliation probabilities

0.8090000
0.8090000
0.1956000
0.8456000

0.0047000
0.0001041
0.0694000
0.0592000

0.0428000
0.0245000
0.2616000
0.0002252

0.0024000
0.0003799
0.0388000
0.0000826

0.0000021
0.0000012
0.0000746
0.0001089

0.0000296
0.0001184
0.3764000
0.0001349

0.1411000
0.1659000
0.0581000
0.0946000

User 31 and User 49
From Table 5, it is shown that the sender

and the receiver

probability when the latent class is

, and the sender

have the maximum simultaneous affiliation
and the receiver

also have the maximum

simultaneous affiliation probability when the latent class is
. From this result, it can be concluded that the
latent classes with the maximum concurrent affiliation probability are equal in both directions, and there is no
difference in communication characteristics.
User 16 and User 35
From Table 5, it is shown that the sender
probability when the latent class is

and the receiver

, however, the sender

have the maximum simultaneous affiliation
and the receiver

have the maximum

simultaneous affiliation probability when the latent class is
. From this result, it can be concluded that the
latent classes with the maximum concurrent affiliation probability are different in both directions and communication
characteristics. From Table 4, because the value of
is much smaller of
than of
, we can see that
User 35 tends to reply more quickly than User 16. From the above, it can be said that User16 and User 35 are
a pair with different attitudes toward the development of conversations in which they reply to each other with
different characteristics.

6. Discussion
6.1 The Usefulness of the Proposed Method based on the Results of Real Data Analysis
In this section, we consider the practical value of our proposed model based on the results of real data analysis.
Firstly, it was useful to use the reply time as an indicator of the model's interpretation in this kind of study.
The results show that each latent class can be successfully characterized and interpreted. Because the tendency of
the reply time differs greatly depending on the communication characteristics of each user and the relationship
between users. In addition, the reply time was easy to be treated as numerical data, so we can understand
communication characteristics quantitatively. The similarity between the estimated mean value and the standard
deviation can be applied to understand the characteristics of the whole company. It is, therefore, meaningful to use
the reply time in practice.
Secondly, the proposed model can provide not only a micro perspective but also the macro perspective. In
activities on the domain of human resources management in companies, micro analysis based on specific numbers
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and events with an endpoint of employees and a more manageable macro analysis that captures them as a whole
group in a larger picture are both important. Our proposed method is capable of extracting quantitative
communication characteristics between two users, which is the smallest unit that can establish a relationship with
pinpoint accuracy. Furthermore, the proposed method can be applied to a rough understanding of the characteristics
of the whole company by the similarity of latent classes as shown in Fig. 9, and also applied to a clustering of
communication characteristics of senders and receivers with considered the reply time by using the probability of
belonging to latent classes. In other words, the proposed method is useful from both micro and macro perspectives
and meets the needs of companies.
Finally, the use of latent class models in the proposed method was very significant. There are various clustering
methods other than latent class models such as k-means [23], the group average method [24], and the centroid method
[25], etc. However, all of them are hard clustering assuming that each data belongs to a single cluster, and they
cannot represent the multifaceted nature of the data by sender's replying target or time. On the other hand, the
proposed model assumes a probability distribution, and the proposed model can represent the diversity of users by
probabilistically belonging to multiple latent classes. In addition, the parameters estimated by the proposed method
of latent class model are highly applicable and provide high value to companies. In this study, the obtained affiliation
probability of each user as a sender or a receiver enables us to classify each user. Furthermore, we can interpret
the relationship as a pair by calculating the simultaneous affiliation probability from the parameters. In view of
the above, a latent class used in our proposed model is considered to be superior to other clustering methods.
6.2 Possibility of Practical Applications of the Proposed Model and Future Development
The proposed model made it possible to quantitatively assess micro feature extraction as a pair of employees,
the macro trends of replies in the whole company and the proportion of pairs of users who reply in each trend.
These are considered to be useful information for organizational evaluation measures. For example, by comparing
the performance of each team with the macro information obtained from our proposed model, it is possible to evaluate
which communication characteristics affect how performance is. In addition, it is also possible to countermeasures
by using the micro information obtained from the proposed model. For example, we can suppose that when a
deterioration of a team's performance is found and its reason should be due to lack of communication from macro
information, we can expect to improve the atmosphere of the workplace team by assigning users who reply quickly
from micro information. We can grasp both of the information needed for improvement from our proposed model
and facilitate the development of the conversation.
In addition, new possibilities are also expected to arise by applying our proposed model to data not only business
chat data. As an example of data to be applied, we can point out the chat data of social networking tools used
for personal use. This makes it possible to grasp the detailed relationship between the user and the other person
more easily, even for private use, which could lead to the improvement of efficiency through the function of
prioritizing the display of partners with whom the conversation tends to be smooth, or to the provision of services
with new contents as entertainment, such as "relationship analysis diagnosis". Nowadays, with the explosive spread
of smartphones and Internet, various social networking services with chatting functions, such as LINE [26] and
Instagram [27], have made dramatic progress. Therefore, it is relatively easy to collect chatting data sets such as
the data of this study. Furthermore, since the market for the results is large, the proposed model is considered to
have a wide range of applications available and can have an impact on the market.

7. Conclusion and future works
In this study, we proposed a new latent class model to analyze communication characteristics from the viewpoint
of reply time, which expresses the relationship between sender, receiver and reply time quantitatively conditioned
by latent classes. We applied our proposed model to actual business data and showed that the multifaceted nature
of users was well represented. In addition, we analyzed the communication characteristics between two employees
with focusing on the reply time. As a result, we showed the suitableness of communication characteristics analysis
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using latent classes based on reply time for each pair and usefulness of the estimated probabilities of simultaneous
affiliation to each latent class. Based on these results, this study showed that the proposed model has the potential
to lead to concrete measures in the area of human resources management, etc., and the usefulness of the model
was demonstrated.
The first future work is improving the model by integrating it with other complex data sets such as language
data. Another one is studying methods for determining the number of latent classes.
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Abstract
The strength of a competitor is evaluated based on the result of t match like chess. It is common to see the
rank of competitors at the Olympics. Usually we use Bradley-Terry model and elo rating system to evaluate the
strength of the competitor. But during matches, it is not an unusual thing that a competitor who has a higher
rank loses the match to one who has a lower rank. Although variation exists in the competitor's strength, sometimes
the results can't be explained very easily. We consider the result is caused by the advantage relationship. For
example, we can't say that A must defeat C even if A defeats B and B defeats C. We consider it as the three-way
deadlock model in which one competitor can't defeat other two competitors just like the relationship among rock,
paper and scissors. In this study, we consider the advantage relationship as a new aspect to evaluate the strength
of the competitor. We propose the method that uses the graph to explain the relationship between competitors.
By this way, we can explain the relationship correctly. The data used in this study is collected by a simulation
program made by python. We try to prove that it is not only the competitor's strength will influence the result
of the match, the advantage relationship between two competitors will also influence it by setting various parameters
of competitors.
Keywords: advantage relationship, competition, one paired comparison, Bradley-terry model, elo rating system

1. Introduction
In recent years, more and more people have begun to pay great attention to the sports world. The match between
AlphaGo and, has also been a great topic in which Ke Jie is a Chinese professional Go player of 9 dan rank.
It has also been more and more important to evaluate a competitor's strength correctly.
In the competitions such as marathon and gymnastics, it is possible to evaluate the strengths of all members
at once by using absolute indexes such as time and points, but it will be very difficult to evaluate the strength
of competitors in competitions such as soccer, baseball, chess, and shogi at once. Therefore, a relative evaluation
method is adopted in which two pairs are played and the overall ranking is determined based on the result of each
win or loss. However, variation exists when we evaluate one competitor's strength. If one's state or condition is
good, he may perform better than ever. But if one's state is bad, he may perform worse than ever. However, there're
some match results that can't be explained by the variation. We think they're caused by the "advantage relationship."
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The effect of "advantage relationship," a phenomenon, in which a strong competitor frequently loses to a specific
weak competitor, is often observed. However, the evaluation of this "advantage relationship" is not so easy, and
when evaluating a competitor, people always believe their experiences. Therefore, the predictions of wins and losses
and the predictions of rankings by critics and commentators introduced on TV and magazines vary from person
to person and are always wrong.
Therefore, it is necessary to quantify the reality that "more often wins" and "more often loses" more than the
difference in ability against a specific opponent.

2. Paired comparison in competition
2.1

Rating system

The rating system is based on the paired comparison method, which is often used to represent the strength of
a competitor in competition. The rating system is a system that quantifies each competitor's past competition record
and strength at that time, and assigns a number based on the analysis, which is called rating.
There are several types of rating systems. At present, a simple calculation method is used for online battles
for general users such as Japanese shogi and go, and a system in which one's own rating fluctuates with each battle
is often used. On the other hand, Elo rating is widely used for official strength indicators such as chess FIDE
(International Federation of Chess). "Elo" comes from the Hungarian-born American physicist Arpad Elo, who
devised this calculation method. This research uses this Elo rating for the calculation of rating.
2.2

Strength curve

The strength curve is a graph that shows the relationship
between the competitor's rating and the expected strength. For
example, suppose there is a competitor A with a rating of 1700
and a competitor B with a rating of 1500. Assuming that the
two strengths follow a normal distribution with a standard
deviation of 200, the relationship between the two strengths can
be expressed as shown in Fig. 1. At this time, as the rating
difference is 200, the winning rate expected for competitor A
is about 75%, and the winning rate expected for competitor B
is about 25% [1].
Figure 1. Strength curve

2.3

Logistic distribution

Elo rating assumes that the strength exerted by the
competitor follows a normal distribution. However, at present,
the normal distribution is not often used, only the logistic
distribution is used here. This is because it is similar to the
probability density function of the normal distribution, and the
cumulative distribution function can be expressed explicitly in
the logistic distribution. In this study, the logistic distribution
is used for the winning rate curve for calculating the rating.
The probability density function of the normal distribution is
given by Eq. (1), the probability density function of the logistic
distribution is given by Eq. (2). The graph of Eq. (2) with mean
of 0, the standard deviation of 1, and the parameter s, which
, is shown in Figure 2 [1].

is
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Figure 2. Standard normal distribution and logistic
distribution

(1)

(2)

2.4

Calculation of the rating

The winning rate of two competitors i and j is given by the following equation (3) [3]:

(3)
(4)

By Elo rating, the competitor's rating is shown by the following equation (5).
(5)
：Average rating of opponents

：Winning rate converted to rating difference
The actual winning rate of the competitors is calculated using equation (4), and the average of the competitors
is 1500.

3. Three-way deadlock model
3.1 Three-way deadlock
By using the paired comparison method, the strength of the
competitor can be estimated from the data of winning and losing.
However, guessing the actual result of a certain opponent against
a specific opponent is very difficult. It is considered that there is
"compatibility" between the competitors. In this study, we will
describe this "compatibility" using the relationship of three-way
deadlock. Three-way deadlock model is a state in which three
things have one opponent who has advantage relationship with and
one opponent who has disadvantage relationship with, so that any
of them can't beat all of other two. For example, the snake beats
the frog, the frog beats the slug, and slugs beat snakes.

Figure 3. Three-way deadlock

Now, let's think about the relationship among this three-way deadlock when there are three competitors with
the simplest advantage relationship. The probability that competitor i defeats competitor j is
the following relationship exists:

, we assume that
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At a time when the competitor 2 is stronger than the competitor 1, the competitor 3 is stronger than the competitor
2, and the competitor 1 is stronger than the competitor 3, this is the so-called "three-way deadlock" state, and the
strength of three competitors can't be decided easily. Also, we can't calculate the strength by Elo rating.
In other words, three-way deadlock in the world of competition can occur in the following two states.
(1) When there is no difference between competitors
(2) When there is a difference in competitors, but the evaluation scale changes depending on the competition,
and when one-dimensional evaluation cannot be performed, that is, when advantage relationship is considered to
exist between the competitors.
3.2 Estimation of the advantage relationship
In competition, for example, there are three components in a three-way deadlock relationship, and a competitor
is considered to have strength consisting of these three components. In this way, we consider that “advantage
relationship” is caused by the three components of the three-way deadlock, so we introduce three parameters of
advantage relationship between competitors. In other words, assuming that it is composed of three axes, α, β, and
γ, which have the value of advantage relationship, three components of advantage relationship of competitor i is
defined as follows [1]:
(6)

α i:mix :Strength of the α component of competitor i
β i:mix :Strength of the β component of competitor i
γ i:mix : Strength of the γ component of competitor i
At this time, since each component corresponds to the three-way deadlock components, the following law makes
sense. Between the α and β components, the α component is stronger, between the β and γ components, the β
component is stronger, and between the γ and α components, the γ component is stronger.
In other words, it can be simply considered that the three-way deadlock model just like "snakes", "frogs" and "slugs"
correspond to the component α, component β and component γ.
The probability that the competitor i beats competitor j is given as follows.
(7)
The winning rate in Eq. (7) is based on the idea that the probability of winning with the same component is 50%,
and that of the component with which that is good at is 100%.
In addition, we define that the probability

of the winning rate between competitors is determined

using advantage relationship is derived as follows. The actual winning rate
equation (8).

is established by the following

(8)
Therefore,

is established by the following equation(9).
(9)
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In addition,
co
mpetitor

i’s strength component, so it complies to the following rule.
(10)

3.3 Estimation of components of three-way deadlock
The competitor's strength is estimated by Elo rating equation (5), and then, calculate the
calculate the

,and finally

. Then the component of the advantage relationship of competitor i can be estimated.

The maximum likelihood estimation algorithm successively estimates the most likely coordinates of each
competitor with the smallest residual sum of squares.
3.4 Illustration of a three-way deadlock model using a two-dimensional simplex coordinate system
After computing the three components of three-way
deadlock, following equation is used to change them into
a two-dimensional simplex coordinate system [1].

(11)
As shown in Figure 4, the distance from the center
point of the coordinates of the two-dimensional simplex,
that is, the radius, expresses the degree of advantage
relationship, which is an index that gives an idea about
the relationship between the advantage relationship and
the winning rate. In addition, the counterclockwise
direction represents the weak opponent as you move in
the clockwise direction from each competitor and the
good opponent.
3.5

Figure 4. Interpretation of the two-dimensional simplex
coordinate system

The step of analysis

The flow from the match record to the coordinate notation of the competitors is explained here. Subsequently
the analysis of flow procedure to grasp the overall flow is done. The following steps are used to explain the procedure
[1].
Step 1: Calculate the competitor’s winning rate
Step 2: Calculate the rating difference
Step 3: Calculate the rating difference

and strength

from the winning rate and the rating difference
of the advantage relationship

Step 4: Calculate the degree of the advantage relationship

and the angle of the advantage relationship

Step 5: Calculate the value of the x-y coordinate and three components of the advantage relationship
Step 6: Calculate the rating difference

from the winning rate

Step 7: Calculate the radius to reduce the residual difference between

and

Step 1
First of all, the winning rate is calculated by the following equation.
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(12)

Ti ：competitor i’s winning times
ni ：competitor i’s match times
Then we calculate the strength by the equation (5).
Step 2
We calculate the rating difference

and

by following equation (4), (13) and (14).
(13)

Tij ：Times that the competitor i won the game
nij ：matches between competitor i and competitor j
(14)
: Strength of the competitor i
: Strength of the competitor j
Step 3
Then we can calculate the rating difference by the following equation.
(15)
Step 4
Then we calculate the degree of the advantage relationship and the angle by the following equation.

(16)

nij ：Times of matches between competitor i and j

ni ：Time that the competitor i had matches
rating difference of advantage relationship between competitor i and j
ω ij:：the
mix
(17)
Step 5
According the degree and the angle, we can know the value of the x-y coordinate. Then we can use the equation
(18) to calculate the three components of the advantage relationship.

(18)

xi , y i ：the value of x, y of competitor i
ri:mix ：degree of the advantage relationship of competitor i

θ ai:mix ：the
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angle of advantage relationship of competitor i

(19)
Step 6
Then we use equation (20) to calculate the winning rate of the advantage relationship, then use equation (21) to
transform it to the rating difference.

(20)
（21)
Step 7
At last, we estimate the coefficient K by equation (22) and (23).
(22)
ri:mix ：the degree of the advantage relationship of the competitor i
(23)

4. Data
In this study, we collect data through the simulation program made by python3.7.4. This program is used to
figure out the condition so that a result is obtained that indicates the three-way deadlock model. We set life, attack,
defense, and luck as four parameters of the simulation. The sequence is decided randomly at first and then two
competitors attack each other in turn. The way to calculate the damage of the game named "League of Legends"
is as follows.
(24)
d: damage that the competitor suffers
a: the opponent’s attack
b: the competitor’s defense
League of legends uses this way to calculate the damage that the game character suffers. In other words, the
higher defence one has, the less damage he will suffer.
In addition, the rule of the simulation is that the sum of one competitor's attack and defence is 200 so that
we can make sure that every competitor's strength is equal and analyze the advantage relationship by setting different
attack and defense options. If a random number varies from 20 to 40 plus luck is greater than 80, the attack of
the competitor will be doubled for one turn. The reason that we set this rule is because the variation exists in
reality during the match, so we select luck to play the role of the variation. The number of the match is 30. The
competitor whose life becomes 0 first will lose the game. Similar to the three-way deadlock model, three types
of competitors are set.

5. Analysis of the data
Here is an example of the analysis procedure. Assume that there are four competitors and the parameters are
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shown in the table 1 below.
Table1. parameters of four competitors

Life
1000
1000
1000
1000

A
B
C
D

Attack
160
100
90
180

Defense
40
100
110
20

Luck
48
51
50
49

After 30 times of simulation, the results obtained are shown in the Table 2.
Table2. Result of the match

A
A
B
C
D

B
13win17loss

17win13loss
11win19loss
17win13loss

C
19win11loss
24win6loss

6win24loss
7win23loss

D
12win18loss
23win7loss
10win20loss

20win10loss

First, the overall winning rate of each competitor is calculated by the equation (13), and the strength of the competitor
is obtained by the equation (5) of Elo rating. The results are shown in Table 3.
Table 3. Winning rate and strength of competitors

A
B
C
D

44
64
27
44

Total
wins/90 matches
wins/90 matches
wins/90 matches
wins/90 matches

Winning rate
0.489
0.711
0.300
0.489

Strength
1496.765
1619.910
1386.559
1496.765

Next, the winning rate of each match, the value obtained by converting the winning rate into the rating difference,
and the rating difference between the competitors are calculated using the equations (4), (14), (15), and the results
are shown in Tables 4 ,5 and 6 respectively.
Table 4. Winning rate of the match

A
A
B
C
D

B
0.43

0.57
0.37
0.57

C
0.63
0.80

0.20
0.23

D
0.40
0.77
0.33

0.67

Table 5. The rating difference of the match

A
B
C
D

A

B
-46.602

46.602
-94.944
46.602

C
94.944
240.824

-240.824
-206.652

120.412

D
-70.437
206.652
-120.412

Table 6. The rating difference between two competitors

A
B
C
D

A

B
-123.145

123.145
-110.206
0

-233.351
-123.145

C
110.206
233.351

D
0
123.145
-110.206

110.206

Then, from the difference in the winning rate and the difference in the "strength", the rating difference of the
"advantage relationship" is obtained from equation (16), and the results are shown in Table 7.
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Table 7. The rating difference of the advantage relationship

A
A
B
C
D

B
76.543

-76.543
15.262
46.602

C
-15.262
7.473

-7.473
-83.507

D
-70.437
83.507
-10.206

10.206

Next, we can estimate the three components of the advantage relationship by linear programming of excel. The
results are shown in Table 8 below.
Table 8. The results of the estimation

α
0.60
0.35
0.30
0.05

A
B
C
D

β
0.20
0.62
0.30
0.25

γ
0.20
0.03
0.40
0.70

radius
0.24
0.33
0.07
0.38

radian
0
1.52
-1.97
-2.40

angle
0
87.4
-113
-137.6

total
1
1
1
1

Then we can calculate the value of the x-y coordinate by equation (11). The result is shown in Table 9 and the
graph is shown in Figure 5.

Table 9. Value of the x-y coordinate of competitors

A
B
C
D

X
0.25
0.01
-0.02
-0.29

Y
0
0.33
-0.06
-0.26

Figure 5. Plot of four competitors’ x-y coordinate

6. Discussion
From the Table 2, it is observed that the competitor B is the most powerful competitor because his winning
rate is the highest. On the other hand, the strengths of both competitor A and D is same because their winning
rates are same too. But when competitor A has match with competitor D, the winning rate of them is not 50%.
As the result, the winning rate of competitor A is 40%, which means the probability that competitor D beating
competitor A is higher than 50% and so it is not appropriate to think that the strength of competitor A and competitor
D is same. In general, we will think that competitor D is stronger than competitor A. But if we take into account
of the match between competitor B and A, D respectively, we will find that the winning rate with competitor B
of A is higher than that of D. The variation of the strength can't be explained here and this is the expression of
the advantage relationship. Competitor A and competitor D are the same type that one has very high attack and
low defense, so when they have a match, the one who has higher potential to attack will have higher probability
to win. However, the competitor B's counter-balance for attack and defense is pretty good so that he can deal with
any type of opponent. When battling with competitor B, competitor A who has higher defense than competitor D
will have more chance to win.
From the Figure 5 It is observed that the advantage relationship doesn't influence competitor C's performance
because its distance from the coordinate origin is very small. Competitor A, competitor B, and competitor D fits
the three-way deadlock model. The clockwise direction means the opponent that one is good at fight, and the
counterclockwise direction means the opponent that one is not good at fight.
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7. Conclusions
In this study, we collect data by simulation and prove that it's not only the strength that will decide the match's
result. We set three components of one competitor's advantage relationship into the x-y coordinates so that we can
see the relationship among competitors directly and clearly. We analyzed the data of four competitors with different
values of attack, defense, and luck and the result indicates the three-way deadlock relationship among competitor
A, competitor B, and competitor D. We estimated the three components of competitors' advantage relationship and
changed them into two dimensional the x-y coordinate system so that we can see the relationship more clearly
and directly. From the result, we know that there are two types of competitors in which one's performance isn't
influenced by the advantage relationship and the other is influenced by the advantage relationship. The former's
point in the x-y coordinate graph is very close to the coordinate origin. The direction can also explain the relationship
between two competitors. The clockwise direction means the opponent that one is good at fight (strong), and the
counterclockwise direction means the opponent that one is not good at fight (weak).
In future, we plan to improve the rule of the simulation to find the exact component that will decide the match's
result so that it can help coaches devise special strategies for the games competitively.
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Abstract
Recently, many Japanese companies have introduced face-to-face interviews in recruitment activities. However,
face-to-face interviews require significant workload for both candidates and companies. As a solution to reduce
the interview workload, the introduction of video interview has been in progress. With a video interview, the
selection process can be sped up since there is no time or place restriction. Moreover, multiple interviewers will
be able to watch this video anytime and numerous times. However, the evaluation of candidates may vary when
conducted by different interviewers. If there is variation in the evaluation, the quality of interviews cannot be
maintained. It is necessary to maintain the quality of interviews in order to secure high-quality human resources.
Therefore, in this paper, a candidate's word, voice and facial expression features are extracted from the video,
and their relationship with the interviewer's evaluation is analyzed in an effort to overcome this problem.
Explanatory variables from the extracted three features types were created and Lasso regression was performed.
The results indicate that the contribution rate is 0.64 and the fit of the regression equation may not be very good.
Keywords: video interview, word features, voice features, facial expression features, Lasso

1. Introduction
Video interview has been attracting attention in recent years. It can reduce the workload on both candidates
and companies in recruitment interviews. Many Japanese companies have introduced face-to-face interviews in
recruitment activities. However, a candidate’s abilities are difficult to determine in a single interview. As a result,
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more interviews are required. Additionally, for a candidate located far from the company extra time and cost are
required. Another problem is the recruitment staff shortage and its difficulty to adjust to a specific schedule. As
a result, face-to-face interviews require significant workload for both candidates and companies.
In recent years, the introduction of video interview has been in progress as a solution to reduce the interview
workload. In this study, video interview is performed as follows. First, a candidate uploads a video taken by himself
or herself to a specified posting form. Then, a company decides whether the candidate is suitable or not for the
job by viewing this video. As a result, the selection process can be sped up since there is no time or place restriction.
Moreover, multiple interviewers will be able to watch this video anytime and numerous times. Another advantage
is the convenience to determine candidate’s potential by viewing a video rather than examining submitted documents.
Although certain advantages are associated with video interviewing (as described above), there is still a problem
related to the absence of a unified evaluation standard. Consequently, the evaluation of candidates may vary when
conducted by different interviewers. If there is variation in the evaluation, the quality of interviews cannot be
maintained. It is necessary to maintain the quality of interviews in order to secure high-quality human resources.
Therefore, in this paper, a candidate's word, voice and facial expression features are extracted from the video, and
their relationship with the interviewer's evaluation is analyzed in an effort to overcome this problem. The ultimate
goal is to create a system capable of assisting hiring decisions.
There are several studies on recruitment interviews. Naim et al (2018) [1] quantified the success factors related
to job interviews using predictive models. These models based on automatically extracted features, which take into
account both verbal and nonverbal behavior. In their study, they recorded a face-to-face mock video interview
conducted for the Massachusetts Institute of Technology students whose native language was English. Using such
video, the Amazon Mechanical Turk worker evaluated 16 traits, such as how long a smile lasted and whether the
interviewees were concentrated, in addition to the total score. The features used in this predictive model were
prosodic features (such as pitch and intensity), lexical features (such as word categories defined by the Linguistic
Inquiry Word Count), and facial features, including smiles and head movements. The model was trained with the
support vector regression (SVR) and Lasso. The results showed that the concentration was the most correlated feature
within the overall rating. Moreover, the accuracy of the model was evaluated by the correlation coefficient between
the true evaluation and the predicted evaluation in the test set, and both models were capable of predicting some
traits at 0.70 or higher.
Tripathi et al (2018) [2] created a predictive expert system for predicting the employment potential and evaluating
various candidate traits during job interviews. In this study, a face-to-face mock interview with college students
was conducted. Audio features (including pitch and intensity), language features (such as word categories including
positive/negative), and visual features (such as facial expressions, gaze, and head movements) were extracted, and
they were used as a prediction model. The model used SVR, Lasso, and Ridge. During the comparison of the mean
square error between the actual and predicted evaluations, SVR was found to be the most accurate.
Moreover, Yamauchi et al (2018) [3] used the same data as in this study, and they focused on the candidates’
facial expressions. First, they proposed a method for assessing the scoring ability of three interviewers using the
item response theory (IRT). Then, they extracted facial expression features using a facial expression analysis tool,
and analyzed the relationship between the facial expression features and the evaluation value of the smile integrated
by IRT.
In related studies, most of the features used in the predictive model were averaged over the entire duration of
the video. Additionally, the video was a face-to-face mock interview recording. In previous study, the authors focused
only on facial expressions. In this study, interview videos in actual hiring are used, and facial expressions and voice
when a certain word is spoken are analyzed to create a predictive model, which spans multiple features. The
candidates’ native language is Japanese. The flow of this study is presented Fig. 1.
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Fig.1. The flow of this study

2. Methods
2.1

Dataset Description

Video data of 100-candidate interviews and their audio data, and evaluation data provided by three interviewers
for each video were used. The video recorded a candidate’s answers to questions set by the company. Video
interviews were conducted for three job types, i.e., cafe, restaurant, and call-center related jobs. The main question
was "Please appeal yourself within one minute." The evaluation included a five-level value of smile, tone, gaze,
content of statement, and relation of the statement content with facial expression. Moreover, a binary value
determining whether the candidate is suitable or not for the job, was used. Additionally, comments to the candidates
and stop seconds were included if the video was not watched until the end. Features for each video data were
extracted.
2.2

Feature Extraction

Word Features. Initially, a voice-recognition tool was used to obtain text data from the video. This tool is the
voice-input function of Google Docs [4]. Transcribing was performed by opening the document, starting the
voice-input function, and playing the video on the computer.
Subsequently, Morphological analysis was performed as preprocessing for the sentiment analysis. Morphological
analysis is a method, which is mainly used as preprocessing, in the field of natural language processing. In this
method, a sentence is decomposed into morphemes (the smallest unit in which a word has a meaning) based on
the grammar of the target language and the speech part of the word. The text data were categorized by sentiment
analysis, which determines whether the words contained in the text data are positive, negative, or neutral and
classifies them. In this study, the Japanese Sentiment Polarity Dictionary was used to determine the emotions of
words. One dictionary for nouns [5] contains approximately 8,500 words, and another dictionary for verbs and
adjectives [6] contains approximately 5,000 words. Here, Positive is represented by “p,” negative is represented by
“n,” and neutral is represented by “e.” These are called polarities. The open-source morphological analysis engine
MeCab [7] was used to divide the text into morphemes and determine the polarity of the words by matching with
the Japanese Sentiment Polarity Dictionary. MeCab was also used to fix the verbs in the text into the prototype
during the determination of the verbs’ polarity. This is because the verbs are written in the prototype in the dictionary.
In this way, the polarity of the words detected by matching with the dictionary can be used as word features.
Voice Features. A candidate's voice intensity and pitch during speaking the words detected by matching with the
dictionary were extracted as voice features. The open-source audio analysis software Praat [8] was used for this
purpose.
Initially, the time during which a candidate speaks the words detected by matching with the dictionary was estimated
using the utterance section of the video and the number of characters in the text. Praat was used for estimating
the utterance section. As shown in Fig. 2, the utterance section is represented by the yellow part, whereas the silent
section is represented by the white part. Thus, it is possible to estimate in which part of the audio data the candidate
speaks. Based on this result, the utterance section from the original audio data was extracted and combined using
Pydub [9], which is a Python library capable of processing audio data. New audio data were created from the
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utterance section only. The number of characters was obtained using MeCab. MeCab is capable of analyzing the
part of speech and kana (the Japanese syllabary) of each word when performing morphological analysis. In this
way, text data were converted into kana, and the number of characters was calculated. The number of seconds
per character based on the duration of the utterance section only was also calculated with the number of characters.
Additionally, the time during which a candidate speaks each word was estimated. Finally, the start- and end-time
of each word’s utterance were also estimated.
Next, the audio data of the utterance section only were analyzed using Praat, and the intensity and pitch every
0.01 seconds were estimated, as shown in Fig. 3. From the estimated values, the intensity and pitch were extracted
when the candidate spoke the detected words, and the average value of this section was calculated. Additionally,
the average value of the intensity and pitch of the entire video were calculated along with the difference between
that value and the average value of the section in which the candidate spoke the detected words. These four values
were used as voice features.

Fig.2. Estimation of a candidate’s utterance
sections using Praat (Yellow part: utterance
section, White part: silence section

Fig. 3. Estimation of a candidate’s voice intensity
and pitch using Praat (Green line: intensity (dB),
Blue line: pitch (Hz))

Facial Expression Features. Microsoft Azure's Face API [10] was used for extracting facial expression features. This
API is capable of detecting the position of a person’s face in a still image and estimating the gender, age, presence
of glasses, or makeup. It is also capable of calculating the probability that the face exhibits one or more of the
following eight expressions: anger, contempt, disgust, fear, happiness, neutrality, sadness, and surprise. Facial
expression data were used in particular. Since the API analyzes a still image, it cannot be used to analyze a video.
Consequently, frames were extracted from the video every 0.1 seconds and analyzed.
The facial expression data extracted from the videos using the Face API were obtained from [3]. The data studied
in [3] were obtained from the same videos. An example of each facial expression ratio obtained from a candidate
are shown in Fig. 4. Based on the facial expression data, the facial expressions were extracted for the section during
which the candidate spoke the words detected by sentiment analysis. The average value of each section for the
eight facial expressions was used as features.

Fig. 4. Estimation of a candidate’s each facial expression ratio using Face API

2.3

Analysis

Variables Description. Explanatory variables from the extracted three features types were created. These variables
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are the average values of four voice features and eight facial expression features for each of the three word polarities,
which are word features. Thus, 36 explanatory variables can be created for one video. Eighty-six video data from
which the features could be extracted without problems were used in the analysis. The average value of the total
score of 5 items for 3 interviewers along with the value that integrated the total score using item response theory
(IRT) were prepared as response variables. IRT, which is also called modern-test theory, can be used to estimate
the ability value of the examinee and the difficulty of test questions statistically and simultaneously based on the
answer results. In this study, IRT was applied by replacing the interviewers with the test questions, and the candidates
with the examinees. The IRT value used was obtained from [3]. Thus, 2 response variables and 36 explanatory
variables are available. A list of these variables is presented in Table 1, whereas the numbers corresponding to
the explanatory variables are presented in Table2. For example, “p_intensity” indicates the intensity that a positive
word is spoken.
Exploratory Analysis. A scatter-plot matrix and a correlation matrix for all combinations of two variables were created
to investigate the relationships seen between multiple variables at once.
Regression Analysis. To investigate the relationship between the extracted features and evaluation, multiple regression
analysis and Lasso regression [11] was performed. The Lasso regression is a type of regularized linear regression.
The regularization constrains the model to prevent overfitting. As can be observed from Eq. (1), in this method,
the sum of the coefficients of each explanatory variable is minimized respect to the cost function used in multiple
regression analysis. In Eq. (1),

is the number of data,

is the coefficient of the explanatory variable, and

is the response variable,

is the explanatory variable,

is the set parameter.

(1)
Lasso regression performs L1 normalization. As a result, some coefficients have zero values. Thus, it is possible
to select variables at the same time as the model selection. It is necessary to set the value of the hyperparameter
in regularization. In this study, the optimum value for

was obtained by conducting quadruple cross validation

and grid research at 0.1 intervals in the range
. Furthermore, since the data units
need to be aligned, standardized explanatory variables were used. Finally, the residuals were examined.
Table 1. Variables description
Response variables
total
total_IRT

The average value of the total score
The value that integrated by IRT

Explanatory variables
p_*

When positive words are spoken,

e_*

When neutral words are spoken,

n_*

When negative words are spoken,

＊=

＊=

intensity
pitch

Voice intensity

dis

Disgust expression

Voice pitch

fea

Fear expression

Difference from the average
diff_intensity
value of voice intensity

hap

Happiness expression

Difference from the average
value of voice pitch

neu

Neutral expression

ang

Angry expression

sad

Sadness expression

con

Contempt expression

sur

Surprise expression

diff_pitch
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Table 2. Explanatory variables index

Num Name

Num Name

Num Name

0

p_intensity

12

e_intensity

24

n_intensity

1

p_pitch

13

e_pitch

25

n_pitch

2

p_ang

14

e_ang

26

n_ang

3

p_con

15

e_con

27

n_con

4

p_dis

16

e_dis

28

n_dis

5

p_fea

17

e_fea

29

n_fea

6

p_hap

18

e_hap

30

n_hap

7

p_neu

19

e_neu

31

n_neu

8

p_sad

20

e_sad

32

n_sad

9

p_sur

21

e_sur

33

n_sur

10

p_diff_intensity

22

e_diff_intensity

34

n_diff_intensity

11

p_diff_pitch

23

e_diff_pitch

35

n_diff_pitch

3. Results and Discussion
Exploratory Analysis Results
Initially, the scatter-plot matrix and the correlation matrix were created. From the scatter-plot in Fig. 5, some
outliers with negative facial expressions, such as anger and disgust can be observed. However, these were not
removed from the analysis because they can be considered as a value. The correlation matrix indicates a positive
correlation for red and a negative correlation for blue, and the stronger the color the stronger the correlation is.
From Table 3, it can be observed that the expression of happiness exhibits a positive correlation with the response
variables regardless of the word’s polarity. It can also be observed that the expressions of neutral when positive
or neutral words are spoken exhibit a negative correlation with the response variables. Additionally, focusing on
the correlation between the explanatory variables, a negative correlation between happiness expression and neutral
expression can be observed regardless of the word’s polarity. Furthermore, there is a positive correlation between
happiness expression when positive words are spoken and happiness expression when neutral or negative words
are spoken. The same trend was observed in the case of neutral expressions. These results show that the data have
multi-collinearity. Therefore, they must be taken into consideration when performing regression analysis.

Fig. 5. Scatter-plot matrix (excerpt) (Left: scatter plot of total and p_dis, Right: scatter plot of total and e_ang)
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Table 3. Correlation matrix (excerpt)
p_hap p_neu e_hap e_neu n_hap

3.2

p_hap p_neu e_hap e_neu n_hap n_neu

total

0.65

-0.67

0.65

-0.46

0.3

p_hap

1

-0.98

0.85

-0.69

0.43

total_IRT

0.56

-0.57

0.56

-0.52

0.3

p_neu
e_hap

-0.24

-0.98

1

-0.84

0.71

-0.41

0.26

0.85

-0.84

1

-0.7

0.45

-0.21

e_neu

-0.69

0.71

-0.7

1

-0.32

0.27

n_hap

0.43

-0.41

0.45

-0.32

1

-0.013

n_neu

-0.24

0.26

-0.21

0.27

-0.013

1

Analysis Results of the Relationship between the Extracted Features and Evaluation

Multiple regression analysis was
Table 4. Multiple regression analysis results (excerpt)
performed using the average value of the
overall score as the response variable and
Standard
Standardization
Coefficient
t
P>|t|
all 36 explanatory variables. The analysis
error
coefficient
results are presented in Table 4. This model
Intercept -1026.97
1921.01 -0.54 0.6
5.11E-15
is not considered as a good fit for a
p_intensity
-0.15
0.31
-0.48 0.63
-0.264
regression equation because the standard
p_pitch
0.001
0.05
0.03 0.98
0.019
error is large for some explanatory
p_ang 1306.93
1964.79 0.67 0.51
0.923
variables. At this time, the contribution rate
p_con 1068.45
1921.15 0.56 0.58
2.319
was 0.71. Since variables were not selected
in this analysis, multi-collinearity was
considered. Thus, Lasso regression was performed next.
The Lasso regression was performed using all data and the data related to women only, and the average value
of the overall score was used as the response variable. The analysis of the data related to men only was not possible
due to lack of data. The results are presented in Table 5 and Fig. 6. In Fig. 6, the vertical axis is the coefficient
magnitude, whereas the horizontal axis is the explanatory variable index. It can be observed that the larger the
absolute value of the coefficient, the higher the importance is. The case of all data is represented by the blue plot,
whereas the case of data related to women only is represented by the orange plot. In Fig. 6, the 7th variable, which
represents the neutral expression when positive words are spoken, has a large negative influence in both cases. The
18th variable, which represents happiness expression when neutral words are spoken, has a positive influence in
both cases. For all data, the pitch when neutral words are spoken has a large positive influence. However, since
the pitch differs between men and women, it must be considered separately. Additionally, in the case of data related
to women only, it can be observed that the intensity when positive words are spoken has a positive effect.
Furthermore, Lasso regression was performed using the values integrated by IRT as the response variable. The results
are presented in Table 6 and Fig. 7. Although the trend is similar to the case where the response variable is the
average value, the contribution rate is significantly reduced. The mean square error cannot be simply compared
because the scale of the response variable is different.
Table 5. Lasso regression results
(Response variable: average values)
Number of selected
variables

Table 6. Lasso regression results
(Response variable: values integrated by IRT)

Contribution Mean square
rate
error

Number of selected
variables

Contribution Mean square
rate
error

All

16

0.64

4.9

All

8

0.39

0.56

Women

8

0.62

5.26

Women

2

0.42

0.48
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Fig. 6. Coefficient magnitude
(Response variable: average values)

Fig. 7. Coefficient magnitude
(Response variable: values integrated by IRT)

Finally, the predicted values were calculated from the model for the case of using all data with the average
value as the response variable, and the residuals were obtained. The scatter plot and the residual histogram are
shown in Fig.8. The scatter plot shows no deviation such as linearity or periodicity. However, the histogram shows
that the distribution is centered around 0, but it cannot be considered symmetric. This is probably due to outliers.

Fig. 8. Residual scatter plot and histogram

3.3

Discussion

From the above results, it can be observed that especially when positive words (such as strengths) are spoken,
the candidates with a neutral facial expression (that is, a straight face) were evaluated lower during the interviews.
It can also be observed that when neutral words are spoken, the candidates with a happiness facial expression (that
is, a smile) were highly evaluated. Regarding women, the candidates with a loud voice when positive words are
spoken are highly evaluated. However, it should be noted that the intensity may depend on the recording environment.
Moreover, since the contribution rate is not high, the fit of the regression equation may not be very good. In Fig.
7, there are some outlier-like points. If the cause can be figure out and these are eliminate, a better regression
equation may be obtained.

4. Conclusions
In this study, the features of candidates during job interviews were extracted, and those features affecting the
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evaluation were analyzed. Interview video and evaluation data were used in the analysis. Three types of word
polarities were extracted as word features, four estimated values (including voice pitch and intensity) were extracted
as voice features, and eight facial expressions were extracted as facial expression features. Based on these features,
explanatory variables were created, and Lasso analysis was performed using the average value of an interviewer's
evaluation as the response variable. From the analysis results, it was observed that a smile is important for raising
the evaluation. In contrast, when positive things are spoken, candidates with a straight face were evaluated lower.
One of the tasks required is the improvement in the accuracy of the extracted features. First, a morphological
analysis problem arises if a text contains proper nouns or new words. In this case, it will be unnaturally divided.
Next, the number of characters in the text may not be accurate because numbers and English words cannot be
converted into kana and remain as they are. Another problem is the gap between the estimated time when words
are uttered and the time when words are actually uttered in the video. If the accuracy of the extracted features
can be improved, it is anticipated that the accuracy of the model will also improve. An additional problem is that
filler words were not considered in the analysis. Furthermore, the evaluation of the model was insufficient. Therefore,
it is necessary to collect new data since the model was not verified with data different from the data created the
model.
As a future work, unified hiring criteria can be created if a system capable of assisting hiring decisions during
video interviews can be established. In the future, it is expected that artificial intelligence will be used for automatic
screening.
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Abstract
Daily management, which is generally practiced under the TQM umbrella, is one of the key techniques for
stabilizing the routine work processes and guiding the companies to accomplish the business plan. In education,
demand is continually growing to enhance student performance; therefore, it is necessary to deliver education as
effectively as possible. The purposes of this paper are to describe the analysis of the Daily Management approach
in education, particularly in teaching and learning, and to understand how it could enhance the process effectiveness
and stabilization in school. We designed two phases in implementing the Daily Management; firstly was a diagnosis
of the current practice of routine work management using open-ended questions. These questions were constructed
based on the SDCA cycle to achieve the purpose of Daily Management towards the process stabilization in
classrooms. From the diagnosis results through one case study school, it showed that the process flow of the
teaching and learning was partially clarified from a macro-level perspective. In the second phase, we created a
model of Daily Management for the classroom process as a total implementation. From the introduction of Daily
Management in school, it may provide a new perspective on effectiveness in the education process.

1. Introduction
Implementing Total Quality Management (TQM) across various markets has helped businesses reach their quality
target and stand as an organization to stay competitive in the marketplace. Quality is seen not only through the
quality assurance in the finished product or services, but also across all processes and means for achieving it.
According to Deming (1986), in the Deming 14 Points, which is to cease the dependency on mass production,
by concentrating on the betterment of the process, the measures will reflect the end products from the improvement
efforts. For large organizations that have various processes somehow might face issues such as the unclear procedure
in producing the final goods, or people in operation disobey the standard even if it is well established. Due to
that, those jobs carried out by workers did not achieve the target as planned, and it seems like the procedure is
ineffective in producing its output for the next process. Daily Management or nichijo kanri may overcome these
problems, and it is necessary to incorporate it in every process, job unit, and organization hierarchy.
In education, despite limited resources, demand is increasing to improve student performance continually; thus,
it is crucial to ensure that the educational process is effectively and efficiently carried out. Understanding the ways
of effectiveness measurement and process stabilization in education is exceptionally challenging because it deals
more with intangible elements in its services and results. Although the processes tend to be ‘repetitive’ daily, it
has a different set of activities every day. Ohno (1988) emphasized the sequencing of work and the work
standardization need to firstly create in order to improve further or eliminate most problem areas. In industry, if
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the equipment improvement comes first before equipping the workplace with standards, the manufacturing processes
will never be improved. On the other hand, Arcaro (1995) opined that a quality school creates such an environment
that enables everybody to bring in the measurable quality improvements in the work process. However, many
education professionals in schools fail in measuring the effectiveness of their efforts as they focus much on
problem-solving. In other words, it is impossible to improve things that cannot be measured. This study aims to
diagnose the current management of routine work in school and to implement the Daily Management for teaching
and learning (T&L) process in classrooms. This implementation is made possible further to improve the education
process through various kaizen activities and recognize potential problems in classrooms. It is a novel approach
to implementing the Daily Management method in the education process, which is improvised from the JSQC
standards; hence, the approach taken is deeply studied.

2. Literature review
2.1

Daily Management based on JSQC Standard

Guidelines for Daily Management in English version was established in 2014 by the Japanese Society for Quality
Control (JSQC), and it is officially translated from the original version of JSQC-Std 32-001:2013 written in Japanese.
The purpose of this document is to describe Daily Management as the whole activities effectively to achieve the
organization objectives in every job unit and as one of the main activities in quality management. The standard
extends to all types of organizations, regardless of having routine jobs such as in manufacturing business, or jobs
depending on situations such as in research and development (R&D). The basic concept of Daily Management is
clearly outlined and described in these guidelines with the instructions and procedures for implementing, including
promoting the Daily Management in the organization. Despite being appropriate for any form of organization, the
definition of the standard is more congruent with the manufacturing process as it is commonly used in industries
and more critical to be implemented in these fields. In order to incorporate Daily Management in other services
such as in hospitality sectors or education, it is vital to take into account the modifications and translation of the
jargon and fundamental philosophy. This standard provides general guidance with a description of the SDCA cycle
process, which is a crucial step for the implementation of Daily Management. The elements of the general way
of applying Daily Management in a single job unit are further outlined in detail, taking an example of the
manufacturing sector.
According to JSQC (2014), Daily Management is not referring to a regular daily task or routine job; it means
one of the TQM pillars with activities to make processes more effective. In TQM, the core activities are mainly
categorized into three types, which are maintenance-plus-enhancement, improvement, and innovation. From these
activities, SDCA (Standardize-Do-Check-Act) cycle is practically used in maintenance-plus-enhancement activities
to ensure the rotation of events in SDCA in achieving a certain performance level. Besides, the PDCA
(Plan-Do-Check-Act) cycle is used in policy management or hoshin kanri, which required to put improvement and
innovation for areas that cannot be covered by maintenance-plus-enhancement alone. Kubota (2008) argued that in
reality, there are many potential problems because PDCA and SDCA cycles are not rotating correctly to serve its
purpose. It is essential to understand the purpose and the relation between both cycles. Once a new goal is set
by policy management through the PDCA cycle, it will be managed by Daily Management by the SDCA cycle
to ensure the process stability. For a Daily Management fundamental process flow in a single job unit, there are
seven clauses available; i) clarification of the missions and the roles of a job unit, ii) analysis and deployment
of a job unit, iii) clarification of a job process, iv) standardization of the process, v) determination of control point,
control level, and visualization of abnormality, vi) detection and sharing of abnormality and immediate remedy, and
vii) root cause investigation and recurrence prevention for abnormality. When all the processes are practiced and
established in Daily Management, the company needs to have them ingrained. Concerning the SDCA cycle, clauses
i) to v) are categorized under the ‘Standardize’ while clauses iv) and v) are included in the ‘Do’ stage. For clause
vi), this is practiced under the step of ‘Check’, and clause vii) is classified in the ‘Act’ step. Several clauses overlap
somewhat, as the activities could be described across several SDCA means. These clauses shall be practices in a
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single job unit, which is the smallest administrative entity that performs a block of jobs, which usually involves
one manager and up to ten workers.
In clause i), there are two sub-clauses; ‘mission and role’, and ‘clarification of mission and role’, and in clause
ii) there are three sub-clauses which are a ‘what jobs are’, ‘methods to analyze and deploy a job’, and a ‘level
of the analysis and deployment’. In clause iii), there are two sub-clauses; ‘clarification of the process flow’, and
‘clarification of input and output of an individual process’, whereas there are six sub-clauses in clause iv) which
are the ‘identification of important factors and determination of the conditions’, ‘the development of standards’,
‘education and training’, ‘compliance and error prevention’, ‘revision of the standard’, and ‘management of changes’.
In clause v), six sub-clauses are available; ‘how to determine control points and control level’, ‘interval or frequency
of management’, ‘visualization of abnormality’, ‘registration of control point’ and ‘checkpoint’, while in clause vi),
three sub-clauses are clarified; ‘detection of abnormality’, ‘sharing of abnormality’, and ‘immediate remedy for
abnormalities’. For clause vii), there are three sub-clauses, which are the ‘utilization of information about timing
and time of the abnormality occurrence’, ‘type of abnormality and their causes’, and ‘investigating the root cause
of the abnormality’. Two sub-clauses must be pursued in having Daily Management embedded in the organization
to help the whole processes; ‘preparing and reviewing systems and tools’, and ‘building up the human resource
and culture of the workplace’. It helps to develop and establish the processes and system by incorporating all
activities in seven clauses that can achieve a certain degree of stability.
2.2

Management of routine work in education

The literature of management of routine work in education could be presented based on two perspectives; in
terms of quality management in T&L, and terms of educational effectiveness research in T&L. The researches related
to SDCA cycle or standardization is rarely found even for industrial context; this is due to the PDCA cycle is
getting more attention as it involves in hoshin kanri or kaizen in organizations, including educational institutions.
Focusing on the first perspective, Setthiya et al. (2015) emphasized TQM principles implemented through case studies
of three primary schools, and the authors applied the PDCA cycle in the design of a quality management system
for the schools. PDCA cycle was used as an open system consisting of four main elements; input, process, output,
and feedback. Chizmar (1994) focused on the management aspect of the T&L process, how the teachers teach their
students, and how they handle what students learn in the classroom. TQM was interpreted as the collaborative and
holistic application of the ideas from the industrial TQM model to T&L in a classroom; it requires translations
of several key terms. A teacher plays the role of a manager and student as a customer and employee of the T&L
process. Lawrence & McCollough (2004) described how student satisfaction guarantees could be used in the
classroom as a tool to implement TQM, while Pérez Rave & Muñoz Giraldo (2016) outlined the measurement of
the complimentary service so-called ‘use-of-classrooms-for-teaching–learning’.
For the second perspective, which is the effectiveness of the processes in school, such researches have begun
since 1966. Creemers & Kyriakides (2008) mentioned that school is viewed in a multilevel structure so-called
dynamic modelling; from the system level, school level, teacher level, and student level. Scheerens (2016) explained
that the educational system is a hierarchical structure, with loosely connecting the core processes at each level.
It starts from the bottom up, and the individual student at school in learning processes as a starting point. There
are various key factors of effective characteristics that could be explored to manage the process in classrooms, for
example, formative and summative assessment (Dixson & Worrell, 2016), a proper selection and arrangement of
the teaching materials and learning content (González et al., 2018), effective teaching (Muijs et al., 2014), and
classroom management (Garrett, 2014). Through the combination of the literature above, related elements need to
be standardized and managed appropriately to support the purpose of the process to ensure the effective flow for
transmitting knowledge or delivering instructions. For each year, these processes will continue; it starts from the
day of student enrollment until graduation.

3. Teaching and learning (T&L) process from a Daily Management perspective
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3.1

The Daily Management in T&L process at classrooms

As the core of the education process, emphasizing T&L helps to give appropriate focus on the more critical
process to start with a different approach view, which is Daily Management. Although the Daily Management method
is more congruent with manufacturing industries that identify each process individually for those processes involve
the final products or services directly or indirectly, it could be adopted in school education too. According to JSQC
(2014), in order to implement Daily Management, it should be practiced in every organization, especially in a single
job unit. In this paper, T&L is still treated as a set of activities through specific processes to change input into
output, whether it is seen at a micro-level or as in the entire education process, so-called as macro level. ‘Daily’
at micro-level means classroom activities in a day by learning through a specific lesson plan created by a teacher.
Students learn one chapter of a subject lesson in one classroom, completing the first chapter before they move on
to another chapter in the next classroom. On the other hand, macro-level means a student learns all chapters in
all classrooms, completing the syllabus for a particular grade in multiple subjects. Multiple process layers could
build the whole education process of T&L for one student in different stages; grade, classroom, and syllabus to
produce different outputs. Other than academics, students are encouraged to involve in activities such as
extracurricular activity (ECA) and co-curriculum activity (CCA), which generally falls outside the standard
curriculum as they have a positive effect on students’ achievement and performance, including their attendance
(Schuepbach, 2015; Kariyana et al., 2012; Oghuvbu, 2010). It is vital to recognize whether the method of teaching
is effectively delivered to students or not, through the agreed standards and processes in classrooms. Besides,
whenever the outcome is not following target, there must be indicators to detect the phenomena of abnormality.
If each of the process targets is recognized and stabilized in every classroom, any abnormalities could be detected
faster. Standardization helps to visualize the processes to achieve their target. It facilitates proper coordination of
the whole process from the input, process, and assessment to becoming output, which may also work as an input
of the next process.
SDCA stands for Standardize-Do-Check-Act, which is an essential cycle to manage and stabilize the daily process
in producing output. 'Standardize' is a step towards preserving the operations and essential factors that may affect
the core education cycle to ensure the desired outcomes are achieved. Teachers and school management must
determine the standards and ensure that everyone follows them. Ohno (1988) emphasized the importance of standards
before the process could proceed with kaizen as standards are a kind of basis for continuous improvement. ‘Do’
is interpreted as carrying out tasks in classrooms based on agreed standards. ‘Check’ means checking the results
obtained based on carried out tasks, whether they are in normal condition or have fluctuated out from the controlled
condition. There are times when agreed standards are not followed correctly, resulting in performance not according
to the desired outcome. This abnormality needs to be quickly detected for further investigation. ‘Act’ is a step towards
improving the condition determined in the ‘Check’ step, whether the agreed standards or the daily management
system itself require improvement to stabilize the T&L to get back to normal. When the processes through the
SDCA cycle is implemented appropriately, it will give the school another hint for kaizen by looking at elements
that need to be strengthened and may lead to better output in T&L.
Since education is an on-going process, it is vital to ensure the effectiveness and stabilization of the students’
performance, and its process is well managed from the time of student enrollment until their graduation. Before
the implementation of Daily Management into school education, a diagnosis of current practice may help to provide
a general view on the current status of management of routine work in school. Therefore, in the first phase, we
researched to diagnose the management of T&L in a classroom from the Daily Management view to understand
the process stabilization condition in current practice.
3.2

Diagnosis approach based on Daily Management in T&L process at classrooms

In the first phase, we used the diagnosis approach to assess the current management of routine work in school.
The approach is selected to see the causes, impact, and what could be done as remedial actions towards improvement
of the T&L process based on Daily Management. The organizational diagnosis may require working with the
organization as a whole and completing the understanding of a system to obtain the type of data, how to collect
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the data and how to feed it back to the organization system to promote understanding (Alderfer, 1980). Some
terminologies in the general Daily Management of JSQC standard are improvised to the school context to provide
the understanding and familiarize people in school, and some of them are maintained based on understanding as
stated in the standard. We believe that school already has a certain degree of quality management in their daily
practice, and Daily Management is a more systematic approach from the TQM viewpoint to enhance the current
process further.
Important terminologies are explained accordingly. Standard means the agreement or document in a process as
a procedure or means to carry out a job. For this terminology, it is maintained as the school milieu easily understands
it. For example, the common standards being used in school are curriculum, syllabus, and the scheme of work,
and lesson plans. Control point means the item selected as the rating scale to manage the achievement of the
objective. For example, in the production line, it could be a percentage of defects in the process. For this terminology,
it is improvised for further understanding in the school context, as the ‘specific target value’―for example, the
students’ average test scores. Control level means the value or range of which the process is in stable or planned
condition for the control point mentioned previously. For example, based on ‘a percentage of defects’, the control
level is ±5%. For this terminology, it is improvised for further understanding in the school context, as the ‘specific
target value range’. For example, ±10% of students’ average test scores are decided as the indicator to detect
abnormality occurs in the processes. Abnormality means a phenomenon or state where the process is not under
the controlled condition. The control condition is when the process is in stable condition at the desired level. It
is the opposite condition of normal, and for this terminology, it is maintained.
Table 1: Questions for diagnosis of actual practice in T&L in a classroom

Segment

1

Means to perform the
tasks in classrooms

2

Determination of specific
target value and its range
of task for abnormality

3

Example of the
classroom tasks
implemented according to
standards

4

Example of classroom
tasks/cases which is out
of its specific target
range (abnormality)

Detail diagnosis
1.1 What is the specific target to be achieved for the task?
1.2 Is the process flow of the tasks carried out in classrooms are
clarified?
1.3 What kind of standard documents being used in the classroom to help
lesson delivery and management of the classroom flow?
1.4 Are the training and education in place to carry out standards in
classrooms?
2.1 Is there any specific target value decided for abnormality detection?
2.2 Is there any range for specific target value decided for abnormality
detection?
2.3 How frequent is the 'specific target value, and its range' is checked?
3.1 Is classroom task implemented based on the agreed standards?
3.2 Are the necessary records left/kept?
3.3 Do the specific target value, and its range grasp the implementation
results?
4.1 Example of classroom tasks/cases which is out of its specific target
range.
4.2 What kind of countermeasure or remedial activities been taken?
4.3 What is causing the problem?
4.4 What kind of recurrence prevention measures has been taken?

There are four segments of questions; Segments 1 and 2 describe the ‘Standardize’ step, Segment 3 is ‘Do’
step, and Segment 4 is ‘Check’ and ‘Act’ step, as shown in Table 1. Segment 1 describes the means or procedures
to perform the tasks in classrooms in particular, including its specific target. In this segment, investigation covers
whether the process flow involved in the creation of output in the classroom, including standards. For Segment
2, it diagnoses the abnormality occurrence. Abnormality happens when there is a state in which the process is not
under controlled conditions, and it occurs when teachers or students do not follow standards in the T&L. For Segment
3, diagnosis is made towards the condition of whether the process is implemented according to standards or not.
The teacher shall carry out classroom lessons and tasks following standards agreed upon during the ‘Standardize’
step. Lastly, Segment 4 mentions the abnormality management by selecting one example of the existing classroom
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tasks, which was out of a specific target range. The type of measures taken to resolve the problem is investigated
and examines the problem root cause, whether it is due to the problem during the planning of standardization, or
the failure in the implementation process.
For an in-depth analysis of the diagnosis approach, a case study of an international school in Japan is chosen,
and this school is on a path to incorporate TQM in their school system. A case study method is used to understand
the complex social phenomenon and to enable researchers to retain the holistic and substantive characteristics of
real-life events (Yin, 2003). We chose one classroom from the secondary school grade and one subject to see how
the current practice is carried out. The document inspections are employed for data collection to clarify the current
documents and practice.
3.3

Findings of diagnosis approach analysis

The chosen case study school has successfully established its operation management upon earning the certification
in ISO 9001:2015 in 2018. The school provides multiple curricula as an education program such as the Central Board
of Secondary Education (CBSE), Cambridge International General Certificate of Secondary Education (IGCSE), and
International Baccalaureate Primary Years Program (IB-PYP). As in 2019, the total number of students is 799, which
covers from kindergarten until senior secondary grade. Document screening and analysis were conducted to better
understand the whole process in academics and assessment of student performance based on the open-ended questions
in the research design. Mathematics is selected as a subject, and Grade 9 students are chosen in this research for
in-depth analysis. Generally, subjects taken by Grade 9 students include English, mathematics, science, social science,
information technology, and second languages. Besides, students also engage in ECA and CCA to learn non-academics
skills such as sports and arts. The teacher who teaches students in the classroom, particularly in mathematics, delivers
lesson plans based on the syllabus he or she created earlier on a monthly or weekly basis according to the curriculum.
This specific learning cycle in mathematics could be screened from the macro-level, which means that a student
learns all the chapters in classes, completing the Grade 9 mathematics syllabus. When this is deemed to be a complete
process, the next process will be the Grade 10 mathematics in Grade 10 classroom lesson. Grade 9 students must
complete formative assessments based on lesson plans to evaluate understandings through learning and summative
assessment, such as midterm and final examination, in order to get a final assessment of how much learning has
taken place. As in the larger picture, students must undergo all subjects and assessments listed for Grade 9 to complete
Grade 9 in one academic year. The whole cycle begins when a student enrolls in Grade 1 and takes all subjects
and is assessed before moving to Grade 2. Currently, there is a flow known as the teaching process being implemented
at the school, as shown in Figure 1.

Make the plan for the
syllabus to be covered in
following week on the last
working day of the week

Preparation of monthly
syllabus based on the
prepared yearly syllabus

Monitor syllabus coverage with
respect to plan on regular basis and
also through random class
observation by HOD, etc.
*Correct the notebooks of the
students during the week/ after
completion of a unit

Submit monthly
syllabus and weekly
plans to the Vice
Principal

*Verify understanding of the students by asking
questions on the lesson/ through worksheet,
solving examples by ensuring all types of
students are covered
*Conduct tests and /
or examination as
planned

*Evaluate
performance

*Prepare worksheets/
teaching aids wherever
required

*Conduct class room
activities as per plans

Update parents on the
evaluation report of students

Figure 1: Current practice of teaching process

In Figure 1, the entire process is not a comprehensive micro-level-based flow and could be further defined by
taking Grade 9 mathematics as the subject of the classroom process. On the other hand, the school identifies training
needs for teachers based on performance appraisal and training needs analysis, whether under in-house or external
training courses. Teachers are required to undergo training before carrying out classroom activities and are equipped
with sufficient education related to standard documents or essential factors in supporting the T&L. The school has
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a systematic process controlled and maintains its quality through the result-oriented system, aligned with its
fundamental faith in core values in managing the education. The student outcomes are analyzed based on the
evaluation performed periodically, such as the March final exam, June and November periodic test, and September
mid-term exam. The results obtained are on average of total students in a classroom and are compared by subject
and by an individual student. It will monitor whether the student result increases or decreases from one assessment
to another. According to current practice at the case study school, when the line trend of the recent three assessment
marks is decreasing, the ‘abnormality’ is visualized. In the next assessment, the teacher forecasts a target for the
student to get a higher mark from the straight-line pattern. With this system, it helps students analyze their scores
throughout time, and it allows students to score early predictions before entering a higher grade, which is more
challenging.
Overall, the results from the diagnosis approach indicate that the Quality Management System for the school
has helped the school understand, monitor, and handle the process that includes student performance. However, to
ensure the process effectiveness in T&L, the process-oriented activities management shall be considered more than
the result management, as it may stabilize the whole related process in producing the output. It could be viewed
not only in the macro-level perspective but also through the micro-level, which is by each process involved in T&L
in classrooms. As improvement ideas for further stabilizing the T&L process from the micro-level perspective, it
is necessary to design a model of Daily Management for the T&L process in classrooms.

2. Daily Management model for school education
2.1

Daily Management: a model for process stabilization in T&L at classrooms

A model for T&L process stabilization in classrooms is designed for the usage in the core process of education.
It is modified from the JSQC Standard and made congruent into the educational context, particularly in the
classrooms. The model is created as a diagram with a table to explain the contents further. In Figure 2,
Standardize-Do-Check-Act is called as ‘step’, ① to ⑨ is called as ‘element’, and 1.1 to 9.2 are called as
‘sub-element’. In this model, ‘clause’ and ‘sub-clause’ are modified into ‘element’ and ‘sub-element’ to show the
components’ characteristics of the activities. The total of nine elements and twenty-five sub-elements are further
described in Table 2. The SDCA cycle will keep repeating until it is established. For this, element ⑨ is vital
to ensure that Element ① to ⑧ are well maintained; thus, the efforts for system reviewing, human development,
and creating cultures are important. Overall, the
purpose of the model is to enhance process
effectiveness in education processes through
standardization activities based on the SDCA
cycle. This model helps to stabilize the
processes in producing output and the output
itself through recognition, visualization, and
management of important related factors and
activities. Besides, it is to improve effectiveness
in T&L processes in classrooms based on lesson
delivery, students’ assessment, and target output,
including the abnormality recognition, through
the management of standards. As a long term
goal, through the implementation of this model,
it helps to ingrain the quality culture among
school staff in specific and entire school
processes. The model scope is mainly for the
usage in the T&L that happens in the classroom
Figure 2: A model of Daily Management for T&L process stabilization in
and focuses on
teacher
and school
classrooms
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administrators as the process owners.
Table 2: A guideline for implementation of Daily Management in T&L process at classrooms

Element
① Clarifying mission and
roles of tasks as
classrooms
② Analysis and deployment
of tasks in classrooms
③ Clarification of processes
in classrooms

④ Standardization of
processes in classrooms

⑤ Determination of specific
target value and its
range when a target is
not met (abnormality)
⑥ Carrying out tasks of
T&L in classrooms
⑦ Detection and sharing of
abnormality and
immediate remedy

1.1

Sub-element
Define mission and roles (**)

1.2 Clarification of a mission and role align with school mission (**)
2.1. Definition of what tasks are (**)
2.2 Methods to analyze and deploy a task (**)
2.3 Level of analysis and deployment (**)
3.1 Clarification of T&L process flow
3.2 Clarification of input and output of individual classroom process
4.1 Identification of important factors
4.2 Developing the standards used in classrooms
4.3 Education and training
4.4 Compliance (**)
4.5 Revision of the standard (**)
4.6 Management of changes (**)
5.1 How to determine specific target value
5.2 How to determine specific target value range
5.3 Frequency of management (*)
5.4 Visualization of abnormality (*)
6.1 Carry out according to agreed standards
6.2 Periodical observation whether T&L is carried out based on standards or
not (*)
7.1 Detection of abnormality
7.2 Sharing of abnormality (**)
7.3 Immediate remedy for abnormality (*)

⑧ Root cause investigation
and recurrence
prevention

8.1 Investigating the root cause of abnormality

⑨ Make Daily Management
ingrained in the school

9.1 Preparing and reviewing systems and tools (*)
9.2 Human Resources development and building up a culture of the
workplace (*)

Note: The priority is classified into three categories; ‘important element to achieve its purpose’, ‘may give impact to achieve its purpose’
which is marked as (*) with light grey row, and ‘may give impact to achieve its purpose, but less important’ with (**) mark in the
dark grey row.

2.2

Generation of the new model for Daily Management in T&L process

This model is generated from the general guidelines from JSQC Standard, explained in section 2.1. This model
is a combination of two criteria of the general model; the fundamental of Daily Management, which includes the
SDCA cycle with its single element definition, and the elements under a general way to implement the Daily
Management in a single job unit. When the elements are combined, a single diagram with a description table is
designed, and those overlapped elements that appeared in the model is positioned at the appropriate step to make
it more comprehensive. The next step is to identify each element for every SDCA step, which is relevant to education
processes, and to prioritize the elements based on education processes. The translation of the general processes into
educational terminologies and understanding to suit to T&L process in a classroom setting is the most critical step
in the creation of this model. Some elements are irrelevant to the education process, and those elements are not
indicated in this model. Some sub-clauses mentioned in section 2.1 such as ‘registration of control point’,
‘checkpoint’, ‘utilization of information about timing and time of the abnormality occurrence’, and ‘types of
abnormality and their causes’ are not included in this model as it is not relevant to the school education process
in classrooms. Moreover, several sub-clauses, which include irrelevant practice in education is also eliminated, such
as ‘error-prevention’ in sub-clause 4.4 and ‘compliance’ is remained for adoption.
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The prioritization is an important step in creating this model, and further explanation is explained in section
4.3. For the ‘Do’ step, since it is overlapped with Standardize step as the elements are about carrying out activities
based on agreed standard, it is located independently as element ⑥ to give a better understanding of what should
be done in ‘Do’ step. Furthermore, once all the processes are established in Daily Management, it is necessary
to make it ingrained in the organization, and the process is clarified under element ⑨. Based on the diagram and
description table, the elements and sub-elements are renumbered to ensure the easiness of following this model and
understand which elements are more priority to be carried out to achieve the purpose of the Daily Management
model. In this model, activities carried out in the classrooms is called a task, and multiple types of task in a sequence
is called a process. In order to effectively use this model in the T&L process in classrooms, the prioritization needs
to be set. The understanding of Daily Management based on macro-level perspectives is clearly explained in section
3.3, and the model further describes based on the micro-level view. Therefore, the priority is essential to allow
sufficient time and readiness for school management and administrators to implement it at a more consistent speed
gradually.
2.3

Prioritization of elements to achieve process stabilization in T&L

In the education process, the involvement of humans is the main criteria to be accounted for in the daily routine
work. Although it is a repetitive process daily, the content of each process is not the same. T&L processes are
not the same as an assembly line. Both are interactive processes between teachers and students; therefore, the
procedures cannot be set in a step-by-step way as those for an assembly line. The teacher enters classroom and
teachers’ students about a particular chapter that already prepared in the lesson plan, and the environments of the
classroom are not always in the same setting based on the feedback from students, the participation of students,
and the tasks decided by teachers for the lesson. Kwan (1996) explained that both teachers and students are human
beings whose behavior is subject to different motives, fluctuation in emotion, as well as an individual style of
interpersonal skills. The action of one party is usually responding to the act of the counterpart. In Table 2, the
priority is classified into three categories; a) important element to achieve its purpose, b) may give impact to achieve
its purpose, which is marked as (*), and c) may give impact to achieve its purpose, but less important’ with (**).
Daily Management requires a long time to implement, especially in the Standardize stage, where many of the creation
of the standards takes a longer time. Although it seems time-consuming for this stage, as highlighted by Ohno (1995),
workers should start by following standard operations that available now, and as they proceed, the expectations
for improvements will arise from the aspects of the operation by incorporating new ideas. To further enhance the
quality management in education through process stabilization, the consideration of a micro-level perspective has
to be carried out. Based on this model, there are a total of twenty-five sub-elements to be carried out by teachers
and school administrators; thus, it seems time-consuming and too many things to consider at once. Ideally, schools
should implement all elements and sub-elements at once as it provides steps and sequences for each task. However,
we worry the struggles and efforts by teachers and school administrators stop at midways as there are many activities
to carry out at once. In this study, three categories of prioritization are introduced and foremost in education to
give a gradual penetration into the education system in more steady and consistent.
For a) category of ‘the important element to achieve its purpose’, ten sub-elements are categorized under this
prioritization category, and these are the minimum steps or activities that school may carry out in order to start
with the process stabilization in T&L in classrooms. Seven of the sub-elements are categorized under Standardize
steps, which could be described as the preparation steps before carrying out the daily process. For Do-Check-Act,
there is one sub-element for each step accordingly, as it is more to complete the SDCA cycle to see whether the
activities in the ‘Standardize’ step are adequately prepared or not, or the entire system of Daily Management needs
further improvement or not. This priority category contains the definitions of the T&L process based on micro-level
perspective; seeing each chapter lesson in every classroom as one process and further break it down into steps,
and become a process flow for one classroom lesson. In manufacturing, the prioritization might not be necessary
as the understanding of process flow and process-based approach is well known and fully grasp by the industrial
milieus. At the production line, every single step is counted to be included in process flow, and that is how standards
are created and expanded. However, in the T&L process, the idea of having a process flow itself is not commonly
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practiced as a teacher based on the written standard as a guideline and be more flexible to modify the lesson plan
depending on student response to carry out lessons (Boyd, 2012). In order to ensure process stabilization in T&L,
the prioritization may give ample time for teachers and school administrators to redefine the process flow as it
is one of the starting points for the next activities in Daily Management.
For b) category of ‘elements that may give impact to achieve its purpose’, six sub-elements are categorized
under this category. It is also essential to carry out these sub-elements after completing a) as it gives more
value-added to those elements. It gives more structure to sub-elements in a) towards a process stabilization in
managing quality in education. By implementing the sub-elements in b), everyone who involves in the processes
will experience the quality management in the daily system, and gradually it becomes a quality culture in the school.
For c) category of ‘elements that may give impact to achieve its purpose, but less important’, nine sub-elements
are categorized under this category, and by carrying out these activities, it will complete the whole activities in
the Daily Management model for the T&L process. The activities emphasize the comprehensive management of
routine work in classrooms, for example, clarifying the job purpose to align with school objectives. Elements and
sub-elements in this category are considered less priority based on the importance of the fundamental structure;
however, it helps to connect the links between each element. Furthermore, less priority definition is in terms of
a time frame to give school ample time to carry out more priority activities first. Towards the end, by implementing
sub-elements in c), the process stabilization in T&L will be more systematic and ease the monitoring. Several
elements are chosen for a detailed description in section 4.4.
2.4

Detail description of selected important elements in T&L process stabilization

Taking examples of three sub-elements, 3.1 in element ③ of clarification of processes in classrooms, and 5.1
and 5.2 under the element of ⑤ Determination of specific target value and its range when a target is not met
(abnormality). For the ‘sub-element 3.1: Clarification of T&L process flow’, the process flow is an essential element
to understand the entire tasks in sequencing steps when carrying out a lesson in a classroom. This step is one of
the fundamental processes to maintain operating conditions with important factors described in sub-elements 3.2
and 4.1; thus, the output is stable meets the requirements. Refer to Figure 3 for an example of a process flow
in the T&L process in a classroom, and it could be a general process for any lesson in a classroom environment.
From each step in this process, it can be seen that which step requires specific management, which later classified
as important factors in supporting the core processes of education. This process flow will be fundamental to the
next sub-element to further describe a process-based approach by clarifying input, work, and output of the T&L
process. In Figure 3, among all seven processes, 3), 4), and 6) seems necessary to be provided with further detailed
procedures or flow of standards. For instance, in process 4), the teacher may need to ensure the lesson plan, teaching
aid, pedagogy, and textbooks are systematically prepared and managed for a specific subject matter and chapter.
On the other hand, a T&L process is an approach of student-centered teaching and learning environment (Baeten
et al., 2013), it requires a standard for students, too, as we can see at process 6). In this step, students' understanding
is assessed through various formative assessment prepared by the teacher for the specific chapter’s lesson. For
instance, in Grade 9 mathematics, a student is completing chapter 1 of ‘number systems’. There are fifteen chapters
in the syllabus of one academic year for Grade 9 students, such as number systems, polynomials, and coordinate
geometry. In process 6), the formative assessments are carried out before the class ends. If this is considered as
the first process for Grade 9 students to learn mathematics, the next process is a chapter 2 lesson of ‘polynomials’.
Students can continue with ‘polynomials’ after they complete the lesson for ‘number systems’, and comprehension
assessment.
1) Enter
classroom

2) Check
attendance

3) Review
previous lesson

4) Carry
out lesson

5) Concluding
lesson

6) Assess
understanding

7) Leave
classroom

Figure 3: Process flow in T&L process in a classroom

For the ‘sub-element ‘5.1: How to determine specific target value’, and sub-element ‘5.2: How to determine
a specific target value range’, these are described together as it has a close relationship with each other for the
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detection of abnormality. The difference between non-conformance and abnormality has to be understood to carry
out these activities. Non-conformance is synonymous with defect or rejection that usually used in the manufacturing
sector, and in a school context, it could be described as a student failure in a test, unsatisfactory homework
completion, or absentee when a student does not come to school. For abnormality, it is the condition where the
output result is not within the controlled condition, or not normal. A school needs to understand the ‘normal’
definition in each process to understand further what abnormality is. In reality, although teachers and students have
followed standards accordingly, failure of students in tests or examinations will occur, and it is considered normal.
However, having non-conformance may not necessarily turn into abnormality as an abnormality is an independence
to non-conformance. This understanding is aligned with JSQC (2014), that there are four categories of scenarios
that may occur in the process with individual judgments of output and whether it is under normal condition or
not. The categories are i) when both non-conformance and abnormality exist, ii) when non-conformance exists, but
abnormality does not exist, iii) when non-conformance does not exist, but abnormality exists, and iv) when both
non-conformance and abnormality do not exist. Although the occurrence of failure of students in examinations is
considered normal, the teacher needs to identify how many failure numbers of students are 'allowable' and what
the minimum passing mark is, so-called as a lower specification (LS).
To detect abnormality in the T&L, we might see an example from the students' test scores management. A series
of tests performed in one classroom could be analyzed, and a graph plots the average test scores of the total students.
If the students' average test scores decline more than a specified minimum limit known as a lower control limit
(LCL), it indicates that there is an abnormality. If the average of total students’ test scores decreases but is still
above LCL, it is in the controlled condition, and the teacher can monitor further without putting much effort into
this area. The decision to define LCL is a crucial task to be accomplished in the 'Standardize' step, and the teacher
might put more effort into deciding on this element. From these examples, the understanding of Daily Management
for process stabilization has to be carried out according to the sequence and prioritization category to ease the
understanding and gain acceptance by teachers and school administrators. Although process stabilization in T&L
is time-consuming and requires untiring efforts from school milieus, it provides a new definition of a process-based
approach in classrooms.

3. Concluding Remarks
This study demonstrates the implementation of Daily Management in teaching and learning (T&L) processes
in classrooms to stabilize the processes in producing educational results. From the literature, we learned that research
of effectiveness in education has a long history, which can be seen from the perspective of educational effectiveness
research and the application of quality management in education. The main literature in this research is the JSQC
standard, and from this guideline, a more appropriate model for T&L is created and adopted. Two phases of approach
were designed; the diagnosis of current practice in the T&L process at a case study school, and the implementation
based on a new model of Daily Management for process stabilization in T&L processes in the classroom. From
the findings in the diagnosis phase, it showed that the T&L process, as in general flow, is carried out based on
a macro-level perspective, and it could be enhanced by adopting a Daily Management approach through a micro-level
view, which may help to manage the process as detailed as possible more systematically. From this experience,
teachers and school management will be given a new insight into how to identify, monitor, and manage the elements
with their intent to achieve target-based performance in a controlled environment. Once schools implement the above
model, it could help to stabilize the processes in classrooms, and from there, the classroom outputs are also stabled.
Bloom (2018) seconded that changing in focus to the process will cause the school to take a different view. A
more thorough review will be carried out for the next step to identify more problematic areas for change to strengthen
the existing education management system, and further kaizen activities could be considered. The main limitation
of this research is a single case study approach was taken, which result reported may not be generalized for other
institutions. However, since this study was conducted in a preliminary phase for this approach, it could be a starting
point for further empirical studies and suggesting more interesting themes.
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Abstract
Palliative care is attracting a lot of attention, and there are some attempts to promote it in Japan. For example,
investigative commissions for promoting palliative have been held continuously since 2016 by the Ministry of
Health, Labor and Welfare (MHLW). However, it is hard to say that palliative care becomes prevalent in Japan.
One reason for this matter is that no assessment system that is useful enough to evaluate it has been developed
yet. For example, the requirement of designated cancer hospitals is too abstract to evaluate hospitals correctly.
From these backgrounds, the objective of this study is to review the requirement of designated cancer hospitals,
in order to clarify the issues for improving it. The strategy of this study is to review the requirement of designated
cancer hospitals with an assessment frame based on the so-called logic model which is used in the evaluation
of electronic government in Japan. In this study, a five-stage logic model was used. Before reviewing, the methods
to review the requirement of designated cancer hospitals were specifically defined.
As a result, the requirement of designated cancer hospitals was reviewed with an assessment frame based on
the logic model. From the result, it is considered necessary to construct assessment criteria which can evaluate
outcome assessment.

1. Introduction
1.1 The definition of palliative care and attempts to promote palliative care
Palliative care is now collecting a lot of information all over the world. It attracts growing interest from policy
makers and governments and has been endorsed in a 2014 resolution of the World Health Assembly, which calls
for its integration into health systems and services globally.[1]
The definition of palliative care by the World Health Organization (WHO) is “an approach that improves the
quality of life of patients and their families facing the problem associated with life-threatening illness, through the

735

prevention and relief of suffering by means of early identification and impeccable assessment and treatment of pain
and other problems, physical, psychosocial and spiritual”.[2]
Early WHO palliative care focused on patients who did not respond to radical therapy and in the past, palliative
care was often treated as the final stage of care.[3] However, nowadays, it is widely recognized that palliative care
should be applied as soon as possible and provided for all chronic illnesses, which can ultimately be fatal, to the
greatest extent possible.
In response to these trends, the MHLW and the National Cancer Center (NCC) are leading efforts to promote
palliative care. MHLW has held a study group on further promotion of palliative care in cancer and other diseases
since 2016. The most recent review meeting was held in 2018. In addition, NCC and designated cancer hospitals
in each prefecture are providing training in the development of palliative care systems. Furthermore, under the
leadership of the Japanese Society of Palliative Medicine, registration of palliative care teams and self-check program
is in place.[4][5]
However, the prevalence of palliative care in Japan is considered inadequate. The Study Group on the Further
Promotion of Palliative Care of MHLW has asserted that 'There are disparities between facilities in terms of the
quality of palliative care provided to patients and their families.' and that 'About 30 to 40 percent of cancer patients
do not receive adequate relief from physical or psychological pain.' These imply that prompt and appropriate care
is not sufficiently provided for the various distresses that patients and their families experience during cancer care.
In the implementation of peer review of the palliative care delivery system, there is a need for further dissemination
of highly qualified palliative care.
1.2

Previous research

Designated cancer hospitals in Japan are hospitals that are determined by the MHLW. Its designation requirements
for hospitals to meet include palliative care assessment criteria currently used in Japan.[6] While assessment criteria
exist, there are some issues: 1) some of the items include unclear targets, with uneven coverage and uneven
granularity; 2) the evaluation items are not organized and duplicate questions are found; 3) some of the items are
found to be abstract and difficult to evaluate. Consequently, it can be said that there is room for improvement in
the requirement of designated cancer hospitals.
1.3 Objective
From this background, the objective of this study is to review the requirements of designated cancer hospitals
and to clarify their issues for improvement. This is because better requirements enable each hospital to specify
problems at the first stage and to conduct objective certification of palliative care, which is necessary for smooth
expansion of highly qualified palliative care. This study uses five classifications of stages called "logic model" to
clarify what the current requirements focus on and what they lack.

2. Method to review the existing assessment criteria of palliative care
The procedure of this research is as follows.
2.1

Extracting items related to palliative care

The requirements of designated cancer hospitals are obtained from the MHLW website. [6] From categories, the
requirements of local designated cancer hospitals are selected because it is the most basis ones.
In order to extract items related to palliative care, the items which includes “palliative(緩和)” either in statements
or in categories were selected. In the requirements, there are many items and not all items are related to palliative
care. Therefore, as per Fig.1, items which are not related to palliative care are removed and only items which are
related to palliative care are extracted.

736

categories

statesment

1 （１）③Radiation Therapy...

ア In regards to intensity-modulated radiation therapy...

1 （１）③Radiation Therapy...

イ In regards to advanced radiation therapy, such as nuclear...

：：

：

： ：

1 （１）⑤Palliative care...

ア Develop a palliative care team...

1 （１）⑤Palliative care...

ウ Periodic ward rounds and conferences should be held, and...

：：

：

： ：

1 （１）⑥Regional cooperation... キ ... the attending physician, the palliative care team, etc....

(a) The requirements
categories

statesment

1 （１）⑤Palliative care...

ア Develop a palliative care team...

1 （１）⑤Palliative care...

ウ Periodic ward rounds and conferences should be held, and...

1 （１）⑥Regional cooperation... キ ... the attending physician, the palliative care team, etc....

(b) Palliative care- related items which are extracted from the requirements
Fig. 1 Procedure to extract palliative care items from designated cancer hospitals

2.2

Defining the logic model of palliative care

In this study, the logic model is used to review the requirement, since it can clarify the requirement focus (e.g.
outcome, input), as well as the stage of each element [7] [8].
To classify items with logic model, the rule of logic model used in this study was defined as follows. The model
was composed of five elements: inputs, throughputs, outputs, intermediate outcomes, and final outcomes. The
definition of each element is below.
Final outcome. The final outcomes are patient-centered items that the hospital should aim for.
Intermediate outcome. The intermediate outcomes are the patient-centered items which is needed to achieve the
defined final outcome.
Output. The outputs include products produced in activities and processes which is delivered to patients, and policy
for hospitals to achieve. Specifically, the outputs include items below.
 "Have a system in place(体制を整備している)", "maintain a system in place(体制を確保している)"
 Number of patients (new and referred) and cases (number of treatments)
 Whether counseling is provided to patients
 Availability of initial prescriptions for patients by the palliative care team
Throughput. The amount of work or production done or created by the people and facilities invested by the inputs
is defined as throughput. Specifically, the following items should be considered.
Done item
 Examples of targets: training sessions, teaching, hospital rounds, conferences, etc.
 Examples of items: whether or not there is a call for or recommendation, participation rate, number of participants, number of completers, types of participants/completers, whether or not things are implemented, whether
or not information is shared, whether or not ingenuity is used, whether or not attendance is reported, and whether
or not rates are appropriated, etc.
Created item
 Examples of targets: palliative care maps and lists, methods, practice plans, means of providing information,
etc.
 Examples of items: presence or absence, awareness, utilization, uniformity, etc.
Others
 Items to be performed by the health care provider (e.g. appropriate advice)
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Input. The inputs include both tangible and intangible resources, such as funds and equipment invested to achieve
the outcomes. Specifically, the inputs include items below.
 Human resources: availability of personnel with specific roles and qualifications, such as doctors, nurses, link
nurses, pharmacists, etc. Items related to the number of people which is mentioned above.
 Equipment: presence of Palliative Care Unit, Palliative Care Center, Palliative Care Team, Palliative Care
Outpatient Clinic, Inquiry Desk, etc.
 System: Availability of an organization chart that incorporates the palliative care team or other information.
2.3

Classifying the requirements

With the definition of logic model mentioned in 2.2, the requirements are classified. If an item includes two
logic model stage, the items are divided into two items. After classifying, the items are rearranged in the order
of Inputs, Throughputs, Outputs, Intermediate outcomes, and Final outcomes. Also, the proportion of each stage
is calculated.

3. Result and Discussion
3.1 Result
Items which are related to palliative care were extracted from the requirements with the method mentioned in
2.1. After that, the extracted items were classified with the defined logic model of palliative care introduced in
2.2. Because there were no patient-centered items in the requirement, final outcomes and intermediate outcomes
did not exist. Some parts of the result were shown in Table 1. Based on the results, the input was 10.2 percent,
the throughput was 38.8 percent, and the output was 51.0 percent.
Table 1 The result of classifying requirements of designated cancer hospitals about palliative care (partial)
Raw-Data ID

Items

Logic model

To provide guidance to clinicians on the provision of palliative care and to consolidate information on the
palliative care delivery system to the palliative care team as defined in ア, It is desirable to have a link nurse

1 （１）⑤ ⅲ

(A nurse who is responsible for linking various specialized teams and committees with ward nurses and
others in a medical facility.) between the palliative care team and each department in the wards and outpatient
departments where cancer treatment is provided.

In addition to preparing hospital manuals for the purpose of alleviating symptoms of cancer pain and
dyspnea and the appropriate use of medical narcotics, we will also develop a manual for the following,
1 （１）① カ-1 develop an in-hospital critical path based on this and monitor the status of its use

Throughput

Throughput

1 （１）① キ

Cancer board (physicians with specialized knowledge and skills in surgery, radiology, radiotherapy, drug
therapy, pathology, and palliative care and other physicians with different specialties exchange opinions and
share cancer patient's symptoms, condition, and treatment policy) to provide more appropriate cancer care
according to the pathology of cancer patients. Conference for review and confirmation. (The same shall
apply hereinafter.) The conference shall be held at least once a month. The same shall apply hereinafter), and
shall be held at least once a month, after clarifying the entity responsible for implementing the conference.
When holding a Cancer Board, the following points shall be taken into consideration.

Throughput

1 （１）① ⅰ

The Cancer Board should include physicians from multiple departments in the practice that could be a
treatment modality (e.g., surgery, drug therapy, radiation therapy, etc.). Palliative care physicians and
pathologists are also encouraged to participate.

Throughput

1 （１）⑤ ⅰ

To hold ward rounds and conferences at least once a week on a regular basis to discuss appropriate
symptom relief. Information on the ward rounds and conferences should be shared with the attending
physician and ward nurses, etc., and participation should be requested as necessary.

1 （１）⑤ イ

In order to ensure that palliative care is provided from the time a person is diagnosed with cancer, to develop
a system in which palliative care is provided by all clinicians involved in cancer care.

Output

1 （１）⑤ ⅴ-2 To develop a system for prompt and appropriate mitigation in collaboration with the hospital's medical staff.

Output

ⅱ-2 To provide patients and their families with a policy of care regarding palliative care.
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Input

Output

To have a system in place to keep patients and their families informed about the local palliative care delivery
1 （１）⑥ ア-2 system at all times.

Output

2 （１）① オ

Output

Number of new intervention patients in the palliative care team: over 50 per year

Table 2 Proportion of each stage

Input

Throughput

Output

10.2%

38.8%

51.0%

Intermediate
outcome
0%

Final outcome

Total

0%

100%

3.2 Discussion
It was revealed that the requirements alone are not enough to assess whether highly qualified palliative care
was in fact delivered to the customers (the patients), because there are no items applicable to intermediate and final
outcomes. This may be because the requirement focuses on the process evaluation rather than outcome evaluation,
as they are the evaluation criteria for the introductory phase of palliative care. Therefore, it is considered necessary
to construct assessment criteria which include outcome evaluation. Also, the inclusion of outcome indicators would
allow us to consider the relevance of each item.
While there are items related to objective assessment of patients, such as the number of new intervention patients,
one issue is that there is no item on patients’ feelings or thoughts, for example satisfaction. Different from other
medical practices, palliative care considers the success of its implementation as highly dependent on the patients
Therefore, it can be said that including the patients’ impressions and thoughts are important.
Due to the high percentage of output compared to input and throughput, in the early stages, while the maintenance
of inputs is relatively easy and fulfilled, the outputs may be difficult to realize.
There are cases where multiple elements are included in a single item, so a comparison based on the number
of evaluation items alone is considered insufficient. Therefore, we propose it may be necessary to include a
comparison of the number of items, by aligning the granularity of the elements in the evaluation items.

4. Conclusion
With a defined logic model, the requirement of local designated cancer hospitals was reviewed. There were no
final outcomes or intermediate outcomes. It can be said that it is necessary to construct evaluation systems capable
of evaluating outcomes.
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Abstract
This paper considers a situation where multiple explanatory variables and multiple response variables are
observed from several populations. When observed data with multiple explanatory variables together with a single
response variable is available from the uncertain number of populations, a clusterwise regression analysis has been
proposed to obtain a reliable statistical model. In this paper, we propose “clusterwise multivariate kernel ridge
regression analysis” to analyze nonlinear data including both multiple explanatory variables and multiple response
variables from several populations. In addition, we provide a procedure for constructing a projective space to
visualize the analytical results from the clusterwise multivariate kernel ridge regression analysis. Finally, the
performance of clusterwise multivariate kernel ridge regression analysis is discussed through a numerical experiment
and a case study.

1. Introduction
Regression analysis is one of powerful statistical tools to estimate the functional relationships of explanatory
variables on a response variable in practical science. In fact, the framework of regression analysis appears in many
standard textbooks and academic journals of multivariate data analysis together with case studies.
Standard regression analysis is applicable to statistical data under the assumption that subjects of interest are
randomly sampled from a single homogeneous population. This implies that reliable results may not be derived,
when statistical data are generated from several heterogenous populations. To solve the problem, when we know
which population each subject belongs to, we often introduced dummy variables as explanatory variables into
regression analysis. Contrary, when we do not know which population each subject belongs to, it is difficult to
obtain statistical models with better prediction accuracy through regression analysis with dummy variables. As one
of multivariate data analysis to solve the problem, clusterwise regression analysis has been proposed by Späth (1979).
Clusterwise regression analysis is one of multivariate analysis that build regression models for each cluster (group,
class), and classify subjects into several groups at the same time, in order to improve the prediction accuracy for
a response variable. It is different from cluster analysis such as the -means method (Hartigan, 1975), in the sense
that it uses information on a response variable to build regression models. It is also different from regression analysis
in the sense that subjects are classified based on a similarity measure between subjects, without class labels. Because
of these properties, clusterwise regression analysis has been discussed in the context of cluster analysis (da Silva
and de Carvalho, 2017; Hennig, 2000). Nowadays, it has been widely applied to real data analysis (e.g., Brusco
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et al, 2003, 2008).
Regression models derived by clusterwise regression analysis can be expected to provide better prediction
accuracy for each cluster. On the other hand, in practical situations, we often find that multiple response variables
and explanatory variables are often measured simultaneously. In addition, standard clusterwise regression analysis
has a deficiency that the nonlinear structure behind statistical data is difficult to be captured.
To solve the problems, we propose “clusterwise multivariate kernel ridge regression analysis”, a new integration
approach that incorporates the idea of kernel ridge regression analysis (Fukumizu, 2010) into clusterwise regression
analysis. Clusterwise multivariate kernel ridge regression analysis is expected to provide a multivariate regression
model that captures both the nonlinear structure and similarity of subjects at the same time. In addition, in practical
situations, it is important to visualize the analytical results from multivariate data analysis. To deal with the problem,
we provide a procedure to (i) construct a new projective space “as parallel as possible” to all the residual spaces
of the clusters, and (ii) project the residual vectors on the new space. This procedure would enable us to visually
capture the analytical results from the viewpoint of the residual space. Finally, the performance of clusterwise
multivariate kernel ridge regression analysis is discussed through a numerical experiment and a case study.

2. Multivariate Kernel Ridge Regression Analysis
2.1

Kernel Method
The kernel method is the generic term of nonlinear data analysis which transfers statistical data from a space

, in which data exists, to a high-dimensional space

through a nonlinear transformation
(1)

and conduct data analysis on the high-dimensional space

. Here,

is called a feature map and

is called

a feature space. In general, it is not possible to compute the inner product on
, but the kernel method enables
us to conduct data analysis through the positive definite kernel and the reproducing kernel Hilbert space. Here,
given a set

, a function,

kernel (on

).

 For any

that satisfies the following two conditions is called a positive definite

holds.

 For any

holds. This means an

gram matrix

(2)
is positive semi-definite.
The typical examples of positive definite kernels include the linear kernel, the polynomial kernel, the Laplace
kernel, and so on. In this paper, in Sections 5 and 6, we use the Gauss kernel
(3)
Here, we would like to emphasize that the appropriate kernel function should be chosen according to practical
situations of interest. Here,
parameter.

means the Euclidean norm of the vector

and , ( >0) is called a kernel
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The positive definite kernel is called a reproducing kernel (on

) of a Hilbert space

if
(4)

. Here,

holds for any

is an inner product on the Hilbert space

a kernel function on one input space

when

, and

represents

is fixed on the other input space. In addition, a reproducing

kernel Hilbert space is defined as a Hilbert space

with a reproducing kernel whose span is dense in

be a reproducing kernel Hilbert space for a given positive definite kernel

Letting
the mapping

from

to

on the set

.
,

is given by
(5)

and
(6)
holds, because of the reproducing property. Conversely, if this relation holds, letting
is a positive definite kernel. For details on the kernel method, refer to Fukumizu (2010).

,

2.2 Formulation
,

Let

and

be the sample size, the number of explanatory variables, and the number of response variables,
represent explanatory variables, and

respectively. In addition,
variables. Then, for the

-th subject, let

be an observation of

be an observation of
Letting

and

represent response
, and

.

be observation vectors of response variables and explanatory variables, respectively, i.e.,
(7)

we denote

(8)

(9)
Here, the prime symbol ( ) means to transpose a matrix or vector. Furthermore, letting
of
an

on the reproducing kernel Hilbert space
gram matrix

be a projection

with a given positive definite kernel

,

is given by

(10)
Under this setup, using the functions
regression models on the Hilbert space as

on the reproducing kernel Hilbert space, we define multivariate

(11)
Then, multivariate kernel ridge regression analysis is formulated as the problem of finding functions
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that satisfy

(12)
is a regularization parameter, and

on the Hilbert space. Here,
Letting

be the Hilbert space spanned by

complement Hilbert space of

.
and,

be the orthogonal

, from the orthogonal decomposition
(13)

for any

in

,
(14)

holds. Thus, since
(15)
(16)
holds

, it is enough to consider the element of

to solve equation (12). Such functions

are given by

(17)
i.e., using the

constant matrix

, equation (17) is rewritten as
(18)

Taking this into account, equation (12) can be reformulated as
(19)
When

is positive definite,

is given as
(20)

where

is a

identity matrix. Thus, the estimated prediction functions of

are given by
(21)

3. Clusterwise Multivariate Regression Analysis
In this section, we propose the basic algorithm of clusterwise multivariate regression analysis, which is
considered as an extension of clusterwise regression analysis (Späth, 1979).
When we classify a whole set of subjects into mutually exclusive
cluster,

be the number of clusters, and

Here, for the sample size

subsets

be the number of subjects in the

, let

be the

-th cluster

-th
.

, we have
(21)
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In addition, for the

-th subject that belongs to the
,

-th cluster

and

,

represents

. Furthermore, when

and

represents an observation of
an

observation

of

represent observation vectors

-th subject that belongs to the

of response variables and explanatory variables corresponding to the

-th cluster

, respectively, i.e.,
(23)
we denote

(24)

(25)

The representative function
-th cluster

, which characterizes the collection of subjects that belong to the

, is called the cluster center function of the cluster

. In clusterwise regression analysis, letting

(26)
based on the
by

dimensional vector

, the cluster center function of the cluster

is represented

(27)
where

. Under the preparation above, the basic algorithm of clusterwise multivariate regression

analysis is given as follows. Here, note that in the following algorithm, both the sample size
of clusters

and the number

are given, and none of the clusters are assumed to be empty in the computational process.

Step 1: For given subjects, construct initial clusters

Step 2: For given clusters

.

, define the classification error as

(28)
and derive the cluster center functions
is positive definite, we have
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that minimize equation (28). When

(29)
, re-assign each

Step 3: Referring to the cluster center functions by Step 2,
subject to one of clusters to minimize the classification error

(30)
to the clusters

and update

.

Step 4: If none of the cluster center functions have changed, finish the algorithm. Otherwise, replace

with

and return to Step 2.
Clusterwise multivariate regression analysis converges to local solutions (Selim and Ismail, 1984). Here, in the
above algorithm, when equation (5),
, a

and

are replaced by a

-dimensional row vector

clusterwise multivariate regression analysis is reduced to the
response variable
regression analysis.

-dimensional column vector

, and a constant value

, respectively, the

-means method. In addition, for a univariate

, the clusterwise multivariate regression analysis can be reduced to the clusterwise

4. Clusterwise Multivariate Kernel Ridge Regression Analysis
In this section, we propose clusterwise multivariate kernel ridge regression analysis.
4.1 Algorithm
, when
In this section, for the -th subject that belongs to the -th cluster
vectors of response variables and explanatory variables, respectively, i.e.,

and

represent observation

(31)
we denote
(32)
. Here, the cluster center functions of the

-th cluster

,

are

represented by
(33)

(34)
Then, using the

constant matrix

, we have
(35)

. When the

gram matrix of the

-th cluster

,

, is given as
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(36)
the basic algorithm of clusterwise multivariate kernel ridge regression analysis is as follows. Note that the sample
size, the kernel function, the regularization parameter and the number of clusters are given, and none of the
clusters are assumed to be empty in the computational process. In addition, the following algorithm provides
the optimal (local) solution given the initial cluster, kernel functions (and kernel parameters), and regularization
parameters.
.

Step 1: For given subjects, construct initial clusters

, define the classification error as

Step 2: For given clusters

(37)
and derive
are given by

that minimize equation (37). When

is positive definite,

(38)
Then, letting
(39)
the cluster center functions of the

-th cluster

are formulated by
(40)
, re-assign each subject

Step 3: Referring to the cluster center functions by Step 2,
to one of clusters to minimize the classification error

(41)
and update

to clusters

. Here, letting

be the number of subjects in

,

(42)

and

and

-th cluster

are statistical data of the

-th subject of the updated

-th cluster

and the non-updated

, respectively.

Step 4: If none of the cluster functions have changed, finish the algorithm. Otherwise, replace

with

and return to Step 2.
Here, to show that the convergence of clusterwise multivariate kernel ridge regression analysis to the local
optimal solutions, we assume that
Then, note that
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and

are positive definite for

.

(43)
holds. Here, note that
(44)
corresponds to the inverse of the

block matrix of

(45)
Since this matrix is positive definite, its inverse is also positive definite. Thus, for all

,

(46)
holds, which shows that the above algorithm is monotonically decreasing, and thus converges.
4.2 Visualization
In practical situations, it is of great significant to visually capture the residual space of clusterwise multivariate
kernel ridge regression analysis. However, it is difficult to do this when the number of response variables is large.
To solve the problem, we focus on the fact that the clusterwise multivariate kernel ridge regression analysis evaluates
the
dimensional residual vectors for
. Based on these residual vectors, we apply principal component
analysis to each cluster and visualize the analytical results by reducing the space of the residual vectors to a lower
dimensional space. However, note that in general, the principal components obtained based on the residual vectors
are different from each cluster. Therefore, in this paper, we propose the following procedure to construct a projective
space that is “as parallel as possible” to these principal components, referring to Kuroki et al. (2004).
Step 1: Based on the results of clusterwise multivariate kernel ridge regression analysis, define the residual
corresponding to the

-th subject that belongs to the

-th cluster

as
(47)

and consider
(48)
which shifts

to the space under the setting

.

Step 2: Apply principal component analysis to the residual vectors of the
derive
principal components
Then, we denote

cluster obtained in Step 1, and

according to the order of increasing eigenvalue

.

(49)
and

represents the space spanned by

Step 3: Find a space that is “as parallel as possible” to

.
. To do this, find the
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matrix

that satisfies

(50)
. This comes to that we construct

under the assumption of
of increasing eigenvalue of the
cluster number

matrix

using

eigenvalue vectors in order

. Here, it is noted that

does not depend on the

.

Step 4: Using the

matrix

derived in Step 3, display
(51)

to visualize the analytical results from the viewpoint of the residual space

.

In general, regression functions have intersections between them. Thus, when such intersections are set to
in the above algorithm, some of clusters would overlap with each other and the residual space will not be
, we suggest the observation vector
captured properly. To avoid the problem, as one of selection criteria for
of explanatory variables of the subject with the longest distance from the origin, i.e., the “outlier” from the
origin. Here, we would like to emphasize that
analytical results.

should be given according to practical interpretation of the

5. Numerical Experiment
5.1 Setup
In this section, for simplicity, consider a situation where four explanatory variables
three response variables

and

are measured for three clusters

and
. Here, letting

(52)
is generated by

(53)
Moreover, the error variable vector
covariance matrix

, and

follows the normal distribution with mean vector

and the

follow a uniform distribution on the interval

independently of each other. In addition,
are also assumed to be independent of . Under the
situation, we compare the performances of the clusterwise multivariate kernel ridge regression analysis, the kernel
-means method, and the -means method through numerical experiments with 600 subjects (cluster 1: 200
clusters, cluster 2: 200 clusters, and cluster 3: 200 clusters) generated based on equation (53).
Here, it is necessary to determine the values of some parameters to apply both clusterwise multivariate kernel
ridge regression analysis and the kernel -means method to statistical data. However, it takes time to do this
through 10-fold cross validation. To avoid the difficulty, in the first step, 40 subjects from each cluster were
randomly selected. At the second step, under the target parameter settings (see below), we conducted the 10-fold
cross-validation that 120 subjects were randomly divided into 10 subsets to evaluate both the number of the
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misclassifications and the classification error. Here, since clusters are labeled, we used them as the labels of
the initial clusters. In addition, we selected the value of the regularization parameter

from

Table 1. Parameter Setting
Clusterwise Multivariate Kernel Ridge Regression Analysis
Regularization parameter:
Kernel parameter
Cluster 1
Cluster 2
Cluster 3
Misclassification(mean)
Misclassification (SD)
Classification error(mean)

0.100
0.660
0.545
0.575
48.800
8.704
37.369

0.050
0.600
0.510
0.520
54.800
9.948
48.866

0.010
0.700
0.765
0.760
31.000
7.826
8.283

0.005
0.905
0.865
0.910
12.800
1.939
4.186

0.001
0.950
0.915
0.920
8.600
3.4410
2.876

0.0005
0.940
0.930
0.890
9.600
3.72
2.885

0.100
0.660
0.635
0.650
43.600
8.777
17.632

0.050
0.725
0.765
0.785
29.000
5.762
9.493

0.010
0.940
0.900
0.930
9.200
4.167
2.927

0.005
0.950
0.925
0.890
10.000
4.561
2.872

0.001
0.895
0.625
0.665
32.600
2.800
6.729

0.0005
0.925
0.575
0.610
35.600
4.630
8.601

0.100
0.900
0.875
0.890
13.400
2.800
3.428

0.050
0.940
0.910
0.890
10.400
3.826
2.958

0.010
0.905
0.605
0.670
32.800
2.135
6.879

0.005
0.930
0.575
0.615
35.200
4.792
8.670

0.001
0.935
0.545
0.580
37.600
7.736
9.592

0.0005
0.935
0.555
0.575
37.400
5.953
9.426

0.100
0.915
0425
0.830
33.200
7.440
0.432

0.050
0.930
0.445
0.855
30.800
5.192
0.242

0.010
0.985
0.465
0.820
29.200
5.492
0.033

0.005
0.985
0.465
0.795
30.200
6.369
0.011

0.001
0.990
0.530
0.750
29.200
2.227
0.001

0.0005
0.990
0.475
0.760
31.000
4.940
0.000

Regularization parameter:

Kernel parameter
Cluster 1
Cluster 2
Cluster 3
Misclassification(mean)
Misclassification (SD)
Classification error(mean)
Regularization parameter:

Kernel parameter
Cluster 1
Cluster 2
Cluster 3
Misclassification(mean)
Misclassification (SD)
Classification error(mean)
Kernel

-means Method

Kernel parameter
Cluster 1
Cluster 2
Cluster 3
Misclassification(mean)
Misclassification (SD)
Classification error(mean)

The 2nd ~ 4th lines are the sample mean of the correctly labeled subjects in the true labeled cluster. The “misclassification
(mean)” and “misclassification (SD)” are the sample mean and the sample standard deviation of the number of the misclassified
subjects, respectively. The “classification error (mean)” is the sample mean of the classification error obtained when the algorithm
converges.
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Table 2. Confusion Matrix
Method

Clusterwise Multivariate
Kernel Ridge Regression Analysis

Kernel parameters

0.001

Actuality
True

Cluster
1

Cluster
2

Kernel

-means Method

-means Method

0.001
Cluster
3

Cluster
1

Cluster
2

Cluster
3

Cluster
1

Cluster
2

Cluster
3

Cluster 1

193

7

0

200

0

0

40

112

48

Cluster 2

3

194

3

79

58

63

38

107

55

Cluster 3
Classification
error

0

7

193

13

18

169

46

90

64

1.369

0.001

55.371

and the values of the kernel parameters from

Under each parameter setting, we repeated the second step five times to evaluate the mean and standard deviation
of the number of correctly classified subjects, and the mean of the classification error. The results are shown in
Table 1. From Table 1, we chose the regularization parameter
and the kernel parameter
as
the combination of parameter values with low misclassification rate. The same procedure was performed for the
kernel

-means method, and we choose

as the value of the kernel parameter. Based on the selected parameter

values, we applied clusterwise multivariate kernel ridge regression analysis, the kernel

-means method, and the

-means method to 600 data. The results are shown in Table 2.
5.2 Classification
In this case study, since the initial clusters correspond to the true clusters, it is desirable that the initial clusters
and the results of the analysis are consistent with each other, regardless of which cluster analysis is used. However,
-means method, more than
of the subjects are misclassified as different clusters. This
regarding the
consideration is evident in Clusters 1 and 3; 112 out of 200 subjects in Cluster 1 and 90 out of 200 subjects in
Cluster 3 are misclassified into Cluster 2. In contrast, when we apply the kernel
-means method, no subjects
are misclassified with respect to Cluster 1, and the number of misclassified subjects is significantly reduced compared
to the

-means method. As for Cluster 3, although 31 subjects were misclassified, this is a significant improvement

over the

-means method. In contrast to the

-means method, the results of the kernel

-means method also

shows that more than
of the subjects in Cluster 2 are misclassified into Cluster 1 or 3. In the case of clusterwise
multivariate kernel ridge regression analysis, there are no cases where subjects of Cluster 1 are misclassified into
Cluster 3 and no cases where subjects of Cluster 3 are misclassified into Cluster 1. The number of misclassified
clusters is less than
and the

750

for each cluster, which is a significant improvement over the kernel

-means method.

-means method

Fig 1. Visualization of Clusterwise Multivariate Kernel Ridge Regression Analysis

5.3 Visualization
Here, to visually clarify how the residuals are distributed, as the value of
vectors:

, consider the following sample mean

In addition, related to the proposed criterion, we also adopt

For each parameter setting, the scatter plots of residuals are given in Figure 1. Here, in all the cases in Figure
1, ○ represents cluster 1, △ represents cluster 2, and + represents cluster 3.
From Figure 1, regarding (a) ~ (e), there is a slight difference between distributions, since these
at relatively close distances from

values are

. In addition, the three clusters overlap with each other, making it difficult

to determine how each subject is classified. In contrast, when (f) is taken as

, compared to (a) ~ (e), we can

visually confirm that the cluster consists of three clusters because it is away from

.

6. Application
Table 3. Parameter Setting
Clusterwise Multivariate Kernel Ridge Regression Analysis
Regularization parameter:

Kernel parameter
Kama
Rosa
Canadian
Misclassification(mean)
Misclassification (SD)
Classification
error(mean)

5.000
0.809
0.912
0.867
0.137
0.064

1.000
0.794
0.926
0.855
0.141
0.029

0.500
0.779
0.926
0.870
0.141
0.018

0.100
0.758
0.932
0.839
0.237
0.114

0.050
0.688
0.826
0.812
0.224
0.022

0.010
0.670
0.844
0.839
0.215
0.075

0.005
0.742
0.871
0.897
0.163
0.049

0.001
0.758
0.900
0.888
0.151
0.021

129.232

23.181

8.559

2.725

4.855

1.007

0.395

0.151

Regularization parameter:

Kernel parameter

5.000

1.000

0.500

0.100

0.050

0.010

0.005

0.001

Kama

0.809

0.794

0.767

0.770

0.733

0.712

0.739

0.736
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Rosa
Canadian
Misclassification(mean)
Misclassification (SD)
Classification error(mean)

0.912
0.867
0.137
0.064
129.285

0.926
0.855
0.141
0.029
23.183

0.926
0.870
0.121
0.052
8.553

0.918
0.912
0.133
0.033
1.743

0.903
0.912
0.150
0.024
1.044

0.900
0.888
0.166
0.056
0.141

0.797
0.842
0.207
0.058
0.118

0.841
0.909
0.171
0.078
0.054

5.000
0.809
0.912
0.867
0.137
0.064

1.000
0.794
0.773
0.855
0.141
0.029

0.500
0.767
0.926
0.870
0.145
0.014

0.100
0.858
0.956
0.855
0.110
0.032

0.050
0.812
0.912
0.912
0.121
0.034

0.010
0.748
0.941
0.900
0.114
0.063

0.005
0.742
0.882
0.845
0.176
0.072

0.001
0.670
0.600
0.224
0.532
0.159

129.285

23.361

8.663

0.924

0.300

0.107

0.123

0.384

5.000
0.848
0.794
0.827
0.177
0.020

1.000
0.897
0.852
0.948
0.101
0.030

0.500
0.885
0.853
0.948
0.105
0.027

0.100
0.855
0.882
0.988
0.092
0.037

0.050
0.809
0.882
0.988
0.107
0.046

0.010
0.661
0.868
0.988
0.161
0.059

0.005
0.661
0.868
0.988
0.161
0.059

0.001
0.661
0.868
0.988
0.144
0.082

7.978

7.451

6.825

4.225

2.937

0.882

0.469

0.099

Regularization parameter:

Kernel parameter
Kama
Rosa
Canadian
Misclassification(mean)
Misclassification (SD)
Classification
error(mean)
Kernel

-means Method

Kernel parameter
Kama
Rosa
Canadian
Misclassification(mean)
Misclassification (SD)
Classification
error(mean)

The 2nd ~ 4th lines are the sample mean of the rates of correctly labeled subjects in the true labeled cluster.
The “misclassification (mean)” and “misclassification (SD)” are the sample mean and the sample standard deviation
of the rates of the number of misclassified subjects in the true labeled cluster, respectively. The “classification error
(mean)” is the sample mean of the classification error obtained when the algorithm converges.
Table 4. Confusion Matrix
Method
Kernel parameters
Actuality
True
Kama
Rosa
Canadian
Classification error

Clusterwise Multivariate
Kernel Ridge Regression
Analysis
0.100
Kama

Rosa

67
0
2

1
70
0
0.017

Kernel

-means Method

-means Method

1.000

Canadia
n

Kama

Rosa

2
0
68

63
4
9

5
66
4
0.732

Canadia
n

Kama

Rosa

2
0
57

53
0
18

16
70
18
45.498

Canadia
n
1
0
45

6.1 Description
In this section, we apply clusterwise multivariate kernel ridge regression analysis to “seeds Data Set” available
from the homepage “Machine Learning Repository” (https://archive.ics. uci.edu/ml/datasets/seeds). This study was
conducted to identify the internal kernel structures of three wheat varieties harvested from the experimental fields
at the Institute of Agrophysics of the Polish Academy of Sciences in Lublin, Poland. In Charytanowicz et al. (2010),
seven items were measured. In this paper, when applying clusterwise multivariate kernel ridge regression analysis,
we take

as explanatory variables, and
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as response variables. Contrary, when applying the kernel
-means method and the
-means method, we
consider these seven items as response variables. The sample size is 210, and the subjects are labeled one of three
wheat varieties:

For details, refer to Charytanowicz et al. (2010).
6.2 Parameter Setting
Charytanowicz et al. (2010) evaluated the classification accuracy of the complete gradient clustering algorithm.
In this section, according to the same setting as Charytanowicz et al. (2010), under the assumption that the number
, we evaluated the classification accuracy of clusterwise multivariate kernel ridge
of clusters is known to be
regression analysis with Gauss kernels.
First, it is necessary to determine the values of some parameters to apply clusterwise multivariate kernel ridge
regression analysis to statistical data. To do this, first, 14 pieces from each wheat varieties were randomly selected.
Second, under the target parameter settings (see below), we conducted the 10-fold cross-validation that 42 pieces
were randomly divided into 10 subsets to evaluate both the number of the misclassifications and the classification
error. Since all subjects were labeled as wheat varieties, we used them as the labels of the initial clusters. In addition,
we selected the value of the regularization parameter

from

Fig 2. Visualization of Clusterwise Multivariate Kernel Ridge Regression Analysis

and the values of the kernel parameter from

Under each parameter setting, we repeated the second step five times to evaluate both the mean and standard
deviation of the number of correctly classified subjects, and the mean of the classification error. The results are
shown in Table 3. From Table 3, we chose that the regularization parameter

and the kernel parameter
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as the combination of parameter values with low misclassification rate. The same procedure was also
performed for the kernel
-means method, and we choosed
as the value of the kernel parameter. Based
on the selected parameter values, we applied clusterwise multivariate kernel ridge regression analysis, the kernel
-means method, and the

-means method to 210 data. The results are shown in Table 4.

6.3 Classification
In this case study, since the initial clusters correspond to the true clusters, it is desirable that the initial clusters
and the results
of the analysis are consistent with each other, regardless of which cluster analysis is used. Regarding the -means
method, there is no Rosa variety that has been assigned to any other varieties. However, 17 Kamas and 36 Canadians
are assigned to different wheat varieties. In particular, the number of Kamas misclassified to Rosa and the number
of Canadians misclassified to Rosa are larger than those of other methods. In contrast, when we apply the kernel
-means method, the overall number of misclassifications is improved to 24, compared to the

-means method.

However, 4 Rosas are misclassified to Kama, whereas there are no cases of misclassification in the -means method.
In the case of clusterwise multivariate kernel ridge regression analysis, there were no cases of Rosa being assigned
to different varieties, and the overall number of misclassifications was 5, which is small compared to other analyses.
Regarding Canadian, there are two cases that are misclassified to Kama, but none of them are misclassified as Rosa.
6.4 Visualization
In this section, to visually clarify how the residuals are distributed, as the value of
sample mean vectors:

, consider the following

In addition, related to the proposed criterion, we also adopt

For each parameter setting, the scatter plots of residuals are given in Figure 2. Here, in Figure 2, ○ represents
Kama, △ represents Rosa, and + represents the Canadians. From Figure 2, when
is taken as
, three
clusters overlap with each other and clusterwise multivariate kernel ridge regression analysis fails to visually capture
how the residuals of the clusters are distributed. In contrast, when the mean vectors of Kama, Canadians and the
explanatory variable vector are adopted as
, since they are away from
, it seems that we visually capture
how the residuals are distributed by clusterwise multivariate kernel ridge regression analysis. However, these scatter
plots may appear to consist of two clusters. On the other hand, when the sample mean vector of Rosa, and the
outlier are adopted as
from

, it is visually apparent that the data are classified into three clusters, since they are away

more than the mean vectors of Kama, Canadians and the explanatory variable vector.

7. Conclusion
In this paper, we proposed clusterwise multivariate kernel ridge regression analysis that combines the
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-means

method with the kernel ridge regression analysis. In addition, to visualize the analytical results based on several
response variables, we also propose a procedure to construct a projective space that characterizes the residuals of
clusters. This is expected to make it possible to understand the results visually.
Letting

be the sample size, whereas the computational complexity of clusterwise multivariate kernel ridge

regression analysis is proportional to
-means method are proportional to

, the computational complexities of the kernel
and

-means method and the

, respectively. This shows that it takes longer time to run clusterwise

multivariate kernel ridge regression analysis than both the kernel -means method and the -means method. One
of our idea to overcome the difficulty is to improve the basic algorithm of clusterwise multivariate kernel ridge
regression analysis, referring to the efficient algorithms of existing the -means methods (Arthur and Vassilvitskii,
2007; Elkan, 2003; Hamerly, 2010), This would be tackled as future study.
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Abstract
The lifetime of a product can be measured with several time scales. Examples of time scales include ownership
time, time in service, operating time, mileage, and total print length. Some of them measure lifetime on
chronological time and others do on amounts of works. There should be the intrinsic time scale, which describes
the distribution of the failure times of the lab lifetime test data. Occasionally, the lifetime distribution is not
reproduced on that intrinsic time scale by the field reliability data. Partly because the usage conditions and/or
the environmental conditions vary in the field. The time scale models can be helpful in such situations. A typical
choice from time scale models is the linear time scale model, which synthesizes several variables for lifetime
measurements as an weighted average. There is a method of constructing confidence intervals based on an
asymptotic approximation of the sampling distribution of estimating functions. This research considers alternative
methods based on Bootstrap and fractional random weight Bootstrap. These methods are compared with the existing
method.
Keywords: Linear Time Scale; Multivariate Lifetime Data Analysis; Bootstrap; Fractional Random Weight Bootstrap

1. Introduction
It is an important problem to choose the appropriate time scale when the lifetime distribution is to be modeled.
One primary candidate is the chronological time and another is the total amount of usage. Referring to the mechanism
of failure, the time scale is uniquely determined with which the lifetime is distributed. However, the theoretical
model may not be reproduced by fitting it to the observed data from the market or the field. One possible reason
is Therefore, the time scale model which can be examined combining two or more time scales is observed. If it
can know depending on which time scale the product broke down, the generating condition of failure which happens
with the time scale can be predicted, and it can perform preventive maintenance at the optimal timing in advance
etc. The time scale with which Duchesne and Lawless (2002) took close data into consideration to such a problem
the semiparametric estimation method is proposed. The alignment scale model is adopted in it and a time scale
can be known. They also proposed a method of constructing confidence intervals based on an asymptotic
approximation of the sampling distribution of estimating functions.
This research considers alternative methods based on Bootstrap and fractional random weight Bootstrap.

2. Time Scale Equivariant Property of Linear Time Scale Model
2.1 Linear Time Scale Model
In Lawless, Crowder, and Lee (2009), the relationship between the lifetime on chronological time scale and that
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on total usage amount is linear. Typical examples of total usage amounts include the total mileage of a car and
the take-off and landing times of an airplane. Let us denote the lifetime on the chronological time scale as
and the lifetime on total usage amount as . The ratio between
chronological time and is denoted as

.

and

is the average usage amount per unit

is called the frequency in use.
(1)

), ( ,
), and ( ,
), have the information equivalent with
Here, the pairs of random variables, ( ,
each other. For example, when the car it runs 20 km per day runs 10,000 km, it will be said that this car has
used for 500 days from its purchase.
In Duchesne and Lawless (2002), the time scale model is proposed which depends on both the lifetime on
chronological time scale and the total usage amount on its own time scale.
(2)
is the parameter of the time scale mode and takes values within
. When
tends to be , the
failure time distribution of the product tends to depend more on the total usage amount than on the chronological
time scale. By estimating this parameter, the dependences of the lifetime on the chronological time and also on
as the ownership time of an automobile and

the usage mount are investigated. When
and

was estimated as

km in

was the total mileage,

from a field reliability data, then the reliability of two automobiles, one ran for

days and another ran for

km in

days, are the same.

2.2 Parameter Estimation
Let

denote the chronological time,

time scale,

denote the random variable for the lifetime measured on chronological

denote the random variable for the lifetime on the linear time scale,

the parameter of the time scale model of interest,
up to time

chronological time scale, and
scale.

,

denote

denote the time scale model of interest,

denote the total usage amount up to chronological time
the dynamic covariate

,

,

denote the history of

denote the survival function of the random variable

denote the survival function of the random variable

on the

on the total usage amount

Duchesne and Lawless [1] proposes a method to estimate time scale parameters, which solves the following
estimating function with respect to

.

(3)

This is a semiparametric estimating function in that though it is derived based on the score function for Poisson
process, it is used for estimation under general lifetime distributions.
process of covariates on -th system,

is the average of

is a function of the history of the
’s, and

is formulated as follows:
(4)

Then we minimize the square of equation (3) to obtain the solution of the equation
(5)
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So far we have not assumed any parametric distribution. The approach described above can borrow
from any parametric distribution, since it is semiparametric. However

will affect the property of the

estimator. Readers can refer to Duchesne and Lawless (2002) for the details of the choice of
is the optimal estimating function

recommended choice of
and it is

. The

by Robins and Tsiatis (1992)

(6)
is the baseline hazard function and
is the value of inverse function
. If we set
as exponential distribution, the hazard function becomes constant and the optimal estimatinog function becomes
(7)
So we have

as the equation (8).

(8)

is linear in

Further if

, this becomes

and

Then we have the estimating function for the linear time scale as
(9)

2.3 Confidence Intervals
Duchesne and Lawless (2002) proposed an approximate confidence interval based on the argument of estimating
is distributed asymptotically as normal distribution with mean 0 and variance
with
functions.

where

denotes the outer product of

.

Then the confidence interval is
(10)

where

is the number of parameters in

with degree of freedom

and

is

th quantile of a chi-square distribution

.

3. Bootstrap and Fractional Random Weight Boostrap
The bootstrap method was first proposed by Efron (1979). Fractional random weight bootstrap was proposed
as Bayesian bootstrap by Rubin (1981). Hong, Meeker and McCally (2009) applied fractional random weight
bootstrap to the survival analysis with censored data. Xu, Gotwalt, Hong, and Meeker (2020) provide many real
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case examples.
We restrict our attention to i.i.d. cases for simplicity of presentation. Suppose that
observations of a random variable
When an estimating function

. The distribution

has parameter

is on our hand, we solve an equation

If the estimating function can be decomposed into a sum of functions

’s are i.i.d. replicated
which is of our interest.

to obtain an estimate of

.

and can be written as

then the bootstrap estimates are solutions of weighted versions of the original estimating equation.

Here
,
, are random weights on individual observations. We generate random weights and calculate
the estimate under those weights to obtain a bootstrap replication of the estimate. The number of repetitions are
distributed as

said to be hundreds or thousands. If we choose these weights as a random vector
the multinomial distribution of size

with all probabilities equal to

, then the resulting bootstrap method is

the original bootstrap. If we choose these weights as a random vector
Dirichlet distribution with parameter
bootstrap.

distributed as

dimensional

, then the resulting bootstrap method is the fractional random weight

The difference between the original bootstrap and the fractional random weight bootstrap is the domain of the
random weight vector. The weights of the original bootstrap take non-negative integers. When a weight
than one, the corresponding observation

is used more than once in the estimating equation. If

a censored record, the censoring is getting severe for the parameter inference. If
a complicated formula such as

is greater
is related to

is not simple and has

then corrections for tie cases should be considered. This is also the case of the estimating function (8). It is
actually a rand based estimating function.
The fractional random weight bootstrap can avoid these difficulties which the original bootstrap could be suffered
from. The weights are all positive. Everything we need to do to apply this bootstrap is to derive the weighted
version of the estimating function.
, to

To apply the idea of bootstrapping to our problem, we introduce a set of random weights,
the score function.

The fractional random weight bootstrap can avoid these difficulties which the original bootstrap could be suffered
from. The weights are all positive. Everything we need to do to apply this bootstrap is to derive the weighted
version of the estimating function.
Confidence regions are constructed referring to the empirical distribution of bootstrap replications of estimates.
In the next section, we compare three confidence intervals, the approximate confidence regions (10), the bootstrap
confidence regions, and the fractional random weight bootstrap confidence regions.
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4. Comparisons
The properties of the estimator of parameters of the linear time scale model is investigated by simulation studies.
And the method of standardization is proposed.
1. The true value of the parameter of a linear time scale model is set. Then the random variables for T and
are generated.
2. Generated

,

and (2) and
and
3. Then
parameters.

and
and

are substitugted into equations (1)
are obtained.

are used to estimate the time scale

4. The means of the marginal lifetime distributions of
and

are estimated with the Kaplan-Meier estimator.

Then and are standardized with the estimated means
and the time scale parameter is estimated.
The number of samples, the close rate, and the true value
of the parameter of a linear time scale model were set as 0.25,
0.5, and 0.75. Each simulation is conducted for 100 times. The
is set as the exponential distribution with

distribution of
and that of

,

as the uniform distribution between 1/5 and

5. Figure 1 shows an example of the scatterplot of
is set as

The nominal

and

.

Fig.1 Scatterplot of simulated samples of size 100
with

. Table 1 shows the actual

within 100 simulations.
Table 1 Actual

0.25
0.5
0.75
The actual

Approximate CI
0.02
0.14
0.27

within 100 simulations

Bootstrap CI
0.01
0.01
0.00

FRW Bootstrap CI
0.03
0.03
0.03

of approximate confidence intervals vary among

’s. Bootstrap confidence intervals are conservative in that it
almost always covers the true value. Fractional random weight
bootstrap confidence intervals give us a good impression because
the actual

’s are nearest within three ways.

Figure 2 shows the sample distributions of lengths of
confidence intervals. Again, fractional random weight bootstrap
confidence intervals keep their positions middle among three ways.

Fig. 2 Box-whisker plots of lengths of confidence
intervals.
(1:Approximate CI, 2:Bootstrap CI, 3:FRW Bootstrap
CI)
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5. Conclusion
A new method of the confidence interval construction for the parameter of linear time scale function is proposed
based on the fractional random weight bootstrap and is compared with existing techniques, asymptotic approximation
and bootstrapping. Though the simulation size is small, the proposed method shows a favorable performance on
actual confidence level. We would like to investigate further of this method in near future.
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Abstract
Recent years, apparel EC market is growing. The number of users of apparel EC sites is expected to continue
to increase in the future. However, although online shopping is convenient, the amount of information increases
as the market grows. The user takes time to find the clothes he wants, and it becomes difficult for the users
to find the clothes he really wants. "Purchase, Search history" and "User status" are used as the information used
in the current product recommendation system. In the recommendation at the actual store, you will get information
on the clothes you often wear and suggest items that go well together. In coordination, items have good and
bad compatibility. Also, the relationship of compatibility changes depending on the genre of coordination, that
is, the genre of fashion. Therefore, this research expresses the compatibility of items by fashion genre and fashion
style in a multidimensional space. As the final purpose of our research, we aim to propose an item recommendation
system that takes fashion style into consideration.
Keywords: image processing, convolutional neural network, fashion, outfit

1. Research background
In recent years, online shopping has become commonplace when buying clothes. The apparel EC market is
expected to grow rapidly, and the number of users on the apparel EC site will continue to increase. On the other
hand, online shopping is convenient, but as the market grows, the amount of information increases and it takes
time to find the clothes you need. The advantage of using an apparel EC site is that you can purchase products
from many stores in one site without going to the actual store. The product can be purchased 24 hours a day.
This is often cheaper than the actual store.[1] On the other hand, there are many products you can handle, you
can't see all the products and you can't buy what you really want. You can't try it on, so you can't imagine the
overall adjustment, creating a gap that's different from what you imagined after purchase. In addition, since it is
easy to purchase, even those who do not visit the actual store on a daily basis can easily use the EC site. However,
in actual stores, it is possible to purchase in consideration of the suitability of multiple categories and the scene
of wearing clothes by listening to the opinions of the store clerk, etc., not the EC site. There is a big gap between
purchasing clothes on the EC site and in physical stores.
The information used in the current product recommendation system is "purchase history/search history" and
"user status". We recommend items that are compatible with one item. Coordination is compatible between items.
In addition, the compatibility relationship changes to coordination, which changes the compatibility relationship.
Therefore, in this research, we propose an item recommendation system that considers fashion styles by expressing
the fashion suitability of items by fashion genres and fashion styles in a multidimensional space.
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2. Previous research
2.1

Recommendation of Coordinated Clothes Based on Images and Texts of Online Fashion Catalog [2]

In a survey to recommend products that suit other users' clothes, Hori created a coordinate recommendation
system that matches the user's clothes using images and Moji information on the Internet. However, information
such as RGB is extracted artificially rather than automatically when extracting features from an image. Therefore,
this feature automatically performs image feature extraction.
2.2

Learning Visual Clothing Style with Heterogeneous Dyadic Co-occurrences [3]

Veit et al. Learned features from the image of fashion items into a latent space that represents compatibility.
By using CNN and the Siamese Network, we created a space where items that match the item image are spatially
close and items that do not match are far away. As a result, if an item from one category is entered as input,
an item from another category may be recommended.
However, the items recommended for this study are extracted from other categories that are compatible with
the input items and can only be recommended based on one criterion. It is difficult to recommend the best item
for each. Therefore, in this research, we think that items that consider the scene can be extracted from the space
by projecting dimensions suitable for the scene at the stage of recommending the item.
2.3

The Conditional Analogy GAN Swapping Fashion Articles on People Images [4]

Nikolay and colleagues used a model with fashion items and images that are easily available on the EC site,
and conducted a survey to change the model's clothes to other clothes. In the fashion business, wearing a model
image is important for those who purchase easily because the purchase image is clear to the buyer. For this reason,
CAGAN was used to generate a wearing image of the model from the photos taken at that time. Wearing clothes
of different colors worked well, but patterns and shapes sometimes changed intricately. Also, pair images and simple
backgrounds that are easily available on the EC site are used, so different tasks are required for snapshots, etc.,
and a certain number of clothing and pair images are not available. This is inconvenient for users when considering
applying to virtual try-on

3. Purpose
In this study, we use a convolutional neural network (CNN) to measure the compatibility of each category of
images and learn items that are similar in style so that different items that are not nearby are distant. Forms the
Euclidean space where various items are plotted. However, in the created space, the distance can be measured with
only one standard, so it does not correspond to items according to the scene. Therefore, it is possible to cope with
compatibility between items in each scene by projecting dimensions according to the scene from that space. Using
this space, we propose a system that allows users to input item images and scenes, output items in categories different
from the input items, and adjust the items.

4. Research method
In this study, the study will proceed in the order of data collection, learning, and recommendation. Scraping
from "wear" on the coordinated posting site. Collect coordinate images, used item names, and item images. In
learning, distance learning is performed using item images and coordinate tags. Learn fashion item images [5] and
create a space where the items are drawn. Tops, pants, shoes, etc. are defined as a "category" of fashion. Spaces
are then created by plotting the items where the distances of the items between different categories have been learned.
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Reduce and visualize the space created using T-SNE. Enter the query item and plot the query item in space. Find
the best item for your spatial query item from different categories.

5. Analysis method
5.1

Convolutional Neural Network (CNN)

CNN is a neural network used when using images for teacher data. Compared to a neural network, a convolution
layer and a pooling layer are used in addition to fully connected layer.
The differences between the NN layer and the CNN layer are shown below.

Figure 1 NN

Figure 2 CNN

The convolution layer is a layer that compresses (convolution) the input value (image) as the feature value of
each filter, and the pooling layer is a layer that compresses the image. When an image is handled only by the
fully connected layer, a high-dimensional image is handled in one dimension. Convolution makes it possible to extract
features based on regions rather than points and is robust against image movement and deformation. In addition,
unknown features can be extracted unless they are based on areas such as edges.
5.2 Matric Learning (Siamese Network ,Triplet Network , Softmax Loss)[6]
By learning class tags such as image feature quantities and numerical values, it is possible to determine whether
the classes are the same depending on whether the reference distance is long or short. Since features can be learned
at a semantic distance, there is an advantage that it can robustly handle road class data that is not included in
the training data. The triplet network is said to be an extension of the traditional Siamese network. Siamese Network
enters two samples as a set. Therefore, similar samples are semantically close, so similarity and distance are close,
and different samples are semantically far, so similarity and distance are far. Triplet network is when these two
samples are combined into one set instead of two. Siamese network changes depending on whether it is near or
far when learning. Therefore, this study does not determine whether to move to a short distance or a long distance
with only one criterion. For example, there are four samples a, b, and c, a that is semantically far from b is the
distance between b and c, and c that is semantically closer is closer to a and b. Because we thought that we could
support not only inter-item compatibility but also multi-class, we use triplet network.
"Softmax Loss" has been proposed in various forms such as "Sphereface", "Cosface" and "Arcface" in terms of
margin. A penalty is set on the distance between each feature vector and the corresponding class center. As a result,
the class classification and the class center position on the feature space are learned at the same time. Effective
separation of classes due to small intra-class variation
The following is a Siamese Network, Triplet Network image
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Figure 3 Siamese Network

Figure 4 Triplet Network

5.3

T-SNE

T-SNE is a dimension reduction algorithm suitable for visualization of dimension data. High-dimensional points
are embedded in low dimensions to reflect the similarity between points. Proximity points in high dimensional space
correspond to proximity points embedded in low dimensions, and remote points in high dimensional space correspond
to remote points embedded in low dimensions. Proximity between samples is expressed as a probability distribution.
As the dimension is reduced, a non-linear transformation is performed to maintain relationships with points that
are close to each other.
5.4

Nearest neighbor search (NNS) [7]

Nearest neighbor search is a method in which there is a large number of sets of data and given data that
does not belong to that set, the nearest data is searched from that set. If there is a set of points S in the metric
space M and there is a query point q∈M, find the point closest to q of S. In many cases, M uses d-dimensional
Euclidean space, and distances are measured in Euclidean or Manhattan distances. Different algorithms are used
for low and high dimensions.
In this study, one fashion item is used as a query item. Answer each item in a different category than the query
item

6. Dataset: WEAR[5]
Fashion coordination app provided by zozo Technology. In addition to fashion-sensitive users and shop staff,
general users can also post, search, view and save coordinates. The total number of coordinate posts is over 9 million.
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The items and systems posted in the coordination are tagged and this coordination collects the items and systems
used in the coordination.
Collect data by scraping. Collect coordinate images, item images, and item names. A coordinated collection with
the tags "casual" and "pretty".
"casual"
Number of coordination: 10469
Item type: 1298 types
"pretty"
Number of coordination: 9966
Item type: 1698 types
There are 2106 types of all products
The following is an example of the acquired data

Figure 5 data example1

Figure 6 data example2

7. Future tasks
In this study, we make recommendations that consider differences as well as compatibility between items. I
am thinking of expressions other than compatibility in matric learning, but I think it is difficult to express detailed
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scenes even if I think about things other than compatibility. Colors and silhouettes are learned at the same time
as the same learning variables. However, there is likely to be an order when determining coordinates, such as
determining color and then silhouette. At that time, in addition to matric learning, it is necessary to try to create
a space where more practical proposals can be made, such as time series data processing and learning.
Also, from the perspective of recommending fashion items, the image of people's growth and systems will change
slightly even if they wear the same clothes, so I think the future challenge is how to express those parts.
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Abstract
In this study, we construct a machine learning based decision support model that can help taxi drivers dispatch
their vehicles appropriately by utilizing probe data of taxis in Tokyo. Traditionally, most taxi drivers have decided
where to go and wait for a customer based on their experience and intuition, that is, taxi dispatch has not relied
on an objective way. The number of passengers a driver can acquire per day depends on their own knowledge
that they have gained through their many years of experience. In the present circumstances, sometimes many taxis
are waiting for a customer at train stations, sometimes many customers wait in a long queue for a taxi. In addition,
there may be diﬀerences in the travel distance depending on characteristics of town surrounding a station. In fact,
not many drivers know stations with high possibility of acquiring a customer and those where there are customers
with long expected travel distances. It is, therefore, desirable to build an analytical model that enables eﬃcient
acquisition of customers regardless of their experience. This study constructs a machine learning based model to
evaluate a station using two indicators, driver’s waiting time and customer travel distance based on taxi probe
data. Then, we propose a method to visualize the analytical results with these indicators for drivers to understand
model’s output easily. Besides, stations are clustered based on these two indicators. This is a clue for taxi operators
to consider how to manage their entire fleet of taxis operating in Tokyo. By this process, we propose an analysis
model with visualization and clustering that supports driver’s decision.
Key Words: Taxi Probe Data, Clustering, Random Forest, Labeled LDA, Convex Hull

1. Introduction
In recent years, information about taxis in operation such as the current position, status, and speed has become
possible to be recorded as probe data by GPS and vehicle-mounted devices. It is desirable to make use of the
probe data for efficient management and more efficient dispatching of taxis would be one of the appropriate purposes
of the probe data analytics. In the taxicab industry, dispatch methods of a taxi include cruising taxi and waiting
at specific places. However, several application systems for allocating taxis have been recently used by multiple
taxi companies. While waiting at a specific place is a way to get customers, drivers’ waiting times tend to be long
depending on the location. That is, the possibility of acquiring a customer is important for dispatching taxis. In
addition, the traveled distance deciding taxi charge may differ depending on the location, because each area has
its own characteristics of customers. Since a user who want to take a taxi for long traveled distance is a good
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customer from the viewpoint of taxi drivers, the expected traveled distance is also an important factor for decision
making of taxi dispatch. The demands of taxi in the possibility of acquiring customers and their expected traveled
distance must depend on the situation of time of day, day of week and weather conditions etc. as well. Therefore,
it is desirable that each driver reasonably decides the efficient waiting place taking account of such situation and
dispatches the vehicle. However, until now, taxi dispatch has been done depending on knowledge and intuition of
each driver. Since they are learned from many years of experience, not all drivers can share them. Therefore, in
order to allocate vehicles efficiently and increase profits, an analysis and its visualization methods are desired, which
enable efficient acquisition of customers regardless of whether or not they have experience.
In this research, we propose a model that supports driver's decision making by using the probe data of taxi
provided by Mizuho Information & Research Institute, Inc., Japan, at the 2019’s Data Analysis Competition,
sponsored by JASMAC (Joint Association Study Group of Management Science).We predict the waiting time to
pick up a customer after the taxi arrives at the station and the distance the taxi has transported the customer for
each station using temperature, precipitation, and time zone. Based on these two indicators, drivers’ waiting time
and customer travel distance based on taxi probe data, stratified by time zone and weather conditions, it has become
possible to consider the taxi demand characteristics of each station. Based on the results of the actual data analysis,
we visualize and cluster the taxi usage trends at each station, and show the proposed measures to support the driver's
decision making. Besides, this model also can be used for business decision of a taxi company. When a taxi company
considers the management of its entire taxi operation (e.g., managing the total number of trips by time of day and
weather conditions, or planning the balance of dispatch to each station, etc.), it would be useful to cluster them
according to the similarity of the demand for taxis at each station. Alternatively, by considering the characteristics
of the clusters assigned to each station on a single train line, the characteristics of that train line as a whole can
be analyzed in terms of taxi demand.

2. Preliminaries
2.1 Related work and problem setting
Demand for taxis had decreased significantly just after 2008 due to the expansion of the recession caused by
the Lehman shock especially in Japan. However, before expanding the social issue of COVID-19, it tended to
increase as the economy recovered and the number of tourists visiting Japan increased. On the other hand, the taxicab
industry is facing a difficult situation because the number of drivers is decreasing due to aging drivers, low wages,
and long working hours compared to other industries. Therefore, in order to transport many customers as in the
past, it is necessary to allocate vehicles more efficiently. However, the conventional vehicle allocation method is
based on many years of experience and knowledge of each driver. Furthermore, it is difficult to share their knowledge
with most drivers, and it is individualized. Therefore, new employees must find a good own dispatch method by
themselves. In order to solve this problem, it is desirable to construct a system that supports the efficient dispatch
of drivers with little experience or knowledge. Some models [1], [2] predicting demand in mesh form are proposed,
and other models [3], [4] using neural networks are proposed in recent years. In order to evaluate customer demand
quantitatively, Kawasaki et al. [3] proposed a method for predicting the number of taxi passengers in each area.
By using this method, it becomes possible to improve the efficiency of vehicle allocation based on the forecasted
demand for each area.
2.2 Problem setting
The former studies, however, did not consider the customer travel distance, which is directly related to taxi profits,
but only customer demand. Therefore, in this research, we construct a prediction model which considers not only
the demand of customers but also the distance traveled by passengers as an index in order to increase profits more
efficiently, and it enables planning of measures. In addition, we aim to propose an analytical model that visualizes
two indicators, the expected waiting time of drivers and the expected travel distance, to facilitate interpretation.
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Specifically, we use the variables representing the situation such as time of day and weather condition for each
station to construct a model that predicts the waiting time to get a customer and the travel distance desired by
the customer. Furthermore, each station's features are plotted on a two-dimensional space at each time using these
predicted values. The closed-circuits at each station that connect these plots for each time series, like the plot of
1 pm connects with the plot of 2 pm, expresses the taxi demand characteristics of the train station. The figure
of the closed-circuits is visualized characteristics of taxi demands and it is useful for intuitive understanding of
the characteristics. In addition, it is possible to apply a clustering technique by defining the similarity between two
figures of closed-circuits. This makes it possible to simultaneously implement measures such as efficient dispatch
of vehicles for multiple stations that belong to the same cluster without individually examining the characteristics
of each station.
2.3 Preparation for the proposed model
First, we introduce the points to be noted in this research. Fig. 1 shows a histogram of taxi waiting times at
Shinjuku Station, which is one of the biggest stations in Tokyo. As shown in Fig. 1, the waiting time from 0 to
5 minutes account for about 50%. This trend can be seen at many other stations as well. When the waiting time
is estimated by points, similar values are easily observed at any station and at any time. In addition, since this
study focus on waiting at the station, it is uncertain whether the drivers actually waited at the station and had a
customer with only 5 minutes. This means that the histogram in Fig. 1 may also include trips by cruising taxis.
Therefore, the waiting time is classified into two groups and estimated for a practical analysis since the histogram
is different from the information that the driver actually wants.
As for the customer's travel distance, we provide an illustration of histogram in Fig. 2. When the customer's
travel distance is estimated per point, this value at each station tends to be 1500m to 3000m, which is almost same
at all stations, despite the fact that the distribution of travel distances differs at each station. Therefore, the
information on the original distribution of travel distance will be greatly impaired. To deal with this, the travel
distance is divided into multiple categories and the belonging probability is calculated as a classification problem.

Fig. 1. Histogram of waiting time at Shinjuku Sta. at 8 pm

Fig. 2. Histogram of travel distance at Shinjuku Sta. at 8 pm

2.4 Datasets
The analysis of this study uses probe data for taxis that carry customers in 23 wards of Tokyo, Mitaka City,
and Musashino City. The period of collecting the target data is from April 1, 2016 to March 31, 2017, and the
data was recorded without interruption during this period, every 30 seconds to 2 minutes by the vehicle-mounted
device. Then, we extract only the drivers with over 1000 this probe data in one year for our analysis because other
drivers may generate outlier data. Furthermore, we clarified from the preliminary analysis that distributions of waiting
time and travel distance changes significantly depending on weekdays and holidays, so we will analyze only on
weekdays except Friday. In order to analyze the waiting time and the distance traveled, it is necessary to have
information about where passengers got on and where they got off. Therefore, we defined getting on and off as
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one trip. As a result, the number of drivers is 12,912, and there are 8,023,740 trips.
be the number of all data,

Let
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Besides, we define the travel distance data set

where the explanatory variable
vector consists of the external environment variables and the objective variable is the travel distance at the station
.

3. Proposed model
In this section, we explain the proposed models. An overview of the overall proposed model is shown in Fig.
3. In this study, we propose a waiting time prediction model and a travel distance classification model are constructed
for each station in the proposed model 1. Then, we introduce a station’s clustering model using plots of expected
waiting time and expected distance probability in the proposed model 2.

Fig. 3. An overview of the overall proposed models

3.1 Proposed model 1 - waiting time/travel distance prediction model
In this research, we construct a model that predicts the necessary time required for the driver to get passengers
and the expected travel distance of the customer every hour for each station. Since the histogram in Fig. 1 may
include the data of the cruising taxis and they spend less time in a certain range from a boarding position than
a taxi waiting because they are moving, it is considered that the estimated waiting time is actually longer than
the real value. Therefore, the waiting time is divided and analyzed. The target data for analysis are the time required
to pick up a passenger at a station, the travel distance after picking up the passenger, and external factors
(temperature, precipitation, time zone).
The waiting time prediction model is as follows:
At the station , consider two waiting time data sets
using

that determines whether

time more than

and

or not and a predictor

minutes. We perform these for all stations

. We construct a binary classifier
using

that predicts a waiting

and build a total of

predictors and
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classifiers.
The travel distance classification model is as follows:
Consider the travel distance data set
. We perform these for

. Construct a classifier

that classifies into

categories using

to construct a classifier.

3.2 Proposed model 2 - visualization/clustering model
The features of each station predicted by the above method are illustrated in Fig. 4 to facilitate visual
minutes (vertical axis) and the
understanding. At a specific station, we plot the waiting time more than
probability of the specific distance category like more than 10km (horizontal axis), and connect each point according
to the time series. The numbers attached to the plot points indicate the time of day in 24-hour notation. The
characteristics of each station can be represented by a closed-loop cycle on the two dimensional space.

Fig. 4. Examples of waiting time and expected travel distance probability at Mitsukoshi-Mae Station (left) and Hiro-o Station(right)

This method facilitates the following: visual understanding of station characteristics at a certain time, visual
observation of station characteristics throughout the day by a closed-circuit connecting time zone, and grasping of
the difference between stations by plotting multiple stations. These two figures in Fig. 4 show an example that the
use of taxis varies greatly by stations. From the plotted points in this figure, we can visualize not only differences
in waiting times and travel distances, but the transition of
characteristics during time of day. The differences in the
location and internal areas of closed-circuits allow us to
understand the taxi demand characteristics of the stations and
their areas.
The interpretation of these graphs is given in Fig. 5 and Table
1. In Fig. 5 and Table 1, stations in the time slots plotted in (1)
are more profitable. On the other hand, there is a difference in
profit acquisition method between (3) and (4). At position (3)
the probability of long-distance travel is high, so the average
spending per customer is high, and at position (4), the turnover
rate is high because a large number of customers can be on
board. In order to use this figure practically, the driver can
obtain the characteristics of the nearby station (time required to
pick up a customer and expected travel distance of that
customer) by inputting the current position, weather, and time
of day.
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Fig. 5. Waiting time and probability of traveling more
than 10km

Table 1. Evaluation of station point

Position

Waiting time

Long distance
probability

(1)

long

high

(2)

long

low

(3)

short

low

(4)

short

high

The driver to go
Drivers who want to pick up
long-distance customers
Not for any driver
Drivers who want to capture many
short-distance customers
Drivers who wants to pick up
long-distance customers in a short time

Evaluation
good
poor
good
excellent

Furthermore, the similarity metric between stations can be defined by the overlap of the areas of these closed-loop
cycles using this Fig. 4. Therefore, stations with similar features can be clustered and the meaning of each cluster
is interpretable from the viewpoint of the taxi demand characteristics. A series of the procedure from visualization
to clustering [5] are as follows:
Step1) We create a graph plotting the expected waiting time and the expected distance probability for each station.
Step2) The graph using a convex hull [6] is enclosed.
Step3) This graph is taken as a binary image, and set the inside of the convex hull as 1 and the outside as 0.
Step4) We apply a clustering algorithm for stations using the inner product or cosine of the binary vectors created
above as the similarity.
By using these methods, it is possible to understand the characteristics of each station considering the waiting
time and travel distance. It is also possible to design a measure for efficient vehicle allocation using this method.
The next section describes the actual data analysis by applying the proposed models.

4. Probe data analysis
4.1 Prediction and visualization of waiting time and travel distance – analysis conditions
In this study, we treat data with waiting times of less than

minutes and more than

minutes separately.

For the binary classifier that classifies waiting time of less than
minutes, we applied various binary classifiers
based on machine learning approach. As a result of analysis by multiple binary classifiers, Labeled LDA(L-LDA)[7]
is selected as the model with the highest analysis accuracy for the test data is an extended model of Latent Dirichlet
Allocation method (LDA)[8]. This method was originally proposed to analyze text data with the label’s information
added to the document data. Applying this model to the taxi data, the classifier can be trained to output the affiliation
probability for categories that are less than 5 minutes. On the other hand, Random Forest Regression (RFR) [9][10]
is used to predict waiting times of 5 minutes or more. In the travel distance classification, the distance is divided
into 6 categories: less than 1km, 1 km to less than 2.5 km, 2.5 km to less than 5 km, 5 km to less than 10 km,
10 km to less than 20 km, and 20 km or more. In this classification problem, the probability of belonging to each
category is obtained by using Random Forest Classification (RFC). The number of trees during learning in these
Random Forests was set to 200 based on the results of cross validation. The input data used for the forecast is
assumed to be the temperature, precipitation, and time of day at that point, but for the purpose of this analysis,
we use the average temperature and precipitation for the period from April to June 2016. It is sufficient for the
driver to have information on the long-distance probability, which directly relates to profits. Therefore, we combined
the probability of 10 km to less than 20 km and the probability of 20 km or more, and analyze the data.
4.2 Prediction and visualization of waiting time and travel distance – analysis results and discussion
In this section, we present the results and discussion about the two indicators that we predicted. Examples of
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analysis results are shown in Fig. 6 and Fig. 7. Fig. 6 shows the change over a day when Shinagawa Station is sunny,
and Fig. 7 shows it when Shinagawa Station is raining. The vertical axis represents the waiting time (minutes),
and the horizontal axis represents the probability that the travel distance is 10 km or more.

Fig. 6. Shinagawa Sta. (sunny): waiting time and
probability of traveling more than 10km

Fig. 7. Shinagawa Sta. (raining): waiting time and
probability of traveling more than 10km

In Fig. 6, the waiting time tends to be long in the time zone after the last train. From Fig. 7, it can be seen
that the probability of long-distance increases from the time around the last train in the case of train. From these,
on one hand, it was found that there is a difference in the characteristics between the stations on sunny and rainy
days. On the other hand, in the daytime hours, it can be seen that neither of them has changed at the position
where the waiting time is short and the probability of long distance is low. In this way, station characteristics can
be instantly understood at each station according to the time zone and weather.
4.3 Clustering-analysis conditions
In the preprocessing of clustering, a convex hull is used to enclose
points. We introduced Graham's scan [11] as a search method for the
convex hull, which is shown in Fig. 8.
In addition, the k-means method [12], [13] is used as the clustering
method, and the clusters are grouped into 6 clusters. Since the length of
the vectors of a single image is 102, 400(320 × 320) and the dimensionality
is large, we take into account the curse of dimensionality and use cosine
similarity

[14] as the degree of similarity.

4.4 Clustering-analysis results/discussion
Fig. 8. The shape of Mitsukoshi-Mae Sta.

Using the above method, a plot of the estimated waiting time of 5
with a convex hull
minutes or more and the probability that the travel distance is 10 km or
more was drawn at each station. The line of the time transition was connected. The plot of the 273 stations are
shown in Fig. 9. In Fig. 9, several stations that seem difficult to find similarities with other stations are colored
so that they can be identified. The plots of the other stations are drawn in black color in Fig. 9, we can see the
plots are concentrated in the lower left area though it is hard to identify each station.
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Fig. 9. All station plots with a probability of over 10km

From Fig. 9, there are two stations that have a high probability of traveling more than 10 km throughout the
day (purple and light blue closed loops). These are "Haneda Airport International Terminal Building" and "Haneda
Airport Terminal 1 Station", and it can be seen that the transportation distance is long due to the characteristic
of the airports. In addition, there are 13 stations located on the east side of Tokyo with few residential areas, where
they have an expected waiting time longer than 25 minutes or a distance of more than 10 km. Because of the
characteristic of the k-means method, there is a possibility that the gravities of each cluster may be strongly affected
by outliers, so we performed clustering for 258 stations except for 15 stations (2 airport stations and 13 stations)
whose features are very different from those of other stations. We divided these stations into six clusters by applying
the k-means method, and the result is shown in Table 2.
Table 2. Meaning of each cluster and its interpretation

The
number of
stations

Examples of
stations

General

Downtown

Cluster
(name)

Interpretation

The taxi demand characteristics

31

Mitsukoshimae,
Ochanomizu,
Seijogakuenmae

Reclaimed land

Waiting
time
and
long-distance
probability fluctuate throughout the
day.
In other words, the usage of taxis
changes over time.

54

Roppongi,
Shinjuku,
Ikebukuro, Shibuya

Central station in
Tokyo

Long-distance travel probability is low.
There are plenty of railroads.

Chuo Line

49

Mitaka, Yoyogi,
Kichijoji,
Akabane

Both residential
area and
restaurants

Suburbs

16

Tamagawa,
Todoroki

A little far from
the center of city

Old town

47

Kachidoki,
Shimbashi,
Tsukishima

East side of
Tokyo, bar area

Residential

61

Hiro-o, Denenchofu,
Jiyugaoka

Quiet residential
area

The waiting time varies and the
long-distance
probability
is
low
throughout the day.
The bar and the residential area may
be close.
Long-range probabilities vary.
Many people go by taxi to places
where they cannot go by train.
It may be a long distance depending
on the time of day.
After the last train, the probability of
long distance is high.
Short wait times and short distances.
Taxis are used for little things.
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Before interpreting the results, it should be noted that
taxis tend to use location (3) during the daytime and
location (1) during the nighttime, because the usage
tendency of taxis depends on the business hours of the
trains. The "General" cluster followed this trend. In the
"Chuo Line" cluster, the probability of long distances does
not vary after the last train, suggesting that the area may
have both characteristics of restaurants and housing. Many
of the stations are also located in convenient area. In Fig.
10 below, it shows the interpretation of the stations along
the Odakyu line using the labels obtained from the
clustering results.
From Fig. 10, it can be seen that the characteristics of
each station along the same railway line are different. When
starting from the Shinjuku station in Tokyo, the
characteristics of the stations change from those clustered
as "Downtown" to those defined as "Residential" or " Old
town" as we move toward Kanagawa Prefecture. The
interpretations of each station are acceptable results, so that
we can point out the taxi demand characteristics reflects the
types of the station area.
Station tagging by features obtained by clustering is
useful as a material for business judgment. From this
Fig. 10. Cluster name of each station on Odakyu Line
clustering result, it is possible to approach stations with
similar characteristics by placing similar measurements. For
instance, for stations with short wait time of taxi drivers (where customers are waiting longer), advertising with
a continuous relationship between the taxi pool and the taxi can create a synergy of advertising.

5. Summary and future work
In this study, we built a machine learning based model that predicts the waiting time and transportation distance
probabilities of drivers using actual probe data, and a model that promotes visual understanding using them. The
proposed predictive model takes account of the influence of time of day, day of week and weather conditions. The
train stations were clustered by the taxi demand characteristics and interpreted for each cluster. The result of this
study not only supports the decision making of each driver, but also makes it a useful model for the managers
of taxi companies.
As a research task from now on, we can point out how to perform appropriate clustering considering time series
since time information is lost in the process of clustering in this study.
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Appendix
Preprocessing
Before constructing the proposed model, we have to conduct the
preprocessing in order to perform the analysis suitable for the
purpose. In order to perform the analysis at each station, each trip
must be tied to a station. Especially, we had to extract the data
that can be regarded as a taxi is waiting at a taxi rank near a
station. In this appendix, we describe the procedure of associating
each trip with a station.
The data for the analysis covers 273 stations in Tokyo, Japan. The
place information of each station is represented at a point in the
map, which is the center position. At this time, the distance from
a center position of each station to the boarding point varies

Fig. 11. An example to be considered about tagging to
stations
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depending on the scale of the station or the distance from the station to the road. The following figure (Fig. 11)
[15] is an example showing what must be considered. Blue circles indicate the areas that taxis are not allowed
to enter, such as inside the station.
In this problem, we should define which station should be associated with the boarding point p? If we consider
only the distance from the station to p, the Nihonbashi station is closer than the Tokyo station in the example
of Fig.11. However, it is natural to define that a passenger taking a taxi at the point p took it near from the Tokyo
station. That is, p should be tagged to Tokyo station rather than the Nihonbashi station. Therefore, we need a scale
that takes into account the size of the station. Let

be the distance between station

and the

data’s

be the th data’s nearest station, where
. From a different point of view,
boarding point, and
we consider the shortest distance from the station to the boarding position extracted from all the data at each station.
Let

be the distance from the station

to the nearest possible boarding point (extracted from all data), as

shown in equation (1). From these, we use

as an index of the distance from the station due to decide

which station is associated with the
nearest station of each boarding point.

data. The station where

is the smallest is defined to the

(1)
(2)
Here, it is assumed that there is a taxi rank within 300 m, and stations are searched within the range of
within 300 m. If there is no station where

is less than 300 m, the trip is excluded from the analysis

target this time. Finally, the equation linking the boarding point to the station

is as follows:

(3)
Furthermore, since we assume that the waiting time is the necessary time required to have a customer after the
taxi arrives around the station, it is calculated as the time the taxi stayed within 100 m from the boarding point.
This time is estimated by the time of taking a customer at the boarding point minus the time the taxi entered within
100 m circle from the point.
In other words, we extracted trips that customers got on and off for each driver, linked nearby stations to the boarding
points, and used the time required to have a customer as the waiting time to generate data.

778

Japan-27 I ANQ-137

Construction of evaluation model considering fashion trend of
fashion coordination
Saori Shibasaki1, Takeshi Kaneko2
1

Tokyo City University, Tokyo, JSQC, g2081426@tcu.ac.jp
2

Tokyo City University, Tokyo, JSQC, tkaneko@tcu.ac.jp

Abstract
With the spread of the Internet and smartphones, fashion trends are beginning to change. In the past, fashion
was created by the model and fashion industries, but now it is created by the influence of influencers such as
SNS.
Therefore, the purpose of this research is to propose a method for evaluating how well the fashion coordination
worn by oneself matches the fashion.
In this research, we use the data of " WEAR ". The target variable is the number of favorites from the
information on the fashion coordination of scraped "WEAR". In addition, we extracted words from the fashion
coordination information, left the item names as explanatory variables, and deleted other terms that seem to be
unrelated to fashion coordination.
As a result, the coefficient had to those not significant from those significant, but items that affect the favorite
number could be extracted. Since the bias was seen depending on the items worn, I thought that accuracy could
be improved by increasing the explanatory variables. Also, by using images, patterns and silhouettes Since it is
possible to make a more accurate evaluation model by looking at the above, it is necessary to proceed with that
part.
Key word: fashion trend, fashion coordination, evaluation model

1. Background
With the spread of the Internet and smartphones, fashion trends are beginning to change. In the past, I felt that
fashion was created by the model and fashion industries, but now it has been created under the influence of
influencers such as SNS.
Fashion includes clothes, ornaments, and beauty. The clothes in it also have the function of protecting from
the climate such as cold, but they are also a tool of self-expression such as what kind of person I am and how
I want others to see me.
In the morning of women, it is very difficult to prepare for things such as makeup, hair set, and clothes. Figure
1 shows that about 80% of the 6000 women feel busy in the morning. In addition, Figure 2 is a graph showing
the time it takes from getting up to going out. It was found that about 92 minutes was an average and it took
about one and a half hours to prepare for the morning. From this, it is considered that since the women are busy
in the morning, if the time can be shortened even a little, there will be no rush.
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Figure 2

Figure 1

Figure 3

The clothes in them must be considered every time when going out, and are essential in daily life. However,
I feel that the task of considering fashion coordination such as what to match with a T-shirt considering various
factors each morning is very troublesome. When I was actually thinking about coordinating, I heard that people
who were late for the schedule accounted for the largest proportion, because the coordination was not decided from
Figure 3. Therefore, many systems that recommend fashion coordination have been created. However, it only
recommends fashion coordination worn in the past, cannot encounter new fashion coordination, and is not considering
fashion.
For this reason, the current situation is that fashion coordination, which is self-expression, is not available.

2. Precedent Study
There are many studies on fashion coordination.
Tsujida(2009) registered her daily fashion coordination on the touch panel from her photo database of clothes.
We proposed a system that supports daily fashion coordination by presenting clothes information that combines the
historical information with information such as weather and people to meet.
Takei(2009) proposed a clothes fashion coordination recommendation system that has the function of extracting
word-of-mouth information about clothes as people's opinions and using them as recommended fashion coordination
information. As a result, it was confirmed that the fashion coordination recommendation using word-of-mouth was
more likely to match the user's feeling. Since this system also into account the time to write word-of-mouth, it
was possible for many people to judge that fashion coordination written at the same time was fashionable clothes.
From these points, the system under the condition such as historical information and weather has been carried
out, but there is not much research done to make the fashion coordination support system considering various factors
in consideration of the fashion.

3. Purpose
Based on the above points, the purpose of this research is to evaluate how well the fashion coordination you
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are wearing matches the fashion.
Therefore, it is possible to know the fashion trends by using the text data of the site where the photos actually
worn by the public are posted, and it is possible to evaluate how well they match.

4. Research procedure
4.1

Trend extraction

In this research, the clothes worn by many consumers and their fashion coordination are defined as fashion.
In "WEAR", you can do tag search. Therefore we search for tags in "casual" which I always often wear and
I collect the text data of the fashion coordinates of the displayed woman and extract the trends.
4.2

Construction of the evaluation model

In “WEAR”, there are the number of likes and the number of favorites, and an evaluation model is constructed
using a data set created using those numbers.
4.3

Verification
Verified the created evaluation model.

5. Variable setting
5.1

Explanatory variable

In this study, we use item names such as "pants (black)" and silhouettes related to items such as "wide pants"
as explanatory variables.
5.2 Objective variable
The number of favorites is used as the objective variable. I like the number of likes easily for all the coordination
when the viewer is happy to scroll. However, the number of favorites can be saved in your own folder, so you
want to copy it later or buy it. This suggests that using the number of favorites is a better way to evaluate the
number of favorites.

6. Evaluation model
6.1

Logistic regression analysis using R

Logistic regression analysis was performed using the number of favorites as the objective variable and the item
name as the explanatory variable. Analyze and measure the evaluation of the fashion coordination actually worn.
6.2

Result of analysis
We analyzed what items affect the number of favorites. The coefficients ranged from significant to insignificant.

As low items that affect the number of favorites, booties (red series), slip-ons (yellow series), down jackets/coats
(red series), belts (red series), suspenders (brown series) were extracted. Looking at these items, the characteristic
items were extracted, so it is considered that the items were evaluated correctly.
Next, items such as tank tops (black series), shirt dresses (brown series), camisole (black series), shirt dresses
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(pink series), riders jackets (green series) are extracted as items that do not affect the number of favorites. It was
done. The first four items can be said to be worn in any season. However, the rider's jacket (green type) was an
item to be worn in a little chilly season, which was not what I expected.
Also, as items that affect the number of favorites, ensembles (black series), jumper skirts (beige series), belts
(black series), down jackets/coats (beige series), etc. were extracted. Looking at these items, all of them were items
worn in standard fashion coordination, so it is thought that the evaluation was correct, although they were not
fashionable.

7. Verification
7.1 Method of verification
In order to measure the completeness of the created evaluation model, we conducted an interview and verified it.
I asked them to look at 10 different pictures of various fashion styles and asked them what their scores were.
We verified how well this result matches the created evaluation model.
7.2

Verification results and consideration

When comparing the evaluation model created in advance with the data obtained from the interview, no significant
correlation was observed.
For example, in Harajuku fashion, tops with shoulders and skirts on the knees were dislikedbecause I interviewed
a woman in her 20s. However, when I scored the 10 types of fashion coordination I had in the interview using
the evaluation model, the result was the second best.
Also, in the case of simple fashion coordination, the evaluation model had a low score, but the result obtained
from the interview had a very high score. This is a fashion coordination that allows any item to be simple and
adaptable to any occasion, and it is thought that the score was high in the interview because it can be coordinated
without much thought.
In the case of girly fashion coordination, the evaluation model gave good results, but the interviews did not give
very good results.
Therefore, bias was seen depending on the items worn.
The graph of the verification result is as follows.

Fig 4. Graph of verification results
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8. Comprehensive evaluation
8.1 Conclusion
In this research, we built an evaluation model for fashion coordination. The items affected by the number of
favorites could be extracted from the regression coefficient. The degree of completion of the evaluation changed
depending on the item worn, and it did not become a highly accurate evaluation model.
8.2 Future tasks
As a result of the verification, bias was seen depending on the items worn, so we thought that the accuracy
could be improved by increasing the explanatory variables.
Originally, we planned to create a model for evaluation in consideration of the trend fashion, but we could not
make it to the point where it was considered, so we will create that part and aim for a more accurate model.
Also, this time, we created an evaluation model with text data, but by using images, we can see patterns and
materials, and we believe that an evaluation model with higher accuracy than an evaluation model created with
only text data can be created. Since it is possible, it is necessary to proceed with that part.
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Abstract
It is important to identify the cause of the accident in the medical service which requires high level of safety.
However, only qualitative analysis has been developed until now. Yamada attempted quantitative analysis based
on the assumption that the number of medical accidents was proportional to the number of incidents using Poisson
regression analysis with the number of incidents as the objective variable. Based on the Yamada's research, we
attempted to support hospital policy development to prevent medical accidents in the ward by presenting appropriate
indicators, such as approximate relative risk and Nagelkerke's pseudo-R2. As a result, 62 explanatory variables
were selected, and five of them has higher relative risk greater than 2, and six of them has lower relative risk
less than 1. For explanatory variables that exceed 2, the action is urgent and must be performed carefully, while
for those that are less than 1, it is estimated that doctors and nurses got used to handling the patient or needed
to stop some services such as the provision of meals. However, since the range of possible values of explanatory
variables is different among variables, it is necessary to consider the ease of increase of explanatory variables
in the future.

1. Introduction
1.1

Organizational Management of Hospital

Figure 1 shows the organizational structure of a typical
hospital. Under the hospital director, there are several
functional departments, such as the diagnostic, nursing, and
administrative departments. Each division has a team-type
organizational structure, which is called a flat organization.
[1]

Figure 1. Hospital’s Organizational Structure
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In general, organization in companies comprises functional departments, such as development, design, etc., and
this is called function-based organization. The structure of each department is such that subordinates follow
instructions given by superiors. Conversely, hospitals are made up of professionals; doctors do not give instructions
because they are in a higher position than other professionals, but because the instructions themselves are their
professional skills. The nurses and technicians who receive the instructions are also professionals, and the instructions
are given based on the roles of their respective professional skills. The team members are not forced to follow
the instructions; they cooperate according to their roles in the team.
Many companies do not necessitate any qualifications to become a manager.Employees are often promoted to
management positions following an opportunity to learn management from a company-wide perspective through job
rotation. In hospitals, however, job rotation is not possible because each position is a professional position; for
example, by law, the president must, in principle, be a physician (Article 46-3, Medical Care Act). Furthermore,
it is not uncommon for the board of directors, which is the decision-making body, to be composed of the president’s
relatives, making internal control difficult.
1.2 Policy Management in Hospitals
Policy is the overall intentions and direction of an
organization, formally expressed by top management,
relating to the achievement of a mission, principles, a
vision, and mid-and-long-term business plans of the
organization in JIS(Japanese Industrial Standards) [2].
Policy management is then defined as activities to
achieve policies by unity of purpose and priority
approach with engagement of all functions and levels.
Priority issues, objectives, means, and control points are
determined to achieve the policy, and daily management
is a check on the status of the achievement of these.
The process diagram of policy management in a
hospital is shown in Figure 2. To formulate the policy,
it is necessary to analyze the business environment, and
Figure 2 Process Diagram of Policy Management in Hospital
subsequently, the priority issues, objectives, means, and
control points are set up to expand to the field. When
analyzing the business environment, quantitative analysis, although preferable, is currently not sufficient.
However, as the hospital is a flat organization of professionals, quantifiable and non-quantifiable costs are mixed
for the same task. For example, physicians’ instructions to perform their work are left in the form of data and
medical fee points, but the quality of the parts of the work that conduct the instructions is not quantitatively evaluated
through interview surveys.
In Japan, cost calculation, which is an important element in the analysis of a business environment, is performed
in accordance with the Cost Accounting Standard published in November 1962 by the Business Accounting Council,
a governmental advisory body.
In this method, manufacturing overhead costs with an indirect relationship to products are allocated to each
product based on the standard of direct labor cost and direct working hours. However, there are cases in which
the cost is allocated on a basis other than the original cause of the cost.
This was not a problem when the number of product types was small, and the ratio of direct costs to the cost
of products was large. However, the increase in indirect costs due to that in the number of product types associated
with the shift from mass production to high-mix low-volume production, the automation of the manufacturing process
in factories, and the reduction of raw material costs in the new industry has resulted in the profitability of individual
products being far removed from reality. The idea used in this context is Activity-Based Costing (ABC).

785

ABC is a costing method that assigns overhead and indirect costs to related products and services. This accounting
method of costing recognizes the relationship between costs, overhead activities, and manufactured products,
assigning indirect costs to products less arbitrarily than traditional costing methods. This concept is especially useful
in the service industry, where the proportion of direct costs is small. As healthcare is also a service industry, some
studies have been conducted to apply the ABC concept [3], but it is difficult to say whether it is used in Japan.
In addition to costs, there are other areas that are difficult to quantify when analyzing the business environment.
Owing to the difficulty in assigning responsibilities due to the mix of professionals, daily targets have been put
in place, but individual business process descriptions are necessary to cover everything. We have not been able
to comprehensively analyze the business environment from a quantitative perspective, including quality and safety.
About safety, the next section describes how medical accidents are analyzed.
1.3 Risks of Medical Care in Hospital
As mentioned above, many hospitals are managed by family members. It is difficult to reflect the each position’s
situation because job rotation is not possible as each position is a specialist, and it is difficult to quantify medical
care, including costing, because medical care is a service. These are risks in the management of a hospital.
In addition, the most significant risk to hospitals is the risk of medical care. As medical care is a service that
requires a high level of safety, it is necessary to manage the risks of medical care to prevent medical accidents.
Medical accidents have a wide range of causes, but human error is particularly significant due to the negligence
of health care providers. It is difficult to inherently reduce human errors and improve the quality of medical safety
without designing systems and mechanisms to cover those accidents within the hospital. It is, therefore, important
to identify the cause of medical accidents.
There are some qualitative analyses of causes of medical accidents. Root Cause Analysis (RCA) is the main
method of analysis [4]. This analysis identifies the underlying factors of accidents through interviews and other
means and reveals structural problems in the provision of medical services that may not be noticed at the time
of the accident. The Joint Commission for Accreditation of Healthcare Organizations (JCAHO) mandates the
investigation of medical accidents using RCA.
There is also the P-mSHELL analysis, which is an extension of the SHEL model represented in human factors
engineering and developed for application in medicine. This analysis consists of six elements: Patient (P),
Management (M), Software (S), Hardware (H), Environment (E), and Liveware (L). The method is used to examine
measures to prevent drug errors [5] and so on.
Although the working hours of healthcare workers are longer than those of other industries [6], these qualitative
analyses require the time of many staff members: doctors, nurses, laboratory technicians, pharmacists, and clerical
workers. In addition, the day-to-day management of the risk of medical accidents in each ward is currently handled
by ward managers, such as the head of nursing.
There is a need, therefore, for a system that quantitatively analyzes the causes of medical accidents without
using the time of medical staff. However, quantitative analysis is difficult because the number of medical accidents
in Japan is relatively low (371 throughout the year of 2019 [7]). Yamada [8] attempted a quantitative analysis based
on the assumption that the number of medical accidents was proportional to that of incidents, based on Heinrich's
law, which states that there are 29 minor incidents behind a single serious accident and 300 anomalies in the
background. However, they only analyzed the data statistically and did not consider the meaning of the numbers
or provide feedback to the hospital itself.

2. Purpose of Research
This study aims to quantitatively analyze the factors of medical accidents and develop a system that supports
the development of policies for service design and resource allocation in hospitals. To accomplish this, the study
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improves the previous system proposed by Yamada [8] that identifies the factors of medical accidents based on
the number of incidents and the data accumulated in the hospital.

3. Method
3.1 Overview
An overview of the system is shown in Figure 3.

Figure 3 Policy Formulation Support System’s Overview

Through the PDCA(Plan–Do–Check–Act) cycle of daily management, daily management can reveal the current
state of the department to some extent. On the other hand, it was difficult to analyze the business environment
from a quantitative perspective that reflects the current state of the department in formulating the mid-and-long-term
business plan.
In this research, we present a new indicator to analyze the business environment from a quantitative perspective.
We apply Yamada’s medical accident analysis system to the data on operations in the medical department that had
not been used before.
Based on these indicators, the management policy for the next year will be developed by repeating the analysis
of unutilized data of medical practice left in the department through this system. This is expected to lead to a PDCA
cycle not only for daily management but also for med-and-long-term management policy development.
3.2 Mathematical Model
In this study, we use a mathematical model based on the premise of Yamada's work. Yamada's study assumes
Heinrich's law and aims at the number of incidents rather than the number of medical accidents.
Yamada's study was based on Heinrich's law and assumed a generalized linear model (Poisson regression) with
the number of incidents, rather than the number of medical accidents, as the objective variable.

(1)
The link function is the log function, which is a canonical link function. The linear predictor is the main effect
model, λ is the number of incidents,

,

, ⋯,

is an explanatory variable,

is a constant term, and
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,

, …,
is the partial regression coefficient. The variable selection
method is the variable increase/decrease method, and the selection
criterion is the AIC (Akaike Information Criterion) defined by
equation (2) using the maximum likelihood L and the number of free
parameters k:

Table 1 List of explanatory variables

(2)
We used the 30 explanatory variables in Table 1. This is a
brushed-up version of the explanatory variables placed by Yamada,
which quantifies the workload and hours worked by health care
workers.
We also removed the explanatory variables that are zero for each
ward and checked for multicollinearity before conducting a stepwise
analysis.
In this study, we investigate multicollinearity by calculating VIFs
using the variance-extension factors explained below:

Outpatient
Emergency outpatient
Scheduled discharge patient
Movement within the same ward
Movement from other general ward
Movement from ICU ward
Movement from HCU ward
Movement to other general ward
Movement to ICU ward
Movement to HCU ward
Simple CT
Contrast-enhanced CT
Simple MRI
Contrast-enhanced MRI
Endoscopy
Cardiac catheterization
General anesthesia
Local anesthesia
Surgical Treatment
A classification in nursing need
B classification in nursing need

Perform a least-squares regression with the focused explanatory
variable
as the objective variable and the other variables as the
explanatory variables.

C classification in nursing need
Nurse working hours during the day
Nurse working hours during the evening
Nurse working hours during the night
Rookie nurse working hours during the day

Compute the VIF factor for

by the following equation:

(3)

Rookie nurse working hours during the evening
Rookie nurse working hours during the night
Nurse aide working hours
Certified care worker working hours

where

is the coefficient of determination of the regression.

Analyze the degree of multicollinearity considering the magnitude of
In this research, we set
as the multicolinearity criterion, and remove any explanatory variables
that exceed this threshold before performing the stepwise method.
Having removed the explanatory variables, including multicollinearity, a stepwise selection of explanatory
variables is performed, followed by the Wald test using Equation (4) on the individual explanatory variables.

(4)
where the regression coefficient estimate is β, the mother regression coefficient
, and the standard error S.E.
In this study, the significance level was set at 0.05. The explanatory variables that are sufficiently significant to
be valid in this manner will be referred to as “selected explanatory variables.”
3.3 Developing Policy Formulation Support System
The construction of a policy formulation support system requires not only statistical analysis but also indicators
that accurately reflect the business environment.
Therefore, we consider the relative risk (RR) defined by equation (5).

(5)
Focusing on the partial regression coefficients of the finally selected explanatory variables in the Poisson
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regression analysis, the exponential transformation of the partial regression coefficients of the explanatory variables
shows by how many units incidents would increase if the explanatory variables increased by a unit amount, when
all other conditions remain unchanged, which can be interpreted as approximate relative risk [9] [10].
This approximate relative risk shall be the primary output in this system and shall be used to support policy
formulation.
In addition, the AIC is used to evaluate the goodness of fit of the model equation during variable selection
in the stepwise method, and is used as a criterion for variable selection. However, the AIC is a relative indicator
that is useful in evaluating multiple models [11]. Although it is suitable for comparing multiple models, it is not
suitable for expressing the absolute goodness of fit of a model after the final variable selection is completed. Thus,
pseudo coefficients of determination(pseudo-R) that fit in the range of 0 to 1, such as the coefficient of determination
in linear regression analysis, have been proposed for generalized linear models.
The pseudo-R proposed by Cox and Snell [12] are represented by Equation (6)

(6)
where
is the likelihood of the logit model,
and n is the number of datasets.

is the likelihood of assuming all parameters to be zero,

However, this has the disadvantage that the upper limit is less than one, so that in this study, we improve on
and use Nagelkerke's pseudo-R [13] of determination

, which is represented by equation (7).

(7)

4. Result and Discussion
The calculated relative risks and Nagelkerke's pseudo-R for 2017 and 2018 are in Tables 2 and 3, respectively.
Hospital A, the hospital under analysis, is a large hospital with about 1,000 beds in 24 wards; there is no difference
in ward organization between 2017 and 2018.
In the 2017 data, the number of explanatory variables selected was 66, whereas in the 2018 data, the number
was 121.
Table 4 shows a selection of the explanatory variables with a relative risk greater than 2. In 2017, four explanatory
variables with a relative risk greater than 2 were detected, three of which were the number of patients transferred
to ICU wards; in 2018, four of the seven were also transferred to ICU wards; in 2017, the number of patients
transferred to ICU wards All of the wards that had a relative risk of more than 2 for the number of patients moving
to ICU wards in 2018 still had a relative risk of more than 2 for the number of patients moving to ICU wards.
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Table 2 Relative Risk and Nagelkerke's Pseudo-R for Each Ward (2017)

Orthopedics

Cardiovascular surgery/ HCU
Cardiovascular surgery/
cardiovascular medicine/
medical green bed

Nagelkerke's

Explanatory Variables / Relative Risks

Ward
Nurse working hours

Movement from other

Movement within the

during the day

general ward

same ward

1.010

2.198

1.153

Surgical Treatment

pseudo-R

Outpatient

0.127

1.113

Movement from other
0.053

general ward

1.120

0.651

Surgical Treatment

Simple CT

1.186

1.116

Scheduled discharge
0.130

patient
1.054

Nurse working hours

Palliiative care department

0.137

during the day
1.050

Pediatrics and general
pediatrics

Nurse aide working
hours
1.062
Movement from HCU

Obstetrics

ward

Contrast-enhanced CT

Local anesthesia

1.235

1.225

Gynecology/ Urology/

Nurse working hours

Contrast-enhanced

respiratory surgery/ breast

during the day

MRI

surgery

1.022

0.478

Internal medicine green bed

General ward such as person
with a disability facilities
Nephrology/ chinese medicine/
rheumatic internal medicine/
general medicine
Liver internal medicine/
endocrine/ diabetes internal

Simple CT

0.128

0.707
0.092

Movement to ICU ward
2.537

0.079

nursing need
1.021

Movement within the

Nurse working hours

Rookie nurse working

same ward

during the night

hours during the night

1.231

1.135

1.133

Nurse working hours

Movement within the

Scheduled discharge

during the day

same ward

patient

1.006

0.845

1.053

1.353
Endoscopy

B classification in
nursing need

medicine/ general medical care
Respiratory medicine/

0.146

Contrast-enhanced

Nurse working hours

Nurse aide working

hematology/ general medicine/

MRI

during the day

hours

psychosomatic medicine

1.405

1.006

0.975

Rookie nurse working

Movement to other

hours during the night

general ward

1.092

1.113

2.377

Contrast-enhanced

Movement to HCU

Nurse working hours

MRI

ward

during the day

1.701

1.641

1.011

Urology/ dermatology/ plastic

Contrast-enhanced

Movement to other

surgery/ emergency

MRI

general ward

department/ dental oral
Brain surgery/ Neurology /

1.680

1.087

Movement from ICU

C classification in

Brain surgery emergency bed/

ward

nursing need

SCU

1.326

0.765

Certified care worker

B classification in

working hours

nursing need

1.095

1.008

1.110

Movement to other

Nurse working hours

Nurse aide working

general ward

during the evening

hours

1.114

1.096

0.962

gastroenterology/ general
practice/ neurology

Surgery/ otorhinolaryngology/
opthalmology
Surgery/ otorhinolaryngology/
opthalmology

0.148

0.107

Local anesthesia

1.005

emergency

1.024

1.243

Local anesthesia

0.149

hours during the day

A classification in

1.149

Cariology/ internal medicine

Rookie nurse working

Movement to ICU ward

0.151

0.079
Movement from HCU
ward
1.561

Simple MRI

Contrast-enhanced CT

1.297

0.810

C classification in
nursing need

0.221

0.758
0.095

Movement to ICU ward

0.143

1.456
General anesthesia

0.122

1.346
Local anesthesia
0.296

C classification in

Surgical green bed

0.095

nursing need
1.155
Nurse working hours

psychiatry I

during the day
1.049

Movement to ICU ward

0.240

15.421

B classification in

psychiatry II

0.576

nursing need
1.020

Psychosomatic complication
center

C classification in
1.332
A classification in

Emergency bed

0.118

nursing need

nursing need
1.022

Surgical Treatment

0.091

1.144

A classification in

Cancer multidisciplinary bed

0.060

nursing need
0.956

ICU
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No Explanatory values were chosen

Table 3 Relative Risk and Nagelkerke's Pseudo-R for Each Ward (2018)
Movement from other

A classification in nursing C classification in nursing
need
1.019
Rookie nurse working

need
0.896
Rookie nurse working

during the evening
1.322
Rookie nurse working

during the night
0.707
Scheduled discharge

hours during the day
0.966
Movement from HCU

hours during the evening
1.260

hours during the night
0.700

ward
1.143

Movement to ICU ward

Contrast-enhanced MRI

2.580

2.068

HCU

patient
0.923
Rookie nurse working

Cardiovascular surgery/

hours during the night
0.921
Movement to other

Orthopedics

Cardiovascular surgery/

medicine/ medical green

general ward
1.135

Palliiative care

Emergency outpatient

cardiovascular

department
Pediatrics and general

Obstetrics
Gynecology/ Urology/
respiratory surgery/
breast surgery
Internal medicine green

General ward such as
person with a disability

Endoscopy

1.331

1.153

during the day
1.010

Emergency outpatient

Local anesthesia

1.124

1.250

Rookie nurse working
hours during the day
0.973

need
0.949
Local anesthesia

2.238

0.657
B classification in nursing

need
1.047
Nurse working hours

need
1.007

during the day
1.020

Movement to HCU ward
1.683
Movement from HCU

0.539

ward
0.746

Contrast-enhanced CT

1.335

2.097
Nurse working hours

Simple CT

Simple MRI

Cardiac catheterization

0.872
Movement to other

1.501

1.741

endocrine/ diabetes

general ward
1.259

Simple CT

Cardiac catheterization

1.135
A classification in nursing

2.880
Nurse working hours

need
1.019

during the day
1.014

Simple CT

hematology/ general

0.888
Movement within the

medicine/

Cariology/ internal
medicine emergency

same ward
1.248
Nurse working hours
during the day
1.008
Movement within the

gastroenterology/
general practice/
neurology

Urology/ dermatology/
plastic surgery/
emergency department/
dental oral surgery/
surgical HCU

same ward
0.839
C classification in nursing

opthalmology
Surgical green bed

Psychosomatic

Emergency bed

Cancer multidisciplinary

0.154

Contrast-enhanced MRI

Surgical Treatment

0.416

0.836

Movement to HCU ward

Endoscopy

1.472
Rookie nurse working

1.129

0.199

B classification in nursing
need
1.015

0.183

0.964
Movement from ICU ward

Movement to ICU ward

0.838

1.525

A classification in nursing B classification in nursing
need
1.024

need
0.992

Nurse working hours
during the night
0.915

0.284

Nurse aide working hours
1.063
B classification in nursing

1.365
Nurse working hours

need
1.004
Nurse working hours

during the day
1.015

during the evening
0.934

Nurse aide working hours

0.078

Contrast-enhanced CT

Local anesthesia

1.206

1.223

during the day
1.046

during the evening
0.898

Endoscopy

Local anesthesia

Nurse aide working hours

1.369

1.722

1.113
Certified care worker

Contrast-enhanced MRI Nurse aide working hours
0.934
Movement within the

0.157

1.033

1.147
Nurse working hours

Nurse working hours

Rookie nurse working

during the day
1.013

hours during the night
0.856

0.199

Movement to ICU ward

0.115

8.465
0.229

0.178

working hours
1.052
Simple MRI

A classification in nursing

Rookie nurse working

Rookie nurse working

hours during the day
0.982

hours during the evening
0.901

1.089
Movement from HCU

same ward
1.764
B classification in nursing

0.781
Nurse working hours

need
0.984
Nurse working hours

ward
1.316
Movement within the

need
1.030
A classification in nursing

during the day
1.014
Nurse working hours

during the night
0.930
Nurse working hours

Rookie nurse working

same ward
1.300

need
0.925

during the day
1.023

during the night
0.947

hours during the night
0.892

ICU

need
0.794

Nurse aide working hours

0.931

Emergency outpatient

C classification in nursing

hours during the day
0.977

Endoscopy

1.930

0.230

during the night
1.064

need
1.011

Simple CT

complication center

0.138

during the evening
hours during the evening
0.959
0.879
Nurse working hours
B classification in nursing

same ward
1.170
Nurse working hours

psychiatry II

0.241

hours during the day
0.908
Rookie nurse working

1.337

1.247
Movement within the

psychiatry I

Rookie nurse working

Simple MRI

Outpatient

Surgical Treatment

otorhinolaryngology/

0.329

during the day
1.013

1.181

general ward
1.516

emergency bed/ SCU
Surgery/

need
1.008

Contrast-enhanced CT

patient
1.050
Rookie nurse working

/ Brain surgery

0.138
Nurse working hours

2.377
Rookie nurse working

hours during the night
1.090
Movement from other

Brain surgery/ Neurology

0.210

1.054

Movement to ICU ward

need
1.169
Scheduled discharge

hours during the night
0.902

0.259

0.140

Simple CT

internal medicine/
Liver internal medicine/
internal medicine/
Respiratory medicine/

Nurse aide working hours

need
1.019
A classification in nursing B classification in nursing

Movement to ICU ward

medicine/ rheumatic

hours during the evening
0.936

A classification in nursing B classification in nursing

1.101
Movement within the

Movement from ICU ward

Rookie nurse working

hours during the day
0.982

0.191

Emergency outpatient

facilities
Nephrology/ chinese

Rookie nurse working

need
1.018

0.141
Nurse working hours

same ward
0.808

A classification in nursing

1.024
Movement to ICU ward

ward
1.173

bed

0.293

Nurse aide working hours

1.447
Movement from HCU

pediatrics

pseudo-R

Nurse working hours

general ward
0.323
Nurse working hours

bed

Nagelkerke's

Explanatory Variables / Relative Risks

Ward

Nurse aide working hours

0.237

1.025
0.233

0.249

Table 4 Explanatory Variables with a Relative Risk Greater Than 2
Year

2017

2018
Liver internal

ward

Orthopedics

Gynecology/ Urology/

Cariology/

respiratory surgery/

internal medicine

breast surgery

emergency

psychiatry I

Cardiovascular surgery/
HCU

Gynecology/ Urology/

General ward such as

respiratory surgery/

person with a disability

breast surgery

facilities

medicine/ endocrine/
diabetes internal
medicine/ general
medical care

Cariology/
internal medicine

psychiatry I

emergency

department
Explanatory
Variables

Movement from other general ward Movement to ICU ward Movement to ICU ward Movement to ICU ward

Movement to ICU ward
Contrast-enhanced MRI

Movement to ICU ward Contrast-enhanced CT Cardiac catheterization Movement to ICU ward Movement to ICU ward
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This may be due to the fact that the ICU is an environment prone to human error, as the ICU is intended
to manage critically acute dysfunctional patients around the clock and provide more effective treatment. Therefore,
a transfer to the ICU is a movement that needs to be done carefully and quickly.
On the other hand, the likelihood of a unit volume increase in each explanatory variable varies greatly. For
example, the likelihood of an increase in the total number of hours worked by a day nurse and that of an increase
in the number of patients transferred to the ICU are considered to be very different. To support policy development,
it may, therefore, be necessary to devise a policy that allows users to consider the likelihood of an event that increases
the unit amount of each explanatory variable.
Figure 4 shows the range of relative risk values separated by 0.5 and the percentage of the number of values.
Comparing 2017 and 2018, the percentage of the number of explanatory variables with a relative risk greater than
1.5 remains almost the same. However, for those below 1.5, 2018 is more likely to have an increase in the number
of values below 1.0 and the number of values between 1.0 and 1.5. There has been a decrease in those in the
.5 range. This indicates that overall, the quality of hospital operations has improved with respect to safety. In fact,
the average relative risk is shown to have decreased significantly in 2018 to 1.19, compared to 1.38 in 2017.

Figure 4 Range of Relative Risk Values

Nagelkerke's pseudo-R is generally low. This is partly due to the fact that the pseudo coefficient of determination
tends to be smaller than the coefficient of determination in general linear regression [11], but it should also be
treated with caution because of the possible poor fit of the model to begin with.
Going forward, it is necessary to analyze the data from 2019 onwards, as well as to check and collate the actual
annual policies issued by the hospitals. In addition, standards for the required data need to be defined to achieve
implementation in the field.

Conclusion
It is difficult to quantify the financial and safety risks of hospitals, which comprise a service industry. To solve
this problem, we developed a system to support the formulation of medium- and long-term management policies
and to promote the PDCA cycle for policy management by utilizing the unused operational data accumulated in
the field.
The relative risk and Nagelkerke's pseudo-R of approximate relative risk, which are useful indicators in the
management of risk, were determined. One of the reasons for the high relative risk was the transfer to the ICU,
which may be due to the need to act quickly and cautiously that easily leads to human error.
Future directions include calculating indicators that consider the scale of the values of each explanatory variable
and standardizing the system for application to other hospitals.
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Abstract
The management of doctors’ knowledge is important for health care quality management. In recent years, systems
have been introduced in clinical practice that have improved the information collection environment. In this
situation, knowledge structures and process models should be derived based on data.
This study developed a method to analyze prescribing strategies using medical data, consisting of the following
four steps: 1) Visualizing the prescribing process for each patient, 2) Creating a prescribing process chart, 3)
Presenting prescription strategy trends, and 4) Evaluating the treatment outcome.
In Step 1, prescriptions vary according to patients’ backgrounds and changes in conditions, even if the diseases
are common, and it is difficult to visualize them as they are. Therefore, a “prescribing unit” is introduced to describe
a group of prescriptions with common content. The group of units was designed to involve all possible prescriptions
used to treat chronic obstructive pulmonary disease. Thus, a prescribing strategy can be expressed and analyzed
as a series of units. Additionally, indicators for evaluating treatment outcomes were identified through focus group
meetings, as used in Step 4.
This method was applied to prescription order data to present the characteristics of the prescribing strategies
implemented by hospitals and physicians. A comparison of prescribing strategies and outcome evaluation revealed
that a relationship exists between them.
The method’s clinical usefulness was confirmed by specialists; it was suggested that more valid results could
be presented in the future by classifying patients’ data for analysis.
Keywords: Quality medical care; Process management; medical data utilization; Prescription analysis

1. Introduction
In recent years, quality assurance actions have become popular; these are based on the idea of total quality
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management, which impacts process management for the healthcare services hospitals provide. The decisions of
doctors and other health care professionals are important in healthcare services. Therefore, managing healthcare
professionals’ knowledge as developed through their experience is important for quality management in healthcare.
Many studies have been conducted to not only externalize the tacit knowledge based on experience and convert
this into formal knowledge, but also organize and systematize knowledge that has already been clarified.
Healthcare quality management includes two primary targets. The first is incident management. For example,
Sano et al. (2010) proposed a work description method for analyzing trends in medication administration incidents,
while Hasui et al. (2019) proposed a tool to identify the factors leading to medication incidents. The second target
involves increasing the overall quality of healthcare and managing the healthcare service-delivery process to achieve
standardization. Ikabata et al. (2018) analyzed data from health checkups to posit that appropriate preventive medicine
would decrease medical costs. Moreover, Kariyazaki et al. (2016) derived screening criteria for growth disorders
based on data from children’s health examinations to develop a system to support the decision to detect disorders.
This study focuses on the second type of process management, or specifically, daily clinical process management.
As observed by Ikabata et al. (2018) and Kariyazaki et al. (2016), it is easier to derive knowledge structures and
process models based on significant amounts of data when the clinical process has clear outcome indicators and
the data necessary to calculate the indicators are appropriately collected and accumulated. On the other hand, some
of the indicators that doctors consider in their decisions are not quantitative; thus, it is necessary to express the
conditions that are difficult to collect and store in data through external measurement. Medical intervention
procedures are an example of such a difficult process toward digitization. Shimono et al. (2014) proposed a model
to manage the traditionally complex surgical process and achieve quality assurance by both subdividing and
illustrating the process. Kato et al. (2016) also proposed that rehabilitation intervention processes be standardized
by subdividing them according to the patient’s condition. Additionally, studies have been conducted to establish
a system to collect data on patient conditions; Kariyazaki et al. (2017) identified patients of concern to collect the
information needed for problem analyses and decision-making in pediatric growth disorders. Further, Takao et al.
(2015) developed a model to collect the necessary indicators without omissions to develop an appropriate surgical
plan for the patient. Moreover, Nitta et al. (2011) designed a tool to identify the process of allocating medical
resources in inpatient care and the indicators needed to support decisions in each process.

Prevalence %

Environments to enable data collection are being developed as mentioned thus far, and various systems―such
as the ordering system and the patient condition adaptation path system (Iizuka, 2010)―are becoming increasingly
popular. As displayed in Figure 1, more than half of general hospitals have adopted ordering systems as of 2017;
among them, the adoption rate in larger
hospitals is over 90% (Ministry of
100.0%
91.4%
89.7%
Health, Labor and Welfare, 2018).
86.6%
82.4%
90.0%
Consequently, it has become possible
76.7%
80.0%
70.6%
to continuously refer to indicators that
62.8%
70.0%
54.0%
were previously difficult to convert into
55.6%
60.0%
47.7%
data and accumulate. This is expected
50.0%
39.3%
to allow researchers to derive
40.0% 31.7%
45.6%
30.0%
knowledge structures and process
36.4%
20.0%
models based on data, even for
27.4%
10.0% 19.8%
processes in medical services that are
0.0%
considered difficult to convert to data.
2008
2011
2014
2017
This study focuses on physicians’
Year
knowledge management within the
Hospital (Ave)
Large (400beds or more)
prescribing process, as prescribing the
Small (200 or fewer beds)
Medium
(200–399beds)
most appropriate medication for each
patient is a critical decision, and
Figure 1. Ordering systems’ prevalence
prescribing is a typical medical service
(Source: Ministry of Health, Labor and Welfare, 2019)
performed in both outpatient and
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inpatient care (Soumerai et al., 1990). Prescribing must be fine-tuned to ensure quality in response to and in
anticipation of changes in patient conditions. However, most prescribing is currently left to the physician’s experience
(Iizuka et al., 2010). Although information has been accumulated as a basis for prescribing decisions due to the
development of data collection systems, such information has not been fully utilized, and its management is
inadequate. Thus, decisions are made based on each physician’s tacit knowledge and experience, and the prescribing
quality is uneven. This requires an accurate, data-driven understanding of the executed prescribing process to reduce
any variability in quality and enable the accumulation and sharing of information about appropriate prescribing
processes.
Therefore, this study aims to develop a method for analyzing prescribing strategies using medical data. The
“prescribing strategy” refers to a long-term prescribing plan that includes the physician’s intentions and the
knowledge needed to make decisions. Applying this method to prescription order data can illustrate executed
prescribing strategies to identify trends; successful prescribing strategies could then be identified by assessing
treatment outcomes. These will identify any issues as well as successful prescription processes, which will decrease
variations in prescribing quality.
In daily clinical practice, standardized
and simple formats are used to document
patient conditions
and treatments.
However, it is necessary to capture the
detailed treatment flow by disease to
clarify prescribing strategies. Therefore,
this paper attempts to capture these
treatment flows by compiling a list of
possible prescriptions for each disease in
advance and rearranging the medical data
accordingly. The analysis results indicate
that it is possible to share successful
prescribing processes and identify issues
with the executed prescribing, which will
decrease
the
variability
in
the
prescriptions’ quality.
Figure 2 illustrates the method-development process. After designing an overview of the method, its details were
designed with a focus on the subject of the study. Prescription order data were used to confirm the each step’s
function. The data application results’ clinical relevance was confirmed in focus group meetings involving specialists
and researchers.

2. Designing the method to analyze prescribing strategies
The method should enable a visualization and sharing of knowledge based on specialists’ experience in prescribing
decisions to help non-specialists and residents make the best prescribing decisions for their patients and decrease
any variability in the prescribing quality. Therefore, it is necessary to be able to identify trends in the prescribing
strategies being executed and to clarify the relationship between the strategies and their outcomes. In other words,
the method proposed in this study must be able to present these two elements as analytical results. Based on this,
an overview of the method was designed as displayed in Figure 3 that consists of four steps.
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Figure 3. An Overview of the method

1. Visualizing each patient’s prescribing process involves organizing physicians’ prescription orders, which are
recorded in the same format regardless of disease, in chronological order. In this step, a “prescribing unit”
is introduced based on the prescription orders’ commonalities, and the prescribing process is illustrated in
the form of a flowchart that connects the corresponding prescribing units. This visualization makes it possible
to check the prescribing strategy in the process.
2. Making a prescription process chart involves aggregating the prescribing processes organized in Step 1. A
prescribing process chart can identify which of the possible prescribing options are being executed and can
capture prescription trends. Additionally, all prescribing strategies within the executed prescribing process
are aggregated, and are useful as a database that includes the standard prescribing strategies as well as their
exceptions, leading to the identification and improvement of issues.
3. Presenting prescription strategy trends involves displaying the trends in the executed prescribing strategy as
revealed by the process chart in Step 2.
4. Evaluating the treatment outcome involves following the patient’s journey to determine the results of the
treatment outcomes. A comparison of prescribing strategies and outcome evaluation leads to reveal a
relationship that exists between them.
When performing these four steps, content to denote the groups of prescribing units is required. In the first
step of the process, it is difficult to analyze individual prescriptions because they vary according to patients’
backgrounds and changes in their conditions, even for the same disease. Therefore, a “prescribing unit” is introduced
to describe a group of prescriptions with common content. In this way, the prescribing strategy can be expressed
as a series of prescribing units and can be analyzed. It is also necessary to design a group of prescribing units
for each disease that includes all possible prescriptions. This is because if the grouping differs in terms of prescribing
units for different hospitals and analysts, it will be difficult to compare physicians and hospitals.
The fourth step involves identifying a prescribing process that is effective, as this enables the identification of
issues in the process and share the process, which decreases the variable quality of these prescriptions. However,
no single criterion exists to determine the prescriptions that are the most effective and superior in treatment, such
as the number of days a patient stays in the hospital or the recovery speed given test values. Therefore, indicators
must be firstly identified to evaluate treatment outcomes.
While this section provided an overview of the method and its steps, the next section will discuss the research
subject, and further detail the designed method.

3. Setting the research subject
The method was designed based on a case study involving chronic obstructive pulmonary disease (hereafter,
‘COPD’). The number of elderly COPD patients has significantly increased in Japan (The Japanese Respiratory
Society, 2018), and the number of patients to be treated is not expected to decrease in the future, as the nation’s
birth rate declines and aging population increases. In addition to this social context, drug prescriptions have
significantly impacted the control of patients’ status in treating COPD. While no clear criteria exist in national drug
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administration guidelines, each specialist has his or her own criteria based on experience, which makes this disease
a suitable research subject for study.
Table 1 lists data on the treatment of two types of COPD patients as used in this study.
Table 1. This study’s data

Data No.
Data set
1
Data set
2

Type of data

Treatment

Medical records

Outpatient

Survey of patient
conditions and
prescriptions

Inpatient

Hospital
Respiratory Clinic
A

Condition
Stable
Exacerbation

Number

8 general hospitals
(Hospitals B–I)

Exacerbation

153

10

As the data contains prescription information, it is possible to analyze prescribing strategies by applying the
method to the data. After designing the content necessary for performing the method, these data are used to confirm
the role of each step of the designed method.

4. Designing the contents used in the method
4.1

Groups of prescribing units for COPD

Prescribed for stable patients
To identify viable prescriptions for stable treatment, we presented data on 10 cases obtained from Respiratory Clinic
A (Data Set 1) and interviewed treating specialist K, respiratory specialist L, and respiratory specialist M, who
managed the stable treatment of the inpatients at the University of J Hospital. Two primary stable treatment categories
exist―inhalers and oral medications―which may be simultaneously administered. A group of 7 prescribing units
and another group of 4 units were designed to have one unit within the category that corresponds to what was
prescribed. Figure 4 illustrates these groups.
Inhalers

Oral

A1-1 COPD Stable
LAMA

A1-4 COPD Stable
LABA+ICS

A1-2 COPD Stable
LABA

A1-5 COPD Stable
LAMA+ICS

A1-3 COPD Stable
LAMA+LABA

A1-6 COPD Stable
LAMA+LABA+ICS

Example
Unit ID + condition
Therapeutic category

A1-7 COPD Stable
No prescription

A2-1 COPD Stable
Xanthine
bronchodilators

A2-2 COPD Stable
Expectorant

A2-3 COPD Stable
Xanthine
bronchodilators +
Expectorant

A2-4 COPD Stable
No prescription

※ LAMA : Long-acting muscarinic antagonist
LABA : Long-acting β-agonists
ICS : Inhaled corticosteroid

Figure 4. Groups of prescribing units for COPD stabilization

When establishing the prescribing units by dividing the prescriptions into groups, it was necessary to focus on two
axes: i) whether the patient’s condition was stable or exacerbated, and ii) the therapeutic category of drug (Ministry
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of Health, Labor and Welfare) . Additionally, in the stable treatment phase, the categories were divided by iii) the
drug form.
Prescribed for patients with an exacerbated condition
In the process of creating a group of prescribing units for stable treatment, the axes were identified to extract the
prescribing units. Prescribing units for exacerbation therapy were established by organizing data (Data Set 2) from
153 patients admitted to eight general hospitals for the treatment of exacerbated COPD according to these axes.
The 153 inpatients included in the data had COPD as their main disease and were admitted to the hospital because
they were unable to cope with an exacerbation in the outpatient setting, and therefore were considered to be in
the exacerbation phase in axis i). Additionally, the categorization by drug form in axis iii) was unnecessary, as
different formulations of the same ingredient are used in treating such exacerbations, and these are not used together.
Therefore, only the therapeutic drug category in axis ii) was used to establish the unit group. Subsequently, after
reviewing the content with specialists L and M, the units that were not likely to be administered due to the lack
of approved drugs were removed. The 18 prescription units displayed in Figure 5 were designed as a group of
prescriptions for exacerbated COPD.

Figure 5. Groups of units prescribed to treat exacerbated COPD

4.2 Outcome indicator
Focus group meetings were then held to identify the potential measures that could be used to evaluate the
treatments’ effectiveness. The meetings included five participants: specialists L and M; physician N, who manages
data in the Medical Information Department of the University of J Hospital; and two researchers, including the
authors. Three discussions occurred, with each lasting one hour. Table 2 lists the candidate outcome indicators.
Table 2. Candidate outcome indicators
No.

Candidate Outcome Indicators

Details

1

Days in hospital

Hospital discharge date – Hospital charge date

2

Days until next exacerbation
Days to move to the discharge
preparation phase

Check the outpatient chart after discharge from the hospital
Determined based on medical records and the date
rehabilitation started

3

799

the

4

Days in the intensive care unit

Whether the patient’s period of deterioration has decreased

5

Time on a ventilator

Whether the period
decreased

6

Total oxygen dosage

Oxygen flow rate × Time (Integral)

7

Comparison of oxygen flow
before and after hospitalization

An increase in flow rate is considered worse

of

worsening

respiratory condition

has

Items 1 and 2 in this table are commonly used indicators proposed by the researchers in the first discussion
and confirmed to be clinically valid. Items 3 to 5 were proposed by specialists L and M in the second discussion
as candidate indicators after referring to actual treatment data. The researchers proposed items 6 and 7; regarding
item 6, the specialists suggested that the indicator’s usefulness could be confirmed by actually applying the medical
data. As an indicator that specialists implicitly focus on, Item 7 was added as a candidate.
Generally, the main goal in clinical practice is to restore the patient’s condition and successfully discharge him
or her from the hospital, and it is important to improve the patient’s current condition. However, from the researcher’s
perspective, analyses primarily occur retrospectively, with the executed treatment and physicians’ decisions organized
based on the data, and the analysis results presented for future treatment. Thus, discussions from different positions
and perspectives made it possible to formalize the physicians’ tacit knowledge, as demonstrated in items 6 and 7.
As the content necessary in performing the method has been defined, the data were applied to the method to
confirm each step’s function.

5. Applying the method to prescription order data
Stable COPD patients have symptoms that progress over a period of years, and their prescriptions do not rapidly
change. On the other hand, exacerbated patients exhibit acute changes that require hospitalization for observations
and treatment; prescriptions must be adjusted on a multi-day basis. Therefore, this paper applies its proposed method
to the prescription order data in Data Set 2, then
analyzes prescription trends during the exacerbation
phase.
5.1

Visualization of each patient’s prescribing
process

Section 4.1 defined the three criteria for
establishing a prescribing unit―i) whether the patient’s
condition is stable or exacerbated; ii) the drug
therapeutic category (Ministry of Health, Labor and
Welfare) ; and iii) the drug’s form―which are uniquely
determined from the name of the prescription drug. In
other words, once the prescription is input, the
prescribing units can be automatically determined
through the computer system. The prescribing process
can be visualized by connecting the prescribing units
and creating a flowchart, and the prescribing strategy
can be captured as a pattern of connected units. By
including all possible prescriptions in a group of
prescribing units, it is possible to visualize each
patient’s prescription in the same way, independent of
the analyst.
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Figure 6. The prescribing process for patient 1

For example, Figure 6 displays the prescribing process visualized based on the prescribing order for patient 1,
whose condition became exacerbated and was treated in Hospital B. The prescribing processes are visualized in
the same manner for cases other than that of patient 1.
5.2 Making a prescribing process chart
Given the prescribing process
created in Section 5.1, the units
indicating treatments for exacerbation
are aggregated and mapped into a
group of prescribing units to create a
prescribing process chart. In this
process, trends can be captured by
aggregating data collected in the same
hospitals, or data from patients with
common-charge
physicians.
For
example, Figure 7 maps four cases in
which physician N was in charge of
the prescribing process chart at
Hospital B. The prescribing units that
apply to any of the 21 cases in
Hospital B (collected in 2011) are
noted, and those that apply to the four
cases are noted in a darker color.
By aggregating the prescription
Figure 7. The prescribing process chart of physician N
process by hospital and physician,
only the executed prescribing units
can be extracted and trends in strategies can be captured. A comparison of prescribing process charts among other
physicians and hospitals leads to identification of successful prescribing processes and issues with the executed
prescribing, which will decrease the variability in the prescriptions’ quality.
5.3

Presentation of prescribing strategy trends

A comparison of the prescribing process charts in Figures 5 and 7 reveals that the short-acting drug was limited
to SABA (Short-acting β-agonists) in Hospital B independent of the physician in charge, and SAMA (Short-acting
muscarinic antagonist) was not administered. Subsequently, we focus on the units that are faded in color within
Figure 7, or specifically, the prescribing units that were implemented in Hospital B but not administered by physician
N. It was found that when two drugs with different drug classifications were used, physician N did not administer
antibiotics. Patients who needed antibiotics were either treated with a single agent or three agents. Additionally,
the transition of prescribing units over time as indicated by arrows in this figure demonstrates that the unit just
before preparation for discharge―or no dosing to treat exacerbating symptoms, or unit B4-1 in Figure 7―always
includes a single drug. This result indicates that the strategy involves treating patients with multiple effective drugs
while in the hospital, then gradually reducing the number of drugs. This strategy is common regardless of whether
the patient visits the hospital as an outpatient, referral, or emergency.
5.4

Evaluation of the treatment outcome

Two outcome indicators can be calculated using Data Set 2: item 1, or the number of days in the hospital;
and item 3, or the number of days to prepare for discharge. Table 3 illustrates the calculation results. Hospital B,
which obtained the data applied in Section 5.2, examined the largest number of patients among the hospitals
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participating in the survey. Further, Hospital B could discharge more patients with shorter hospitalization days than
the overall average in spite of diverse patient backgrounds, such as their severity of illness and comorbidity.

Table 3. Average number of days hospitalized

Hospital

Average days in the
hospital

Number of
patients

B
C
D
E
F
G
H
I
Total

15.4
12.6
28.1
27.1
31.8
10.7
18.9
43.8
21.9

62
14
7
8
9
6
24
23
153

Number of
patients
discharged
59
14
7
-(*)
8
6
24
21
139

Average number of days until
discharge preparation
11.2
8.1
17.1
-(*)
24.0
7.8
15.7
35.6
16.2

(*): Unknown due to incomplete survey response

Additionally, Table 4 compares the results from the six physicians in Hospital B.
Table 4. A comparison of outcomes by physician at Hospital B
Physician at
Hospital B

Average number of
days in the hospital

Number of
patients

N
O
P
Q
R
S
Total

21.8
11.9
13.2
19.0
14.5
65.0
15.4

4
7
5
2
2
1
21

Number of
patients
discharged
4
7
3
1
2
1
18

Average number of days to
discharge preparation unit
15.8
5.9
11.7
7.0
8.5
64.0
15.2

A comparison was also made between physician N, who had the longer two measures of days in the hospital
and days to prepare for discharge, with physician O, who had the shortest. Physician O’s process chart described
all the units performed in Hospital B. This suggests that physician N followed a somewhat fixed prescribing strategy
independent of the patient’s background, while physician O chose a prescribing strategy that was suited to the
patient’s condition, with the latter leading to a superior evaluation of outcomes.

6. Discussion
This study designed a method for analyzing prescribing strategies using medical data as a four-step process.
After COPD was set as the case disease, the method’s content was designed based on prescription-order data and
focus group meetings with specialists.
The prescribing units were selected based on the prescription, and the prescribing process was visualized in the
form of a flowchart by connecting selected prescribing units. Prescription orders as documented in medical records
can be collected in hospitals without a longitudinal recording system in place, such as a patient condition adaptation
path system (Iizuka et al., 2010). Designing a group of prescribing units can allow future analysts to illustrate and
examine the prescriptions in various hospitals using this method. However, outcome indicators must be refined
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through additional data collection and interviews with health care professionals to ensure that they accurately reflect
the treatment’s effectiveness. This paper’s method was applied to actual prescription order data to create a prescribing
process chart to clearly indicate trends in prescribing strategies and their outcomes.
This paper focuses on prescriptions during the exacerbation phase. In Section 5, the prescriptions executed in
one hospital were visualized, and the results revealed that the types of drugs administered were limited. The mapping
of data for patients treated by one physician made it possible to present prescribing trends, such as a strategy of
treating patients with multiple effective drugs during their hospitalization and gradually decreasing the number of
drugs administered. Specifically, it was confirmed that hospitals’ or physicians’ trends could be captured by
prescribing process charts.
Additionally, a relationship between prescribing strategies and treatment outcomes was confirmed by comparing
the prescribing strategies of physicians with high- and low-outcome indicator values. This comparison suggested
that choosing a strategy according to the patient’s background rather than implementing a fixed prescribing strategy
would lead to better outcomes.
As only two of the outcome indicators could be used due to data limitations, this suggestion must be further
tested. This study derived candidate outcome indicators, in that it can identify the data items necessary for preparing
the environment for data collection in the future. This should enable the more appropriate evaluation of treatment
outcomes in the future.
The data application results were presented in focus group meetings, and all three physicians agreed that the
method’s results are clinically useful. Consequently, this method will be applied to patient data obtained from the
University of J Hospital, improve any issues, and identify an effective prescribing strategy based on the results
of the analysis after an ethics review. Alternatively, it was noted that the number of days of hospitalization as the
outcome indicator used in this study depends on the patient’s background, and does not necessarily represent the
prescription’s sole effect when evaluating the treatment outcome. Thus, future analyses based on patient
classifications may provide a more accurate evaluation because any variability’s effect on input patient profiles will
be reduced.

7. Conclusion
This report designed a four-step method to analyze prescribing strategies using medical data. After setting COPD
as a case disease and designing the content used in the method, it was applied to prescription order data to confirm
each step’s functionality.
The group of prescribing units containing all possible prescriptions for the treatment of COPD was established
based on actual prescription orders, which confirmed that the connections among the prescribing units could be
used to organize and illustrate the prescribing process.
It was also confirmed that aggregating and visualizing the prescribing process as conducted could lead to an
understanding of trends in prescribing strategies and in the evaluation of treatment outcomes.
This method can be applied in the future to data classified by patient profiles to evaluate the outcomes of
prescribing for each patient type, then identify the most appropriate prescribing strategy for each patient.
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Abstract
Japan’s super-aged society demands a transformation of healthcare. It has become important to think about
comprehensive and optimal healthcare from the perspective of treating multiple diseases, symptoms, and disabilities
of daily living in the elderly. To ensure the quality of healthcare offered to such patients, teams across departments
are required. Technological advances have made it possible to use real-time, consolidated clinical data to perform
daily care. However, the conventional QMS have focused on individual medical services that are temporally and
spatially closed for a single disease. Thus, it is not yet clear what new management system will ensure the quality
of medical services for multi-disease comorbidities that can take advantage of the developed technology. This paper
proposes an ideal process model of medical services for the development of such systems, in consideration of
the characteristics of multimorbidity. First, we started from defining multimorbidity in acute care. Next, the current
problems are clarified as a) the selection of appropriate medical services and b) the distribution of limited human
resources. Based on these discussions, the proposed model introduced the concept of medical service form. As
a result, the causes of the problems were revealed and the way to develop the necessary management system
was shown.

1. Introduction
1.1

Background

Japan is trying to cope with its super-aged society, in which, one in four persons are over the age of 65 and
one in eight persons are over the age of 75. Considering that Japan leads the world in ageing demographics, the
healthcare of its elderly requires a transformation. In other words, it has become important to think about
comprehensive and optimal healthcare from the perspective of treating multiple diseases, symptoms, and disabilities
of daily living in the elderly, rather than targeting individual diseases and providing concentrated medical treatment,
as in the case of young adults.
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At the same time, treatment guidelines generally have focused on a single disease, which has led to fragmentation
of treatment. The guidelines must be evidence-based. Since most of the evidences previously generated have been
for a single disease, treatment guidelines must also be for a single disease. Many clinicians who treat patients with
multimorbidity have noted challenges with these guidelines.
This is especially true in acute care, which is designed to provide highly specialized treatment for urgent medical
conditions such severe injuries, acute-onset diseases, or acute exacerbations of chronic diseases. Acute care provides
highly specialized, physically invasive care. Moreover, the shortage of human resources such as doctors and nurses
involved in acute care [1] suggests that teams of medical professionals from across the departments will be needed
to treat patients with multiple diseases.
1.2

Previous Studies

There have been increasing in efforts to understand medical practices from the perspective of quality and to
help promote high-quality medical services. In particular, some hospitals have been introducing Quality Management
Systems (QMS). Research has been conducted to establish mechanisms for providing as well as achieving
high-quality and safe medical services, that is, QMS in medical care, while taking into account the characteristics
of medical care.
In particular, the focus has been on the visualization of work procedures that is important. Shimono et al.
developed a Model for structurally describing work process at hospital and Iizuka et al. developed Process Flow
Charts [2-3]. They organize the elements necessary for offering medical services such as administering medications,
injections, intravenous therapy (IVs), labs, and nursing care. Based on this study’s scope, these themes were aimed
at standardizing and unifying individual medical techniques related to a single disease and the general medical
services provided from admission to discharge. However, it is not enough now for each medical professional to
have excellent medical skills when patients with multiple diseases require organized medical care across departments.
While, Systems such as electronic medical records and an application with Patient Condition Adaptive Path
System (PCAPS) [4] have been developed and implemented. These systems consolidate clinical data on a real-time
basis and in healthcare environment, which facilitates understanding of the patients’ condition; the willingness of
medical professionals to utilize such systems for further improvement of the quality of medical care is important.
PCAPS has several nursing contents. The nursing content is developed for each of diseases. Using nursing
contents, we record all indicators that express patient condition and all nursing care services that provided to the
patient. One or more of these contents are applied to patients. Although PCAPS has enabled consolidation of clinical
data, it has no interrelationship between the content contained in the system. Thus, it is not clear what management
systems are required in situations where there are interactions within medical services and diseases, and as a result,
clinical data for such patients cannot be fully utilized.
1.3

Purpose

Given these circumstances, it is necessary to have a new QMS that would take into account interactions within
medical services and diseases. This study’s purpose was to propose a model that would focuses on such interactions
and clarify what kind of management system was needed to provide high-quality medical services for multimorbidity,
as opposed to the conventional QMS for a single disease.

2. Clarification of concepts related to the creation of the new model
If multimorbidity is not defined during the model’s development, then its subject would be unclear and
consideration of the necessary features would also not be possible. Many different definitions and interpretations
of this phenomenon have been used. To establish a definition that is appropriate for the purpose, it is necessary
to consider the characteristics of medical practice for multimorbidity in acute care.
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Furthermore, it may not be possible to make effective proposals for assessing the necessary functions of a
management system unless the problems are clarified and the scope to be captured in the model is defined. Therefore,
after clarifying the problems of medical service, the subjects to be included in the model were organized.
2.1

Definition of multimorbidity

Multimorbidity has been defined as the co-occurrence of two or more diseases within a person [5] as well as
the coexistence of two or more chronic diseases [6]. However, since the field of this study was assumed to be
an acute care hospital, the type of disease has not been restricted.
Shimono et al. (2011) identified seven characteristics of general medical services. Using these characteristics,
we deductively identified the characteristics of medical services for multimorbidity. Results are shown in Table 1.
Table 1. Characteristics of general medical services and services for multimorbidity

Characteristics of general medical services
Service recipients
Patient Specificity
present
Patient
condition changes
various conditions
Invasive and painful
Biological
No do-over
interventions
Urgency
Specialized service
providers

Need qualification requirements
Involvement of multiple
occupations

Characteristics of medical services for
multimorbidity
Patient Specificity
Need to capture patient condition changes for
diseases not focused on
Invasive and painful
No do-over
Priorities that is occurred within the disease to be
treated
Need specialization of the disease or the
department
Involvement of multiple occupations

Since acute hospitals offer highly specialized medical care, medical services during hospitalization are intensively
performed on a single disease during hospitalization. Basically, medical services should be performed in the order
of priority in acute setting. However, because of the interactions between medical services and diseases, it is
necessary to provide services with consideration given to lower-priority diseases. Many of medical services have
an obligation to meet qualification requirements. When providing medical services to patients with multiple diseases,
in addition to its qualification requirements, the specialization of the disease or the department to which it belongs
are required, in addition to the qualification requirements to be considered.
Thus, multimorbidity in acute care was defined as a situation in which a patient had a main disease that was
the main target of medical treatment during hospitalization and other sub disease(s) that were related to departments
different from the main disease.
2.2

Clarification of problems in medical services and the scope of the model to create
Our model focuses on the following two problems related to medical services for multimorbidity in acute care:

2.2.1 What is the appropriate medical service for the patients’ conditions?
Medical services must be tailored to the patients’ conditions so as to ensure the quality of health care. Doctors
may not have the necessary knowledge to select appropriate medical services for multimorbidity. Therefore, to offer
services in such situations, several doctors are required to communicate with each other to offer it. The current
problem is that such patients’ conditions have been missed.
2.2.2 How to optimize the distribution of human resources to all patients?
Even if medical services are required to meet the needs of patients, it is not always possible to cover all of
them within a limited human resource base. Thus, it is necessary to assume the capacity of each hospital based
on its own human resources and allocate resources optimally within that capacity.
Based on these two problems, we established the scope of the modeling and the stakeholders included in the
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model. The scope of modeling must include the above two. Therefore, medical services for multimorbidity provided
from admission to discharge were set as the scope of the modeling by including the above two.
The stakeholders were defined in terms of customers and suppliers of services. The customers were patients
with multimorbidity, whereas the providers of medical care services were doctors, who mainly select and perform
treatment, and medical staffs, who primarily detect and report the results of treatment. Doctors are divided into
two types: main doctors, who specialize in main disease, and sub doctors, who specialize in sub disease. As described
in the introduction, the use of medical information is becoming more and more important in medical services.
Therefore, a medical information system such as PCAPS, which supports service providers, has been included in
the model.

3. Proposal for a model that describes the process of medical services in terms of the patients’
condition and hospital resource limitations
Shimono et al. [2] developed a
model that described general
medical service as a process.
However it did not contain the
information necessary for an ideal
process model of medical services
to demonstrate how stakeholders
communicate and flexibly reallocate
human resources to select treatments
tailored to patients’ condition.
Therefore, a description of the
flow of medical services, including
what was done by each stakeholder,
was created based on five cases of
hospitalized
patients
with
Fig. 1. The ideal process model of medical services for multimorbidity
multimorbidity and interviews with
ward doctors. The ideal process model of medical services for multimorbidity, shown in Figure 1, was established
through modeling those descriptions.
From the perspective of the patient condition transitions and resource allocations, medical services for
multimorbidity should be provided flexibly, switching between "the collaborative medical services of a main doctor
and a sub doctor ", "medical services by the main doctor after consultation with the sub doctor " and "medical
services by the only main doctor " depending on the patient condition.
Through these resource-capability based discussion for management, these concepts of providing medical services
for multimorbidity were defined as "The medical service forms" in this study which comprised the following two
questions which were related to patients’ conditions:
3.1.1 Can a main doctor independently choose treatment for the main disease?
In a situation, where the main disease was difficult to treat due to a sub disease, and choosing treatment for
both the diseases required knowledge and experience on both diseases; the collaborative medical services of a main
doctor and a sub doctor were necessary.
3.1.2 Can a main doctor independently choose the treatment for the sub disease?
In situations in which there was no difficulty in the treatment of a main disease, but the impact of the treatment
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on the sub disease was unknown and the treatment to be offered was unclear, the doctor should consult with a
doctor specializing in the sub disease before providing treatment.
This model illustrates the root cause of the problem. Assuming that the doctor was knowledgeable about his
or her own department, problems arose because the answers to these two questions were inadequate in the current
acute care setting. In other words, the choice of "the medical service forms" is the cause of the problem. Therefore,
in order to ensure the quality of medical services, a management system with the ability to provide appropriate
answers to these questions is necessary.

4. Discussion
In the previous section, we proposed an ideal process model of medical services that included the concept of
the medical service form. It was based on the consideration that patients should be allocated necessary resources
according to the interconnections between the diseases and medical services. The proposed model identifies the cause
of the problems and clarifies the functions of the management
system to be developed.
Besides, the proposed model enables us to analyze the
consolidated clinical data through reinforcement learning, which
can be understood through the Markov decision-making process
(MDP). MDP [7] is a Markov chain in which state transitions
depend on the current state and an action that is applied to the
environment. Typically, a Markov decision process is used to
compute a policy of actions that will maximize some utility with
respect to expected rewards.

Figure 2 The agent-environment interaction in
MDP

In MDP, medical professionals' actions are selected according to patients’ conditions, thereby updating the
patients’ condition. This could potentially lead to the development of a management system that eliminates the cause
of the problem through supporting the decision of the form of medical service with reinforcement learning.
In addition, the proposed model has the advantage of simplifying the professionals actions to three. There are
a wide variety of treatments, and this is especially true for the treatment of multimorbidity. The model is too complex
to be analyzed while regarding treatments as agent actions.
However, some challenges still exist in the development of the management system and after its implementation.
First, we need to identify the parameters to be set for the MDP. As mentioned above, reinforcement learning
based on MDP requires simple definitions of parameters such as patients’ conditions to be controlled, the rewards
to be obtained during transition of patients’ condition due to agent's actions. The patients’ multimorbidity consists
of a number of clinical indicators such as their subjective symptoms, laboratory test values, and the observation
of symptoms. The quality of health care is also difficult to define as a simple parameter from the length of stay,
cost, Activities of Daily Living (ADLs) at discharge, etc.
Second, at the management system’s implementation stage, it may not be accepted by the medical professionals
only by analyzing clinical data. While doctors have an obligation to carefully explain to their patients the treatment
options and surgical risks, reinforcement learning does not explain the explicit reasons for selecting treatment. In
addition, it has not yet been able to make any suggestion for the selection of treatments during the patient's transition
care. This is because there is no clarity on the interactive influences existing in the patients and the extent to which
these contribute to the selection of forms and treatment content. To overcome this challenge, it will now be necessary
to describe the existing interconnections between the medical services and diseases.
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5. Conclusion
This study proposed an ideal process model to identify a management system that ensures the quality of medical
services for multimorbidity. First, the meaning of multimorbidity and the problems to be solved were defined. Based
on this definition, the concept of the medical service form was proposed. As a result, the causes of the problems
were clarified and the way to develop a necessary management system was suggested. Future issues are as follows:
-

To Define simply the parameters that compose the model.
To describe interactions within medical services and diseases
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Abstract
The ratio of the Japanese population aged 65 and over has been increasing annually, leading to a rapid aging
of Japanese society. In response, Japan introduced a long-term care insurance program in 2000 to support long-term
care and living independence for the elderly. One of the services provided by the new insurance program includes
the creation of care plans by care managers. However, the creation of a successful care plan is dependent on
the sufficient experience and knowledge of a care manager. Therefore, it is essential to establish a methodology
for designing care plans that can be utilized by care managers.
This paper analyzes data from a large-scale survey of nurses in order to better understand the challenges and
obstacles which must be addressed in order to improve nursing care for the elderly. The primary purpose of
caregiving is to support a patient’s living independence by helping them maintain physical activity and the ability
to perform daily activities. In our conclusion, we suggest methods for designing more appropriate care plans.
Keywords: long-term care, care plan, care manager

1. INTRODUCTION
The ratio of the Japanese population aged 65 and over is increasing annually, leading to a rapid aging of Japanese
society. According to a population estimate made by the Ministry of Internal Affairs and Communications in 2018,
the proportion of the total population over the age of 65 (aging rate) is 28.1 percent. In the past, the problem
was the burden of nursing care costs when the care recipient received care, and the care burden on the care recipient's
family. In response, Japan introduced a long-term care insurance program in 2000 to support long-term care and
living independence for elderly residents.
By 2065, it will be estimated that about one out of every 2.6 Japanese are over 65 years old and about one
out of every 3.9 Japanese are over 75 years old. As a result, Japan is faced with the challenge of providing health
care to an increasing number of elderly residents over more prolonged periods. In recent years, various problems
have arisen in the field of nursing care, such as difficulties related to the creation of care plans. Nursing care does
not offer a clear methodology for designing patient care plans that specify what type of care is appropriate for
certain conditions. Due to a lack of concrete guidelines, the type, frequency, and time of care for patients with
identical conditions can vary depending on the care provider and the experience and judgement of the care manager
overseeing a patient’s care plan. Nevertheless, the actual conditions of nursing care have not been evaluated, nor
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have the content of nursing services been compared. Therefore, an evaluation of care policies which compares the
actual conditions under which care is provided is needed.
The primary purpose of caregiving is to support a patient’s living independence by helping them maintain physical
activity and the ability to perform daily activities. This study evaluates the type of care provided by care-related
facilities to support the living independence of care recipients with similar medical conditions, while also
recommending proper care procedures for care recipients in varying physical condition.

2. SURVEY DATA
This study analyzes data from a large-scale survey conducted in 1995. The survey targeted approximately 1,600
care providers and about 3,500 care recipients at 52 facilities nationwide. The survey data is composed of three
categories: “time study data” indicating the care services administered to a target person, “attribute investigation
data” documenting the state of the target person, and “caregiver survey data” indicating the state of the provider.
This study analyzes the time study data.
2.1

Time Study Data

Time study data records the care services administered to a patient by care provider on a minute-by-minute basis.
The survey was conducted over 2 days (48 hours) and records the bathing and non-bathing care services administered
each day. The data documents multiple types of care and is segmented into to the following sections: date, hour,
minute, the length of care administered by a caregiver, care code, and the number of elderly persons receiving
care simultaneously by a single care giver. An example of this data is shown in Table 1.

Table1 – Time Study Data

2.2

Care Code

Nursing care content is categorized according to digitized care codes and classified into a total of 300 cases.
All care codes are grouped into one of the following four categories:





care for daily activities
care for medical treatment
care for rehabilitation
administrative work relevant to care

This paper evaluates the content of care services provided for daily activities at each facility. The 181 care codes
are classified into the following subgroups: cleaning, clothing, bathing, toileting, eating, transferring, moving, and
communication. These groups and examples of care codes are shown in Table 2.
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Table2 – Care Code

3. ANALYTICAL PROCEDURE OF TIME STUDY DATA
This paper analyzes the survey data and compares the content of the care services provided by care facilities.
This paper also compares the content of care services given by different caregivers to care recipients in the same
physical condition, and subsequently evaluates whether the care provided was appropriate.
3.1

Dividing Daily Activities

The time study data consists of over 300 care codes and records the care provided on a minute-by-minute basis.
However, as the data does not clearly specify the purpose behind providing said nursing care, this paper utilizes
the concept of “scene” proposed by Suzuki (2006) in order to calculate the behavior of the care recipient. Scene
is defined as the administering of care services that are necessary for achieving a specific purpose. “Purpose” is
defined as an act that is indispensable to human life. Figure 1 shows a model of behavior using the concept of
“scene.”
As depicted in Figure 1, the scene is divided according to the concept of "move/move" and by time limit. The
“move/move” division allows us to understand behaviors according to their purpose for daily life. The
movement/transferring data is represented using care codes. Concerning the time limit division, it seems unlikely
that a care recipient will perform similar activities for an extended period of time. Care recipients are unlikely to
perform care activities more than 20 minutes apart. Figure 1 displays daily activities separated according to these
two divisions.

Figure1 – Divided Daily Activities

Arase (2012) divided scenes into the categories of bathing, toileting, eating and “other.” In this paper, the contents
of nursing care for each scene are categorized as bathing, toileting, and eating.
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3.2 Classification of Care Recipient
This study classifies care recipients into seven groups based on the attribute survey data. The characteristics
of each group are shown below.
 Independent：Care recipient is not physically disabled nor do they require immediate care.
 Requires assistance：Care recipient needs some care, is basically capable of performing daily tasks on their
own.
 Nursing care level 1：Care recipient is ambulatory and requires partial care.
 Nursing care level 2：Care recipient is ambulatory and requires mild care.
 Nursing care level 3：Care recipient needs full care in order to perform certain actions.
 Nursing care level 4：Care recipient needs full care in their daily life.
 Nursing care level 5：Care recipient is completely bedridden and has difficulty communicating.

4. ANALYSIS RESULTS
We compared the contents of care, hours of care, and the number of caregivers for both bathing, toileting, and
eating according to each classification of care recipient. We also compared the practices of each facility to assess
which facilities provided appropriate care. As an evaluation criterion, we attempted to determine whether facilities
were able to improve the living independence of care recipients.
4.1

Bathing

Table 3 shows the results of our analysis of bathing according to care recipient classification. Figure 2 shows
a breakdown of the extent of care for each group.
Table-3 Bathing Data by Classification of Care Recipient

Fugure-2 Care Content of Bathing
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Table 3 demonstrates that the amount of care time administered to a care recipient is longer for patients in
the poorest physical condition. Moreover, the number of involved caregivers also increases as the physical condition
of a care recipient worsens. Indeed, this result is not surprising, as care recipients in poor health are difficult to
move and bathing them requires a larger number of people.
When striving to provide nursing care that promotes living independence, it is ideal to lessen the time taken to
care for each individual person.
As displayed in Figure 2, care recipients in poorer physical health require more extensive care from care givers.
That is, care recipients in the poorest health receive more “total care,” whereas care recipients in better physical
health receive more “partial care.”
When striving to provide nursing care that promotes living independence, facilities should attempt to provide
mild care as the ideal form of care. For care recipients who require a high degree of care and living assistance,
it is important to providing bathing assistance while also providing care that encourages living independence.
4.2 Toileting
Table 4 shows the results of our analysis of toileting according to care recipient classification. Figure 3 shows
a breakdown of the types of care provided for each group.
Table-4 Toileting Data by Classification of Care Recipient

Fugure-3 Care Content of Toileting

As illustrated in Figure 3, care recipients in poorer physical condition are more likely to wear diapers. In addition,
Table 4 demonstrates that there is almost no difference in the care time and the number of caregivers across groups.
This is likely because wearing a diaper lessens the amount of time and the number of people necessary for caregiving.
On the other hand, caregivers in better physical condition had the highest proportion of “cleaning up” and the
next highest proportion of diapers. The data also reveals that the majority of care recipients in better physical
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condition only wore diapers at night.
Therefore, in the case of toileting, care that does not relying on diapers is ideal for promoting living independence.
4.3 Eating
Table 5 shows the results of our analysis of eating according to care recipient classification. Figure 4 shows
a breakdown of the type of care provided for each group.
Table-5 Eating Data by Classification of Care Recipient

Fugure-4 Care Contents of Eating

Table 5 demonstrates that the number of people involved in providing nursing care for eating does not differ
significantly across different care recipient classifications. This is likely because, unlike bathing, eating does not
require much physical movement. However, as reflected in Figure 4, care recipients in poorer physical condition
require spoon feeding, which increases the time of each scene. Also, the content of care services for the eating
scene varies considerably according to the physical condition of the care recipient. For example, subjects who have
difficulty eating with their mouths are provided “tube feeding.” The amount of care that can be provided to such
a care recipient is limited. Accordingly, it is possible to determine whether or not a certain type of care promotes
living independence for eating by considering the type of care provided to care recipients in average physical
condition. Caregivers providing the service of “spoon feeding” should be "watching over" patients instead of
providing one-on-one care, as this can promote independent living.
4.4 Discussion
Our comparison revealed that there are differences in the nursing practices of bathing, toileting, and eating
provided by each facility. The next section presents guidelines for each category.
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・Bathing
There were no differences in the content of nursing care according to the state of the caregivers in each facility,
as multiple care recipients were bathed at the same time. Instead, the content of the care received by care recipients
at the care facilities was determined by the policy of each care facility.
Bathing care can be categorized as “watching over,” “partial care,” and “total care.” However, facilities that prioritize
“watching over” care are able to promote living independence. Nursing care centering on "total care" requires a
larger number of caregivers over a longer period of time. Therefore, even when considering the burden placed on
the facility, "watching over" care or "partial care" is desirable.
However, half of care recipients do not take a bath, so it is necessary to consider what type of care is given to
those who do not take baths.
・Toileting
There is almost no difference in the content of toileting care between nursing homes, as diapers are the main method
used to care for care recipients in poor physical condition. In addition, nursing care centered on diapers makes
little difference regarding the time and the number of people involved in each scene. Therefore, the promotion of
living independence depends on the quality of care of factors other than diapers. Facilities that are able to promote
living independence provide diaper care at night and "assistance" care at other times.
In addition, the need to check diapers on a regular basis increases the frequency of care.
・Eating
Our results showed that differences in the content of nursing care for eating differed most among facilities. This
is because eating methods depend on the physical condition of a care recipient. Care recipients in relatively poor
physical condition must be fed by spoon, which requires more nursing care. As spoon feeding is a form of one-on-one
care, facilities that focus on spoon feeding tend to spend more time providing care.
Care recipients in poor physical condition require the assistance of caregivers; therefore, in order to promote living
independence, it is important to care for those who are in poor physical condition.

5. CONCLUSIONS
This study evaluated how care providers promote the living independence of care recipients by examining the
content of elderly care services provided by care-related facilities. By comparing the content, time, and the number
of people involved in each facility, we found that the policy was to provide care to subjects under various conditions.
In this study, we were able to grasp the contents of nursing care according to the purpose more accurately by
capturing multiple nursing care activities as scenes. We also determined not only the time and time of fulfilling
care, but also the content of the care and how we can provide the care that promotes independence, and determined
which facility provides good care. We predict that our assessment of elderly care services can contribute to the
development of more appropriate care plans. By classifying care activities into eating, toileting and bathing, we
were able to consider appropriate care for each care activity. In order to provide appropriate care to the care recipient,
it is important to provide care that encourages independence.
In the future, more consideration must be given to the number of care recipients living in a room in order to
improve the accuracy of evaluations of nursing care. Such initiatives will make it possible to more accurately estimate
the time taken to care for patients and improve evaluation accuracy.
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Abstract
In recent years, TV advertising has been waning as TV viewing times are decreasing. As a result, the importance
of the quality of TV advertising has increased. TV commercials are generally considered to be effective in
increasing awareness. However, the types of commercials that work and their real effects are not known. In this
study, we evaluate the effects of TV advertising on consumer awareness and analyze the characteristics of effective
TV commercials by using a questionnaire on product purchase, purchase intention, product awareness, and media
access. This questionnaire is single-source data that include marketing activities, such as corporate advertising and
sales promotions, and the consumer behavior processes involved in purchases from the same subject. To determine
whether TV commercials are effective and what kinds of TV commercials work, we employ contact statistical
models and data mining techniques.
We examine changes in people’s awareness of products after TV commercials have aired by using a weighted
estimation method with propensity scores estimated by logistic regression analysis. Further, focusing on the
characteristics of TV commercials, we discuss promotion strategies to enhance the effect of such commercials.
Keywords: Marketing, Propensity score, Inverse Probability Weighting

1.

Introduction

Based on data from Hakuhodo DY Media Partners [1], the daily individual TV viewing time decreased from
163.5 minutes to 153.9 minutes from 2009 to 2019. On the other hand, the contact time of an individual with
his or her cell phone/smartphone per day has increased from 18.1 minutes to 117.6 minutes. The influence of factors
other than TV advertisements is increasing, and currently, advertising through TV commercials does not imply that
a product will be noticed. According to Yokoyama [2], TV commercials have been based on audience ratings. He
mentions that as the reach of TV advertisements is decreasing, it is necessary to consider audience quality. There
are two possible causal relationships between advertising and purchasing. (1) When consumers see advertisements,
product recognition, purchasing, purchasing intention, and purchasing increase. (2) Originally, advertisements were
published for people who already recognized the product and exhibited high purchase intention. Advertising costs
for TV commercials are proportional to TV program ratings. In addition, since such commercials are very expensive,
it is necessary to efficiently publish CMs to appropriate people. Given this background, in this study we analyze
viewers’ recognition, purchase intentions, and purchases concerning the products being advertised, and clarify how
commercials themselves affect the aforementioned three elements. The purpose of this study is to propose an effective
CM launch method.
Research on advertising effectiveness can be broadly divided into two types. The first is market-responsive
research, which focuses on the behavioral reactions of consumers. The other is cognitive reaction research, which
focuses on the cognitive reaction of consumers. Since this study focuses on changes in cognition, it is a cognitive
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reaction type of study.
Various statistical analysis methods, such as analysis of covariance, have been used to account for the influence
of covariates. The tendency score, a concept proposed by Rosenbaum and Rubin [3], has been reported in recent
years, mainly in medical science and economics. In this study, we adjust the covariates using propensity scores
and use them to estimate the effect of CM.

2. Usage data
2.1 Data overview
We use the data from the Marketing Analysis Contest 2019 hosted by Nomura Research Institute (NRI) [4].
A total of 3,000 stratified observations from the Kanto area have been collected. They include "stimulus data" such
as TV viewing history, Web browsing history, subscription history of magazines and newspapers, and "purchasing
data," such as recognition of products, purchase intention, purchase experience, and repeat status.
2.2 Data processing
Questions were asked twice for each product in each period. The questions are shown in Tables 2.1 and 2.2.
The answers to each question were converted to numbers as shown in Tables 2.1 and 2.2. We use “0” for “no”
and “1” for “yes” answers.
2.3 Target of the analysis
Table 2.3 shows the results of a basic analysis of the changes in awareness of all the products. The increase
in awareness of Claritin EX, a rhinitis drug released by Taisho Pharmaceutical, was the largest after the commercial
was broadcast. Claritin EX was the target of the analysis in this study because we believe that determining the
cause of large changes can lead to the proposal of effective CM. For a comparison, we also included Pabron rhinitis
capsules Sa (Taisho Pharmaceutical Co., Ltd.), Stonalini S (Sato Pharmaceutical Co., Ltd.), and Allegra FX
(Hisamitsu Pharmaceutical Co., Ltd.), which belong to the category of rhinitis drugs.
Table 2.1 Questions about purchasing intention

Q. Do you want to buy xx in the future?

Intention to purchase

1. I do not want to buy xx.

0

2. I do not know.

0

3. I want to buy xx.

1

4. I definitely want to buy xx.

1
Table 2.2 Questions about purchases and awareness

Q. Do you want to buy xx in the future?

Cognition

Purchase

1. I have bought xx within the last month.

1

1

2. I have picked it up in a store within the past month and perused it.

1

0

3. I have seen it in a store within the last month.

1

0

4. I have not seen it in a store but I know its name.

1

0

5. I do not know.

0

0
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Table 2.3 Change in the recognition of top 5 products

Product

0→0

0→1

1→0

1→1

Number of people who saw the CM

Claritin EX

1,091

668

103

833

578

JA Kyousai

943

637

134

740

264

Kaori salt

1,356

467

87

609

0

Magic salt

638

456

123

1,302

184

1,670

384

95

305

0

Hajime no kanpo
2.4 Basic aggregation

Table 2.4 shows the results of the questionnaire survey for consumers who have watched the Claritin EX CM.
CM viewing and consumer behavior change depending on consumer attributes. As covariates, age, sex, and the
presence or absence of symptoms of hay fever have an effect on the viewing of commercials and consumers’
recognition, purchase intention, and purchase of the relevant products. In this analysis, we examined whether the
inclusion of covariates might change the results when estimating the net effect of CM. Therefore, we have controlled
for some covariates in this study.
2.5 Generation of features representing the degree of information interest
Table 2.5 shows the questions regarding the degree of information interest. We conducted a principal component
analysis of the answers to the four questions in Table 2.5. The first principal component score was used as the
degree of information interest. This was used as an explanatory variable. The results of the principal component
analysis are shown in Tables 2.6 and 2.7. The contribution rate up to and including the second principal component
was 0.5906.
Table 2.4 Cross classification of CM viewing and consumer behavior variables (Claritin EX)

Table 2.5 Questions about information interest

Question number
SEN_10_MA
SEN 11 MA
SEN_24_MA
SEN_26_MA

Question

Yes

No

Do you care about the reputation of the person using it?
Are you particular about fashion?
Would you like to collect various pieces of information
regarding a product before you buy it?
Do you often give people information about products and stores?

1
1

0
0

1

0

1

0

Standard deviation
Proportion of variance
Cumulative proportion
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Table 2.6 Results of principal component analysis
PC1
PC2
PC3
1.166
1.0014
0.9354
0.3399
0.2507
0.2187
0.3399
0.5906
0.8093

PC4
0.8734
0.1907
1

Table 2.7 Eigenvectors

PC1

PC2

PC3

PC4

SEN_10_MA

0.5843

-0.3529

0.1782

-0.7087

SEN_11_MA

0.3926

0.6457

0.6346

0.1617

SEN_24_MA

0.5542

-0.4733

-0.0356

0.6837

SEN_26_MA

0.4441

0.4842

-0.7512

-0.0639

3. Research approach
The research approach in this study is as follows:
STEP 1. Data and data shaping
We proceed with the analysis using single-source data from the NRI [4].
STEP 2. Analysis of consumer behavior characteristics regarding the products
We analyze the behavioral characteristics of consumers before watching commercials and grasping the unique
characteristics of products.
STEP 3. Analysis of changes in consumer behavior due to CM
STEP 3.1. Estimation using the IPW estimator [5]
The propensity scores are calculated using multiple methods, and a comparative examination is performed to select
the optimal method. The IPW estimator is calculated using the tendency score obtained from the selected method.
STEP 3.2. Calculation of the average treatment effect (ATE), average treatment effect on the treated (ATT), and
average treatment effect on the untreated (ATU) [5].
The ATE, ATT, and ATU are obtained using the IPW estimator, and the effect of CM is evaluated.
STEP 4. Discussion of results
Use the obtained results to create effective CM guidelines.

4. Method of Analysis
In a logit model,
is the explanatory variable vector and
is the parameter vector. The logistic distribution
is used as the allowable value distribution. An ordinal logit model exists for ordered discrete variables. In this study,
we use it to analyze the purchase intention questionnaire data. The answers to the question about purchasing intention
are 1: I do not want to buy the product, 2: I want to buy the product, and 3: Neither. The objective variable defined
as:

(1)
We estimate the propensity scores using a logistic regression analysis (Rosenbaum and Rubin [3]). The estimated
marginal expected values of
group by

and

are defined as follows: We denote the contact group by

, a dummy variable for “contact: 1” and “non-contact: 0” by

by N, and the propensity score by

, the control

, the total number of observations

.
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(2)

The ATE is the estimated value of the difference between the result variables when all the individuals in the
population are in contact with the assigned variable and when they are not:
.

(3)

The ATT is the average causal effect in the contact group.
(4)
The ATU is the average causal effect in the non-contact group.
(5)

5. Analysis of consumer behavior characteristics regarding the products
We analyzed Claritin EX, sold by Taisho Pharmaceutical Co., Ltd., using a logit model for product recognition
and purchases, and an order logit model for purchase intention. The explanatory variables are listed in Table 5.1.
Table 5.1 List of explanatory variables

5.1

JOB_CD

Is it a full-time housewife or full-time househusband?

INCOM_SA

Is the annual income over 4 million?

FAMILY_CD

Is it a single-person household?

SYM_18_MA

Are you concerned about the symptoms caused by pollen?

SYM_19_MA

Are you worried about the symptoms of rhinitis?

AGE_20

Are you in your 20s?

AGE_30

Are you in your 30s?

AGE_40

Are you in your 40s?

SEX_CD

Are you a woman?

CHILD_CD

Do you have children?

PC1_H

Attributes with a high degree of information interest.

PC1_M

Attributes with moderate information interest.

Product recognition stage

The results of the logistic analysis are presented in Table 5.2. The characteristics of people who are well aware
of the products are those who have pollinosis (SYM_18_MA) and rhinitis (SYM_19_MA) as persistent symptoms,
and are in their 20s and 30s.
5.2

Purchase intention stage

The results of the logistic analysis are shown in Table 5.3. It can be said that males in their thirties who have
pollinosis (SYM_18_MA) and rhinitis (SYM_19_MA) with persistent symptoms have a high intention to purchase.
By approaching individuals in this group, the possibility of increasing the number of purchases will rise.
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Table 5.2 Product recognition stage (Claritin EX)

Variable
(Intercept)
JOB_CD
INCOM_SA
FAMILY_CD
SYM_18_MA
SYM_19_MA
AGE_20
AGE_30
AGE_40
SEX_CD
CHILD_CD
PC1_H
PC1_M

Estimate
-1.0362
0.1127
0.0722
-0.0055
0.5212
0.5018
0.3269
0.2500
0.0946
0.1050
-0.1945
-0.0313
-0.0543

Std. Error
0.1575
0.1399
0.1043
0.1220
0.0891
0.1239
0.1418
0.1210
0.1161
0.0944
0.1022
0.1058
0.1052

z value
-6.5796
0.8060
0.6928
-0.0454
5.8520
4.0500
2.3052
2.0663
0.8147
1.1119
-1.9034
-0.2964
-0.5165

Pr(>|z|)
0.0000
0.4203
0.4884
0.9638
0.0000
0.0001
0.0212
0.0388
0.4153
0.2662
0.0570
0.7669
0.6055

***

***
***
**
**

*

* Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
Table 5.3 Intention to purchase product (Claritin EX)

Variable
μ1
μ2
JOB_CD
INCOM_SA
FAMILY_CD
SYM_18_MA
SYM_19_MA
AGE_20
AGE_30
AGE_40
SEX_CD
CHILD_CD
PC1_H
PC1_M

Std. Error
0.8826
-2.1918
0.1061
-0.1590
0.0038
0.3250
0.5377
0.1405
0.2597
0.1975
-0.3005
0.0202
-0.0967
-0.1403

Wald

Z
0.1457
0.1536
0.1316
0.0965
0.1126
0.0855
0.1254
0.1313
0.1123
0.1059
0.0882
0.0950
0.0990
0.0982

6.0600
-14.2700
0.8100
-1.6500
0.0300
3.8000
4.2900
1.0700
2.3100
1.8600
-3.4100
0.2100
-0.9800
-1.4300

Pr(>|Z|)
0.0001
0.0001
0.4203
0.0993
0.9728
0.0001
0.0001
0.2844
0.0208
0.0622
0.0007
0.8320
0.3286
0.1531

***
***
*
***
***
**
***

* Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.

5.3 Purchase stage
Table 5.4 shows the results of the logistic analysis using the ordinal logit model. Unlike the cases of product
recognition and purchase intention, it cannot be said that consumers with distinctive features are currently buying
the product.
Table 5.4 Purchase stage（Claritin EX）

Variable
(Intercept)
JOB CD
INCOM SA
FAMILY CD
SYM 18 MA
SYM 19 MA
AGE 20
AGE 30
AGE 40
SEX CD
CHILD CD
PC1 H
PC1 M

Estimate
-4.4407
0.5848
-0.4244
-1.2335
-0.1582
0.1893
0.2421
0.2272
-1.7057
-1.1949
-0.4067
0.9509
0.3213

Std. Error
0.9413
0.9839
0.6365
1.0968
0.5936
0.8084
0.8224
0.6698
1.1259
0.7488
0.6252
0.7123
0.7741

z value
-4.7176
0.5944
-0.6668
-1.1246
-0.2664
0.2341
0.2944
0.3392
-1.5149
-1.5957
-0.6505
1.3349
0.4150

Pr(>|z|)
0.0000 ***
0.5523
0.5049
0.2608
0.7899
0.8149
0.7684
0.7345
0.1298
0.1106
0.5154
0.1819
0.6781

* Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
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5.4 Discussion and recommendations
Although people with symptoms of hay fever and rhinitis exhibit high awareness and intention to purchase Claritin
EX, it cannot be said that the number of purchases is high. It seems that there are factors that hinder purchases.
The recognition of the product, purchase intention, and purchases of people with a high degree of information interest
are not necessarily high, so diffusion due to word-of-mouth communication cannot be expected in the case of this
product.

6. Changes in consumer behavior due to CM
6.1 Claritin EX results
The results for the ATE are shown in Table 6.1. Regarding recognition of the product, there was an improvement
of 15.2%. Intention to purchase improved by 1.2%, the number of purchases increased by 0.06%, and CM itself
was considered to be effective in improving cognition. Table 6.2 shows the results for the ATT. From Table 6.2,
it can be seen that recognition is improved by approximately 15.5% for people who watch CMs and watch the
CM. Table 6.3 shows the results for the ATU. From Table 6.3, it can be seen that the recognition of those who
did not see the CM improved by 13.2%. When CMs are broadcast to those who watch CMs and to those who
do not watch CMs, the recognition, purchase intention, and purchases of those who watch CMs are greatly improved.
We believe this is due to the CM reaching the appropriate group.
Table 6.1 IPW estimator (ATE): Claritin EX

Did not watch CM

Watched CM

Difference

Recognition

0.24048

0.39280

0.15232

Intention to purchase

0.03962

0.05215

0.01253

Purchase

0

0.00633

0.00633

Table 6.2 IPW estimator (ATT): Claritin EX

A person who watches CMs
but did not see the CM

A person who watches
CMs and actually saw the
CM

Difference

Recognition

0.23753

0.39309

0.15556

Intention to purchase

0.03875

0.05202

0.01327

Purchase

0

0.00644

0.00644

Table 6.3 IPW estimator (ATU): Claritin EX

Recognition
Intention to purchase
Purchase

If a person did not see the
CM
0.25851
0.04623
0

If a person who did not
actually see the CM, sees it
0.39121
0.05297
0.00559

Difference
0.1327
0.00674
0.00559

6.2 Results for Stonalini S
Comparing Tables 6.3 and 6.4 to Table 6.6 shows that the CM of Claritin EX is more recognized but consumers’
intention to purchase and the effect on the purchases are weak. The reason is that the CM was broadcast in February,
which is not the peak period of pollen but Claritin EX is used for pollen allergies.
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Table 6.4 IPW estimator (ATE): Stonalini S

Recognition
Intention to purchase
Purchase

Did not watch CM
0.2568
0.0413
0.0057

Watched CM
0.2824
0.0548
0.0163

Difference
0.0256
0.0134
0.0106

Table 6.5 IPW estimator (ATT): Stonalini S

Recognition
Intention to purchase
Purchase

A person who watches CMs
but did not see the CM

A person who watches CMs
and actually saw the CM

Difference

0.2729
0.0358
0.0067

0.2824
0.0548
0.0163

0.0095
0.0190
0.0095

If a person did not see the
CM

If a person who did not
actually see the CM, sees it

Difference

0.2447
0.0435
0.0056

0.2625
0.0595
0.0156

0.0178
0.0159
0.0100

Table 6.6 IPW estimator (ATU): Stona Rhini S

Recognition
Intention to purchase
Purchase
6.3 Discussion and suggestions

Although CM itself is effective in increasing cognition, it does not necessarily increase recognition. Therefore,
it is necessary to broadcast the CM to the target group. The marketing can also be divided into commercials that
encourage recognition and commercials that encourage purchase. Stonalini S is a rhinitis drug similar to Claritin
EX but it is emphasized that Claritin EX causes pollinosis. From this, it is considered that the degree of recognition
changes depending on the product’s appeal to the target.

7. Conclusion
In this study, by using NRI data, we analyzed the effect of watching TV commercials on consumers' purchasing
behaviors by dividing them into three stages: product recognition, intention to purchase, and purchase. As a result
of the analysis, there are commercials that promote recognition and commercials that promote purchases. Therefore,
it should be decided whether a commercial should be broadcast to enhance product recognition or to promote
purchases, and only then should the commercial be produced.
As a future research topic, we will define CM viewing based on whether or not someone watches TV programs.
We have not been able to verify the causal effect at the level of one who has actually watched the CM. In addition,
we have not quantitatively analyzed the characteristics of the advertisement itself. It is possible to build a model
that includes the contents of the CM.
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Abstract
Many similar products are available on the market, and companies therefore need to differentiate the quality,
taste, and packaging of their products to ensure consumers select them. Packaging design (PD), which conveys
the impressions of products in stores and advertisements, is essential for differentiation. Since it is evaluated
according to customer sensitivities, so-called Kansei, it is necessary to take Kansei into account in PD.
However, at present, it is often designed based on the experience and intuition of the designer. Therefore, it
is not clear how customers feel about PD, and whether it is designed to increase customers’ purchasing motivations.
Using the PD of large capacity yogurts as an example, we clarify the relationship between PD elements and
customers’ impressions in this study. Furthermore, we aim to validate and improve the method from a previous
study.
First, we conducted a preliminary survey and clarified the customers’ impressions of the PDs. Based on these
results, we decided the evaluation terms. Then, we conducted a sensory evaluation. Finally, we divided the survey
targets into segments based on their personal differences and understood customers’ Kansei evaluation structures.
Based on our analysis, we can clarify customers’ impressions received from PDs and their structures systematically.
Keywords: Packaging Design, Customer Satisfaction, Large Capacity Yogurt, Kansei Quality

1. Introduction
Many similar products are available on the market. For their products to be selected among them, companies
need to differentiate their quality, taste, and packaging. Package design (PD) plays an important role in
communicating the features and image of a product to consumers in store and in advertisements and is an important
element of differentiation. Since PD is evaluated according to customer sensitivities, so-called Kansei, it is necessary
to take Kansei into account in PD. However, the precedent often depends on designers' experiences and senses.
Therefore, the consumers’ impressions of PD and the impact of PD on their purchasing motivations is not clear.
The purpose of this study is to clarify the relationship between the design elements of PD and consumers’
impressions, using a large-volume yogurt (400g) as a case study. We also systematically examine consumer
impressions.
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2. Previous Studies and Research Approach
2.1 Previous Studies
Miwa et al. [1] suggested a method for selecting evaluation terms to be used in the evaluation of sensitivity.
They proposed that the extracted evaluation terms be mapped to a recognition-perception model and classified into
four levels: single sense, combined sense, psychological response, and overall Kansei, which represents the overall
evaluation. However, the recognition-perception model presupposes that we perceive with multiple single senses,
and the corresponding classification of hierarchy is also the same. It is impossible to categorize PDs via the
recognition-perception model since PDs are perceived solely by the sense of sight. Miwa et al. stated that a different
framework needs to be considered. Hence, the method proposed by Miwa et al. cannot be applied to the evaluation
of PDs.
A method that solves this problem was proposed by Fukushima [2]. Fukushima proposed a guideline for the
design of PD using cat food PD as a case study. As a research approach, the method of Miwa et al. was applied
to PD, and Fukushima presented the design guidelines by understanding and solving the problems that arise during
the process. Fukushima identified the following solutions:
(1) Hierarchical definition of the evaluation terms
The combined sense is defined as a hierarchy of multiple senses, but since PD is evaluated by the sense of
sight only, Fukushima defined a new classification as shown in Table 1:
Table1. Category and characteristics of evaluation terms
category of evaluation term
Design element
Combined element
Key evaluation word
Overall Kansei

characteristics of evaluation term
a term corresponding to the individual physical
characteristics of an element
a term for evaluating the overall design, such as the
combination and arrangement of design elements
a term that describe images that significantly influence
design preferences
a term used to describe the overall evaluation of a desig

From the definitions presented in Table 1, it was possible to classify the evaluation terms corresponding to
a single sense.
(2) Kansei evaluation structures
Since PD is evaluated only by the sense of sight, the division of design elements and combined elements into
vertical hierarchies is unnecessary. Therefore, the conventional four levels of perception and cognition were combined
into three levels: physiological, psychological, and preference. Furthermore, the design elements and combined
elements were treated in parallel.

Design Element
Key evaluation word

Overall Kansei

Combined element
the physiological level

the psychological level

the preference level

Figure 1. Kansei evaluation structure proposed by Fukushima
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Based on the model shown in Fig. 1, it is possible to understand the structure from physical characteristics to
the overall Kansei by linking design elements and key evaluation words.
Considering the above points, Fukushima proposed a design guideline for PD.
【Phase 1】Selection of evaluation words
Step1.1 Selection of Key evaluation words
Step1.2 Selection of evaluation words of design elements
Step1.3 Selection of evaluation words of combined elements
Step1.4 Understanding the relationship between design elements and key evaluation words
【Phase 2】Understanding the Kansei evaluation structure
Step2.1 Segmentation by individual differences based on preference
Step2.2 Understanding the Kansei evaluation structure
Step2.3 Proposal of design
However, Fukushima's proposed method is complicated because of the large number of evaluation terms selected
in Phase 1. Furthermore, the method has not been tested for versatility in adapting to other products.
2.2 Research Approach
This study aims to confirm the versatility of Fukushima's proposed method and to simplify it. First, a preliminary
survey was conducted to clarify consumers' impressions of PD. Next, the results of the preliminary survey were
used to determine the evaluation terms and a questionnaire survey was conducted. Lastly, the consumer impressions
of the PDs and the structure of their impressions were systematically clarified by stratifying the structure of sensitivity
evaluations, taking individual differences into account.
Based on the results of the preliminary investigation, we select evaluation terms to reduce them and simplify
the proposed method.

3. Decision of the Evaluation Terms
3.1 Conducting a preliminary survey
We conduct a preliminary survey. The summary of it is as follows:
Survey
Survey
Survey
Survey

subjects: 5 consumers (women in the in their 60s to 80s)
samples: 6 large-volume yogurt packs (A-F)
method: Open-ended questionnaire
contents: Designs that leave a lasting impression for each PD

We selected women in their 60s to 80s because they purchased large-volume yogurts more frequently and
interacted with them more in-store. We used six different types of large-volume yogurts available at supermarkets
and other retail outlets as our survey sample. As a result, we obtained 53 responses describing consumers’
impressions of the PDs, such as "Looks tasty" and "Looks luxurious with gold".
3.2 Analysis of the preliminary survey and decision of evaluation terms
The responses from the preliminary survey were classified using the KJ-method. First, they were divided into
overall impressions and part impressions, and then further categorized according to color, design, and yogurt
impressions. From this classification, we examined the evaluation terms that belong to each hierarchy.
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Table 2. Classification of the evaluation terms

From Table 2, the overall Kansei was defined as "want to buy" or "don't want to buy", and five key evaluation
terms (such as "Looks tasty" and "Looks healthy"), five composite elements, and 12 design elements were extracted.
For the design elements, the corresponding physical characteristics were also considered.

4. Creation of Kansei evaluation structures
4.1 Conducting the main survey
The main survey was conducted using the evaluation terms selected in Section 3.2. An overview of the survey
is below:
Survey
Survey
Survey
Survey

subjects: 41 consumers (age group of 60s to 80s)
samples: 8 large-volume yogurt packs (A-H)
method: 5-point questionnaire
content: Impressions of the PD

41 senior citizens who frequently purchased the products were surveyed, and 8 different colors and shapes were
selected as survey samples. The following section shows the analysis based on the results of this survey.
4.2 Selection of key evaluation words
The main survey used five key evaluation words based on the results of the preliminary survey. However, the
relationship between the key evaluation words and the overall Kansei was not clear, so we examined the partial
correlation coefficients between the two. Table 3 shows the results.
Table 3. The partial correlation coefficients
Looks tasty
want to buy

832

0.428

Looks healthy
0.263

Looks

Looks

Appears

luxurious

noble

conspicuous

0.190

-0.060

0.141

Table 3 shows that the four key evaluation words were positively correlated, whereas "Looks noble" was
negatively correlated. Therefore, we analyzed the four categories: "Looks tasty", "Looks healthy", "Looks luxurious",
and "Appears conspicuous”.
4.3 Segmentation by individual differences
To analyze the main survey, we first stratified the results according to individual differences. In this analysis,
we used two individual differences defined by Hanyuda et al. [3]. The first is individual differences in the items
which key evaluation words are important. The second is individual differences in preferences for which samples
are preferred.

The next question concerns individual differences
in preferences. They were stratified based on the
method described by Hanyuda et al. We applied a
principal component analysis to the scores obtained by
double-centering on the raters' scores for each of the
key evaluation words, which were extracted by
individual differences in the items.
Figure 2 shows a scatter plot of factor loadings for
"Looks tasty as an example. The following scatter
diagram shows the varimax rotation for ease of
interpretation.

Factor 2

First, individual differences in the items were stratified by priority evaluation terms based on the correlation
coefficient between key evaluation words and the
overall Kansei, which was 0.5 or more, in reference
Seg1-1
to Fukushima's study. As a result, we were able to
Seg1-2
identify evaluators who place importance on each key
evaluation word and clarify the Kansei evaluation
structure for each word. In the following analysis, we
focus only on correlated groups in order to obtain
information on the influence of key valuation words

Factor 1

Figure 2. Factor loading scatter plot (Looks tasty)

Figure 2 shows that the samples can be grouped into two groups. These two categories were stratified based
on whether the color red was used in packaging. Based on the stratified results of the factor loadings scatterplot,
we grouped the raters.
We stratified all key evaluation words based on the two individual differences. The characteristics and
stratification results for each segment are shown in Table 4.

Table 4. Stratification results by individual references
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In Table 4, each key evaluation word was divided into two to three segments, based on the presence or absence
of color and number of colors.
4.4 Creation of Kansei evaluation structures using individual differences
We created Kansei evaluation structures for each segment identified in Section 4.3. Figure 3 shows an example
of the sensitivity evaluation structure of Segment 1-1.

Want to buy
Overall Kansei

0.86

Key evaluation
word

Looks Tasty

Combined
element

0.42
Uniformity of
font

0.25
Looks like a lot of
yogurt bacteria
in the photo

Design
element

0.38
Large product
name

0.32
Large taste
name

0.40
Bright color

Figure 3. Kansei evaluation structure (Segment 1-1)

Figure 3 shows that "Uniformity of font " and "Looks like a lot of yogurt bacteria" were the preferred combined
elements, and "Bright color" and "Large taste name" were the preferred design elements.
These figures clarify the factors influencing the overall Kansei and key evaluation words.

5. Consideration
In Fukushima's method, the structure of the impressions of PD in cat food was clarified, and guidelines for
the design of PD were derived. However, it wasn’t verified if the method was applicable to other products as well.
This study confirmed it.
In Fukushima's study, the evaluation terms belonging to the design elements were selected by subdividing
elements such as "logotype" and "menu name". In this study, the results of the preliminary investigation shown
in Section 3.1 whereas while Fukushima investigated the evaluation terms from the physical properties perspective.
This allowed us to focus on the elements important to the consumers and reduce the number of evaluation terms.
The procedure to analyze the relationship between the factors shown in Step 1.4 of Fukushima’s method and
the priority evaluation terms were also omitted because of the difference in the selection method of evaluation terms.
This procedure was intended to narrow down the survey items and make it more efficient; however, this can be
omitted by limiting the evaluation terms.
We can take a simplified approach compared to the Fukushima study. However, it is not clear whether the
evaluation terminology in this study is sufficient for the analysis of PD, so the validation of the evaluation
terminology is an issue for the future.

6. Conclusions and Future Study

834

In this study, we confirmed the application of the method proposed in the Fukushima study across products
and further simplified it. We clarified the sensitivity evaluation structure of PD in large-volume yogurt.
As a future task, it is important to verify whether the evaluation terminology is appropriate, given the terminology
may not be enough because the Fukushima procedure was not followed.
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Abstract
The Taguchi's T-method is a method for prediction introduced in Taguchi (2005b) and is one of the
Mahalanobis-Taguchi (MT) system. The T-method is mainly used for economic and weather forecasts. In the
previous researches, various improved methods of the T-method have been proposed on the premise that item
selection is performed on data correlation. However, considering only item selection, it is not possible to consider
all data correlations, and multicollinearity cannot be completely eliminated. As pointed out in Inoh et al. (2012),
data with multicollinearity in the T-method will strongly consider items with correlation. So, in this study, in order
to consider the correlation, we focus on the S/N ratio that weights instead of item selection. Specifically, we extend
the model assumed in the conventional T-method, pay attention to the prediction error in the situation where the
correlation is considered, and improve the weights. After that, we perform a simulation for prediction with the
conventional weights and the newly proposed weights, and evaluate the accuracy of the T-method, Ta-method,
and Tb-method. Eventually, as a result of numerical experiments, this paper aims to research which weight should
be used based on the shape of the data and improve the prediction error of the model.

1. Introduction
The Taguchi's T-method is a method introduced in Taguchi (2005b) as one of Mahalanobis-Taguchi (MT) system.
In subsequent research, the T-method was classified into the T-method (1), the T-method (2), and the T-method
(3), and in this paper, the T-method (1) is simply called the T-method. Unlike other MT system, the T-method
used for prediction or estimation. T-method is often compared with multiple regression analysis because the form
of the applied data is often the same as that of multiple regression analysis. One of the features of the T-method
when compared with multiple regression analysis is that the output value is predicted for each item and estimated
based on the weights. There are two calculation methods for the S/N ratio used for weights, as explained by Nakao
et al. (2020). Whichever is used, calculating the weights using the S/N ratio makes it possible to predict with a
small amount of data and with a small amount of calculation. However, if the weights are calculated by the S/N
ratio, the weights are applied without considering the correlation between items, and there is a risk that
multicollinearity occurs. The solution is to select the items, but it cannot be said that the correlation can be considered
completely by only selecting the items. Therefore, this paper explores ways to improve prediction error by using
weights to correct the correlation. Specifically, we show how to calculate the appropriate weights for the data by
comparing the case of using the S/N ratio as the weights with the newly proposed weights.
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The structure of this paper is as follows. Section 2 introduces previous research on the T-method. In Section
3, we introduce a method for improving prediction error, focusing on weights. In Section 4, we perform simulations
based on two models and compare the prediction error. Section 5 summarizes the conclusions of this study and
proposes future tasks.

2. Previous researches of T-method
2.1 Calculation of estimates of output value and prediction error
Based on studies by Taguchi (2005b) , Tatebayashi et al. (2008) and Inoh et al. (2012), we introduce the
procedure for creating a prediction formula using the T-method, calculating estimates for new data, and calculating
.
Step 1: Setting unit space and normalizing signal data
In this paper, it is assumed that

pieces of data with

items have been prepared as samples. Select

samples

that composes the unit space from
samples. In addition, when selecting the unit space, it is sufficient to select
one or more samples. When using T-method, a commonly used selection method is to arbitrarily select sample whose
output values are approximately at the median. However, Inoh et al. (2012) select one sample whose output value
was closest to the median value during the simulation.
and that of each item
for the unit space. For
Calculate the average of output values
signal data excluding the unit space (Table 2.1) was normalized by taking the difference from the average of the
unit space (Table 2.2).

Table 2.1: Signal data

item 1

item 2

item

Output Value

item

Output Value

1
2

Table 2.2: Signal data after normalization

item 1

item 2

1
2

(2.1)
(2.2)
Step 2: Calculation of
The proportion term
- (2.8).

and

for each item

and the S/N ratio

are calculated using the following equations (2.3)
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(2.3)

(2.4)

(2.5)
(2.6)
(2.7)
(2.8)
As introduced in Nakao et al. (2020), equation (2.9) can be used as the formula for calculating the weights
instead of equation (2.4).

(2.9)
By using the equation (2.9), the weights become 0 or more, and the estimates can be calculated for any samples.
Step 3: Calculation of the previously normalized overall estimated output value
Prepare one new data
The normalized data

, normalize it

, and estimate the output value.

can be expressed as follows using the average of the unit space of Step1.
(2.10)
(2.11)

The estimates
values

is calculated using equations (2.3) and equation (2.4). Then add the average of the output

in the unit space to compute the estimate

before normalization.

(2.12)
(2.13)
Step 4: Calculation of the previously normalized overall estimated output value
Calculate the expected value of the prediction error

for new data .
(2.14)

In the simulation, Inoh et al. (2012) use the average of
estimation accuracy.
2.2

as the estimates of

and evaluate the

Improvement of prediction error by Inoh et al.(2012)

Inoh et al. (2012) introduced two methods, Ta-method and Tb-method, as the improved methods of T-method.
They improve by devising the normalization method.
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Ta-method
Ta-method aims to apply a proportional expression that fit through the origin for each item. Unit space is not set.
This method normalizes by taking the difference from the average of each item and output value of the sample.
Tb-method
Tb-method aims to improve the linearity fit. In Tb-method, set one unit space so that the S/N ratio is maximized,
and perform normalization using the unit space for each item.
2.3

Simulation model

Inoh et al. (2012) introduced the multiple regression model and the model assumed behind the T-method. Two
models that consider the correlation are shown below.
Linear multiple regression model considering correlation

(2.15)

The model behind the T-method considering the correlation

(2.16)

T-method is considered assuming a form that does not consider the correlation of equation (2.16).

3. Proposal of new method focusing on weights
In Chapter 3,
is minimized using equation (2.16). Assuming an ideal model in which the unit space,
can be estimated correctly.
the proportion term β (equation (2.3)), and the variance of the error term
Assuming
, can be expressed as in equation (3.1).
(3.1)

is the

Equation (3.2) can be calculated using equation (2.15) and equation (3.1). However,
error term when the new data is applied to the model (B).
(3.2)

Equation (3.4) is calculated by using conditional expected values in equation (2.14). Using the fact that equation
(3.3) holds for any constant

, the equation (3.4) holds.
(3.3)
(3.4)

Since

can be expressed as in equation (3.2), it can be expressed as in equation (3.5).
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(3.5)
Since

does not depend on

to minimize

, it is sufficient to find

that minimizes equation (3.5) in order

.
(3.6)

Solving with the method of Lagrange's multiplier, the weights can be expressed in the form of a ratio as shown
in equation (3.7).

(3.7)

We propose the following weights based on equation (3.7).

(3.8)

4. Accuracy comparison by simulation
4.1

Simulation settings

for the T-method, Ta-method, and Tb-method when the weights are equation (2.4), equation
We compare
(2.9), and equation (3.8). In the following, equations (2.4), equation (2.9), and equation (3.8) are called “S/N ratio
(1)”, “S/N ratio (2)”, and “improved weight”. Regarding the model used in the simulation, we handle only the
following cases of model (A) and model (B).
Model A) Linear multiple regression model considering correlation
,
Model B) The model behind the T-method considering the correlation
,
Also, in this simulation, a prediction formula is created based on
the calculation of the predicted value 5000 times to calculate the
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samples. Prepare one new data and repeat
. The average of this prediction error is used

as
, and accuracy comparison is performed by comparing
. In addition, when the weight of all items become
0, the estimates may not be calculated. In that case, the estimates are defined as follows.
I) T-method : Average of output values of selected samples in unit space
II) Ta-method : Average of output values of all signal data
III) Tb-method : Average output value of samples selected for normalization by item
4.2 Results of simulation
4.2.1 Correlation data comparison

Figure 4.1: Relationship between

and

in T-method (A)

Figure 4.2: Relationship between

and

in Ta-method (A)

Figures 4.1, 4.2, and 4.3 show the multiple
regression
model
with
. For these figures, it can be seen that the
is small in any
improved weight is better when
method. In a case of small sample size, correlation is
likely to occur between items, and as a result,
shifts. However, the weight corrects the covariance to
cancel the deviation of

.

On the other hand, when the value of

increases,

Figure 4.3: Relationship between

and

in Tb-method (A)

does not depend on the difference in weight under
T-method and Ta-method. This is because it can be
treated as if there is only one item. In addition, Tb-method
is unlikely to be affected by the weight, and the difference
in
when

is small due to the difference in weight. However,
of the Tb-method and the improved

weight,
is extremely bad. The reason why it is getting
worse is currently unknown, so we would like to make
it a future issue.
Figures 4.4, 4.5, and 4.6 show the model behind the
T-method with
Figure 4.4: Relationship between

and

in T-method (B)
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. For these figures, it can be seen that the improved weight is better when

is small

is large, the estimation is improved with the improved weight.
in any method. In T-method and Ta-method, when
That is because the improved weight works so as to reduce the weight for items with a strong correlation, and
not only items with a large S/N ratio but also items with a relatively weak correlation are carefully selected. For
the same reason, S/N ratio(1), which selects items where the absolute value of
better than S/N ratio(2).

is large and

is small, is

However, unlike the multiple regression model, the improved weight is worse in most cases compared to S/N
ratio (1) and S/N ratio (2) in this model. That is because it is necessary to estimate the covariance in addition
to the estimation of the improved weight by the S/N ratio, and it is thought that the adverse effect of the deviation
due to the estimation of this covariance is strongly exerted.
In addition, when ρ=0.9 of the Tb-method and the improved weight,

Figure 4.5: Relationship between

and

in Ta-method (B)

is extremely bad, as in Figure 4.3.

Figure 4.6: Relationship between

and

in Tb-method (B)

4.2.2 Uncorrelation data comparison
Figures 4.7, 4.8, and 4.9 show the multiple regression
model
with
.
First, consider T-method and Ta-method. Comparing S/N
ratio (1) and S/N ratio (2), it can be seen that in most
cases, S/N ratio (2) has a better

value, but when

T-method and
is large, S/N ratio (1) is better. Next,
we focus on the improved weight. When the value of
is small,

is improved with the improved weight

in any method, but
relatively deteriorated as

with the improved weight is
is increased. That is because

Figure 4.8: Relationship between

and

in

when the value of
is large, the proportion term
and
Ta-method (A)
the unit space, which are prerequisites for the improved weight, cannot be set correctly. For the same reason, when
the value of

is large, the value of

is small, and the value of

is small, the improved weight becomes

worse. Especially when
is less than or equal to , the covariance cannot be estimated. Therefore, it can be
seen that one of the features of the T-method, "It can be estimated even when the number of items is larger than
the number of samples", is lost.
In addition, we did not find a difference in the Tb-method among the three weights.
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Figure 4.7: Relationship between and
in T-method (A)

Figure 4.9: Relationship between and
in Tb-method (A)

5. Conclusions
In this study, we compare the accuracy with the weight of S/N ratio (1) (equation (2.4)), S/N ratio (2) (equation
(2.9)), and the improved weight (equation (3.8)). As a result, the following is revealed:
Linear multiple regression model
It is preferable to use the improved weight when the unit space, the proportion term, and the variance can be
estimated correctly since the multiple regression model is easily affected by the multicollinearity due to the
correlation of signal data. However, when the correlation between items is strong and the Tb-method is used, it
is better not to use the improved weight. The unit space and proportion term are extremely difficult to set (when
the value of k is large, the value of N is small, the value of b is small, and the value of σ is large), it is better
to use S/N ratio (1), but basically it is better to use S/N ratio (2).
The model behind T-method
In the model behind T-method, the disadvantages of estimating covariance are greater than the advantage of
considering correlation. Moreover, it is more realistic for us to calculate using S/N ratio (1) and S/N ratio (2) even
in the case of "the correlation coefficient of the error term is large".
It was not possible to elucidate why

is extremely worse under the improved weight when the value of

is large and using Tb-method. It will be a subject for future research.
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Abstract
In recent years, the urban heat island phenomenon in the Tokyo ward area has become a significant problem.
To determine the regional characteristics of the urban heat island, a high spatial density meteorological observation
system is required. For this purpose, Tokyo Metropolitan Research Institute for Environmental Protection installed
a high-density meteorological observation system called METROS in the Tokyo ward area in July 2002. However,
missing values are often present in the observed data. Analyzing data without handling missing values can cause
loss of precision and biased estimates. Thus, an imputation method for missing values that considers the temperature
characteristics of the Tokyo ward area is required. In this study, we propose two imputation methods considering
temperature fluctuations with high locality in central Tokyo. Both methods are modification of the inverse distance
weight (IDW) method, which is a general imputation method for spatial data. Our proposed methods correct
surrounding observed values before imputing unobserved value by their weighted average. Different approaches
are considered for correcting surrounding observed values. A simulation study based on various missing data was
conducted. Simulations revealed that our proposed methods exhibited higher performance in different settings of
missing data than the IDW method.
Keywords: Imputation, Missing values, METROS, IDW, Urban Heat Island

1. Introduction
Imputation of missing values is necessary for meteorological data analysis. In recent years, highly localized
abnormal weather, such as heat island phenomenon and heavy rainfall, has been a problem in the Tokyo ward area.
To determine the mechanism of the abnormal weather with high locality, a dataset with high spatiotemporal density
is necessary. However, missing values are often present and often pose problems in data analysis. The simplest
method for handling missing values is complete case analysis, that is, the exclusion of incomplete observations.
However, this may yield biased estimates. In addition, in time series analysis, this problem can be exacerbated
because excluding incomplete observations may corrupt the autocorrelation, trends and seasonality. Thus, it is
preferable for the analysis to impute the missing values [1].
To determine the mechanism of abnormal weather, the Tokyo Metropolitan Research Institute for Environmental
Protection (hereinafter, called TMRIEP) collects and analyzes meteorological data in central Tokyo [2]. To clarify
the regional characteristics of the urban climate, TMRIEP installed a high-density meteorological observation system
called the Metropolitan Environmental Temperature and Rainfall Observation System(METROS) in central Tokyo
from in July 2002 [3]. The METROS system is classified into METROS20 and METROS100 based on the number
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of observation points and the measurement contents. METROS20 measures wind direction, wind speed, temperature,
humidity, rainfall, and local atmospheric pressure once every 10 minutes. Measurements are performed at 20 points,
and each measuring device is installed on the roof of a building. The METROS100 measures temperature and
humidity once every 10 minutes. Measurements are performed at 100 points, and each measuring device is installed
in the instrument screens of 100 elementary schools. METROS100 makes it possible to collect higher-density
spatiotemporal data than METROS20 data. Therefore, METROS100 can be used to elucidate the heat island
phenomenon. However, the data observed by the METROS system contain missing values; thus, an imputation
method is required that considers the temperature characteristics of the Tokyo ward area.
The inverse distance weight (IDW) method is a general imputation method for spatial data. For its application,
it is assumed that the unobserved value and the surrounding observed values are similar. In general, imputation
performance depends on whether the above assumption is valid. The METROS system, especially METROS100,
is so spatially and temporally dense that it can satisfy the assumption of the IDW method. In fact, Nigorikawa
[4] demonstrated that the IDW method exhibits high accuracy for METROS data. However, in the central part of
Tokyo, highly localized temperature fluctuations, such as the heat island phenomenon, often occur, creating a
situation in which the assumption of the IDW method is not valid. Especially in summer, all 23 wards are not
uniformly hot, and there is a large temperature difference between regions [5]. When the assumption of the IDW
method is not satisfied, the imputation accuracy decreases sharply. To improve imputation accuracy, it is necessary
to develop a method that considers the temperature characteristics of the Tokyo ward area.
In this study, we propose two imputation methods that consider temperature fluctuations with high locality, both
of which are modifications of the IDW method. Our proposed methods correct surrounding observed values before
imputing missing values. Different approaches are considered for correcting surrounding observed values. A
simulation study is conducted to assess the validity of the procedure, and a comparison with the IDW method is
performed.

2. Data
In this study, we focus on METROS100, which is spatially denser
than METROS20. Hereinafter, the temperature data observed by
METROS100 is referred to as METROS data. METROS100 was
developed to observe the temperature and humidity in instrument
screens of 100 elementary schools. The temperature and humidity are
recorded once every 10 minutes, and the data are manually collected
every 45 days. Each point is set at an interval of approximately 2.5
km to capture highly localized abnormal weather. Fig. 1 presents the
distribution of observation points of METROS100.
METROS data include not only missing values, but also outliers.
As with missing values, outliers pose a major problem in data
analysis and should be deleted in advance. An Outlier detection
method based on boxplot for METROS data has been proposed by
Kawamura et al. [6]. In this study, we apply this outlier detection
method to handle data with no outliers.

Fig. 1: Distribution of observation points of
METROS100

3. Method
3.1

IDW method
The IDW method is a general imputation method for spatial data and is used to compare with the imputation
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performance of the proposed methods in this study. The application and evaluation of this method for METROS
data have been performed by Nigorikawa [4]. In the IDW method, it is assumed that the unobserved value and
surrounding observed values are similar. Under this assumption, the missing value is imputed with the weighted
average of the surrounding

observed values. Let the value observed at point

at time

be denoted

.

If the observed value
is missing, the value predicted by the IDW method is given by Eq. (1) and Eq.
(2). Fig. 2 presents a conceptual diagram of this method.

(1)

(2)
in Eq. (1) is calculated by Eq. (2). In Eq. (2),

The weight
and

, and

represents the distance between points

is a power parameter that determines the importance of distance

. The shorter the distance

,

the greater the weight , and
has a large effect on the imputation. Therefore, the imputation performance
of the IDW method depends on the above assumption. METROS100 is spatially dense and thus appears to satisfy
the assumption of the IDW method. In fact, Nigorikawa[4] demonstrated that the IDW method can accurately impute
missing values present in METROS data.
If missing values occur consecutively, the missing value existing at each time point is sequentially imputed.
Therefore, the IDW method can be applied to not only spatial data, but also spatiotemporal data.
As previously mentioned, the imputation performance of the IDW method depends on whether the above
assumption is valid. In central Tokyo, temperature fluctuations with high locality often occur, and there are cases
in which the assumption of the IDW method is not satisfied.
Let the temperature difference between
with large

and

at time

be denoted by Eq. (3). If the observed value

is used for imputation, the assumption of the IDW method is no longer valid, and the

imputation performance deteriorates. As an exception, if

is large, the effect can be mitigated by the power

parameter
in Eq. (2). However, when
is small, it is impossible to avoid deterioration of the imputation
performance. To avoid this problem, it is necessary to confirm whether the observed values around the missing
point satisfy the assumption of the IDW method. In addition, observed values that do not satisfy the assumption
should not be used for imputation.
(3)

Fig. 2: Conceptual diagram of inverse distance weight (IDW) method
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3.2 Proposed method
In this study, we propose an imputation method that considers the temperature fluctuations and is a modification
of the original IDW method. Our proposed method takes into account the possibility that the unobserved value
and surrounding observed values are not similar due to the effect of highly localized temperature fluctuations.
Specifically, the unobserved value is imputed by a weighted average after correcting the surrounding observed values
with an appropriate standard. The value imputed by the proposed method that considers temperature fluctuations
with high locality is denoted by Eq. (4)–Eq. (6):
(4)
(5)
(6) I
n Eq. (4),

is the corrected value of the observed value

As it is not possible to obtain the temperature difference
the temperature difference

.

, and Eq. (5) is used for correction.

in advance, correction is performed after predicting

is a weight for

, and each value depends on the correction accuracy.

The correction accuracy is evaluated by , and the method of calculating
is discussed below. The difference
between our proposed method and the IDW method is the correction of the temperature differences at the surrounding
to be used as separate

points and calculation of weights. In this study, we develop two prediction methods of
methods.
Temperature difference prediction method I

One of the most important features of the proposed method is the correction of the temperature difference, as
has a large influence on imputation performance. As

the correction accuracy of the temperature difference
previously stated, we propose two methods for predicting
.

predicting

be the time series of the past temperature difference between

Let
be the average of
which
constant

. The first method uses past observed values for

. In the same way, let

. In addition, let
. Here the point

at

is small can be roughly interpreted as the point at which the temperature difference from point

is

during the past

be the variance of

and

periods. Therefore, the temperature difference at time

is corrected by substituting

as
. A correction formula based on this concept is presented in Eq. (7). In other words, in this method,
Eq. (5) is replaced by Eq. (7).
(7)
The accuracy of temperature difference correction using

can be evaluated by the variance

. Therefore,

is used as a weight as in Eq. (6). Hereinafter, this method is referred to as MEAN to distinguish it from the
second method discussed below. Fig. 3 presents a conceptual diagram of temperature difference correction using
MEAN. The black line indicates the time series of past observed values at point
the time series of past observed values at point

. The temperature difference between point

represented by a dotted line. The average temperature difference for the past
difference at time

when the measurement is missing is corrected by

is evaluated by the reciprocal of

, while the blue line indicates

periods is denoted

and point

is

. The temperature

, and the accuracy of the corrected value

.

847

Temperature difference prediction method Ⅱ
The MEAN method corrects the temperature difference at time

with

accuracy of this correction is evaluated by the reciprocal of the variance
be less accurate in some situations. In general,
Considering the above,

. The

. However, this correction method may

has periodicity, or trends, and is not stationary.

may have low accuracy as the predicted value of the temperature difference at time

. Instead, the temperature difference at time
in

of the time series

should be predicted in consideration of the trend and periodicity

. Therefore, in the second prediction method, the temperature difference observed immediately before

the occurrence of the missing value
presented in Eq. (8).

is used as

. A correction formula based on this concept is

is used as the weight as in MEAN.
(8)

In general, when a missing value occurs in longitudinal data, the last observed value is carried forward to impute
the missing value. This method is called the last observed carried forward (LOCF) method and is an imputation
technique often used in the medical research [7]. Our correction method is based on the principle of this method.
Hereinafter, the second method is referred to as LOCF to distinguish it from the IDW method and MEAN. Fig.
4 represents a conceptual diagram of temperature difference correction using LOCF. The red dotted line represents
the last observed temperature difference
the missing point is corrected by

. When

is missing, the observed value

and then used for imputation.

Fig. 3: Conceptual diagram of temperature difference correction between

and

by MEAN method

Fig. 4: Conceptual diagram of temperature difference correction between

and

by LOCF method
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around

Parameters of proposed methods
The proposed methods require a larger number of parameters to be set than the IDW method. These parameters
include the power parameter , the number of surrounding observation points

used for imputation, and the period

that stretches into the past to correct the temperature difference.
is set to 432,
is set to 30, and the power parameter
is set to
For both MEAN and LOCF methods,
5. As previously stated, the temperature is recorded once every 10 minutes and is thus collected 144 times a day.
Therefore, if

is set to 432, data from the past 3 days are used for imputation.

3.3. Performance analysis
To evaluate the proposed methods and compare their performance with that of the IDW method, performance
analysis based on various missing data was performed. The performance of the methods was evaluated by comparing
imputed datasets and complete datasets with no missing values. To generate various missing data, missing values
were intentionally generated in part of the complete datasets. The mechanism of generating missing values
considered combinations of configurations and missing periods.
A Configuration is a structure that determines when and where a missing value occurs. The observation
point/place at which the missing value started was randomly determined. The above determination of the
configuration was replicated 20 times and used to generate different missing data. In addition, different missing
periods were correlated to the 20 determined configurations. A missing period indicates the continuity of the missing
values. Missing periods of 60 min, 120 min, …, 600 min in increments of 60 min were considered in the performance
analysis to investigate the influence of a missing period. In summary, different missing data were generated by
combinations of 20 configurations and 10 missing periods. In other words, 200 different missing data were used
for performance analysis.
The mean absolute error (MAE) and mean squared error (MSE) were used as performance indicators. The
calculation formulas of MAE and MSE are represented by Eq. (9) and Eq. (10), respectively, where
the imputed value and

denotes the observed value.

denotes

represents the number of imputed values.
(9)
(10)

The performance analysis required complete data with no missing values. However, the original METROS data
contained missing values. Therefore, missing values originally present in METROS data were imputed by the IDW
method, and pseudo-complete data were used for the above evaluation. Data from August 2003 were used for the
performance analysis.

4. Results
4.1

Imputation performance

Fig. 5 represents the evaluation results of the imputation performance of the IDW method and proposed methods.
It should be noted that the MAE and MSE in Fig. 5 are the evaluation results for all 200 types of missing data
described above. The imputation performance of MEAN and LOCF was 0.239 and 0.232 for MAE and 0.120 and
0.127 for MSE, respectively. The imputation performance of the IDW method was 0.333 for MAE and 0.248 for
MSE. Thus, MEAN and LOCF exhibited higher performance than the IDW method.
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Fig. 5: Imputation performance of proposed methods compared with the inverse distance weight (IDW) method.

The mean absolute error (MAE) and mean squared error (MSE) are indicators of imputation methods
4..2 Influence of missing period
Fig. 6 illustrates the influence of a missing period in our proposed methods. The red line represents MEAN,
while the blue line represents LOCF. The solid and dotted lines represent MAE and MSE, respectively. Fig. 6
demonstrates that LOCF exhibited good imputation performance when the missing period was relatively short.
However, the performance tended to deteriorate as the missing period became longer. In contrast, the imputation
performance of MEAN was not affected by the missing period. The MSE demonstrated the same tendency as the
MAE.

Fig. 6: Influence of missing period on performance of proposed methods.

The mean absolute error (MAE) and mean squared error (MSE) are indicators of imputation methods

5. Discussion
The performance analysis revealed that the proposed methods displayed better performance than that of the IDW
method. In this section, we discuss the results of both MEAN and LOCF.
The imputation performance of MEAN was not affected by the length of the missing data, and the MAE was
approximately 0.239. The results indicated that the performance of MEAN was higher than that of the IDW method.
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MEAN corrects the observed values around the unobserved points and adds weight according to the accuracy of
its correction. Thus, for its application, at least one observed value must be corrected accurately. If at least one
point corrected accurately is identified, the corrected value at that point alone will have a large influence on its
imputation, and the performance will improve. However, if the correction is not performed accurately at all the
surrounding points, the imputation performance will deteriorate. As expressed in Eq. (4), the weight
corrected value

of each

is determined by relative evaluation. If the correction accuracy is low at all points, the

corrected values with a relatively small variance
performance.

will be considered important, thereby leading to poor

LOCF exhibited high imputation performance when the missing period was relatively short. However, the
imputation performance deteriorated when the missing period increased. The correction method by LOCF can be
considered responsible for the deterioration of imputation performance. If missing values occurred continuously from
time

, the imputation procedure was executed sequentially. When imputing the missing value

is necessary to correct the temperature difference at time

. However, it is impossible to observe

,
; thus,

is used for its correction. Therefore, the process of imputation based on the past predicted values is repeated.
Due to this property, the longer the missing period is, the more past correction errors are accumulated in the
imputation. As illustrated in Fig. 5, when the missing period was greater than 300 minutes, the imputation
performance of MEAN was higher than that of LOCF. In actual application, if the missing period is less than 300
minutes, LOCF is recommended for the imputation of missing values.

6. Conclusions
In this study, we propose two imputation methods that consider highly localized temperature fluctuations in the
Tokyo ward area. Both methods are modifications of the IDW method. In our proposed methods, we correct the
temperature differences of surrounding observed values before imputing the unobserved value. Different approaches
are used to correct the unobserved temperature differences, and each approach is proposed as a different imputation
method. MEAN corrects the temperature difference at time
LOCF corrects the temperature difference at time
approaches use the variance

of

with

with

of the time series

. In contrast,

of the time series

. Both

as an indicator of correction accuracy.

The performance of the proposed methods was evaluated, and the results revealed that both exhibited higher
performance than that of the IDW method. In addition, performance analysis demonstrated that the imputation
performance of MEAN was not affected by a missing period. Moreover, LOCF exhibited good performance when
the missing period was relatively short. However, its performance deteriorated when the missing period increased.
Therefore, it is desirable to use MEAN for long-term missing data and LOCF for relatively short-term missing data.
In the two proposed methods, the correction accuracy of the temperature difference had a large influence on the
imputation performance; thus, the imputation performance can be further improved by changing the method of
correcting the temperature difference.
Applying the two proposed methods in combination, has the potential to contribute to the highly accurate
imputation of missing values and accurate analysis using the imputed dataset.
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Abstract
It is important to evaluate measurement methods to perform quality assurance of measurement results. The
purpose of this study is to estimate the measurement precision of ordinal categorical data. ISO 5725-1 describes
that precision of measurement methods can be quantified by conducting precision evaluation experiments; and ISO
5725-2 provides a methodology to evaluate measurement precision for quantitative data. Regarding qualitative data,
there are some previous studies to quantify the precision of binary data and multinomial data. However, no
reasonable methodologies have been established yet. This study analyzed the obtained data from a collaborative
study on an intratracheal administration testing for assessing human health effects of nanomaterials. One of the
main objectives of the collaborative study to demonstrate dose-response relationships. To investigate the
dose-response relationships, hypothesis tests such as a Cochran-Armitage trend test and a cumulative chi-squared
test were performed, which are applicable even for ordinal categorical data. Also, logistic regression analysis was
performed to examine the dose-response relationships and the precision among laboratories. This result was
expressed by Efficient Dose, 50%(
) and Area Under Curve (AUC). Then we obtained that a dose-response
relationship was observed for each laboratory, and the differences of the relationships among laboratories expressed
precision.
Keywords: dose-response relationship, Cochran-Armitage trend test, cumulative chi-squared test

1. Introduction
Various measurements are performed all over the world. It is important to evaluate measurement methods to
perform quality assurance of measurement results. ISO 5725-1 [1] describes that precision of measurement methods
can be quantified by conducting precision evaluation experiments; and ISO 5725-2 [2] provides a methodology to
evaluate measurement precision for quantitative data. Regarding qualitative data, some previous studies have
quantified the precision of binary data and multinomial data. However, no reasonable methodologies have been
established thus far. The purpose of this study was to estimate the measurement precision of ordinal categorical
measurement data using a real example. This study analyzed the obtained data from a collaborative study on an
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intratracheal administration testing for assessing the human health effects of nanomaterials. One of the main
objectives of the collaborative study was to demonstrate dose-response relationships.
The data obtained from the intratracheal administration testing [3], which is one type of the toxicity tests, was
used for the analysis. Intratracheal administration testing is an experiment for assessing the human health effects
of nanomaterials. Inhalation toxicity testing is an experiment in which rats inhale with nanomaterials for one to
three months using a large-scale device. Compared with this existing testing, intratracheal administration testing has
the advantages of being low cost, many laboratories can perform the experiment, and the dose can be determined;
thus, future expectations are increasing. For this testing, we administer nanomaterials to the trachea of rats and
examine several biological effects on the lungs after a period of time. However, the intratracheal administration
testing has not been standardized yet and standardization of studies requires determining the measurement precision
and clarifying the dose-response relationship. Obtaining the precision of ordinal categorical data with a dose-response
relationship can contribute to not only standardization of intratracheal administration testing but also analysis of
qualitative data.

2. Data
We used data from a collaborative study on intratracheal administration testing [3] for assessing the human health
effects of nanomaterials. There are three types of nanomaterials. For each nanomaterial, four patterns of no dose,
low dose, medium dose, and high dose were designed. The experiment was carried out by five laboratories. The
number of replicates was five, and it was performed using rats. The measurement method was the same for all
the laboratories, but there were differences in the laboratory equipment in each laboratory. Additionally, the
conditions of the rats to be tested were the same, so that individual differences among the rats were minimized.
After a certain period of time from administration, a pathological examination was performed to investigate the
response in the rats. A pathological examination is a specialist assessment of the level of inflammation by slicing
the lungs of the rats. There were 19 characteristics to be examined by the specialist. These 19 characteristics were
inspected, and they were, for example, whether nanomaterials adhered and deposited on each part of the lung,
leukocytes that serve as a protective function appeared, or whether they were denatured or necrotic. For these 19
and
.
characteristics, the level of inflammation was evaluated with one of five grades
We used the data that converted the five grades into five valued ordinal categorical data of 0, 1, 2, 3, and 4.
Thus, we analyzed five valued ordinal categorical data for 19 characteristics in a total of 300 rats when four
patterns of dose for three types of nanomaterials were administered each to five rats in the five laboratories

3. Methods
3.1

Contingency Table

Table 1. Data format for contingency table

The contingency table shows the
frequency data separately according to
classification criteria. When there were two
or more classification criteria and each has
several categories, a certain number of
individuals were classified by each
classification criteria. The data format for the
contingency table is shown in Table 1.
denotes the number of categories in the
classification A, where
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, and

B
A

Total

Total

denotes the number of categories in classification B, where

. The frequency,

, is the row sum,

that is, the sum of the frequencies in each row denotes the size determined in the experiment. The row sum, ,
equals 5 if a contingency table is created for each laboratory. We define the probability of appearance of classification
. In this study, we assumed a contingency table where there may be a natural
B in classification A with
order to consider in the analysis for only classification A or both classification A and classification B. In such
a case, because the order of the categories is significant, it is possible to reverse the order, such as from ascending
order to descending order, but the categories should not be rearranged at random. In this study, we applied
classification A and B as follows and performed the analysis. Classification B includes five categories, namely 0,
1, 2, 3, and 4, which are the degrees of the inflammatory response. There are two cases for classification B: four
dose patterns (no dose, low dose, medium dose, or high dose) or five laboratories. Additionally, in this study, the
categories could be summarized, or the contingency table could be recreated to perform the calculations
3.2

Dose-response Relationship Tests

Hypothesis tests using contingency tables were performed to examine the existence of dose-response relationships
owing to differences in nanomaterials, laboratories, and characteristics. These tests are applicable even for ordinal
categorical data. Below, a contingency table is shown for each material, each laboratory, and each characteristic,
and hypothesis tests were performed.
3.2.1 Cochran-Armitage Trend Test
contingency table. Classification A is applied to
The Cochran-Armitage trend test [4] applies to the
the category, and classification B was applied to the four patterns of doses; we examined whether the probability
of appearance of the category increases monotonically as the dose increases. The null hypothesis was
(1)

.

The alternative hypothesis was “the appearance probability of each category in classification B changes
monotonically according to classification A”. The total size specified in the experiment,

, was
(2)

The average dose,

, is expressed as in Eq. (3),
(3)

where

denotes the dose with

. The test statistic is

(4)

The null hypothesis is rejected if

, where

is the critical value and

is the significance level.

3.2.2 Cumulative Chi-squared Test
contingency table. Here, the category
The cumulative chi-squared test [5] can be applied to the
representing the inflammatory response is taken as category A, and when testing whether there is a difference in
the method of the response depending on the difference in classification B, the “one direction” cumulative chi-squared
test was used. If we take the category of the inflammatory response in classification A and sort it in ascending
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order of dose in the classification B, and determine if the response also changes monotonically with increasing dose,
we use the “two direction” cumulative chi-squared test. It is not possible to distinguish between a monotonous
increase and monotonic decrease. In this study, the “two direction” cumulative chi-squared test was used.
The null hypothesis was that “the classification A and the classification B are independent”. The alternative
hypothesis was “the probability of appearance of each category in classification B changing monotonically depending
on the category in classification A”. As shown in Table 1, the
and horizontally between classification A and B and was merged. A

contingency table was divided vertically
contingency tables with the number of

was created. The chi-square statistics for each

contingency table with number

are expressed as Eq. (5),
(5)
The sum of all chi-square statistics is expressed as Eq. (6),

(6)

For the original

contingency table, the

, and the correction coefficient,

column sums are added in order, and the total weight,

, are calculated as follows:
(7)
(8)
(9)

The same procedure is calculated when the rows and columns of the contingency table are reversed. The
row sums are added in order, and the total weight,

, and the correction coefficient,

, are calculated as follows:
(10)
(11)
(12)

The null hypothesis is rejected if
freedom of the chi-squared distribution being
3.3

, where

is the critical value with the degree of
and

is the significance level.

Generalized Linear Models

To visually represent the dose-response relationship, the dose was plotted on the horizontal axis and the
probability of appearance was plotted on the vertical axis: the regression analysis by means of numerical conversion
was performed to determine the dose-response curve. Then, we analyzed the five valued inflammatory response
categories by dividing them into 0 and 1, 2, 3, and 4, and making them binary. Additionally, the part corresponding
to the precision was obtained from the dose-response curve, and the differences between the laboratories were
compared.
3.3.1 Logistic Regression Analysis
Regression analysis is a method of analyzing the relationship between an objective variable (or response variable)
and a single explanatory variable or multiple explanatory variables. Response variables often are measured on discrete
values, such as binary data or more, for example, “alive” and “dead”, or “success” and “failure”. In such cases,
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the logistic regression model is the most frequently used regression model for data analysis. The probability of
appearance,

, takes a value from 0 to 1 and can be converted to a continuous value from

performing logit-transformation. The logit-transformation of the probability of appearance,

to

by

, when the dose is

is expressed as Eq. (13):
(13)
Upon solving the above equation for

, the logistic regression curve is expressed as Eq. (14):
(14)

3.3.2 Regression Analysis with Complementary log-log Transformation
In addition to the logistic regression model, a model that represents a dose-response relationship that takes binary
data as a response variable is known. As a model extended from the logit function, there is a complementary log-log
model. The complementary log-log model is expressed by the following equation for the probability of appearance
if the dose is

:
(15)

Upon solving the above equation for

, the curve of the complementary log-log model becomes
(16)

) and Area Under Curve (AUC)

is the dose value at which there is half of the
individual’s response. It is often used as an indicator of
toxicity and magnitude of efficacy. Depending on the
purpose and conditions of the experiments to be performed,
5% and 95% points near 0 and 1 may be checked, but the
, which represents the 50% point, has less dispersion
as an index
compared to those: thus we decided to use
of precision in this study.
AUC is a method used to summarize data obtained from
dose-response relationships. It is obtained by integration
using a formula representing a curve. It was possible to
express the precision of the dose-response curve for each
laboratory.

Probability of Appearance

3.3.3 Efficient Dose 50% (

AUC

Dose
Figure 1. Representations of

and AUC

3.4 Accumulation Analysis
Accumulated analysis [6] is a method that can be applied to ordinal categorical data and tests the factor effect.
In other words, it is an analysis of variance for ordered categorical data. The purpose of the analysis was to
investigate whether the inflammatory response, that is, the category, was different depending on the difference among
the laboratories. As shown in the Table 1, a contingency table was prepared for each nanomaterial, each dose, and
each characteristic and we applied an accumulation analysis for all the possible cases.
The contingency table was transformed into a cumulative frequency table as in Table 2. The correction term,
, is
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(17)
The total variation,

, is
(18)

The error variation,

, is
(19)

Next, the reciprocal of the binomial error variance was calculated, and this was used as the weight of the variation
of each group: the overall variables were calculated as the weighted sum as
(20)
where

denotes

the

reciprocal

of

the

binomial

. The total variation,
following equation:
variation to obtain the sum of squares, and create the ANOVA table.

error

variance

equal

to

, can always be calculated by the
. Additionally, we weighted each

Table 2. Cumulative frequency table
B

Class 1

Class 2

Class

A

4. Results and Discussion
4.1

Results of Dose-response Relationship Test

For each material, we examined whether there was a dose-response relationship using the contingency table for
each laboratory and each characteristic. Tests were performed on all three types of nanomaterials in the five
laboratories for all 11 characteristics (eight characteristics whose category of inflammatory response was 0 for all
four patterns of doses were excluded from the analysis). Thus, there were a total of 165 possible cases of
.
First, the results of the Cochran-Armitage trend test are shown in the Table 3 to 5. The value of each dose was
for the medium dose, and 10 for the high dose. All five laboratories
0.01 for no dose, 1 for the low dose,
show the results of the tests for each characteristic. Thus, it represents the results of the tests for each characteristic
for a total of 100 rats with four doses from the five laboratories.
In the Cochran-Armitage trend test, it is necessary to analyze the categories showing the inflammatory response
in two categories, and the value of the test statistic is limited depending on the appearance of the category. Thus,
the same test statistic value is often used. In material A, for all the laboratories, it was determined that the
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characteristics other than characteristic 16 were significant, that is, there was a dose-response relationship.
Characteristic 19 was not significant for the other materials, but was significant for Material A. In Material B, for
all the laboratories, it was determined that the characteristics other than characteristics 7, 16 and 19 were significant:
thus, there was a dose-response relationship. In Material C, for all the laboratories, it was determined that the
characteristics other than the characteristics 16 and 19 were significant: thus, there was a dose-response relationship.
The results of the cumulative chi-square tests are shown in the Table 6 to 8. In the cumulative chi-square tests,
the dose value itself did not affect the results of the tests. Similar to the Cochran-Armitage trend test, there is
a total of 165 possible cases of
in the five laboratories.

, and all laboratories showed the results of the tests for each characteristic

Table 3. Results of Cochran-Armitage trend test (Material A)

Table 4. Results of Cochran-Armitage trend test (Material B)

Char.
1
2
6
7
8
9
10
11
16
18
19

Char.
1
2
6
7
8
9
10
11
16
18
19

Lab a
2.736
2.736
2.340
2.476
2.340
4.277
2.476
3.791
0.000
3.993
4.277

Lab b
3.210
2.529
1.351
3.547
2.498
3.124
0.337
4.277
1.162
1.743
3.791

Lab c
3.547
0.000
1.433
3.547
3.704
3.547
0.559
2.011
0.000
0.000
3.993

Lab d
2.340
3.547
2.340
2.340
3.210
2.736
0.000
2.960
0.981
0.000
3.297

Lab e
2.340
2.340
0.000
0.000
3.297
-0.559
-0.061
2.498
0.000
1.351
3.485

All Lab
6.199
4.689
3.666
5.135
6.197
5.677
1.753
6.565
1.395
2.921
8.219

Lab a
2.340
2.340
2.340
0.000
2.340
2.340
2.340
2.340
0.000
0.142
0.220

Lab b
2.340
2.529
0.000
-0.184
2.529
1.423
0.333
2.282
0.000
-0.100
0.000

Lab c
2.340
3.485
0.000
2.529
2.711
1.539
1.601
1.559
0.000
0.000
0.000

Lab d
2.340
2.340
1.351
0.000
2.340
3.237
0.930
3.210
-0.669
0.000
0.000

Lab e
2.340
2.340
0.000
1.403
1.721
-0.531
1.351
1.357
-0.930
2.969
-0.100

All Lab
5.233
5.745
2.486
1.679
5.022
3.508
2.759
4.571
-1.113
1.997
0.130

Table 5. Results of Cochran-Armitage trend test (Material C)

Table 6. Results of Cumulative Chi-squared test (Material A)

Char.
1
2
6
7
8
9
10
11
16
18
19

Char.
1
2
6
7
8
9
10
11
16
18
19

Lab a
2.340
2.736
2.340
2.736
2.340
2.962
2.340
2.340
0.000
3.237
0.915

Lab b
2.340
3.485
0.000
2.723
2.498
1.307
2.685
3.138
0.000
0.000
0.000

Lab c
2.340
4.277
0.000
3.646
3.704
2.723
0.452
3.138
0.000
0.000
0.000

Lab d
2.340
3.547
2.736
0.000
3.210
3.547
0.930
3.547
-0.669
0.000
0.000

Lab e
2.340
3.393
0.000
3.993
3.297
-0.100
0.000
3.393
1.122
1.162
0.000

All Lab
5.233
7.485
3.190
5.812
6.197
4.599
3.000
6.591
0.622
2.707
0.856

Table 7. Results of Cumulative Chi-squared test (Material B)
Char. Lab a
1
80.000
2
103.038
6
85.556
7
0.000
8
90.117
9
72.210
10
85.556
11
68.602
16
0.000
18
1.667
19
1.699

Lab b
56.667
84.728
43.611
7.637
48.469
18.226
12.621
24.014
0.000
1.754
0.000

Lab c
43.175
60.073
30.688
53.724
18.653
10.643
19.911
11.385
0.000
0.000
0.000

Lab d
Lab e
85.556 62.836
85.556 103.429
47.037 46.548
0.000 38.571
87.744 34.881
61.896 6.254
34.528 18.935
80.226 17.799
3.509
4.561
0.000 22.047
0.000
1.754

All Lab
292.621
377.604
223.850
55.012
206.407
96.367
122.718
142.561
5.085
14.310
1.389

Lab a
26.740
26.740
82.857
47.599
86.633
67.407
53.011
63.354
0.000
26.984
57.778

Lab b
58.855
55.873
54.890
49.822
59.490
77.740
16.833
60.185
3.704
8.333
31.301

Lab c
29.966
0.000
34.550
33.670
21.667
45.260
4.398
9.524
0.000
0.000
42.278

Lab d
Lab e
28.889 88.962
59.933 118.889
73.072 83.889
62.996
0.000
69.562 36.835
72.518
2.963
9.630
7.042
68.670 58.225
7.895
0.000
0.000
49.226
62.297 86.546

All Lab
187.445
181.796
271.368
138.296
209.167
193.824
36.365
220.161
8.839
41.984
252.356

Table 8. Results of Cumulative Chi-squared test (Material C)
Char. Lab a
1
83.651
2
83.407
6
87.744
7
31.301
8
86.633
9
85.522
10
38.519
11
108.300
16
0.000
18
26.133
19
4.837

Lab b
60.434
69.947
52.873
22.963
59.490
35.687
38.634
29.453
0.000
0.000
0.000

Lab c
55.873
28.889
31.301
32.339
21.667
17.895
6.620
34.659
0.000
0.000
0.000

Lab d
73.072
75.227
58.041
0.000
69.562
81.599
26.784
81.599
3.509
0.000
0.000

Lab e
65.724
51.219
28.507
31.546
36.835
1.754
30.444
29.918
3.333
3.704
0.000

All Lab
306.060
272.365
207.595
93.198
209.167
161.473
108.465
222.470
4.280
18.561
4.238
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Cochran-Armitage trend and cumulative chi-square tests have similar overall results, with no dose-response
relationship for material B compared to materials A and C. There were several characteristics that showed different
test results in the Cochran-Armitage trend tests and the cumulative chi-square tests. In the Cochran-Armitage trend
tests, the categories that showed inflammatory response were divided into 0 and other categories, and the tests were
performed using binary data. Therefore, it is impossible to distinguish between 0 to 1 and 0 to 4 categories of
inflammatory response. Since the cumulative chi-square test can analyze five values without dividing the category
that showed the inflammatory response, it is possible to investigate more complicated changes.
The results for all the laboratories were not significant, but the characteristics in which the results for all the
laboratories were significant varied widely among the laboratories. In contrast, for the characteristics in which all
the results in each laboratory were significant and the results in all the laboratories were significant, the dispersion
among the laboratories was small.
4.2

Dose-response curve

The dose-response curves were calculated from the logistic regression model and the complementary log-log
regression model. Here, the categories indicating the five valued inflammatory responses were divided into 0 and
the other categories, i.e., 1, 2, 3, and 4, and the analysis was performed with binary. One dose-response curve
represents one laboratory, and the characteristics were combined with the 11 characteristics in which an inflammatory
response were observed. All laboratories represent a combined dose-response curve for all 11 characteristics from
for medium dose, and 10 for
all five laboratories. The horizontal axis shows 0 for no dose, 1 for low dose,
high dose. The vertical axis represents the probability of appearance, representing the percentage of rats with an
and AUC were calculated from the obtained dose-response curve. The results

inflammatory response. The
are shown in Tables 9 to 12. The
the logistic regression.

was smaller in the case of the complementary log-log model than in

Table 9. Results of the logistic regression model of

Material
A
B
C

Lab a

Lab B

Lab c

Lab d

Lab e

All Lab

2.843
3.971
1.460

3.273
6.270
5.944

6.451
4.035
6.799

2.274
4.254
5.827

0.483
3.164
5.240

3.294
4.098
4.993

Table 10. Results of the complementary log-log model of

Material
A
B
C

Lab a

Lab B

Lab c

Lab d

Lab e

All Lab

4.055
3.460
2.200

3.904
6.663
6.410

6.941
4.404
7.189

2.612
4.610
6.383

0.124
3.354
5.670

3.807
4.434
5.510

Table 11. Results of the logistic regression model of AUC

Material
A
B
C

Lab a

Lab B

Lab c

Lab d

Lab e

All Lab

6.510
5.892
7.063

6.168
4.659
4.585

4.225
5.375
4.167

6.739
5.261
4.603

6.769
5.542
4.893

6.009
5.303
5.003

Table 12. Results of the complementary log-log model of AUC

Material
A
B
C
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Lab a

Lab B

Lab c

Lab d

Lab e

All Lab

5.832
5.564
6.513

5.791
4.601
4.466

4.069
5.263
4.059

6.369
5.165
4.444

6.636
5.461
4.779

5.735
5.209
4.845

If the value of
is large, the inflammatory response tends to be less likely to occur at lower doses, or
the specialist performing the measurement has rigorously evaluated the inflammatory response. On the contrary, if
the value of
is small, the inflammatory response tends to occur easily from a point where the dose is low,
or the specialist performing the measurement has generously evaluated the inflammatory response. AUC means the
cumulative sum of the individuals who showed a response, and the larger the value of AUC, the more likely that
an inflammatory response appears.
4.3 Between-laboratory Precision
An analysis of variance was performed using the accumulation analysis to examine whether or not there was
a difference in the appearance of the inflammatory reaction in each laboratory. The results of the F value obtained
from the analysis of variance table are shown in the Tables 13 to 15. In the case of no dose, the category showing
an inflammatory response was often 0 for all five laboratories: thus, the F value itself was often 0.000. It is expected
that as the dose increases, the variability of the inflammatory response will increase. As shown, it can be seen
that the three types of materials have a large number of significant characteristics at medium and high doses. When
materials are compared with each other, the number of cases in which material C is significant is small, and therefore
the dispersion between the laboratories is small as a whole. Moreover, in characteristic 7, the low doses, the medium
doses, and the high doses were significant for materials A and B, but not significant for all four patterns of dose
for material C. In other words, the results showed that there was no difference in the way the inflammatory response
categories appeared due to the difference in each laboratory. However, comparing the F-values themselves, there
is not much difference except for the high dose of Material A.
Table 13. F values for Material A
Char.
None
Low
Medium
High

1

2

6

7

8

9

10

11

16

18

19

0.000
1.738
1.056
3.750

0.000
1.674
4.576
12.000

1.408
1.622
0.996
4.574

0.000
2.439
3.035
63.405

0.692
1.342
5.496
2.964

1.251
1.803
2.235
1.384

2.548
0.268
0.336
0.798

0.655
0.577
1.506
3.206

0.463
0.463
0.301
0.974

1.108
2.349
2.787
3.750

0.000
0.463
1.288
2.470

Table 14. F values for Material B
Char.
None
Low
Medium
High

1

2

6

7

8

9

10

11

16

18

19

0.000
1.721
0.926
2.417

0.000
3.662
4.643
15.501

2.252
0.650
2.353
3.877

0.000
2.172
2.874
3.775

0.000
2.811
4.268
2.804

0.301
1.755
2.180
4.240

0.873
1.065
1.122
1.987

0.233
3.431
1.651
1.440

0.294
0.463
0.000
0.000

0.000
0.672
0.601
1.265

0.000
0.672
0.294
0.297

Table 15. F values for Material C
Char.
None
Low
Medium
High

1

2

6

7

8

9

10

11

16

18

19

0.000
0.951
1.343
1.526

0.000
0.812
2.305
4.454

3.177
1.427
2.665
2.199

0.000
1.155
1.321
2.021

0.692
1.342
5.496
2.964

0.301
0.771
4.452
5.967

1.305
1.066
2.558
1.109

0.000
2.116
2.088
2.072

0.000
0.503
0.000
0.655

0.000
0.297
1.325
2.055

0.000
0.000
0.672
0.297

5. Conclusions
The purpose of this study was to estimate the measurement precision of ordinal categorical measurement data
using a real example. First, the presence of a dose-response relationship was investigated using the Cochran-Armitage
trend test and the cumulative chi-square test. Next, using a generalized linear model, the dose-response relationship
between the laboratories was considered, and the part corresponding to the precision was estimated. Finally, it was
investigated by using the accumulation analysis whether or not there is a difference in the inflammatory response
depending on the laboratory. As a result, it was found that material B did not show a dose-response relationship
as compared to the other two materials. Moreover, even if the same material, same dose, and same characteristic
are measured in each laboratory, there are generous and rigorous evaluations. Quantifying and understanding such
trends will lead to standardization of an intratracheal administration testing.
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In the future, we will proceed with research using a method that can estimate the precision while considering
the dose-response relationship using five values. Additionally, the intensity of toxicity will be estimated from five
valued categorical data representing the inflammatory response, and the dose-response relationship and precision will
be estimated
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Abstract
Multiple single regression applies the concept of the SN ratio to the fitting of the resistance line. The method
is used to make predictions when there is one output. In addition, multivariate multiple regression analysis and
the multivariate T-method are used as prediction methods when there are multivariate outputs. These methods are
the extensions of multiple regression analysis and Taguchi's T-method.
This study proposes methods that apply multiple single regression, which is used for prediction when there is
one output, to multiple outputs. The proposed methods are “independent multivariate multiple single regression”
(iMMSR), “multivariate multiple single regression” (MMSR), and “simple multivariate multiple single regression”
(MMSR’). iMMSR combines predictions simply, MMSR applies generalized least squares, and MMSR’ applies
Moore-Penrose’s generalized inverse matrix. We compared the accuracy of the proposed methods with the existing
methods. Artificial data analysis was performed by changing the number of training data and the correlation. We
also performed analysis on actual data. The results indicated that the proposed methods had higher prediction
accuracy than the existing methods.
Keywords: Multiple Single Regression; Multiple Regression Analysis; T-method; Multivariate Outputs; SN ratio

1. Introduction
Multivariate linear models (MLM) is a data analysis technique wherein multiple outputs for multiple items exist.
This method uses multiple regression analysis for each output and has the feature that the relationship between
outputs is not considered. Next, we examine the multivariate T-method (MvT) proposed by Sekine and Nagata
(2018). The MvT extends the T-method (Taguchi 2005) to multiple outputs. Another relevant technique is the
multiple single regression (MSR), which incorporates the concept of resistance line (Watanabe et al. 1985), T-method,
and multiple regression analysis. Performance comparison is performed by Maeda (2017). It was shown that the
accuracy is higher than the existing methods. This study aims to develop methods that extends MSR to multivariate
MSR, assuming multiple outputs. In addition, we will also compare our methods’ prediction accuracy with MLM
and multivariate T-method.
The structure of our study is as follows. Chapter 2 describes the conventional methods. Chapter 3 describes
the proposed methods. Chapter 4 compares the conventional methods and the proposed methods. Chapter 5 describes
the conclusions and future work.
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2. Previous Research
2.1 Multivariate Linear models (MLM)
A multiple regression model with a single output is based on the study by Nagata and Munechika (2001). The
sample size is , the number of items is , and the number of outputs is . The
in the first column of the items is

, the

matrix of the output is

coefficient, and the is the error term of an
regression model is in equation (2.1).

, the

matrix with
is

vector

matrix of the

matrix. In the multiple regression analysis, the assumed multiple

(2.1)
The suffix

at the top right of the matrix represents the transposition of the matrix. Equations (2.2) and (2.3)

show the least-squares estimator of the regression coefficient
variance

and the maximum likelihood estimator of the

when equation (2.1) is given.

(2.2)
(2.3)
Next, we will explain multivariate linear models (MLM) with multiple outputs, based on Cassandra (2013),
instead of the multiple outputs in multiple regression analysis. Let
and

be the number of outputs. The output

matrix, and the error term

is the

is the

be the sample size,

be the number of items,

matrix, the regression coefficient

is the

matrix. The model assumed in MLM is given by equations (2.4).

(2.4)
Given equation (2.4), the least-squares estimator of the regression coefficient
estimator of the variance

and the maximum likelihood

are shown in equations (2.5) and (2.6).

(2.5)
(2.6)
The features of the MLM calculation results are described based on Hastie et al. (2014). Equations (2.2) and
(2.5) show that the least squares estimator of MLM is the same as in multiple regression analysis. Therefore, the
coefficient for the th output is simply the same as the least-squares estimator in the regression from
to .
That is, multiple outputs do not affect each other’s least squares estimator. Evidently, multiple output relations are
not considered in the estimation of the regression coefficient

of MLM.

2.2 Multivariate T-method system
In this section, we explain the proposed independent multivariate T-method (iMvT), multivariate T-method (MvT),
simple multivariate T-method (MvT’), and improved methods of Sekine and Nagata (2018).
2.2.1 Independent Multivariate T-method (iMvT)
The independent multivariate T-method (iMvT) is an extension of the T-method with multiple outputs. Essentially,
the iMvT is equivalent to the combination of the prediction results obtained by the conventional T-method.
2.2.2 Multivariate T-method (MvT)
The multivariate T-method (MvT) makes predictions while considering the relationship between output and the
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relationship between items. The calculation procedure for MvT is shown below.
The multivariate T-method assumes a model like the T-method. In MLM, the model assumed a regression from
to

. In a multivariate T-method system, the model assumes a regression from

an
matrix, the output
is shown in equation (2.7).

is

matrix, and the regression coefficients

to
are

. The items

are

matrix. The model

(2.7)
Based on this model, multiply

on both sides of equation (2.7) and estimate it as equation (2.8).

(2.8)
Furthermore, part of the right side of equation (2.8) is defined as equation (2.9).

(2.9)
corresponds to the regression coefficient, and the estimator is given by equation (2.10).

(2.10)
Currently, the estimator of the SN ratio is given by equation (2.11).

(2.11)
Based on equations (2.8) and (2.11), weighting is performed with the SN ratio, and the total prediction amount
is calculated as in equation (2.12).

(2.12)
2.2.3 Simple Multivariate T-method (MvT’)
The simple multivariate T-method (MvT’) differs from MvT in that it does not consider the relationship of items
but only the relationship of outputs. The calculation procedure is shown below.
Unlike MvT, MvT’ estimates without multiplying
in equation (2.13).

on both sides of equation (2.7). The calculation is shown

(2.13)
Furthermore, part of the right side of equation (2.13) is defined as equation (2.14).

(2.14)
corresponds to the regression coefficient, and the estimator is given by equation (2.15).

(2.15)
Currently, the estimator of the SN ratio is given by equation (2.16).

(2.16)
Based on equations (2.13) and (2.16), weighting is performed with the SN ratio, and the total prediction amount
is calculated as in equation (2.17).
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(2.17)

2.2.4 Improved Multivariate T-method System
Sekine and Nagata (2018) proposed improved methods for the multivariate T-method similar to the Ta-method
of Inoh et al. (2012). Those are called as the multivariate Ta-method system. Specifically, iMvTa, MvTa, and MvT'a
were proposed.
The point of change in the calculation procedure for the multivariate Ta-method is that normalization is performed
by using the average of each item and output when performing normalization. Basically, there is no unit space,
, the signal data

and all data is signal data. When the average value of each item and output in the data is
is normalized as shown in equations (2.18) and (2.19).

(2.18)
(2.19)
2.3 Multiple Single Regression (MSR)
Maeda (2017) compared the accuracy of the MSR method. MSR uses the concept of fitting a resistance straight
line (Watanabe et al. 1985).
In multiple regression analysis, if multicollinearity is strong, the solution cannot be obtained or the estimation
is unstable and the accuracy is poor. The T-method has a problem wherein its prediction accuracy is lower than
the multiple regression analysis when the collinearity between items is weak; MSR overcomes this shortcoming.
MSR predicts

like in multiple regression analysis without error terms. However, unlike multiple

regression analysis, since there is no intercept,

is

matrix, and

is

matrix. Simple regression is then

performed on the residuals as in fitting a resistance line. The proportionality constant

is updated by weighting

it with the SN ratio and adding it to the regression coefficient , as in the T-method. Thus, it is a method aiming
at performance improvement by combining the resistance straight line, multiple regression analysis, and T-method.
The MSR calculation procedure is described below according to the explanation of Maeda (2017).
First, data centering is performed on
to equations (2.18) and (2.19) (when
is 0.

and

. Data centering is subtracting the average, which is similar

). Equation (2.20) shows that the initial value of the regression coefficient

(2.20)
Currently, the predicted amounts of output and the residual are obtained from equations (2.21) and (2.22) from
the regression coefficient and item

.

(2.21)
(2.22)
As we later describe, stopping rules are set in the MSR. When the stopping rule is satisfied, stop the repetition
calculation of MSR. If the stopping rule is not satisfied, continue the calculation.
In MSR, single regression is performed on items and residuals. Calculate the proportionality constant
residual

and the centralized item

the proportionality constant
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and the SN ratio

and the SN ratio

of the

as the reliability of the regression. Before estimating

, we solve equations (2.23) and (2.24) for

.

(2.23)
(2.24)
Calculate the proportionality constant
using equations (2.18) and (2.22) and the SN ratio
(2.23) and (2.24). The calculations are shown in equations (2.25) and (2.26).

using equations

(2.25)
(2.26)
Finally, calculate

using

. The element of

is a value obtained by weighting the proportionality constant

of the residual by the SN ratio, which represents the reliability of the item. These are estimated as in equations
(2.27) and (2.28).

(2.27)
(2.28)
Stopping rule 1: When the residual error gradually decreases
The stopping rule is executed separately from the above calculation procedure using the jackknife (JK) method to
is estimated from
prevent overlearning. Specifically, one piece of data is removed, and the regression coefficient
the remaining n-1 data. Then, a predicted value is calculated for the removed data. Compute the residuals. Let
be the predicted value when the th data is removed and
as shown in equations (2.29) and (2.30).

be the residual. This is performed by

(2.29)
(2.30)
The residual when the number of repetitions is

is

. The repetition is stopped when the small value is

and the equation (2.31) is satisfied.
Stopping rule 2: Other conditions
When executing under stopping rule 1, when
equation (2.24),

in equation (2.23) becomes 0, and when

in all items in

is set to 0 in this iteration and subsequent iterations.

If these situations occur not at the stopping rule but at the time of repetition using all data, the repetition ends.
Three Proposed Method
3.1 Independent Multivariate Multiple Single Regression (iMMSR)
iMMSR applies MSR to multivariate data. This new method is similar to iMvT in the multivariate T-method
system. The calculation procedure is shown below. First, when the item
is

matrix, data centering is performed on

for

and

is

matrix and the output

. Equations (3.1) and (3.2) show the centralization

.

(3.1)
(3.2)
The initial value of the estimator

of the regression coefficient of the

matrix is

and is shown
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in equation (3.3).

(3.3)
Currently, the predicted amounts of outputs and residuals are obtained from equations (3.4) and (3.5) from the
regression coefficient and item

.

(3.4)
(3.5)
Stopping rules are set in iMMSR. Details are in section 3.4. When the stopping rule is satisfied, stop the iterative
calculation of iMMSR. If the stopping rule is not satisfied, proceed to the next step.
In iMMSR, single regression is performed for items and residuals. The regression coefficient
and the centered item

and the SN ratio

the proportionality constant

of the residual

as the reliability of the regression are calculated. Before estimating

and the SN ratio

, we solve equations (3.6) and (3.7).

(3.6)
(3.7)
Calculate the proportionality constant
using equations (3.1) and (3.5) and the SN ratio
(3.6) and (3.7). The calculations are shown in equations (3.8) and (3.9).

using equations

(3.8)
(3.9)
Finally, calculate

using

. The

element

of

is a value obtained by weighting the proportionality

constant
of the residual by the SN ratio, which represents the reliability of the item. These are estimated as
in equations (3.10) and (3.11).

(3.10)
(3.11)
After calculating equation (3.11), return to equation (3.4) and execute the calculation. In this way, iMMSR
repeatedly calculates until the stopping rule is satisfied.
3.2 Multivariate Multiple Single Regression (MMSR)
MMSR is a regression method that considers the relationship between residuals and the relationship between
items. In addition, since there is a problem wherein the inverse matrix cannot be calculated, regularization is
performed when performing the inverse matrix calculation. The calculation procedure is shown below. The equations
(3.1) to (3.7) in the iMMSR are omitted because they are the same as in the iMMSR.
Similar to iMMSR, MMSR performs regression on items and residuals, but the calculation procedure is similar
and the centered item
and the SN ratio
to MvT. Calculate the regression coefficient of the residual
the reliability of the regression. Equation (3.12) shows the model assumed by MMSR.

as

(3.12)
Based on this model, MMSR calculates regression coefficients. The calculation procedure for the regression
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coefficient is a method applying the generalized least squares (GLS) method. For details on GLS, see Amemiya
(1985). First,

is applied to both sides of equation (3.12) to obtain equation (3.13).

(3.13)
By multiplying both sides of the equation by
, the error
in equation (3.12) becomes
, and the
variance-covariance matrix becomes the identity matrix. Thereafter, calculation is performed using the least squares
method in the same way as equations (3.14) and (3.15).

(3.14)
(3.15)
However, according to equation (3.15),
is not a regular matrix, so the inverse matrix cannot be
calculated. Thus, we add a regularization term and calculate this as we would a ridge regression.

(3.16)
Here,
is a regularization parameter, and it is necessary to search for the optimal value. Then, the part
corresponding to the regression coefficient on the right side is defined as in equation (3.17).

(3.17)
Then, the SN ratio

is calculated using the obtained regression coefficients. Since the SN ratio is an index

indicating the robustness of the output, the SN ratio

is defined as in equation (3.17).

(3.18)
However, since calculating the inverse matrix of
is not possible, regularization must be
performed. Regularization is performed by adding an identity matrix as shown in equation (3.19).

(3.19)
And the estimator of the SN ratio

is given by equation (3.20)

(3.20)
Finally, as in iMMSR, calculate

using

. These are estimated as in equations (3.21) and (3.22).

(3.21)
(3.22)
After calculating equation (3.22), execute the return calculation in equation (3.4). The MMSR also performs
repeated calculations until the stopping rule is satisfied.
3.3 Simple Multivariate Multiple Single Regression (MMSR’)
MMSR’ is a method that considers only the relationship between the residuals. Unlike MMSR, it does not convert
the variance-covariance matrix of errors to the identity matrix. The procedure is shown below, but equations (3.1)
to (3.8) in the iMMSR are omitted since they are the same as in the iMMSR.
MMSR’ assumes the model of equation (3.12) as well as MMSR. MMSR’ estimates regressioncoefficients based
on this model. In MMSR,

is multiplied on both sides, and the variance-covariancematrix of the error is used
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as the unit matrix, but MMSR’ does not perform the operation. Thereafter, the same equation (3.23) is calculated
using the least squares method.

(3.23)
However, according to equation (3.23),
cannot be calculated because the matrix is not regular. Therefore,
the regularization term is added, and the calculation is performed as in equation (3.24).

(3.24)
This
is a parameter, and it is necessary to search for the optimum value like MMSR. The part corresponding
to the regression coefficient on the right side is defined as equation (3.25).

(3.25)
is a regularization of the Moore-Penrose type pseudoinverse of

. For the Moore-Penrose type pseudoinverse,

is calculated using the obtained regression coefficients. Since the SN
see Kanaya (2005). Next, the SN ratio
ratio is an index indicating the robustness of the output, the SN ratio N is defined as equation (3.26).

(3.26)
However, since it is not possible to calculate the inverse matrix of
, regularization must be
performed. Regularization is performed by adding an identity matrix as shown in equation (3.27).

(3.27)
Currently, the estimator of the SN ratio

is given by equation (3.28).

(3.28)
Similar to iMMSR, B is calculated using A, but MMSR’ is calculated as in equations (3.29) and (3.30).

(3.29)
(3.30)
After calculating equation (3.30), return to equation (3.4) and execute the calculation. The MMSR also performs
repeated calculations until the stopping rule is satisfied.
3.4

Stopping rules

Stopping rules are required for the iMMSR, MMSR, and MMSR’ shown in sections 3.1, 3.2, and 3.3. Here,
three stopping rules are considered: when the residuals converge, when the total variation and the regression
coefficient variation are 0, and when the number of repetitions exceeds a certain number.
Stopping rule 1: When the update of the residual converges
The stopping rule performs calculations not directly related to prediction to prevent overlearning. Specifically, one
data is removed, and the estimated amount

of the regression coefficient is calculated from the remaining

data. The predicted amount was then calculated for the removed data. Compute the residuals. Let
value when the

th data is removed, and let
, respectively.

870

be the predicted

be the residual. This is calculated as equations (3.31) with

(3.31)

Then, let
be the residual when the number of repetitions is
is stopped when equation (3.32) is satisfied.

. The small value is set to δ, and the repetition

(3.32)
This is considered when the repetition of the residuals converges.
Stopping rule 2: When all fluctuations or regression coefficient fluctuations are 0
When executing in JK, when
the complement set is

in equation (3.6) becomes 0, and when

in all items in equation (3.7),

and 0 in subsequent iterations. If these situations occur during repetition using all

data, repetition is terminated. In this study, the program was actually approximated by

.

Stopping rule 3: When the number of repetitions exceeds a certain number
MSR analytically proves that the residual is monotonically decreasing (Maeda 2017). However, there is no guarantee
that the proposed methods is monotonically decreasing. Therefore, the calculation may not converge. Therefore, the
calculation was stopped when the number of repetitions increased.

4. Performance Comparison of Each Method
4.1

Evaluation Index

Comprehensive prediction errors (CPE) was used as the evaluation index for the simulation. The index that applies
prediction errors (PE) to data with multivariate output is CPE. Therefore, first, PE is explained along with Inoh
et al. (2012), and CPE is explained along with Sekine and Nagata (2018). The PE for the
as equation (4.1).

th output is defined

(4.1)
This evaluates the goodness of fit of the test data.
is the value of the test data, and
is the predicted
amount of the test data. The expected value of the square of the prediction error is calculated by taking the square
of the difference between
and
and taking the average of the number of simulations. The smaller the value
of PE, the smaller the error, so the smaller the value, the better the prediction accuracy.
In contrast, in this study, evaluating with CPE is necessary for measuring the goodness of fit for multivariate
data. This aims to make the output dimensionless. Therefore, the

of the

th output is divided by the variance

of the th output, and the CPE is calculated by adding them. That is, CPE is defined as equation (4.2).

(4.2)

4.2 Performance Comparison 1 (Linear Multiple Regression Model)
In Performance Comparison 1, a simulation using a linear multiple regression model is performed, and the
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evaluation is performed using data in which items are generated independently and data in which correlation is
generated between items. The number of outputs is 2, and the number of items is 5. A total of seven types of
training data, 5, 10, 20, 30, 50, 100, and 150, are prepared and examined. The error variance is set to a large
value; this is done to prevent the difference from disappearing when the number of training data increases. The
number of test data is 100, and the number of simulations is 1000. The comparison methods are multivariate linear
model (MLM), independent multivariate T-method (iMvT), multivariate T-method (MvT), simple multivariate
T-method (MvT’), independent multivariate Ta-method (iMvTa), multivariate Ta-method (MvTa), simple multivariate
Ta-method (MvT’a), independent multivariate multiple single regression (iMMSR), multivariate multiple single
regression (MMSR), simple multivariate multiple single regression (MMSR’). The stopping condition
MMSR, and MMSR’ and the regularization parameter
(Raschka and Mirjalili 2018).

of iMMSR,

of MMSR and MMSR’ were optimized by grid search

The models in the linear multiple regression model are shown in equations (4.3) to (4.6).

(4.3)

(4.4)

(4.5)
(4.6)
This model is called “Model 1”. Thus, when
and
are both 0, there is no correlation, and when both
are 0.7, there is correlated data. Table 4.1 shows the simulation results for uncorrelated data, and Table 4.2 shows
those for correlated data. When the number of training data is small, calculation cannot be performed, and calculation
of predicted amount may not be performed. In the following tables, a CPE with a “-” indicates that the calculation
could not be performed.
According to Table 4.1, the linear multiple regression data without correlation shows that the accuracy of iMMSR
is good when the number of training data is small, but the accuracy of MLM is best when the number of training
data is large. When the number of training data is small, the features of the iMMSR that repeats single regression
are applied well. The reason why the prediction accuracy of MLM is good when the number of learning data is
large is that the estimation of MLM improves as the number of learning data increases as the data is generated
by the linear multiple regression model.

Method

Table 4.1 CPE for Model 1
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MLM
iMvT
MvT
MvT'
iMvTa
MvTa
MvT'a
iMMSR
MMSR
MMSR'

5
8.2893
5.1157
8.1175
4.7646
4.5667
4.5847

10
3.3989
5.6226
3.3375
2.8173
4.7707
3.0537
2.4973
2.3808
2.5439
2.3837

Number of training data
20
30
50
1.5926
1.3444
1.1961
5.4983
5.0248
4.5562
1.9678
1.6976
1.5703
2.0711
1.8296
1.6688
3.8585
3.3097
2.7857
1.7751
1.5179
1.3895
1.8207
1.5711
1.4300
1.5732
1.3413
1.1980
1.5694
1.3337
1.1958
1.3439
1.1966
1.5671

100
1.0987
4.1019
1.4510
1.5129
2.3661
1.3226
1.3439
1.1001
1.0995
1.1011

150
1.0533
3.8511
1.4180
1.4725
2.1873
1.2813
1.2965
1.0541
1.0552
1.0585

Method

Table 4.2 CPE for Model 1

MLM
iMvT
MvT
MvT'
iMvTa
MvTa
MvT'a
iMMSR
MMSR
MMSR'

5
6.2085
6.4225
5.4331
6.8049
5.1049
6.5216

10
1.7240
1.6462
2.4615
2.0921
1.2067
2.3483
1.9742
1.0618
1.6587
1.0799

Number of training data
20
30
50
0.7898
0.6646
0.5897
1.3055
1.1701
1.1256
1.7092
1.4869
1.3175
1.5874
1.4120
1.2807
0.8750
0.7927
0.7425
1.4771
1.1900
0.9518
1.3442
1.0924
0.8909
0.7029
0.6220
0.5703
0.7965
0.6682
0.5944
0.6909
0.6114
0.5664

100
0.5418
1.1116
1.1944
1.1805
0.7159
0.7511
0.7266
0.5339
0.5448
0.5306

150
0.5190
1.1164
1.1544
1.1507
0.6931
0.6771
0.6677
0.5148
0.5246
0.5144

4.3 Performance Comparison 2 (Model Behind the T-method)
In Performance Comparison 2, a simulation is performed using a model behind the T-method, and evaluation
is done using data with independently generated outputs and data with correlation generated between outputs.
Conditions such as simulation settings and the comparison methods are similar as in Performance Comparison 1.
Equations (4.7) to (4.10) show the model behind the T-method.

(4.7)
(4.8)
(4.9)

(4.10)

This model is called “Model 2”. This means that when
and
are both 0, there is no correlation, and
when both are 0.7, correlated data exists. Table 4.3 shows the simulation results for uncorrelated data, and Table
4.4 shows the simulation results for correlated data.

Method

Table 4.3 CPE for Model 2

MLM
iMvT
MvT
MvT'
iMvTa
MvTa
MvT'a
iMMSR
MMSR
MMSR'

5
8.3670
5.2958
8.0153
4.8357
4.7336
4.6842

10
4.4823
5.5703
3.7229
2.9282
5.4550
3.2853
2.4657
2.5876
2.7209
2.3511

Number of training data
20
30
50
2.1399
1.8080
1.5909
5.6627
5.2274
5.4095
2.3353
2.1286
2.0370
2.2443
2.0858
2.0259
4.7902
4.5604
4.3538
1.9536
1.7684
1.6521
1.8224
1.6972
1.6154
1.9160
1.7103
1.5622
1.8586
1.6533
1.5207
1.7416
1.5866
1.4859

100
1.4590
5.2062
1.9183
1.9233
4.1987
1.5700
1.5526
1.4498
1.4285
1.4107

150
1.4010
5.0309
1.8804
1.8916
4.1129
1.5322
1.5210
1.3945
1.3821
1.3700
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Method

Table 4.4 CPE for Model 2

MLM
iMvT
MvT
MvT'
iMvTa
MvTa
MvT'a
iMMSR
MMSR
MMSR'

5
7.2074
5.1486
7.1201
5.0055
4.5166
4.2546

10
3.6735
4.8945
3.6808
2.8689
4.1418
3.5188
2.7047
2.0467
2.7201
2.0307

Number of training data
20
30
50
1.7637
1.4573
1.2986
4.8219
4.8342
4.8576
2.3671
2.0475
1.8606
2.2202
2.0065
1.8998
3.4262
3.1257
2.8670
2.2546
1.9849
1.8180
2.1085
1.9156
1.8231
1.5541
1.3468
1.2435
1.7478
1.4532
1.2985
1.4875
1.3164
1.2341

100
1.1906
5.0389
1.7641
1.8551
2.6559
1.7269
1.7657
1.1716
1.1882
1.1684

150
1.1410
4.4030
1.6830
1.7577
2.5772
1.7047
1.7596
1.1306
1.1406
1.1311

Table 4.3 and 4.4 show that the accuracy of MMSR’ is the best. MMSR’ not only considers the relationship
between the residuals but also has the effect of performing calculations such as the T-method in the calculation.
4.4 Performance Comparison 3 (actual data)
In Performance Comparisons 1 and 2, simulations were performed on artificially generated data. In Performance
Comparisons 3, we prepared two sets of real data, analyzed them using the existing methods and the proposed
methods, and compared the performance.
Protein consumption data was obtained from DoSS@d(a) and results from protein consumption data in Europe
with a sample size of 25 consisted of red meat, white meat, eggs, milk, fish, cereals, starchy foods, beans, and
fruits and vegetables. We predicted the consumption of red and white meat from the consumption of non-meat
proteins and found a weak correlation. Next, we used DoSS@d(b) for the sports test data, which consisted a sports
test with a sample size of 104 including back strength, grip strength, 50m running, long jump, handball throw,
suspension, repetitive side jump, vertical jump. Back muscle strength and grip strength are predicted from the
measurement results of each event. We found strong correlations. The number of test data is 5 for protein
consumption data and 50 for sports test data. The comparison methods and the number of simulations are the same
as in section 4.2 Performance Comparison 1. The simulation results of protein consumption data are shown in Table
4.5, and the simulation results of sports test data are shown in Table 4.6.

Number of training data
10
20
MLM
12.2210
2.2161
iMvT
5.3425
4.2666
MvT
6.4999
1.8121
MvT'
3.2894
2.1869
iMvTa
4.5465
3.4628
MvTa
5.9752
1.7550
MvT'a
2.9268
2.1037
iMMSR
2.5302
1.6819
MMSR
2.9728
1.8774
MMSR' 2.4939
1.7412

Table 4.6 CPE for sports data

Method

Method

Table 4.5 CPE for protein data

Number of training data
10
20
MLM
6.8054
2.2202
iMvT
7.8991
5.5781
MvT
6.6249
3.0842
MvT'
3.9745
3.3448
iMvTa
5.9630
4.3119
MvTa
6.7571
3.3710
MvT'a
3.9676
3.7244
iMMSR 2.5364
1.9087
MMSR
2.8468
2.1516
MMSR'
2.6514
2.0965

Table 4.5 shows that the accuracy of iMMSR and MMSR’ is high for real data with low correlation. Next,
Table 4.6 shows that iMMSR is effective for real data with high correlation. Factors that resulted in slightly different
results from Performance Comparisons 1 and 2 may be the relationship between data that is specific to actual data.
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5. Conclusions and Future Work
5.1 Conclusions
In Chapter 4, we compared the proposed methods with
the existing methods. As a summary of this study,
effective methods under various conditions including the
omitted simulation are shown in Table 5.1.

Table 5.1 Effective methods in various conditions

1~4

Ratio of training
4~10
data to variables

10~

Correlation between variables
High
Low
iMMSR
iMMSR
MMSR'(iMMSR)
MMSR'
MMSR'
MMSR'(MLM)

Table 5.1 shows the results obtained by classifying
cases according to the ratio of the number of training data items to the number of items and the correlation between
items and presents the best method. When the number of training data is small, iMMSR, which repeats single
regression, becomes effective. Even when the number of training data is moderate and the correlation is high, the
influence of multicollinearity is difficult to affect, so the iMMSR may become strong, but MMSR’ is often the
effective method. When the number of training data was large, MMSR’ became the effective method. However,
when the correlation was low and the error variance was small, and the influence of multicollinearity was reduced,
MLM became effective.
The MMSR of the proposed methods was not effective for any data. We believe this did not work due to the
calculation using the residual in the process of calculating the estimator of the variance-covariance matrix.
5.2 Future Work
We can suggest four future works for this study. The first would focus on stopping conditions. The update of
the residual may not be converged and may oscillate in the stopping rule 1 of the proposed methods, and there
is a stopping rule 2 determined by the number of iterations. The second would be about estimating
and

of MMSR’. Estimation of the regression coefficient can be improved by using

of MMSR

as the objective variable.

The third would be on the centering of
. At present, the average value of each item is used when centering,
but it may be improved by centering based on the SN ratio as in the Tb-method proposed by Inoh et al. (2012).
Finally, in the estimation of the SN ratio of the MMSR and MMSR’, the unit matrix without the regularization
parameter is used, so the regularization parameter may be added.
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Abstract
In recent years, the analysis of questionnaire-based surveys has become more advanced and complex due to
the development of many statistical methods and the improvement of computer processing power. Analysis experts
acquire high-quality information by repeating high-level and complex statistical processing steps and utilizing
multivariate analysis methods. However, the various multivariate analysis methods used to perform complex data
processing have made it difficult for learners of statistical analysis to understand the procedures and the entire
steps, such as the order and combination in using such methods. Even if the explanations of the calculation
procedure and the corresponding computational operation are shown carefully, they only become a work instruction.
It is necessary to understand the meaning and position of the procedure and operations that will be performed
from now on.
The use of advanced and complex statistical techniques to achieve a goal is similar to a long-distance drive
toward an unfamiliar goal point that one has never visited before. In this study, we propose a navigation-type
manual for questionnaire analysis that corresponds to a driving navigation system, show the mechanism and logic
of the manual's notation system, and introduce the examples of the application of this manual to the selective
multi-group principal component regression analysis. Since it is necessary to show a specific example of the
instructions for the operation of the statistical software, we used the screen of commercially available software
JMP® 14 (SAS Institute Inc., Cary, NC, USA).

1. Introduction
In recent years, the analysis of questionnaire-based surveys has become more advanced and complex due to
the development of many types of statistical methods and the improvement of computer processing power. Analysis
experts acquire high-quality information by repeating high-level and complex statistical processing steps and utilizing
multivariate analysis methods. [1][2] However, it is not easy for many people to master such techniques. Thus,
an instructional approach that combines lectures and exercises is commonly used in the field of education. Thereby,
we aim to teach statistical theory and computer processing techniques as a set and use them by applying them
to other examples.
The various multivariate analysis methods used to perform complex data processing have made it difficult for
learners of statistical analysis to understand the procedures and the entire steps, such as the order and combination
in using such methods. Furthermore, in the stage of actually performing the processing, it is not possible to see
the position and step of the currently-performed process in the entire procedure, what kind of content to execute
from now on, and what kind of output is obtained as the result of that process. Sometimes, it is impossible to
see the direction that one should be heading to at the beginning, or one may lose sight of the direction that should
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be taken en-route. On the other hand, even if the explanations of the calculation procedure and the corresponding
computational operation are shown carefully, they only become a work instruction. It is necessary to understand
the meaning and position of the procedure and operations that will be performed from now on.
In the case of driving a vehicle, a driving navigation system has been developed in recent years, making
long-distance driving to a remote place can be safely performed without any problem, even when done for the
first time. The purpose of this study is to propose a navigation style manual for questionnaire analysis that resembles
a driving navigation system. The manual notation mechanism and logic required for this purpose are shown, and
an application example is introduced. The application example is a case on which the selective multi-group principal
component regression analysis [3] developed by the authors is conducted. In addition, the concept of dual-sided
causal analysis, which confirms the common causal factors (latent factors) behind the main items when the causal
structure is revealed through questionnaire analysis, is also presented when there are many main items (items to
be addressed) for the results. The significance of this study is to contribute to the improvement of the quality of
statistical questionnaire-based survey education.

2. The mechanism and logic of the navigation style manual
2.1

Structure of the navigation system
The essential structure of the driving navigation system listed on the vehicle is as follows.
(1) Show the entire map.
(2) Show the trajectory traveled so far.
(2) Show the current location.
(3) Show several route candidates from the start (departure point) to the goal (destination).
(4) However, there are no specific operating instructions.

(5) Since there are no specific operation instructions, the driving navigation system cannot be called a manual
(standard). In other words, navigation is not an operation instruction since it is a route instruction (route guidance).
A driving navigation system is navigation with (1) to (4).
This study proposes a navigation style manual that combines route and operation instructions in questionnaire
analysis. Notation plays a decisive role in showing the purpose clearly, what to do, and how to interpret the results
obtained. The notation rules, mechanisms, and logic are shown below.
2.2 Typographic rules for the navigation style manual
Navigation notation: The notation rules are shown below.
1) The variables are enclosed by line boxes.
Observation variables: Those that are obtained from the data are indicated by □ (squares).
Summary variables: Variables with high correlations are summarized in the principal component and indicated
as ▱ (parallelograms).
Latent variables: Indicated by ○ (circles) assuming there is a factor behind highly-correlated variables.
2) Types of line segments used for relationships
Causal relationships are indicated by directed lines (lines with arrows) from the cause to the result.
They are used when the principal component regression analysis and factor analysis are used.
Numerical values (regression coefficients) are shown along with the line if necessary.
Non-causal relationships are indicated by undirected lines (lines without arrows) in the case of summary
relationships.
Numerical values (factor loading amount: correlation coefficient) are shown along with the line when
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necessary.
3) Dotted lines are used at the hypothesis stage, and solid lines are used at the demonstrated stage.
4) Changing the thickness of the line according to the size of the number makes it easy to see.
5) The part before the result is produced is indicated as outlined characters against a colored background, and
the part where the result is produced is indicated by a light color (yellow is recommended).
6) Relationships until the result are obtained are shown by dotted lines, and the relationships with obtained results
are shown by solid lines.
All of the possible relationships are shown until the results are obtained.
When the results are obtained, the existing relationships are shown, and the non-existing relationships are
removed.
7) The part that will be carried out immediately afterward are shown with diagonal lines, and the relationships
are shown with dotted lines.
All of the possible relationships at the stage when the results are not obtained are shown.
2.3 The mechanism and logic of the navigation style manual
The navigation style manual's purpose is to visualize the entire structure with a single diagram for the common
understanding of many people. In that way, it can also be called a "mandala." [4] Mandala is a diagram used in
religion in which the main deities and other related figures and guardians are orderly arranged in a rectangular
or circular shape. In recent years, the terminology has often been used to name a "display form that visualizes
the relationship among many complicated things" apart from its original religious meaning.
In this study, the first figure used to grasp the overall representation of the analysis is called the "analytical
model diagram" [5]. The analytical model diagram is a diagram with the results of the causal structure as the goal,
in which the items that cause this are combined in groups, and the causal relationships, including the hidden factors,
are arranged in an easy-to-understand manner. The mission of this diagram is to show the whole essential structure
at a glance clearly. Also, the diagram shown in the step in the middle of the analysis can also be used by the
learners to visually grasp the variables and methods used in the analysis to be conducted and examine the hypothesis
on what to do and what kind of results will be obtained. The picture that is shown when the final destination
is reached after the analysis is called the "structural model diagram" [5]. In the structural model diagram, details
of the analysis result are shown on the essence of the entire causal structure.
2.4 The mechanism and logic of the navigation style manual
The navigation style manual shown in this study consists of five logics mathematically and statistically, because
it is applied to a case of selective multi-group principal component regression analysis.
1) Multi-group configuration
Separate a large number of questions into groups (sets of similar questions). The point is to establish a
structure with "a strong correlation within a group and low correlations among groups".
2) Summary by principal component analysis [6]
Summarization by the principal component because there is a strong correlation within a group. Since the
principal component summarized in each group is independent of each other, the problem of correlation in
the group can be solved. Also, since the original correlation among the groups is weak, the obtained principal
component as a whole has a weak correlation.
3) Grasping the causal relationship by regression analysis
A principal component can be selected by performing a regression analysis (adopting variable selection by
the increasing and decreasing the variable) between the principal components of the result (satisfaction) and
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the principal components of multiple factors.
4) Selection of the principal items
Regarding the selective principal components, the component with a larger absolute value of the factor loading
amount than the others is an essential component (the component that needs to be acted upon). However,
in some cases, those with large absolute values of factor loading may be clustered. At this time, the following
factor analysis is used.
5) Extracting latent factors by factor analysis
When factor loadings amounts with large absolute values are clustered, the latent factors that are hidden behind
them are extracted (revealed) and acted upon. The factor analysis is used for this purpose. Whether or not
factor analysis will be used depends on the state of the factor loading matrix. It is not necessary to use
the factor analysis if it is not dense.

3 Application example of the navigation style manual
3.1 Summary of the example
This chapter introduces the example of applying a navigation style manual to analyze the online "smartphone
satisfaction survey" conducted for students. The respondents were stratified into two groups. Those in Group 1 (G1)
"read comics often" on their smartphones every day and consists of 18 people and those in Group 2 (G2) "do
not read comics often" on their smartphones every day and consists of 14 people. The analysis was done using
the principal component regression analysis. Here, it is pre-assumed that the "18 people who read comics often
are heavy smartphone users, and 18 people who "do not read comics often" are light smartphone users.
The selective multi-group principal component regression analysis is a method that performs a combination of
principal component analysis for variable synthesis and multiple regression analysis for prediction in a series of
steps among multivariate analysis. It has the feature to avoid the problem of multicollinearity [7], which could occur
in a multiple regression analysis method that involves multiple highly-correlated variables, and derive the direction
of the proposal. In this case, the analysis is carried out in the following five steps in each layer of G1 and G2.
Step0: Creation of a white map (analytical model diagram)
Step1: Principal component analysis of the questions of the result system (Group Y)
Step2 Selection of the questions of the cause system (selection of items based on the correlation with the principal
components of the result system)
Step3: Principal component analysis of each conceptual group (principal component analysis separately in each group)
Step4: Selective multi-group principal component regression analysis (regression of the principal component of the
result and the principal component of each group)
Step5: Selection and consideration of important questions (consideration of the direction of the proposal)
Furthermore, the four groups and questions in the survey are as shown in Table 1. The questions consist of
a total of 25 items: nine items related to the basic specifications of the smartphone in Group A, six items related
to operability in Group B, seven items related to services in Group C, and three items related to satisfaction in
Group Y. Items that are the causes of the result system Y group are arranged in Group A to Group C.
At this time, the questions in the group are highly correlated. However, it is desirable that the groups are
configured so that the questions among the groups have low correlations. In this example, we proceed with the
analysis on the assumption that the structure of the group is well- made.
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Table 1. Four groups and questions
AQ1
AQ2
AQ3
AQ4
AQ5
AQ6
AQ7
AQ8
AQ9
BQ1
BQ2
BQ3
BQ4
BQ5
BQ6
CQ1
CQ2
CQ3
CQ4
CQ5
CQ6
CQ7

Group A: Specifications
Overall size
Color
Weight
Time required to fully charge
Capacity of the body folder
Screen size
Number of camera pixels
Display Resolution
Design
Group B: Operability
Batterley's holding time
Data transmission speed
Novelty (novelty/unusualness)
Operability (ease of use)
Ease of understanding of functions
Many supported apps
Group C: Economic efficiency
Customer service at the dealership
The clarity of the salesperson's explanation
Ease of understanding of contract plans
Customer Support
campaign (value for money)
Price (cheap)
Safety & Compensation Plan

Group Y: Overall satisfaction
YQ1 Recommendations for others
YQ2 Level of reuse (intention to continue to use)
YQ3 Satisfaction with use

3.2 Analytical model diagram and structural model diagram
The analytical model diagram of this example (Figure 1) and the structural model diagrams of G1and G2 are
shown in Figures 2 and 3, respectively. The analysis model diagram can be called a white map that is prepared
to grasp the entirety at the start of the navigation style manual. The structural model diagram shows the details
of the analysis results of each layer of G1 and G2, making it possible to confirm the differences in the analysis
results due to the layers at a glance.
Statistical analysis learners proceed with the analysis steps one by one after confirming the differences between
the overall picture of the data processing and the final result. Many of the manuals of the questionnaire analysis
that have been used so far explain the theory of multivariate analysis or show the operational procedure of the
statistical software. However, there are none that explain the timing to use the procedures or how to choose the
series of procedures to be used in combination. In the navigation style manual, users are able to check subsequent
steps from one diagram and confirm the position in real-time and see the specific procedure of data processing
in real-time.
3.3 The procedure of selective multi-group
principal component regression
analysis using the navigation style
manual
The analysis steps and procedures of
selective multi-group principal component
regression analysis using the navigation style
manual were performed in the same way for
G1 and G2. Since the method is repetitive,
the example of G1 is shown in this chapter.
Fig. 1. Analytical model diagram of the case study
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Fig. 2. Structural model diagram of G1

Fig. 3. Structural model diagram of G2

3.3.1 Step1: Principal component analysis of the questions of the result system (Group Y)
The position that is going to be executed from now on is surrounded by a thick line in the navigation style
manual of Fig. 4. The principal component analysis is performed using the variable of the diagonal line inside it.
At first, a principal component analysis of the following three items is performed to set the objective variables.
YQ1 "The current model that you are mainly using can be recommended to your friends of the same generation"
YQ2 "If you lose the current model that you are mainly using, you will choose the same model again"
YQ3 "Overall satisfaction of the smartphone that you are mainly using now"
Usually, three principal components are extracted when conducting a principal component analysis that uses three
variables. It can be said that the principal component analysis aims to summarize variables. Therefore, instead of
using all the three principal components for analysis, the analysis proceeds so that the first principal component,
which is the information summary (represents most of the information) of the original three variables can be used
in the subsequent analysis. In rare cases where the second principal component is also required, the analysis method
with respect to the second principal component may be performed in precisely the same way as that in the case
of the first principal component.
The statistical software used for analysis in this example is JMP® 14 (SAS Institute Inc., Cary, NC,
A part of the navigational flow of the operation procedure and analysis of JMP is shown in Figs. 5 - 8.
general operation manual, one may lose sight of the current position and destination of the analysis, but
navigation style manual, one can concentrate on the operation of the current position confidently without
sight of the current step.

Fig. 4. Navigation diagram: Step1; principal component analysis of the
three items in group Y (starting point)
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USA).
In the
in the
losing

Fig. 5. Step1; procedure for principal component analysis using JMP (1)

Fig. 6. Step1; procedure for principal component analysis using JMP (2)

Fig. 7. Step1; procedure for principal component analysis using JMP (3)
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Fig. 8. Step1; procedure for principal component analysis using JMP (4)

Fig. 9. Navigation diagram: Principal component analysis of the three items in Step1 Y group (end point)

Figure 9 is a navigation diagram showing the endpoint of the principal component analysis of the three items
of the result system Group Y in Step1. From the principal component analysis results of Fig. 7, the contribution
ratio of the first principal component of Group Y is 78%, and it can also be confirmed that this is the only principal
component with an eigenvalue exceeding 1.0. Therefore, the first principal component was named ZY1, and it was
set as the objective variable in the analysis of this example.
3.3.2 Selection of questions for the step2 cause system
Next, the correlation between ZY1 that has been set as the objective variable in Step 1 with each question of
Group A, Group B, and Group C (square observation variables) is confirmed, and the question that has a high
correlation with ZY1 is selected. At this time, there are no absolute things with respect to the selection criteria.
Performs sorting of the calculated correlation coefficients, and it is expected to select one from those with relatively
high correlation.
Figure 10 is a navigation diagram at the starting point to enter the correlation analysis of the questions of ZY1,
which is the principal component of the result system of Step 2, and each group. The questions that were not selected
in this step are not used for the subsequent analysis. In this case, the standard selection value was |0.3| (the absolute
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value 0.3). Also, the final decision will be made by taking into account the results of a professional examination
of whether important questions are excluded during the selection. As a result, five items from Group A, and two
items from Group C were selected. No item was not selected from Group B. This is visualized, and Fig. 11 shows
the correlation analysis results as the endpoint of Step 2.

Fig. 10. Navigation diagram: Step2; questionnaire selection in correlation with ZY1 (starting point)

Fig. 11. Navigation diagram: Step2; questionnaire selection in correlation with ZY1 (end point)

3.3.3 Principal Component Analysis by Concept Group
In Step3, a principal component analysis of the selected items in each group is performed. Figs. 12 and 13
show the principal component analysis of the five items selected in Group A and the starting point of the principal
component analysis of the two items selected in group C, respectively. Figure 14 shows the navigation diagram
showing the endpoint of the principal component analysis results of each group.
In this example, when the contribution rate in the factor loading amount of the principal component analysis
results of group A was confirmed, 67.8% and 16.8% were described in the first principal component and the second
principal component, respectively. Since more than 80% of the total in the two principal components are described,
the first and second principal components are stored, named as ZA1and ZA2, respectively, and are used for the
subsequent analysis. When the contribution rate in the factor loading amount of the principal component analysis
results of group C was confirmed, 96.5% and 3.5% were described in the first principal component and the second
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principal component, respectively. Therefore, the first and second principal components in Group C are stored, named
ZC1 and ZC2, and brought forward to the subsequent analysis.

Figure 12. Navigation diagram: Step3; principal component analysis of group A (starting point)

Figure 13. Navigation diagram: Step3; principal component analysis of group C (starting point)

Figure 14. Navigation diagram: Step3; results of principal component analysis for each group (end point)
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3.3.4 Selective multi-group principal component regression analysis
In Step4, a multiple regression analysis is performed using ZY1, ZA1, ZA2, ZC1, and ZC2 as the principal
components stored so far. Multiple regression analysis derives the relationship between the result and the cause
and aims to predict by creating a formula using one objective variable (result) with a number of explanatory variables
(cause). Figure 15 is the starting point for Step 4.

Figure 15 Navigation diagram: Step4; selective multi-group principal component regression analysis (starting point)

To perform a multiple regression analysis using JMP, first select Analysis → Fit model. Next, set ZT1 as the
objective variable and ZA1, ZA2, ZC1, and ZC2 as the explanatory variable, and proceed. Then, click the sequential
variable selection, select the method to change the variables, and click OK to obtain the analysis results. These
navigation style manuals are shown in Figs. 16 to 19.
Fig. 20 shows the principal component regression analysis results and Fig. 21 reflects these results. In this figure,
the principal component ZC2 that has not been selected as a variable is shown as outlined characters against a
colored background When confirming the standard β (standard partial regression coefficient) of the confirmed model
as a result, ZA1 seems to be the most important one. Next, it becomes clear that ZC1 followed by ZA2 have
substantial effects on the objective variable ZY1.
In addition, this model has a degree-of-freedom-adjusted R-Square value of 0.523, indicating a relatively good
fit. In this example, the problem of multicollinearity should not occur because the principal component related to
each group is used. To make sure, the variance inflation factor (VIF) [8] was confirmed, and there was no correlation
problem among the selected variables.
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Fig. 16. Step4; procedure for principal component regression analysis using JMP (1)

Fig. 17. Step4; procedure for principal component regression analysis using JMP (2)

Fig. 18. Step4; procedure for principal component regression analysis using JMP (3)

Fig. 19. Step4; procedure for principal component regression analysis using JMP (4)
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Fig. 20. Step4; results of principal component regression analysis by JMP

Fig. 21. Navigation diagram: Step4; selective multi-group principal component regression analysis (starting point)

3.3.5. Selection and review of the important questions
The vector is drawn on the factor load matrix of the principal component analysis results of Groups A and
C, making it possible to examine the important items. [9] If the first principal component and the second principal
component from one group is selected, a composite vector is then drawn.
The composite vector of group A was drawn in Fig. 22. The estimated values of the first and second principal
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components of Group A are 0.48 and -0.45, respectively. After maintaining the ratio of these values and showing
them as vectors on the factor loading matrix, the composite vector of these values was then created. At this time,
it is unfair to decide based on one vector, and it is necessary to make a comprehensive judgment in consideration
of the two main components in the composite vector. A line projected on the drawn composite vector is drawn,
and the question in which the absolute value of the distance from the origin on the composite vector is at the
maximum is the question that is comprehensively important for the objective variable.
In Group C, since only the first principal component has been selected, consideration by a vector is simple
and clear. It was confirmed that "design" and "screen size" are essential in Group A from Fig. 22 and that "price
(inexpensiveness)" and "peace of mind and compensation plan" are important in Group C from Fig. 23. These
important items are marked with ★ and shown in the structural model matrix, which is the endpoint of the analysis.

Fig. 22. Navigation diagram: Step5; consideration of group A by composite vector

Fig. 23. Navigation diagram: Step5; consideration of group C with vector

890

Fig. 24. Consideration of group C with vectors
3.5. Summary of the application example of the navigation style manual
In this chapter, the analysis steps and procedures of the selective multi-group principal component regression
analysis using a navigation style manual are shown in the G1 example. The firstly-prepared analysis model diagram,
which can be said to be a diagram showing the detailed prediction of causal structures in the preparation stage,
is a white map showing the entirety. Since the analysis model diagram can also be used as a hypothesis model,
if it is possible to predict the results at the stage of preparation, it will be possible to perform a high-quality
consideration, even if the results match or differ after the inspection and analysis.
The advantage of utilizing the analysis model diagram is that it is possible to create a navigation style manual
that mainly supports the understanding of the following two main points: (1) The ability to create a navigation
style manual to support the understanding of analysis methods and (2) the ability to express the result differences
in an easy-to-understand manner in the case of stratified comparison.[10][11] If the differences of the important
items can be verified at a glance, the examination of the proposed measures that consider the layer differences
becomes easy to do.
In this case, the decision of essential items was clarified by the consideration based on the vector in Step 5.
However, sometimes there are cases where the principal items become many. In that case, a dual-sided causal
analysis, which is summarized in the next chapter, may be conducted.

4. Dual-sided causal analysis (the apparent and latent sides of causal analysis)
To grasp the causal relationship from a questionnaire survey, the actual question and the respondent's response
become the observation variables. There is often a high correlation between these observation variables obtained
by the many questions. Thus, it is reasonable to use the principal component analysis to avoid this. Nonetheless,
it is important to construct the groups rationally instead of grouping them all together. Since a group is a set of
questions, a rational group configuration means to construct groups in a way that gives a high intra-group correlation
and low inter-group correlation.
Mathematically speaking, although the principal component is a direct connection for the summary, there is no
causal relationship between the principal components and the questions. Therefore, the questions and the principal
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components are connected with a straight line (not an arrow). Then, determine the principal components for each
group and perform a causal analysis using their principal components. Because there is a causal relationship among
the main components, they are connected by an arrow (the arrow starts at the cause and points to the result). The
principal components of the cause that strongly influence the principal components of the result are the targets for
actions, and those among the principal components that are strongly related to the principal components are selected
as the principal factors and become the targets for actions.
The above multi-group principal component analysis is the causal analysis of the apparent side. The question
is an observation variable, and the principal component found based on it is a summary of the question. Moreover,
since the target of action is a question, everything that appears during this time is a manifest variable. In such
a case, the principal component can be considered as an explicit variable because it is a summary of the manifest
variable (a composite index).
As to that, if there are one or two principal items within the group that has a significant impact on the result,
it is easy take action on them. However, sometimes there are a large number of principal items (a high density
in the principal component space). This happens when there are many questions with a highly similar nature. In
that case, it is inefficient to consider the actions needed against a large number of principal items. Factors that
become the common cause (latent factors) often exist behind those that are highly correlated. Factor analysis is
meant to reveal this. The causal relationship when revealing the factors that become the hidden essential causes
is the latent-side causal analysis.
As shown in Fig. 26, since there is only one principal factor in Group B (XB1), this is the one that needs
to be acted upon. However, it is better to reveal the hidden factors since there are four principal factors in Group
A (XA1, XA2, XA3, XA4). Fig. 27 shows this. In this figure, the factor analysis is performed only in Group A.
The reason is that there is no need to reveal the factors in Group B and Group y (result) for the purpose of taking
actions.
As to that, there may be cases where it is necessary to consider the overall state highly. In such a case, it
may also be performed factor analysis for all of the group causes and group results. Fig. 27 shows this. However,
if the purpose is for action planning, it is reasonable to reveal the factors only for the group in which the main
items are concentrated, as shown in Fig. 26.
The introduction of the specific examples of the dual-sided causal analysis described above is scheduled for
another time.

xA1 xA2 xA3 xA4 xA5

xA6

y1
ZA1

y2

ZA2
Zy1

ZB1

ZB2

Zy2

y3
y4
y5

xB1 xB2 xB3 xB4 xB5
Fig. 25. Multi-group principal component regression analysis (Causal analysis of the apparent side)
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Fig. 26. Dual-sided causal analysis for strategic design (Causal analysis of the latent side)
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Fy1

y3
y4

Fy2

y5
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xB2
FB1

xB3

xB4
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Fig. 27. Dual-sided causal analysis for study (Causal analysis of the latent side)

5. Conclusion
In this study, we propose a navigation style manual for questionnaire analysis that corresponds to a driving
navigation system, show the mechanism and logic of the notation system of the manual, and introduce the examples
of the application of this manual to the selective multi-group principal component regression analysis. Also, we
showed the concept of double-sided causal analysis to confirm the common causative factor (latent factor) behind
the principal items, which can be used when the number of principal items is large when clarifying the causal
structure by questionnaire analysis. We also presented the concept of dual-sided causal analysis to identify the
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common causal factors (latent factors) behind the main items when the causal structure is revealed by questionnaire
analysis.
The case study applied was the analysis of the Smartphone Satisfaction Survey conducted online among students.
A selective multi-group principal component regression analysis was performed in five steps, stratifying students
into two groups: one group that reads manga on a regular basis (heavy users) and the other group that does not
read manga much on their smartphones (light users). We used a navigational style manual that allowed us to proceed
with the analysis from the analytical model diagram at the starting point to the structural model diagram at the
finish line, always keeping in mind the current location and the operating procedures of the analysis method and
statistical software. At the finish line, the results of the two layers and the different directions of the proposal were
visualized.
The essence of the navigational style manual lies in the ingenious visualization of all situations. This is expected
to reduce the amount of hesitation and anxiety of learners in survey analysis, improve their concentration and promote
understanding. A questionnaire analysis education program using a navigation style manual is currently being
implemented. The verification of the educational effects and the case application of double-sided causal analysis
are the issues that need to be addressed in the future.
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Abstract
For systems with continuously available deterioration information, it is convenient to use a continuous probability
model to describe the deterioration. The gamma process and inverse Gaussian process are usually used to model
monotonic deterioration. However, if the system deterioration is measured frequently, the measured amount of
deterioration may not be monotone. A replacement problem is considered here for a system with a non-monotone
amount of deterioration. The deterioration is characterized by a geometric Brownian motion, which can describe
deterioration with an increasing rate over time. The system is inspected at equal time intervals, and the deterioration
state can be known exactly from the inspection results. An optimal replacement policy is derived that minimizes
the total expected cost over an infinite time horizon in accordance with the deterioration state and age. The cost
structure includes replacement cost and operating cost, which increase with age and the degree of deterioration.
The optimization problem is formulated as a Markov decision process and provides a set of conditions with which
the structure of the optimal replacement policy is characterized. The total expected cost is proven to be
monotonically non-decreasing in the deterioration state and age. Moreover, the optimal replacement policy is shown
to be a monotone control limit policy, where the optimal control limits do not monotonically increase with either
the degree of deterioration or age. A numerical example is given that illustrates the results. Finally, a comparison
of the proposed age-dependent replacement policy with the traditional constant replacement policy is provided.
Keywords: condition-based maintenance; control limit policy; deterioration system; Markov decision process; preventive
maintenance

1. Introduction
Recent advances in sensing technology have led to sensors becoming smaller, more sophisticated, and less
expensive, making it easier to obtain information on the deterioration of various types of systems. A convenient
way to analyze the sensor data if it is continuous is to use a continuous probability model. We investigated the
optimal replacement policy for systems with continuous deterioration information.
Various optimal maintenance policies for deteriorated systems have been proposed that use continuous probability
models [1]. Dieulle et al. [4] proposed an optimal maintenance policy based on a cost criterion that uses the gamma
process to model the deterioration. Chen et al. [2] analytically derived the structural properties of the optimal
maintenance policy when the inverse Gaussian process is used to model the deterioration. These deterioration models
[2][4] are commonly used to analyze data on continuous deterioration. However, the gamma and inverse Gaussian
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processes can describe only monotone deterioration. If the system is measured frequently, the measured increase
in deterioration may not be monotone. In that case, a non-monotonic continuous probability model is necessary.
Wiener processes and geometric Brownian motion are continuous stochastic processes that can be used to describe
non-monotone deterioration. Elwany et al. [5] derived the structural properties of the optimal maintenance policy
for a Wiener process under the assumption that the operating cost of the system is constant. However, in reality,
performance may decrease and operating cost may increase as the system deteriorates. Liu et al. [6] derived the
same properties as Elwany et al. [5] for a Wiener process under the assumption that the operating cost depends
on the operating time of the system and the amount of deterioration. The Wiener process is a non-monotonic
stochastic process that can represent data with noise and capture stationary changes in the deterioration rate. However,
for systems for which the deterioration rate increases with time, it is preferable to express the deterioration amount
using an exponential function. A geometric Brownian motion [3][7] can be used to model systems with non-stationary
deterioration rates.
We examined the replacement policy for a system with deterioration under the assumption that the operation
cost depends on the system operation time and the deterioration state. Using a geometric Brownian motion as a
deterioration model, we analyzed the properties of a replacement policy that minimizes the total expected discounted
cost over an infinite period.
The remainder of this paper is organized as follows. Section 2 summarizes the modeling of a deteriorating system
subjected to a geometric Brownian motion. Section 3 formulates the optimal problem for maintenance using a Markov
decision process and presents several properties of the optimal replacement policy. Section 4 provide a numerical
example illustrating our results. Section 5 summarizes the key points and mentions directions for future work.

2. Model
2.1

Notation

Amount of system deterioration at time epoch
Time interval between inspections
Cumulative operating time up to time epoch
Error term that follows a Brownian motion with mean 0 and variance
Corrective replacement cost
Preventive maintenance cost
Continue operating cost (depends on both system age and system deterioration)
Expected operating cost within one period transition from
-th inspection to
inspection
Discount factor
2.2

-th

System deterioration

We consider a system that deteriorates with time. The amount of deterioration,
at equally spaced time epochs 𝑡

. Interval

, is completely observed

is referred to as the

and
is defined as the age of the system. We assume that
model, which is a stochastic process that satisfies

-th time period,

follows a geometric Brownian motion
(1)
,

which is known as an It

process. Here,

is the mean,

term, which follows a Brownian motion with mean
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is the standard deviation and

and variance . Hence, by using It

is the error

s lemma, we can obtain

(2)
,
where

is a random variable that follows a lognormal distribution with mean

is a normal random variable, independent of
deterioration at the

, with mean

and variance

and variable

, and

. Hence, the amount of system

-th time epoch can be derived as
(3)
,

where
normal random variable.
2.3

is a normal random variable with mean

and variance

, and

is a standard

Maintenance actions and costs

To ensure safe system operation, necessary maintenance is carried out at the beginning of each time interval
in accordance with a pre-determined replacement policy based on deterioration amount . Safety is considered to
be insufficient if
exceeds safety limit . We investigated the replacement problem under the assumption that
if the deterioration amount exceeds the safety limit between two successive inspections but is within the limit at
the next inspection, the system is nevertheless considered to be insufficiently safe, the same assumption used in
previous studies [5][6].
If the deterioration amount is greater than

, corrective replacement is selected as the maintenance action, which

. If the deterioration amount is less than or equal to , the decision maker needs to decide on the
incurs cost
basis of the amount of deterioration whether to continue operating the system for another time period or to perform
preventive replacement which incurs cost
preventive replacement cost (

). If continue operating is selected, continue operating cost

when the amount of deterioration is
. Since
that

is a constant,

. The corrective replacement cost is assumed to be more than the

and the cumulative system operating time

exceeds a specific threshold

is monotonically non-decreasing in operating time

is a linear function of

is incurred

. For simplicity, we assume

, as assumed in a previous study [6]. In other words,

.
is

Since the system’s operating costs may increase rapidly due to aging and serious deterioration,
monotonically non-decreasing in . The expected operating cost
as

for the

-th time period can be derived
(4)

where

is the probability density function of the amount of deterioration

at system operation time

.

3. Optimal replacement policy
3.1

Formulation of optimization problem

The optimization problem for maintenance decision making over an infinite horizon is formulated using a
discrete-time Markov decision process. We focus on the deterioration amounts at the discretized time epochs. For
brevity, let

denote the deterioration amount at the

-th time epoch instead of

.
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We consider a finite time horizon
for system age

, and let

and deterioration amount

be the total expected discounted cost at time epoch

:
(5)
,

where

holds for any

and

. Here,

is the total expected discounted cost over
and

horizons when corrective replacement is selected for

,

are the corresponding total expected discounted costs when preventive replacement and continue operation are
selected as the optimal action for a system with an age of
total expected cost is discounted exponentially with
contraction mapping theory [8],

and a deterioration amount of

, respectively. The

as the discount rate. From the standard argument of

can be written as
(6)

as

approaches infinity. Here,

and

To examine the properties on the total expected discounted cost, we introduce a necessary definition and three
lemmas.
Definition: Stochastic Ordering between Two Distribution Functions [9]
For two random variables

and

,

has first-order stochastic dominance over

if

for any

.
Lemma 1

If

follows a geometric Brownian motion, the conditional variable

over

for

has first-order stochastic dominance

.

Proof

Conditional cumulative distribution function

has the form
(7)

where

is the corresponding conditional density probability function of

Brownian motion,
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can be derived as

. Since

follows a geometric

(8)

We take the difference between

where

and

for

and derive

is the cumulative distribution function of the standard normal distribution and

.

approaches infinity,

As

This completes the proof of lemma 1.
Lemma 2

For a bounded non-decreasing function

holds for

that is differentiable for

,

.

Proof

Let
as

Since

be the amount of deterioration at the (

)-th time epoch. We define indicator function

is a bounded non-decreasing function that is differentiable for
. Moreover,

, let

and

can be written as
(9)

From equation (9), we have

Similarly,

for

. Since

is a non-decreasing function,

, the following equation holds for
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any

.

This completes the proof of lemma

.

Lemma 3

The expected operating cost

for the

-th time period is non-decreasing in

and

.

Proof

Since expected operating cost

has the following form,

we can calculate the expected value for deterioration amount

where

is the mean. To show that

that

is non-decreasing for all

for all

. If

for all

.

Since

is non-decreasing for all
. Let

, where

,

and

, it is sufficient to show

is non-negative and non-decreasing
. Hence,

is a convex function

is a convex function, we can use Jensen’s inequality:

This completes the proof of lemma
3.2

, and derive

.

Properties of optimal maintainance schedulingreplacement policy

Using the lemmas proved in Section 3.1, we derive the properties of the optimal replacement policy.
Proposition 1

The total expected discounted cost

is monotonically non-decreasing in

for any

.

Proof

First, we prove the finite case of
I. For

,

inductively.
for any

.

II. For
, the difference between two measured values
hen continue operating is selected,
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for

is taken.

When preventive replacement is selected,
The same holds when corrective replacement is selected.
III. For

, we assume
(10)

holds.
, the difference between two measured values
IV. For
When continue operating is selected,

is taken.

,
which holds from condition (10) and lemmas 1 and 2.
When preventive replacement is selected,

The same holds when corrective replacement is selected.
Moreover, the following relation holds if
is expanded to infinity
from the standard argument of contraction mapping theory [8]. This completes the proof of proposition
.
Proposition 2

The total expected discounted cost

is monotonically non-decreasing in

for any

.

Proof

First, we prove the finite case of
I. For

inductively.
for any

II. For
, the difference between two ages
When continue operating is selected,

.
for

is taken.

When preventive replacement is selected,
The same holds when corrective replacement is selected.
III. For

, we assume
(11)

holds.

IV. For

, the difference between two ages
When continue operating is selected,

is taken.

901

which holds from inductive hypothesis condition (11).
When preventive replacement is selected,

The same holds when the corrective replacement is selected.
On the basis of the standard argument of contraction mapping theory [8],
holds when

approaches infinity. This completes the proof of proposition

.

Proposition 3

is a monotonic non-decreasing function with a continuous and differentiable increase rate greater than
1 in

for any

.

Proof.

Consider the difference between two measured values

for

.
(12)

Condition (12) is transformed using proposition

where

is a non-decreasing function for all

This completes the proof of proposition
We investigate the control limit
Let

and lemma

:

in lemma

.

.

where the optimal action changes in deterioration amount

be the control limit deterioration amount if it satisfies

be the control limit age

for a given

and age

for a given age

.

. Let

.

On the basis of propositions 1 and 2, we obtain a theorem for the replacement policy.
Theorem

Preventive replacement should be performed when the deterioration amount
for age

. Moreover, the control limit

is non-increasing in age

exceeds the control limit
.

Proof

Preventive replacement is optimal when the following condition holds:
.

The left side of condition (13) is a constant function of
monotonically non-decreasing in
the other hand,
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and

(13)

. From proposition 1, the right side is

. Hence, there exists at most one control limit

, for any given

. On

(14)
for

from proposition 2. Since
(15)
and

from the definition of

(16)

from conditions (14), (15), and (16). Therefore, we have
non-increasing in

for

. This implies that

is

, and the theorem is proved.

The theorem also implies that
is non-increasing in

, which is the control limit in age

for a given deterioration amount

,

.

Fig. 1. Property of control limit policy in preventive replacement

Fig. 1, illustrates the properties of the control limit policy in preventive replacement. The horizontal axis shows
the time period, and the vertical axis shows the deterioration amount. The theorem obtained above can be explained
using this figure. At time

, the amount of system deterioration exceeds control limit

replacement is selected and both age
At time

and deterioration amount

, the deterioration amount exceeds safety limit

and the age and amount of system deterioration are reset to
and

are monotonically non-increasing in

and

are reset to

. Therefore, preventive
from the next time period.

set in advance, so corrective replacement is selected,
. Furthermore, the figure shows that control limits
, respectively.

The following corollary summarizes these properties.
Corollary

The optimal replacement policy for a deteriorating system subjected to a geometric Brownian motion is given as
1.
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2.

Note that

and

control limits

and

depend on the cost functions and parameters of the geometric Brownian motion. Therefore,
may not exist in some cases.

4. Numerical example
We provide a numerical example to illustrate the results obtained in this research. Let the deterioration process
follow a geometric Brownian motion with drift coefficient
is periodically inspected at intervals of
if

the

deterioration

amount

is

and diffusion coefficient

. The system

. The deterioration amount is classified into five levels. Let
in

the

interval

and

4

for

intervals

The system is replaced if the deterioration level reaches

.

Let the costs for preventive and corrective
and
The
replacements be
incurred cost is discounted using discount
rate

. For simplicity, we set

and derive
by
taking the integral over each time interval.
Given these parameters, we can calculate
the total expected discounted cost for each
and determine an optimal replacement
policy, as shown in Fig. 2.
Fig. 2 clearly shows that the optimal
replacement policy has three action regions:
continue operating, preventive replacement
Fig. 2. Optimal replacement policy
(PR), and corrective replacement (CR). It
also shows that the optimal replacement
policy depends on the age of the system. For example, preventive replacement is not necessary for systems aged
0 or 1 while it is preferable before the deterioration amount exceeds safety limit l for systems aged more than
where the optimal action changes from continue operating to
2. Furthermore, Fig. 2, shows that control limit
preventive replacement, decreases with an increase in the deterioration level. For example, it is 4 for deterioration
level 0 and 2 for levels greater than 1. Similarly, the figure illustrates the monotonicity of

in age k.

Table 1. Comparison of total expected discounted cost of different replacement policies

Replacement policy

Control limit

Total cost

Traditional constant replacement

s = 4

1036.20

Traditional constant replacement

s = 3

1433.23

Traditional constant replacement

s = 2

1457.35

Traditional constant replacement

s = 1

1485.05

Age-dependent replacement

904

931.80

To investigate the effectiveness of the proposed replacement policy, we compared the age-dependent replacement
policy with traditional constant replacement. Table 1 shows the effectiveness of the proposed policy in terms of
cost savings. When the control limit in the deterioration level is set irrespective of system age, the total discounted
cost reaches a minimum of 1036.20. By comparison, the optimal total discounted cost of an age-dependent
replacement policy is 931.80, meaning that our proposed replacement policy reduces the total cost by about 10%.

5. Conclusion
We examined the optimal replacement policy for systems with an increasing deterioration rate. The deterioration
process was modeled using a geometric Brownian motion and the optimization problem was formulated using a
is

discrete-time Markov decision process. We analysis showed that the total expected discounted cost
monotonically non-decreasing for any age

and deterioration amount

. It also showed that

monotonic non-decreasing function with a continuous and differentiable increase rate greater than 1 in

is a
for any

. These results indicate that there is at most one switching point for corrective replacement, preventive replacement,
and continue operating for deterioration amount
replacement policy in

. Furthermore, it showed that there are two patterns of optimal

.

In this study, we assumed that the amount of deterioration can be completely known via inspection, but in reality,
the inspection results are related to the deterioration amount probabilistically. Future work includes examining a
replacement policy based on incomplete measurements using the partially observable Markov decision process.
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Abstract
Sudden major earthquakes are difficult to predict and sometimes cause serious damage. A precursor phenomenon
may occur before such a sudden event occurs. By detecting this in advance, it is expected that the damage caused
by a major earthquake will be minimized. This research attempted to detect the precursors just before a major
earthquake by extracting a partial time series from the time series data of crustal deformation in multiple regions
using a sliding window and applying clustering to the extracted partial time series. The results suggest that it
is possible to detect precursors of major earthquakes that meet specific conditions.
Keyword: Precursor detection, Subsequence Time-Series Clustering, DTW

1. Background and Objectives
1.1 Background

Many of the data collected chronologically are accompanied by anomalies in the data, such as mechanical failures,
sudden changes in the condition of hospitalized patients, and sharp rises and falls in stock prices. Among them,
natural disasters such as earthquakes, tornadoes and
torrential rains are difficult to predict and can sometimes
cause serious damage. Many of these natural phenomena
are caused by the rapid release of energy stored to the
limit. Hence, some precursor phenomena may occur
before the occurrence of a sudden event. If we are able
to detect these precursors from real time data, it is
expected to prevent or minimize the damage of sudden
phenomena.
In general, precursory phenomena are small
fluctuations that occur before the sudden and violent
fluctuations as shown in Figure 1.

Figure1-Overview of precursor phenomena

In this study, we treat crustal anomalies associated with major earthquakes as sudden and severe anomalies in
time series data, and aim to detect precursors to the crustal movements of major earthquakes.
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1.2

Previous Studies on Earthquake Prediction

There is a long history of research on earthquake prediction based on crustal movements.
Ishiguro (1981) applied a Bayesian method to isolate various sources of crustal deformation, while Ishii (1976)
developed a model to approximate crustal deformation using the Chebyshev polynomial to determine anomalies based
on deviations from the actual values, and used a tiltmeter at a distance of 80 km from the epicenter to calculate
the A variability that seems to be a precursor of the 1970 M6.2 earthquake in southeast Akita Prefecture, Japan,
was detected in the data. Ishikawa and Miyatake (1978) developed a method using the Wiener filter [1].
These and many other studies suggest that there is some kind of anomalous phenomenon in the earth's crust
just before a major earthquake.
1.3

Current Earthquake Prediction [2]

The Japan Meteorological Agency (JMA) has been monitoring the Tokai earthquake, which is designated as the
area to be strengthened for earthquake disaster prevention measures based on the Special Measures Law for
Large-Scale Earthquake Countermeasures (enforced in 1978), for 24 hours a day. When abnormal data are observed,
we will convene a meeting of the Committee for Determining the Areas for Enhanced Earthquake Disaster Prevention
Measures (hereinafter referred to as "the Committee") to determine whether or not the earthquake can be linked
to the Tokai earthquake. The Prime Minister, after receiving the information on earthquake prediction, issued an
"alert declaration" at a cabinet meeting, and the whole country is to be on alert.
In July 2003, the basic plan for earthquake disaster prevention was revised for the areas of the Tokai earthquake
disaster prevention measures (decided by the Central Disaster Management Council). The information system related
to the Tokai earthquake has been revised significantly, and the necessary preparatory actions have been set up to
start the necessary preparatory actions before the meeting of the JMA. Disaster preparedness actions were adapted
to the new information system. The new information system has been in effect since January 5, 2004.
The most promising mechanism of precursory phenomena is the so-called "precursor slip model", which suggests
that a part of the plate boundary area starts to peel away just before a major rupture, and the Japan Meteorological
Agency (JMA) uses crustal movement observation to catch the precursor slip as early as possible.
1.4 Problems and Research Objectives

As mentioned above, we conclude that it is possible to announce information that can lead to the initiation of
preparatory actions (Tokai earthquake warning information) at a stage before the convocation of the judgment
meeting, when a phenomenon is observed in accordance with the precursor slip model, which is considered to be
the most reasonable model for explaining the mechanism of precursor phenomena of earthquakes.
In addition, if there are more than a certain level of anomalies in the crustal movement data measured by strain
gauges, etc. (i.e., if the data meet the criteria for requesting a decision meeting), a decision meeting will be held
to determine whether or not the observed anomalies can be linked to the Tokai earthquake and provide information.
The strain gauges are installed only in the Tokai area, where they are expected to be located, and they cannot
predict large earthquakes, such as the Great East Japan Earthquake, even if large enough to detect them, even if
they occur in unexpected areas.
In this study, we use the electronic reference point data as described below. Since the electronic reference stations
are located all over Japan, it is expected that they can detect the phenomenon that may be predictive of large
earthquakes occurring in unexpected regions.
In this study, we try to detect predictive phenomena from the viewpoint of characteristic pattern extraction.
However, this is not a method for predicting earthquakes because it does not follow a physical model. Therefore,
this study aims to detect anomalies in the decision-making process.
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1.5

Research Procedures

In this study, we propose a method for detecting signs of earthquakes by extracting characteristic patterns and
verify the accuracy of the proposed method for several earthquakes.
i. Suggested Methods
This paper proposes a method of detecting precursory phenomena just before a major earthquake from the
viewpoint of extracting characteristic patterns.
ii. Precursor Detection
We use the proposed method to extract a predictive pattern for a trench-type earthquake and three inland
earthquakes similar to the expected Tokai earthquake.
iii. Accuracy Evaluation
The accuracy of the proposed method is evaluated for those earthquakes for which we were able to extract
a prediction.

2. Subsequence Time-Series Clustering [3][4]
In this chapter, we describe partial time series clustering, which is the key to the proposed method in this study.
2.1 Subsequence Time-Series Clustering

Subsequence time-series clustering is one of the most popular methods for extracting patterns from time series
data. This is a method to extract the cluster center as a "pattern" by generating many subseries from a single time
series and clustering them as independent vectors.
2.2

Conversion of Time Series Data by Sliding Windows

Consider a 1D time series. Consider the time series of length T as an observation given by
. The numbers on the shoulders of ξ(1) and (2) represent the time. Instead of treating each
time's observations individually, we will group w adjacent observations together and represent the data as a collection
of w-dimensional vectors, as in

This transforms the time series data of length T into

w-dimensional vector. The above transformation of time
series data into a set of vectors is shown in Figure 2.
Figure2 Transformation of time series data into a collection

This means that we can move the window of length w
of vectors using a sliding window
from left to right to make one time-series piece of length w,
one after another. This "window" is called a sliding window. The vectors generated by the sliding window are
called partial time series and clustering is performed on them as independent vectors.
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3. Data
3.1 Electronic Reference Point

The GEONET (GPS) system consists of an electronic reference point set up by the Geographical Survey Institute
(a facility that continuously observes radio waves from GPS satellites using equipment on the ground and that is
used as a reference for surveying using GPS), and a GPS continuous observation system, GEONET (GPS), which
consists of an analysis and calculation device that calculates the position from the observation data at each electronic
reference point. The Earth Observation System (EOS) was launched in 1994. It has enabled us to determine the
spatio-temporal distribution of crustal deformation in great detail and to contribute to the understanding of earthquake
phenomena and other earth science fields. At present, the number of electronic reference points has reached 1,300,
making it the most dense GPS continuous observation network in the world. On the other hand, GEONET is also
expected to function as an infrastructure to enable anyone to use location information with necessary accuracy at
any time and place in the advanced information and communication network society.
Electronic reference point data are provided by the Geographical Survey Institute (GSI) through its electronic
reference point data provision service, which provides electronic reference point observation data and analysis results.
The data are used to calculate the distance of crustal movements in a given direction based on the observed latitude
and longitude values recorded in the daily analysis file of the coordinates (F3).

Figure3 Electronic reference point Daily coordinates (F3)

3.2 Time Series Database Construction

The data used in this paper are described using the example of the Tohoku-Pacific Ocean Earthquake. We will
use 23 GEONET stations in Miyagi Prefecture, where the maximum intensity of 7 on the Japanese scale was
measured at the time of the Tohoku earthquake, as the observation points for detecting crustal deformation associated
with the preslip, and construct a time-series database using data from March 11, 2010 - March 10, 2011.

4. Precursor Pattern Extraction
4.1 Outline of Extraction of Precursor Patterns

The pattern of crustal deformation due to preslip and other factors just before a major earthquake is considered
to be a characteristic pattern that is different from the normal pattern. However, if the pattern of crustal deformation
is similar to that observed at multiple times immediately before a major earthquake, it is not appropriate to call
the deformation pattern immediately before a major earthquake a characteristic pattern. We consider the fluctuation
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pattern just before a major earthquake to be characteristic and predictive when it is not observed at the same time
at other times.
4.2 Precursor Pattern Extraction Procedure

Figure 4 shows the outline of the extraction of the precursor pattern. The runway window is used to extract
the daily crustal movement pattern from the time series data of 23 sites in the database as partial time series data.
Clustering of all culled partial time series data. In this way, the time series data for each of the tectonic locations
is a series of clusters. In this study, we call the clusters that appear frequently in the partial time series data just
before a major earthquake as predictive clusters, which are not frequent at other points in time. The clusters that
appear only just before a major earthquake are likewise called predictive clusters. We call the other clusters normal
clusters. Anomalies are judged according to the percentage of partial time series data classified into clusters．
The following are the criteria for judging the predictive clusters in this study.
i. A cluster is considered to be frequent if more than 50% of all partial time series at the latest time are classified
into the same cluster.
ii. The percentage of clusters that appear at other points in time that are the same as the clusters that appeared
frequently at the latest point in time is less than 50% of the rate at the latest point in time．
A partial time series satisfying the above conditions is judged as a predictive cluster together with clusters
appearing only at the latest time.
4.3 Parameter

We need to arbitrarily determine the window width w, the number of clusters k, and the method for calculating
the similarity between the sub-temporal
sequences in the proposed method of extracting
predictive patterns. These parameters will be
determined step by step in the following
chapters. The procedure for determining these
parameters is described below.
i. We use Dynamic Time Warping (DTW)
[5], which is a time-series data similarity
calculation method, to calculate the
similarity between i-part time series.
Since the preslip at the time of the
Tohoku earthquake occurred 3-5 days ago
[6], we perform the extraction of the
precursor pattern with window width w in
the range of 3 to 5 and the number of
clusters k in the range of 6 to 12.
ii. For the window width w, the window
width with the best result in (1) is used.
In addition to the DTW distance, we also
run the Euclidean distance, Manhattan
distance and the number of clusters k
from 6 to 12 to compare the results．
iii. We evaluate the accuracy of the
predictive pattern extraction method
with the best window width w, the
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Figure4 Outline of extraction of precursor patterns

partial time series similarity method, and the number of clusters k from 6 to 12, which are the best results
in (1) and (2)．
The above procedure is used to determine the three most suitable parameters in turn.

5. Result of Extraction of Precursor Patterns
5.1 Target Earthquake
This paper presents the following six earthquakes which are expected to be predicted in Japan: the Tokachi,
Ibaraki, and Tohoku earthquakes with the same trench-type generating mechanism as the Tokai earthquake, as well
as the Sanriku, Kumamoto, and Hokkaido earthquakes with an intra-crustal generating mechanism. Table 1
summarizes each earthquake briefly.
Table 1. Target Earthquake

Year
2003
2008
2011
2012
2016
2018
5.2

Name
Tokachi Offshore Earthquake
Ibaraki prefecture earthquake
Tohoku Earthquake in the Pacific Ocean
Sanriku-Oki Earthquake
Kumamoto earthquake
Hokkaido Iburi Eastern Earthquake

M
8.0
7.0
9.0
7.3
7.3
6.7

Generation Mechanism
trench earthquake
trench earthquake
trench earthquake
oceanic plate earthquake
intraplate earthquake
intracrustal earthquake

Result

For each earthquake, we run the method with window widths w from 3 to 5, DTW distances for calculating
the similarity between partial time series, and the number of clusters k from 6 to 12, and the results are shown
in Tables 2 to 5.
In each cell, we show the percentage of the most recent partial time series of a major earthquake classified
into predictive clusters.
Precursor Cluster
Table 1. Results of extraction of the Tokachi-oki earthquake prediction pattern

number of clusters
w＝3
w＝4
w＝5

Precursor Cluster
(%)

6
52.2
47.3
47.3

7
52.2
47.3
47.3

8
52.2
47.3
47.3

9
52.2
47.3
47.3

10
52.2
47.3
47.3

11
56.5
47.3
47.3

12
56.5
47.3
47.3

Table 3. Results of extraction of the Ibaraki prefecture earthquake prediction pattern

number of clusters
Precursor Cluster
(%)

w＝3
w＝4
w＝5

6
0
0
0

7
0
0
0

8
0
0
0

9
0
0
0

10
0
0
0

11
0
0
0

12
28.5
28.5
28.5

Table 4. Results of the extraction of the Tohoku Region Pacific Ocean Earthquake Precursor Pattern

number of clusters
Precursor Cluster
(%)

w＝3
w＝4
w＝5

6
73.9
47.3
52.2

7
73.9
47.3
52.2

8
73.9
52.2
52.2

9
78.3
52.2
56.5

10
78.3
52.2
56.5

11
78.3
73.9
78.3

12
78.3
73.9
78.3

911

Table 5. Other extraction results of earthquake prediction patterns

number of clusters
w＝3
w＝4
w＝5

Precursor Cluster
(%)

6
0
0
0

7
0
0
0

8
0
0
0

9
0
0
0

10
0
0
0

11
0
0
0

12
0
0
0

In the Tokachi-oki and Tohoku-Pacific Ocean earthquakes, the partial time series just before the major earthquake
was classified into a predictive cluster when the window width w was 3. Therefore, we adopt a window width
w of 3. The Ibaraki earthquake was classified as a predictive cluster when k was set to 12, but it is too small
to detect any signs as well as the three inland earthquakes.
Then, with the window width w fixed at 3 and the number of clusters k between 6 and 12, we use the DTW
distance, the Euclidean distance and the Manhattan distance to calculate the similarity between partial time series
and compare them.
Similarly, Table 6 and Table 7 below summarize the results.
Table 6. Results of extraction of the Tokachi-oki earthquake prediction pattern

number of clusters
DTW
Precursor Cluster
Euclid
(%)
Manhattan

6
52.2
52.2
52.2

7
52.2
52.2
52.2

8
52.2
52.2
52.2

9
52.2
52.2
52.2

10
52.2
52.2
52.2

11
56.5
56.5
56.5

12
56.5
56.5
56.5

Table 7. Results of the extraction of the Tohoku Region Pacific Ocean Earthquake Precursor Pattern

number of clusters
DTW
Precursor Cluster
Euclid
(%)
Manhattan

6
73.9
56.2
60.5

7
73.9
56.2
60.5

8
73.9
56.2
60.5

9
78.3
56.2
68.2

10
78.3
60.5
68.2

11
78.3
60.5
68.2

12
78.3
60.5
68.2

The results show that the most clusters are extracted when the similarity calculation method between partial
time series is used for the DTW distance. Therefore, the DTW distance is adopted for the similarity calculation
method.

6. Accuracy Evaluation
6.1

Accuracy Evaluation of Earthquake Prediction

In this study, we evaluate whether or not an earthquake is detected, and the number of times it is predicted
to be out of line for each earthquake.
6.2 Evaluation procedure
The procedure for evaluating the earthquake prediction method in this study is shown using the case of the
Tohoku-Pacific Ocean Earthquake as an example.
The evaluation period is one year from March 11, 2010 to March 10, 2011. In the evaluation period, the
aforementioned extraction of the predictive patterns was performed for each period: March 12, 2009 - March 11,
2010, March 13, 2009 - March 11, 2010, ..., and March 11, 2010 - March 10, 2011, and the partial time series
at the latest point in time for each period were the predictors defined in this study. Check the rate of classification
into clusters.
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6.3 Accuracy evaluation results
The results of the accuracy evaluation are summarized in the following tables 11 and 12, which are divided
into two types of criteria for judging an anomaly, one for the percentage of partial time series classified into
predictive clusters of 50% or more, and the other for the percentage of partial time series classified into predictive
clusters of 70% or more. For each cluster, the percentage of partial time series classified into predictive clusters
is listed for more than 50% and more than 70% of the time series except just before the occurrence of the earthquake.
Window width w is 3, DTW distance for the similarity calculation method between sub-timelines, and the number
of clusters k is from 6 to 12.
Table 11. Accuracy evaluation results（k=6~8）

Year
2003
2011

Name
Tokachi-oki earthquake
Tohoku Earthquake in the
Pacific Ocean

ｋ=6
>50％
0
9

ｋ=7
>70％
0
9

>50％
0
11

ｋ=8
>70％
0
9

>50％
0
11

>70％
0
10

Table 12. Accuracy evaluation results（k=10~12）

Year
2003
2011

Name
Tokachi-oki earthquake
Tohoku Earthquake in the
Pacific Ocean

ｋ=10
>50％
>70％
0
0
14
10

ｋ=11
>50％
>70％
0
0
14
10

>50％
0
14

ｋ=12
>70％
0
11

As the number of clusters is increased, the percentage of partial time series classified as predictive clusters tends
to increase. The highest accuracy was obtained when the number of clusters was 6. Therefore, we adopt 6 as the
number of clusters k.

7. Conclusions and Discussions
7.1

Conclusion

Based on the results in Chapters 5 and 6, we adopted 3 for the window width of the runway window w, DTW
distance and 6 for the number of clusters k as the optimal parameters for the proposed method of extracting the
precursor patterns in this study. We summarize below the criteria for judging an anomaly when the percentage of
partial time series classified into clusters is more than 50% or more than 70%. In the column of signs, we list
the number of times the information is out of predictive value, and in the column of false signs, we list the number
of times the information is out of predictive value.
Table 13. Summary of precursor pattern extraction

Year

Name

M

Generation
Mechanism

Detection
>50％
>70％

Tokachi Offshore
Earthquake
Ibaraki prefecture
earthquake
Tohoku Earthquake in
the Pacific Ocean

8.0

trench earthquake

○

×

7.0

trench earthquake

×

×

9.0

trench earthquake

○

○

2012

Sanriku-Oki Earthquake

7.3

×

×

2016

Kumamoto earthquake
Hokkaido Iburi Eastern
Earthquake

7.3

oceanic plate
earthquake
intraplate earthquake
intracrustal
earthquake

×

×

×

×

2003
2008
2011

2018

6.7

False Positive
>50％
>70％
0

9

9
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Two trench-type earthquakes of M8 or larger were detected when the criterion for judging anomalies was set
to 50% or more in the proposed pattern extraction method. When the criterion for detecting an anomaly is set at
70% or more, we can detect only one trench-type earthquake of M9 or greater. There was no change in accuracy
in either case.
7.2

Discussion

In the case of the Tokachi-oki earthquake, partial time series were not classified into the predictive cluster more
than 50% of the predictive clusters except immediately before the earthquake, while they were classified into the
predictive cluster more than 50% of the predictive clusters 9 times a year for the Tohoku-Pacific Ocean earthquake.
However, if we know that the earthquake occurred in the crust on the first day of the earthquake, we can say
that the outlier prediction is practically two times, because the anomaly is judged only immediately before a major
earthquake, but it happens consecutively at other times. The following is a list of events that may lead to the detection
of anomalies in succession.
The plate boundary off the northeast coast is not tightly adhered to the entire plate boundary, but has sparse
areas of strong adhesion (small individual asperities) [7]. In other words, the plate is prone to minor disruptions
that do not lead to major earthquakes. Where there is a series of predictive information, it is not a precursor
phenomenon just before a major earthquake, but a minor destruction that does not lead to a major earthquake.
If the above can be determined from the crustal movements, the risk of false alarms can be reduced.
The Ibaraki Prefecture off-shore earthquake, the only one of the trench-type earthquakes for which no predictive
signs were detected, was smaller than the other two trench-type earthquakes at M7.0. An increase of one magnitude
in the magnitude increases the energy of the earthquake by about 33 times, and the Ibaraki Prefecture off-shore
earthquake was not of a scale where predictive phenomena were detected. Possibly.
The earthquakes in the earth's crust are smaller in scale than the two earthquakes for which we were able to
detect a precursor, and the difference in the mechanism of earthquake occurrence makes it difficult to predict them.
7.3 Possibility of predicting a Tokai Earthquake
Currently, detection of "pre-slip" is the only method of prediction. Earthquake prediction is to know in advance
when, where, and how large an earthquake will occur. The most difficult of these is the prediction of "when".
For this to be possible, it is necessary to meet three conditions: the occurrence of detectable precursors, detection
of them, and appropriate judgment.
The Tokai earthquake is one of the most famous plate boundary earthquakes with a clear mechanism of
occurrence. The location of the earthquake's epicenter is known with good accuracy, and it is predicted to be an
M8 class earthquake. In other words, the "where" and "on what scale" have already been cleared. It is said that
the larger the earthquake, the more clearly it is likely to appear as a precursor. In this sense, the precursors may
appear at detectable levels in the Tokai earthquake, which is an M8 class earthquake.
In order to detect this precursor phenomenon, a number of instruments, such as strain meters, have been installed
in the Tokai region. If we can monitor the subsurface with such a well-developed observation network, we may
be able to detect earthquakes before they occur.
However, even so, there is no guarantee that it can be predicted with 100% accuracy. The electronic reference
stations used in this study are located all over the country, which may help us to detect earthquake precursors even
in unexpected areas.
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Abstract
Conway and Maxwell derived the Conway-Maxwell (COM)-Poisson distribution as generalization of the Poisson
distribution. This distribution has been used in survival analysis. The probability mass function (pmf) of this
distribution contains a normalizing constant expressed as sum of infinite series and therefore, not only the
computation of the distribution but also the parameter estimation for the COM-Poisson is difficult. To remedy
this problem, several methods have been appeared in the literature such as the methods based on Laplace
approximation and linear regression. However, it is pointed out that the approximation accuracy of the Laplace
approximation is poor, and the regression method cannot be applied if there are no covariates.
In this paper, we propose a new method of parameter estimation for the COM-Poisson using a conditional
likelihood function in the COM-Poisson distribution. The key idea of the proposed method is to use the conditional
likelihood function, which does not have the complicated normalizing constant. We further prove that the estimates
always exist uniquely and the conditional likelihood function is a log-concave function. In an illustrative example,
we fit the COM-Poisson model to the real data set of carton by our proposed method.
Keywords: Conway–Maxwell–Poisson distribution; Conditional likelihood function; log-concavity; Normalizing constant;

1. Introduction
The Poisson distribution is one of the most well-utilized discrete distributions, since data in multiple research
fields often fulfil the Poisson postulates. However, its reliance on a single parameter limits its flexibility in many
applications. The Conway–Maxwell–Poisson distribution is, initially introduced by [2], is a two-parameter extension
of the Poisson distribution that generalizes some well-known discrete distributions (Poisson, Bernoulli and geometric).
Let the random variable X follow the Conway-Maxwell-Poisson (COM) distribution with parameters

and

. Then, the pmf of X is given by

for
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and

are the scale parameter, the shape parameter and the normalizing constant

respectively.
This distribution has been used in survival analysis [1][5][9][11][12][13]. The pmf of this distribution contains
a normalizing constant expressed as sum of infinite series, and therefore, not only the computation of the distribution
but also the parameter estimation for the COM-Poisson is difficult. To remedy this problem, several methods, have
been appeared in the literature such as the methods based on Laplace approximation and linear regression. However,
it is pointed out that the approximation accuracy of the Laplace approximation is poor, and also the regression
method cannot be applied if there are no covariates.
In this paper, we propose a new method of parameter estimation for the COM-Poisson using a conditional
likelihood function in the COM-Poisson distribution. The key idea of the proposed method is to use the conditional
likelihood function, which does not have the complicated normalizing constant. We further prove that the estimates
always exist uniquely and
the conditional likelihood function is a log-concave function.
The rest of this article is organized as follows. In Section 2, we propose a new method of parameter estimation
for the COM-Poisson using the conditional likelihood function in the COM-Poisson distribution. We further prove
that the estimates always exist uniquely and the conditional likelihood function is a log-concave function. In Section
3, we fit the COM-Poisson model to the real data set of carton by our proposed method. Finally, we conclude
this study in Section 4.

2. Proposed Methods of Parameter Estimation
In this section, we propose a new method of parameter estimation for the COM-Poisson using a conditional
likelihood function in the COM-Poisson distribution and prove that the estimates always exist uniquely and the
conditional likelihood function is a log-concave function.
2.1

Parameter Estimation of
Let

, and

function of

based on

's, conditional on

the corresponding observed data. Then, the conditional likelihood
where

, is given by

where

We notice that the conditional likelihood function (2) does not include

. Hence, we do not need

to calculate the
, which is given by sum of infinite series, when we use (2) in parameter estimation. From
now on, we construct the maximum conditional likelihood method by using (2).
From Eq.(2), we have the logarithm of

The first and second derivatives of

as follows:

are given by
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We can obtain the maximum conditional likelihood estimate of

based on

, which is denoted by . Here, the readers may wonder whether
not, and further whether it is unique or not if it exists.

, conditional on

, by solving

always has solution or

has a unique solution
The following theorem guarantees that the conditional likelihood equation
in general. This also implies that we don't need to take care of selecting initial value when computing the solution
of the conditional likelihood equation.
Theorem1

any given

For

conditional on

,

, the conditional likelihood equation

always has a unique solution with respect to

equal to 0. When

, the solution goes to

, unless

, and when

or

,
are

are equal to 0, the solution goes

.

to
proof

See Appendix A.1.

The following theorem about the log-concavity implies that the solution of the conditional likelihood equation can
be found effectively by the derivative-based optimization methods such as the Newton's methods.
Theorem2 For
on

,

, is strictly log-concave with respect to

proof
2.2

, any given

, the conditional likelihood function

, conditional

.

See Appendix A.2.
Parameter Estimation of

In this subsection, we discuss the method of parameter estimation of

. Once we obtain the estimate of

, by using the method outlined in the preceding subsection, we can adopt the conditional moments (CMM) method,
explained later, to obtain the estimate of
Let
method conditional of

, by replacing the parameter

, then the first moment of
, termed as

is

by its estimate
. Thus the estimate

.
by the CMM

, is given by
(6)

. Let us note that we do not need to calculate the
, which is given
when
by sum of infinite series, when we compute (6). In addition, it is obvious that CMM estimate is always exist uniquely.

3. An Illustrative Example
We demonstrate the proposed method for the COM-Poisson distribution in this section by using carton data [7].
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The data involving 10 shipments, were collected on the number of times the carton was transferred from one aircraft
to another over the shipment route.
Table 1 shows the estimates by the proposed method and the maximum likelihood (ML) method in which
is approximated by a finite sum. The values of the Kolmogorov–Smirnov statistics (KS) are also presented in Table
1.
From Table 1, we observe that all the methods support the COM-Poisson distribution for the carton data at
5% level of significance. Moreover, we found that the proposed method is better than the ML method in terms
of KS statistic. Based on the results, we recommend to use the proposed method to fit the data.
Figure 1 shows the logarithm of the conditional likelihood function of the COM-Poisson distribution in the
proposed method. From Figure 1, we see that Theorems 1 and 2 hold in the data.
Table 1.

Method
Proposed
ML

0.687886
0.888084

,

of the carton data

0.835098
0.937688

KS
0.03052997
0.06465805

Figure 1. The logarithm of the conditional likelihood function based on the carton data

4. Concluding remarks
We have proposed a new method of parameter estimation for the COM-Poisson using a conditional likelihood
function in the COM-Poisson distribution. The proposed method avoids the complicated normalizing constants
problem. Moreover, we have proved that the estimates always exist uniquely and the conditional likelihood function
is a log-concave function. These implies that the solution of the conditional likelihood equation can be found
effectively by the derivative-based optimization methods such as the Newton's methods. In the illustrative example,
we have fitted the COM-Poisson model to the carton data by our proposed method and existing the ML method.
It is seen that the proposed method is better than the ML method in terms of KS statistic, instead that the proposed
method does not need using any approximations, unlike the ML method.
We have not considered here properties of the proposed estimators other than existence and uniqueness. It will
be of interest to study some properties of the proposed estimators such as the asymptotic normality.
In this study, we choose the method of moment for estimating , but it is well-known that the method of
moment is not so efficient method of parameter estimation. Developing efficient methods of parameter estimation
of

will be our future work
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Appendix
A.1 Proof of Theorem1
First, we shall show that the conditional likelihood equation has at least one solution.

Therefore, we have the following inequalities:

(A.1)
Unless

or

are equal to 0, we also obtain the following strict inequality

This implies the conditional likelihood equation has at least one solution for

unless

or

are equal to 0.
,

When

agrees with the upper bound of the inequality (9) which means that the solution

of the conditional likelihood equation goes to

. When

are equal to 0,

the lower bound of the inequality (A.1). This implies that the solution goes to

reaches to

.

Next, we shall show that the number of solutions is one. We let

For

,

This clearly implies that

changes sign only once with respect to

.

From the above arguments, the conditional likelihood equation always has a unique solution with respect to
, unless
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or

are equal to 0. The proof of Theorem 1 is thus completed.

A.2 Proof of Theorem2
By the Cauchy-Schwarz inequality, we have the following inequality:

(A.2)
It follows from
Eqs(7). and (A.2) that

, for any

, s and

.

Since the equality condition doesn't hold
for any

and

,

(A.3)

. This completes the proof of Theorem 2 is thus complete.
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Abstract
In recent years, there has been a lot of information and many choices on the Internet. Thus, the users are required
for a lot of time and labor to complete the reservation of the accommodation facility. However, previous study
does not consider ‘choice overload phenomenon’, the main factor of ‘fatigue of planning’ on the reservation of
the accommodation facility. Therefore, this paper presents the way to reduce ‘fatigue of planning’ by encouraging
users to process features and cognitive load of each choice. The system required users to select in favor of a
review from two reviews which are presented by representative ones of each accommodation. Repeating decisions
extract the favor of users and proposed accommodation that suit the users. As a result, it is necessary to use
the latest reviews and use cosine similarity to reduce the number of reviews selections in order to reduce the
"fatigue of planning" of the trip and propose accommodations that suits the user's preference and purposes.
Keyword: fatigue of planning; choice overload phenomenon; accommodation suggestion; preference extraction

1. Background
1.1 Research Background
In recent years, the way of reserving accommodations has changed due to the spread of the Internet. In the
past, reservations were made at travel agencies along
with transportation reservations, or by calling directly
to the accommodation facility. However, nowadays, it
is possible to make reservations for accommodations
on the Internet. Using accommodation reservation
sites such as “Jalan” and “Rakuten Travel”, it is now
possible to select and reserve accommodations that
meet one's own preferences by selecting "special
conditions" such as "meals" and "baths" in addition
to one's desired dates, rates and destinations.
However, a single accommodation booking site
provides information on many countries and regions,
destinations, and accommodations, so there are many
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Figure 1: Tabi-Kobo, Inc.: from a survey on “travel planning” [1]

choices. Many travelers visit multiple sites before making a reservation, and they compare prices, facilities, and
reviews of each accommodation before making a reservation. Therefore, a great deal of time and effort is spent
before the reservation of accommodation is completed. As shown in Figure 1, many people feel that planning a
trip is time-consuming and difficult, resulting in “fatigue of planning” [1].
1.2. Problem
As shown in Figure 2, the reason for “fatigue of planning” in travel is that there is a lot of information and
choices, so it is difficult and time-consuming to choose the one that suits one's own preference and utility. It is
not that people prefer to have many choices, but there is a psychological effect called the “choice overload
phenomenon”, in which when there are many choices, people do not know what to choose and cannot make a
choice. This is one of the causes of “fatigue of planning”.

Figure 2: Tabi-Kobo, Inc.: from a survey on “travel planning” [2]

1.3. Choice overload phenomenon
“choice overload phenomenon” is a psychological effect where the more choices of products and the greater
the degree of freedom, the more difficult it is to make a choice, and the lower the consumer's purchase rate and
satisfaction level. If the “choice overload phenomenon” occurs, it becomes impossible to carry out comparative
studies, the evaluation criteria become ambiguous, and the action of narrowing down the options leads to a
psychological burden. And You choose the same things as you usually do, choose the ones that many people say
are good in word of mouth, or quit choosing yourself. In choice situations, it has been generally believed that
consumers prefer situations where there are many choices. However, as people's lives have become more affluent
and the range of choices has increased, researchers have discovered the “choice overload phenomenon”. This
phenomenon has attracted a great deal of attention, especially in the field of marketing. However, this phenomenon
does not occur stably in many studies, and its reproducibility is still being studied in various ways.

2. Precedent Study
One of the studies on the occurrence of this “choice overload phenomenon” is the study of Ariga []. Ariga
identifies two factors as the cause of the “choice overload phenomenon”. The first is cognitive load. The human
brain can only process a finite amount of information, and if there are too many choices, the amount of information
increases and the consumer cannot process all the choices, which reduces purchase motivation and satisfaction.
Consumers avoid situations where there are many choices to prevent regret due to poor choice. He hypothesized
that he could reproduce the “choice overload phenomenon” by manipulating the way the choices are presented and
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conducted an experiment. The results showed that the phenomenon could be reproduced in situations with high
cognitive load. The results showed that the “choice overload phenomenon” occurred regardless of the degree of
regret, and it was concluded that cognitive load was more involved in the occurrence of this phenomenon than
regret.

3. Purpose
The second factor of “fatigue of planning” regret, is not considered in depth in the present study because it
is likely to have arisen independently in the experiments of previous studies. In this article, we aim to solve the
characteristics and cognitive load of the alternatives themselves, such as difficulty in classifying alternatives into
several categories due to the increase in the number of choices, and inability to process information about each
alternative sufficiently, which is the first factor of “fatigue of planning”. Therefore, the purpose of this study is
to reduce “fatigue of planning” of travel by proposing accommodations with many information and choices according
to users' preferences.

4. Content of research
4.1 Research procedure
In this study, we created a representative review of each accommodation and presented two reviews to user
and asked them to choose the one you would like to stay in based on the two reviews. By repeating this process,
the system extracts the user's preferences and suggests accommodations that match the user's preferences.
First, we define our preferences. The "category items" such as "cuisine", "bath", "service", etc. are called
"evaluation categories". and the "subcategories" such as "Viking", "Kaiseki cuisine" and "Open-air bath", are called
"preferences". and " User's opinions such as "wide", "narrow", and "beautiful" are defined as "evaluation
expressions". In addition, this time, based on the items that are commonly input when performing a search on the
top 5 sites of accommodation facility reservation sites on the Internet, the evaluation categories are "bath", "cooking",
and "room", “Location”, “service”, and “facility”.
4.2 Situation and preferences
Next, in order to investigate the relationship between situation and preference, among the top five reservation
sites of accommodation facilities in Japan, "with whom," "period," and "purpose" were all listed as items
corresponding to situations, and we interviewed whether the respondents had a preference for each of these items.
As a result of the interviews, there was not much change in the preference for "period," but there was a change
in the preference for "with whom" in most cases, and a change in the preference for "purpose" in some cases but
not in others. These results indicate that as the situation changed, so did the preferences.
From the interviews, it was found that changes in preferences were highly relevant depending on "with whom"
they were going. Next, the questionnaire was used to ask the respondents to select the evaluation category they
considered important when they went on a trip, depending on "with whom" they were staying, to clarify which
evaluation category influenced who they went with.
From Figure 3 of the questionnaire results, we can see that there is a difference in the importance of the evaluation
categories depending on "with whom" they are going to stay. Figure 4 shows a graph of the coefficient of variation
and the average value for each evaluation category in order to measure the importance of preference. It can be
seen from this graph that "Location," "Cuisine" and "Room" are considered by many people when choosing an
accommodation. In addition, it can be seen that people are polarized into two groups: those who think "Bath" is
important and those who do not think "Bath" is important, suggesting that there is a difference in preference.
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Figure 3: Survey results

Figure 4: Importance of preferences

4.3 Representative review creation
First, we use data from Rakuten Travel in the Rakuten dataset provided by Rakuten Corporation and the National
Institute of Informatics in the creation of the representative review [4]. The data are used to create a representative
review of each accommodation facility using the procedure shown in Figure 5.

Figure 5: Procedure for creating a representative review

First, the review was divided into one sentence for each accommodation, and each sentence was analyzed for
emotion and divided into positive, negative and neutral. The next step is to categorize the sentences into rating
categories for each of the preferences words mentioned in each sentence classified as positive or negative by the
emotion analysis. Then, the rating categories for each of the positive and negative sentences are ranked in order
of the number of mentions. Finally, one sentence is extracted for each of the top rating categories, positive and
negative, to form a representative review of the characteristics of each accommodation. The data are using for last
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5 years and the latest 20 cases. The total number of sentences in the representative review is 3 sentences (+2.-1)
and 4 sentences (+3.-1). Combining the data and the total number of sentences, a total of four representative reviews
were created.
4.4 Creating a space
Each accommodation is then plotted in a multidimensional space. The total number of preference words for each
of the six rating categories counted when creating the representative review ("bath," "cuisine," "room," "location,"
"service," "facility") was normalized by dividing the total number of sentences. A six-dimensional vector space was
then created by using them as coordinates. Since most of the sentences in the representative review consist of positive
sentences, only the positive values are used in this case.
4.5 Presentation method
A hierarchical cluster analysis, as shown
in Figure 3, using Euclidean distance and
cosine similarity, was performed for each
accommodation, and each accommodation
was divided into clusters. We are then asked
to make a choice for each branch of the
cluster at the top of the hierarchy and suggest
a few accommodations in the cluster they
finally arrived at.
The items to be compared are shown in
Table 1 below, and there are eight patterns
in total. The same experiment was carried out
Figure 6: Hierarchical cluster analysis
eight times by one person, but the subjects
became bored with the experiment and their
choice became sloppy. Therefore, in order to reduce the number of experiments, we reduced the number of
experiments to 4 patterns by assigning them to L4 in the direct orthogonal table in the design of experiments method.
Table 1: Tip comparison items

The four methods required by the
Pattern A: Last 5 years / Total 4
Pattern B: Latest 20 cases / Total
Pattern C: Latest 20 cases / Total
Pattern D: Last 5 years / Total 3

design of experiments are as follows.
sentences / Cosine similarity
3 sentences / Cosine similarity
4 sentences / Euclidean distance
sentences / Euclidean distance

5. Evaluation
5.1 Evaluation experiment outline
We asked the participants to use the system we created for the evaluation experiment. Since the purpose of
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this study is to eliminate “fatigue of planning”, we focus on those who have felt “fatigue of planning”. That is,
we conducted an evaluation experiment with people who had previously made travel reservations. The evaluation
method is a questionnaire.
The questionnaire will finally reveal the following five items






Did you find this accommodation choice more difficult than the ones you have made in the past?
Did you feel that this accommodation choice was more complicated than the ones you have made in the past?
Did you feel that it takes longer for accommodation to be proposed than in the past?
Is the proposed accommodation more suitable for the preference than the randomly selected accommodation?
Is the proposed accommodation more suitable for the purpose than the randomly selected accommodation?

In order to consider the influence of regret on the results of the experiment, the Maximization Scale [5] was
conducted to the subjects at the same time and their Maximizer level was measured. The Maximization Scale
measures the likelihood of regret and low satisfaction. The Maximization Scale is a test introduced in DaiGo's book
"Techniques for choosing without regret" [20], which we will use in this case.
The Maximization Scale allows you to determine whether you are a Maximizer or a Satisfizer. Maximizer refers
to perfectionism, the type that always seeks the best result; Satisfizer refers to optimism, the type that can be
convinced by some results, even if they are not the best. Compared to Maximizer, Satisfier is considered to think
things through satisfactorily and have fewer regrets. In scoring the questionnaire, the scoring results are averaged,
and the scores are applied to Table 2 below to get the results of the decision.
Table 2: Maximization scale criteria
Maximization scale
Score
Over 5.5

Judgment results
High level
maximizer(perfectionism)

Note
You continue to be under strong stress. If you don't learn to
be tolerant of the consequences of your choices, you will
continue to suffer as you are.
It's easy to get stressed out because we want even better

4.75~5.4 Typical Maximizer

options. Once you learn to feel like a Satisfyzer and know
that moderation is enough, you can live a little easier.
The kind of choices you make and the emotional changes

3.25~4.74

Satisfizer with Maximizer
like tendencies

that occur due to the outcome will change your satisfaction.
It is the most common type, but you should be aware of the
maximizer part of yourself and suppress strong obsessions
as much as possible.
You are less likely to fret about the consequences of your
choices. If we keep things the same as they are now when it

2.6~3.24 Typical satisfizer

comes to accepting the consequences, but increase our
rationality when making choices, we can become more likely
to make choices that we don't regret.

2.5 or less High level satisfizer

You can live a stress-free life because you can be happy
with your choices.

Since there were very few advanced maximizers among the subjects in the present study, and the majority of
them are satisfizer with maximizer tendencies, showing maximizer tendencies depending on what they choose to
do, we will not discuss regret in the present study because we judge that regret has little impact.
5.2 Evaluation experiment results
The results of the experiment against “fatigue of planning” showed that those with a short time before the
accommodation was proposed were not perceived as difficult, cumbersome or time-consuming. The results of the
experiments on the validity of the proposal showed that the preference and objective was better reflected in the
cluster analysis using the cosine similarity than in the cluster analysis using the Euclidean distance. And, in common
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with “fatigue of planning” and the validity of the proposal, the overall number of sentences did not show a difference
between 3 and 4 sentences, and the data were better for the latest 20 cases than for the last 5 years from the
present.
Table 3: Results of evaluation experiments

6. Conclusion
In conclusion, we can say the following.





The
The
The
We

adequacy of the proposed accommodation is better in a cluster analysis using cosine similarity.
overall number of sentences doesn't vary much between three and four sentences.
20 most recent reviews to use are better overall.
find it difficult and cumbersome for things that take a long time to be proposed.

From the above, we conducted a cluster analysis using cosine similarity using the 20 most recent reviews, and
created that creating a representative review consisting of four sentences to help users visualize the accommodations
and shorten the time to make a proposal with a relatively small number of selections is a method that reduces
“fatigue of planning” and allows users to propose accommodations that match their preferences and objectives.

7. Future tasks
In the present evaluation experiment, we could not discuss regret because there were not many maximizers among
the subjects. To this end, we would like to conduct similar experiments with maximizers and discuss the difference
in results and regret between Satisfizer and Maximizer, which has a maximizer-like tendency, and the validity of
the proposals to Maximizer and “fatigue of planning”. After clarifying the effect of satisfaction on regret, we will
continue to seek proposals for accommodations that will satisfy maximizers by seeking to improve the accuracy
of accommodation proposals.
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Abstract
Every organization in Japan must address the risks of natural disasters, as it is a high-risk area. Particularly,
hospitals should maintain the continuity of food supply system for inpatients as a part of its medical treatment
during a natural disaster. Although the necessity to maintain the food supply system in a hospital has been
recognized, no previous studies have proposed a concrete method yet. Therefore, the purpose of this study is to
develop a sheet to evaluate a disaster food stockpile and operation system for inpatients in a hospital. By utilizing
this proposed evaluation sheet, a hospital can determine the problems in their food supply system and improve
it before the occurrence of a disaster.
At first, 6 evaluation perspectives are specified through these activities to establish a disaster food stockpile
and operation system in hospital A. Discussions with the medical staff are conducted for one year. Thereafter,
a draft of an evaluation sheet is developed and applied into hospital A. Based on the application result, the
evaluation sheet is improved. The improved evaluation sheet is implemented in not only hospital A again, but
also in hospital B to verify its effectiveness. Finally, compared with the related literatures, the proposed evaluation
sheet is further elaborated.

1. Background and purpose of this study
Every organization in Japan should address the risk of natural disasters, because Japan is a country with high
risk of natural disasters such as earthquakes and tsunamis. Hospitals must maintain the continuity of food supply
system for inpatients as a part of their medical treatments during a natural disaster. Therefore, improving the
continuity of the food supply system in a hospital is a necessity from the both, the aspect of the patient health
as well as medical treatment.
Bureau of social welfare and public health of Tokyo metropolitan government gives a business continuity plan
(BCP) preparation guideline for a hospital [1]. The necessity to prepare and provide food to inpatients during a
disaster is mentioned in its guideline. However, a concrete method has not been introduced yet. In addition, the
way for an inpatient is different as compared to a healthy person because an inpatient has some kind of medical
disorder or abnormality, such as a tube feeding patient and a patient who need dietary assistance, etc.
There are some the related conventional studies. Many of them are case studies, and questionnaire surveys (For
example, [2] and [3]) to understand the preparation status of food disaster food stockpiles and its operation in several
hospitals. The others include food planning method [4], food facilities protection [5], elevators for food transportation
[6] and others, which are elements of the food supply system. In other words, although the necessity to keep the
food supply system in a hospital has been recognized, there are no previous studies that have yet been proposed
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to develop the concreate method for covering the entire food supply system during a disaster.
Therefore, this study focuses on evaluating the food supply system, including all processes from food stockpile
before a disaster, to food provision and its collection and disposal after a disaster, and develop an evaluation sheet
to improve the continuity of food supply system for inpatients in hospitals.

2. Extraction of evaluation perspectives
2.1 Extraction procedure
The following four steps were conducted to extract necessary evaluation perspectives of the disaster food supply
system for inpatients.
Step1: Take the minutes of all review meetings, during about one year from May 2016 until March 2017, held
in hospital A. It is the only core disaster base public hospital with 539 beds, in Saitama prefecture. In these review
meetings, there are many discussions about problems on their food supply system and its countermeasures.
Step2: The scope of the food supply system in this study covers food planning and stockpile before a disaster,
food transportation from the food store to hospital wards with inpatients after a disaster, food provision, and collection
and disposal of the food abandonment. In other words, the following four processes constitute the food supply system:





Food planning and stockpile
Transportation
Provision
Collection and disposal

Step3: The review items and the detail contents from the obtained minutes in Step1 are extracted, and it is specified
in which process of the above four processes the extracted review items and the detail contents are discussed.
Step4: The extracted review items and the details are classified by focusing on the similarity of the contents and
are labeled as evaluation perspectives. Then, the correspondence relation between labelled evaluation perspectives
and four processes of the food supply system was examined.
2.2

Extraction result

The result of extraction is shown in Table 1. Eleven review items and thirty-one details discussed in hospital
A were found. The review item No.1 was an examination of the precondition and scope when establishing the food
supply system. In this study, the worst situation, where water, electricity, and gas cannot be used, should be
considered first, and the necessary stockpile days are set as three days, mentioned in the examination report on
disaster medical principles by the Ministry of Health, Labor and Welfare [7].
Also, the correspondence between four processes and review items and its details, except No.1, was discussed.
Based on the above results, the labeled evaluation perspectives can be confirmed on the far right side of Table
1. The following six evaluation perspectives and the explanations are shown in Table 2.







Base metabolism
Cost
Storage property
Transportability
Addressing a variety of patient conditions
Infection prevention & hygiene management

Moreover, since it is found that one process has some relation with several evaluation perspectives, the
relationship between these two were examined clearly. The result is shown in Figure 1. For example, the evaluation
perspective of storage property has a relation with three processes, i.e., Food planning and stockpile, Transportation,
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and Infection prevention & hygiene management. In another example, the process of Food planning and stockpile
has a relation with five evaluation perspectives, i.e., Base metabolism, Cost, Storage property, Addressing a variety
of patient conditions, and Infection prevention & hygiene management. This means that the processes and evaluation
perspectives have one to many or many to many relations.
Table 1. Extraction process for evaluation perspective
No.

Process

Review item

1 Precondition 1.1 Setting the precondition

Details
1.1.1 Decide what kind of disaster should be expected in this
hospital.
2.1.1 Confirm whether a hospital have enough food stockpile for
inpatients.
2.1.2 Confirm whether an inpatient can get the minimum amount
of energy to support life.
2.1.3 Confirm whether an inpatient can get the minimum amount
of water to support life.

Evaluation perspective

Base metabolism

2.1.4 Confirm whether the food can be stored for a long time.

2.1Examination of the food to
stockpile
Food
2 planning and
stockpile

2.2 Examination of stockpile
place

3.1 Examination of food
transportation from the food
store to hospital wards
3

2.1.5 Confirm whether the food can be converted to the regular
meals that a hospital provide.
2.1.6 Confirm whether an inpatient needs any plate and tableware
to eat the food.
2.1.7 Confirm whether the food container can be self-standing.
2.1.8 Confirm whether the food is necessary or unnecessary to
cook.
2.1.9 Confirm how long the food takes to cook.
2.1.10 Confirm whether the food can cover a variety of patinent
conditions.
2.1.11 Confirm how much the leaveover food there is.
2.1.12 Confirm whether the amount of waste disporsal is
apropriate.
2.2.1 Confirm whether hospital staff can go to the stockpile place
without difficulty after the disaster.
2.2.2 Confirm whether it is a place where the possibility of
flooding and collapse is low.
2.2.3 Confirm whether the place is organized so that the food can
be easily taken out and replaced.
3.1.1 Confirm whether an appropriate transportation route is
established.

Addressing a variety of
patient conditions

Infection prevention &
hygiene management

Storage property

3.1.2 Confirm whether the necessary equipments for
transportation are well prepared.
3.1.3 Confirm whether it is possible to operate the elevator when
the power supply is cut off after the disaster.

Transportatio
n

Cost

Transportability

3.2.1 Confirm how many people can be used for the food
transportation after the disaster.
3.2 Examination of the detailed 3.2.2 Confirm whether the transport procudure is established.
tranport procedure
3.2.3 Confirm how much disaster training and education is needed
in normal times.
4.1Examination of patient's
autonomy

4.1.1 Confirm how a hospital deals with elderly patients and those
who need dietary assistance.

4.2.1 Confirm how a hpsital disinfects inpatient's hands before
meals.
5.1.1 Confirm how a hospital collects food garbage in each
hospital room.
5.2.1 Confirm where in the ward should be the temporary storage
5.2 Examination of temporary
to avoid infection.
storage place for food
5.2.2 Confirm whether the temporary storage is easy to clean after
abandonment in a hospital ward
disaster recovery.
5.3 Examination of final storage
5.3.1 Confirm where the final storage place should be until the
place for food abandonment in a
Collection
garbage collection by the contractor is started.
5
hospital
and disposal
5.4.1 Confirm whether the food abandonment can be transported
to outside the hospital.
5.4 Examination of how to
5.4.2 Confirm whether the transprtation route is established.
transport food abandonment
5.4.3 Confirm whether the food transportation routes and waste
transportation routes are distinguished.
4 Provision

4.2 Examination of hygiene
management in a hospital ward
5.1 Examination of infection
prevention in a hospital ward

Addressing a variety of
patient conditions

Infection prevention &
hygiene management

Storage property

Transportability
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Table 2. Extracted 6 evaluation perspectives

Evaluation perspective

Explanation
To ensure that an
inpatient can get the
minimum amount of
energy and drinking
water to support life.

Base metabolism

Cost

To minimum the food
loss, procure the food
and convert it to regular
meals as much as
possible.

Storage property

To prepare the space for
food stockpile. The stock
place should be easy to
transport and replace,
also be safe with little
damage from a natural
disaster.

Evaluation perspective
Transportability

Addressing a variety of
patient conditions

Infection prevention &
hygiene management

Explanation
To establish the
realistically practicable
way of the food
transport and its
disposal.
To make food plans
and devise its provision
procedure to address a
variety of patient
conditions such as a tube
feeding patient and a
patient who need dietary
assistance and etc.
To prevent infection and
ensure hygiene
management in a hospital
to avoid secondary
disasters.

[Evaluation perspective]
[Food supply process]
Base metabolism
Cost
Storage property
Transportability
Addressing a variety of
patient conditions

Food planning and
stockpile
Transportation
Provision
Collection and
disposal

Infection prevention &
hygiene management
Figure 1. Relationship with evaluation perspective and food supply process

3. Development of evaluation sheet
3.1

Development procedure

The following three steps were implemented to develop the evaluation sheet based on the obtained result in
the above Chapter 2.
Step1: The evaluation item corresponding each evaluation perspective was decided by referring to the review details
shown in Table 1. For example, with regard to Base metabolism, “whether an inpatient can get the minimum
amount of energy (or water) to support life.”, “whether an inpatient can get the minimum amount of energy to
support life.” and “whether a hospital have enough food stockpile for three days.” were set as evaluation items.
Then, a hospital evaluates each evaluation item on a scale of 1 to 3, such as “excellent”, “average” and “poor”,
and notes the reason.
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Step2: The developed evaluation sheet as a draft was applied to hospital A, and improved.
Step3: Improved evaluation sheet was applied not only to hospital A again, but also to hospital B, and its effectiveness
was confirmed. Furthermore, the proposed evaluation sheet was elaborated, compared with the related conventional
literatures.
3.2

Result

The result of applying Step2 is shown in Table 3. By utilizing the evaluation sheet, hospital A could recognize
that the food stockpile is not enough for their inpatients, and that the food is stocked in a place where transportation
is quite difficult for them. The evaluation sheet issues to improve were also specified through the interview survey
with the concerning medical staff in hospital A.
Table 3. Evaluation result in hospital A (partial)

Evaluation perspective

To ensure that
an inpatient can
get the minimum
amount of energy
and water to
support life.

Base
metabolis
m

Evaluation item

Evaluation
result

Do you have enough food
stockpile for inpatients
from viewpoint of three
meals and 1200 intake
calories per day?

Average
("△")

Do you stock 1.5 liters of
drinking water per person
per day?
Do you make the food
plan for three days to
satisfy the minimum
amount of drinking water
and energy to support
inpatients' health?

Excellent
("〇")

Excellent
("〇")

Reason
Hospital A has already
prepared almost enough food
stockpiles. However, each
stock of simmered mackerel
with miso, red kidney bean
and boiled chikuzen is not
enough for 100 meals.
Hospital A has already 600
bottles of 1.5 liters of
drinking water.
Hospital A has already made
the food plan for three days.

One of the major issues is that the evaluation results varied widely from individuals because the criteria of
the evaluation items were ambiguous. To solve this issue, the 4 grade evaluation technique was adopted. Each grade
is defined more clearly as follows. A larger grade value implies better evaluation.





Grade
Grade
Grade
Grade

1:
2:
3:
4:

“Not considered”
“Currently under consideration”
“Partially considered”
“All considered”

Based on the above definition, the detailed evaluation criteria in each evaluation item were clarified. In addition,
addition and change of evaluation items was summarized in Table 4. Furthermore, there were 6 changes in the
expression of evaluation items and perspectives.
Table 4. Addition and change of evaluation item and perspective

Evaluation sheet issue

Improvement

Evaluation perspective of "Cost" does not mean only food The explanation of "Cost" in Table 2
cost, but should include its operation and management cost.
should be changed.
An evaluation item to confirm whether the food can be eaten
without water, electricity and gas.
New evaluation items are added
An evaluation item to confirm whether the food is hassle-free evaluation perspective of "Cost".
to prepare and cook.
3.3

in

Improved evaluation sheet
Based on the application result in Section 3.2, the draft of the evaluation sheet was improved. The improved
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evaluation sheet is shown in Table 5. Finally, this evaluation sheet consists of 6 perspectives and 26 evaluation
items. A hospital staff member evaluates their current food supply system with 4 grades per evaluation item in
the evaluation sheet and can understand the issues to improve the continuity of their food supply system and
operation. Finally, it can solve the issues well before the disaster.
Table 5. Improved evaluation sheet (partial)
Evaluation perspective

To ensure
that an
inpatinent
can get the
Base
minimum
metabolism
amount of
energy and
water to
support life.

No.

Evaluation item

Do you have enough food
stockpile for inpatients
1 from viewpoint of three
meals and 1200 intake
calories per day?

Evaluation
result

Evaluation criteria

Reason

4：Has stocked enough food for all inpatients to be set in a form suitable for
providing three meals a day, and to satisfy 1200 calories.
3： Has stocked more than half of the required amount.
Grade
2： Has just begun considering the food stockpile.
1：Whether to stock food for inpatients is undecided.
4：Has already stocked enough drinking water for all inpatients.

Do you stock 1.5 liters of
2 drinking water per person
per day?

Grade

3：Has stocked more than half of the required amount.
2： Has just begun considering the storage of drinking water.
1：Whether to stock drinking water for inpatients is undecided.

4：Has already made the food plan for three days.
Do you make the food plan
for three days to satisfy the
3：Has already made rthe food plan not for three days.
3 minimum amount of water Grade
2：Be going to make the food plan in the near future.
and energy to support
inpatients' health?
1：Whether ot make the food plan is undecided.

4. Verification of the proposed evaluation sheet
4.1

Application to hospital A and B

The proposed evaluation sheet was applied to not only hospital A but also hospital B to verify its effectiveness
and applicability to other hospitals. Hospital B is private general hospital with 363 beds, located in Miyazaki
prefecture. The application result is shown in Figure 2. Figure 2 shows the average score of all evaluation items
in each evaluation perspective.

Hospital A

Hospital B

Base metabolism
4

Base metabolism
4.00

3
Infection prevention &
hygiene management

2

3.00
Storage property

Infection prevention &
hygiene management

2.00

1

1.00

0

0.00

Addressing a variety of
patient conditions

Cost

Transportability

Addressing a variety of
patient conditions

Storage property

Cost

Transportability

Figure 2. Average score in six perspectives in hospital A and B

Hospital A had some problems related to “Transportability” perspective. However, each average score in all other
perspectives was beyond 3.0. Hospital B had some problems in all perspectives, except “Storage property”. More
specifically, the improvement in the perspective of “Addressing a variety of patient conditions” should be necessary.
Since the food stockpile was well packaged in cardboards with food lists and expiration data, the average score
in “Storage property” perspective was higher than others.
Finally, the questionnaire survey on the proposed evaluation sheet, consisting of six question items, was
conducted in hospital B. The contents of question items and the answers are shown in Table 6.
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Table 6. Result of questionnaire survey in hospital B

N.

Question item

Answer from hospital B

(1)

Evaluation criteria of evaluation item No.5 is
Were there any evaluation items that were ambiguous.
difficult to evaluate?
The expression of four evaluation items of
Nos.13,18,19 and 20 are difficult to understand.

(2)

Were there any unevaluated items? If so, The meaning of evaluation item No.13 is difficult to
what is the reason?
understand.

(3)

Did you have any other perspectives except
six perspectives in the proposed evaluation Nothing
sheet?

(4)

Were there any duplicate evaluation items in Nothing
the proposed evaluation sheet?

(5)

Were there any issues pointed out by
utilizing this proposed evaluation sheet, that
you
have
already
recognized
before
evaluation?

After evaluation, hospital B re-recognized the
shortage problems of food and drinking water for
inpatients, that have already been concerned before
evaluation.
Hospital B could notice the necessity to address the
variety of patient conditions.

(6)

Could you find new issues to improve after
Hospital B could notice that the leftover soup of
evaluation?
the food should be considered from the perspective
of "Transportability"

Based on the answers to question items (1) and (2), the expressions of evaluation item Nos.13, 18, 19 and 20
were changed. For example, the evaluation item No.21 of “Did you establish the way to disinfect inpatients’ hands
before meals?” was changed to “Was there any hygiene problems with the way to eat the meal?”. This was done
because there is no need to disinfect their own hands if gloves are worn during the meals. The answers to question
items (3), (4), (5) and (6) indicate that the proposed evaluation sheet is effective and useful for hospital B to specify
the issues in their food supply system.
4.2

Comparison with the related literature

(1) Activity report on the 2016 Kumamoto earthquake in Japanese red cross Kumamoto hospital
Since the activity report on the 2016 Kumamoto Earthquake in Japanese red cross Kumamoto hospital [8] is
already published, the issues and countermeasures on the disaster food in the activity report were extracted to verify
the proposed evaluation sheet. Concretely, four issues and five countermeasures were extracted, and it was whether
the proposed evaluation sheet can cover them. The result is shown in Table 7.
It was found that three issues, except (1), were covered by the proposed evaluation sheet. Issue (1) is related
with the precondition of three days stockpile in this study. Although this precondition may need to be reviewed
in the near future. This fact does not imply that there are some omissions in the proposed evaluation sheet.
Countermeasures (5), (6) and (7) were also covered by the proposed sheet. The countermeasures (8) and (9)
could not be covered. This study considers the worst situation where water, electricity, and gas cannot be used,
and focuses on the disaster food supply system within one hospital organization. Therefore, these two
countermeasures need not to be considered.
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Table 7. Comparison of Kumamoto activity report with this study

[Issues in response to 2016 kumamoto earthquake]

Coverage of the
proposed sheet

The number of food stockpile was insufficient due to the great
(1) damage caused by the earthquake, and longer recovery time than
expected.
The number of disposable tableware was insufficient because
(2)
they could not be washed by water due to water interruption.
The food trasportation from the storage to hospital wards was
(3)
quiet defficult because the elevator couldn't be used.
(4) Many medical staff did not know the rules on the food stockpile.

×
✔
✔
✔

[Coutermeasures to be taken in the future]
(5)
(6)
(7)
(8)
(9)

To make food plan to adapt the siuation where the lifeline is
severed.
To stock the food in each hospital ward for easy transportation.
To stock much more disposable tableware.
To introduction of electromagnetic cooking system for securing
heat source.
To enhance the cooperation between red cross related
organizations.

✔
✔
✔

×
×

(2) Pamphlet survey of commercial disaster food
The catchphrases in the pamphlets of 20 commercial disaster food products were investigated. For example, “Long
life”, “Easy calories supply”, and “No use of allergens (27 specified raw materials)” were extracted from the
pamphlet of a certain product. Finally, 13 catchphrases that were found in two or more commercial disaster food
products were summarized. Then, the correspondence between these catchphrases and the evaluation items of the
proposed sheet was examined. The result is shown in Table 8.
Table 8. Correspondence between catchphrases and the proposed sheet

No.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

Catchphrase
Long life
No use of allergens (27 specified raw
materials)
Can be cooked with hot water
No tableware required
Can be eaten without cooking
Easy open ends
Wide variety of tastes
Containing abundant nutrition
Strong against external shock
Be filling
Easy to eat for anyone from children to
elderly people
Can get necessary energy for one day
Easy to carry

Evaluation sheet
Evaluation perspective
Evaluation item
Cost
No.9
Addressing a variety of
No.20
patient conditions
Cost
No.7
Cost
No.8
Cost
No.7
Cost
No.8
Base metabolism
×
Base metabolism
×
Storage property
No.5
×
×
Addressing a variety of
No.18,19
patient conditions
Base metabolism
No.1
Transportability
No.14,15,16

Based on Table 8, 9 out of 13 catchphrases were corresponded with the proposed evaluation sheet. It was also
found that the catchphrases (7) and (8) were corresponded with “Base metabolism”. However, there was no
corresponded evaluation item. Therefore, the new evaluation item of “Did you consider the balance of food tastes
and nutrients in making food plan?” was added. The 10th catchphrase of “Be filling” did not need to be considered,
because almost inpatients were bedridden in the hospital ward, and rarely moved.
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5. Discussion
5.1 Development procedure of the proposed evaluation sheet
First, 6 evaluation perspectives were specified through the activities to establish a disaster food stockpile and
operation system in hospital A. Next, a draft of an evaluation sheet was developed. The draft sheet was applied
into both hospitals A and B to verify its effectiveness, and was improved after these applications. Hospital B could
determine any new issues in their disaster food supply system after utilizing the proposed sheet. In addition, in
comparison with the related literature, the proposed evaluation sheet was further elaborated. Thus, the proposed
evaluation sheet in this study is expected to be practical and useful for hospitals.
5.2 Applicability to other hospitals
In this study, the draft of the evaluation sheet was developed based on the discussions in hospital A. However,
the evaluation perspectives were abstracted and labeled. Moreover, the evaluation sheet was applied into hospital
B which had different organizational scale, location, and management body than those of hospital A. As a result,
through applications in these two hospitals, the effectiveness was already confirmed. This fact indicates that the
proposed evaluation sheet may be applicable in other hospitals. However, its verification is a future work.

6. Conclusion and future work
This study developed a sheet to evaluate the disaster food supply system and its operation in a hospital to improve
its continuity after a natural disaster. The evaluation sheet was applied into two hospitals to verify its effectiveness.
In future, it is necessary to further its implementation and verify its applicability in more hospitals. Moreover, the
precondition in this study should be reviewed.
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Abstract
In keeping with product development trends and the intensification of competition in the field, the development
of functional food packaging with features additional to wrapping, is being emphasized.
Company C, a printing company, is attempting to develop highly convenient food packaging that considers the
consumer's perspective. To do so, it is imperative for them to understand the needs of consumers and to link
them to the design of their products. However, Company C has not established an effective method of organizing
consumer needs and product design information as efficient inputs for product development.
The purpose of this study is to propose a method of extracting and organizing the information necessary to
develop food packaging that reflects consumer needs and to utilize it effectively in practice. In collaboration with
Company C, consumer needs and product design information were extracted through sample surveys of consumers
and interviews with engineers, using the case of pouches with zippers. Based on the concept of quality function
deployment, the correspondence between needs and design information was clarified by visualizing and verbalizing
the engineers' knowledge. In summarizing the above procedure, we proposed a method of organizing the extracted
information in a manner useful for the development of actual food packaging.
Keywords: Quality Management, Food Packaging, Consumer Needs, Quality Function Deployment

1. Introduction
Competition among manufacturers to develop increasingly functional products has intensified in recent years.
In addition to its original purpose of wrapping products, various other functions of packaging are being developed.
This development effort is guided by considerations like, eliminating plastic for environmental
protection/conservation, the improvement of barriers to reduce food loss, and the enhancement of convenience in
response to diverse consumer needs.
Company C manufactures flexible food packaging products and considers consumers’ demand for convenient
products to be a guiding theme for further development. For this purpose, it is imperative to analyze the needs
of consumers from multiple perspectives and to design and manufacture products that reflect those suggestions or
perspectives. Although individual products have been analyzed and improved over time, a general-purpose
methodology applicable to food packaging has not been fully established.
In this study, in collaboration with Company C and using the case of pouches with zippers, we attempt to organize
the information necessary to develop a product based on customer needs. The purpose of this study is to propose
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a methodology for organizing information for the development of food packaging.

2. Research Approach
To develop food packaging that takes consumer needs into account, it is necessary to: (1) organize consumer
needs, (2) organize product design information, and (3) clarify the relationship between consumer needs and product
design information. One way to reflect consumer needs in product design is the deployment of quality functionality.
Based on the concept of expansion and binary tables in quality function deployment, activities (1) to (3) are
conducted.
First, to identify their needs, a sample survey of general consumers is conducted, using ready-made zippered
pouches. An interview survey was conducted to ascertain qualitative needs, and a questionnaire survey using the
semantic differentials (SD) method was conducted to quantify those needs. The next step was to interview engineers
to gather/obtain design information on the pouch with a zipper. In addition, the characteristic values of each product
used in the sample survey were measured. Finally, we utilized the knowledge/expertise of Company C’s engineers,
questionnaire data, and characteristic value data to identify the relationship between consumer needs and design
information. In summary therefore, we propose a method of organizing the information necessary for the development
of food packaging that takes the needs of consumers into account.

3. Organizing Information Necessary for the Development of Food Packaging
3.1 Organizing Consumer Needs
A study on consumers’ needs for food packaging was conducted by Takano[1]. Takano conducted an interview
survey of general consumers and ascertained their needs or opinions on the pouches. The results showed that
consumers' concerns or needs gathered around the action of cutting the pouch, opening the zipper, removing the
contents, and closing the zipper. Therefore, he designed a questionnaire based on the concepts of Kansei engineering
and conducted a sample survey focusing on the above four consumer actions.
In this study, a sample survey was conducted with the aim of extracting information on more than just the four
main needs mentioned above and to increase the sample size and the number of subjects, to improve the accuracy
of the analysis. The questionnaire used in Takano's study was used to integrate the acquired data. An overview
of the survey is shown in Table 1.
Table 1. Overview of the Survey
Takano[1]

This Study

Respondents

56 respondents(20-80 years old)

55 respondents(20-70 years old)

Samples

9 samples（A-I）

9 samples（J-R）

Method

Interview Survey
Questionnaire Survey

Interview Survey
Questionnaire Survey

The newly obtained consumer needs were combined with the consumer needs extracted in Takano's study, and
the items were arranged with reference to the quality function deployment of requirements. The results are shown
in Table 2.
We also integrated data on the questionnaires of the SD method on cutting, opening, removing and closing. The
use of this data is described in Section 3.3.
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Table 2. Development of quality requirements for pouch with zipper
1st Item

2nd Item

Easy to cut

3rd Item

No effort is needed to cut

Not being stiff in the start of a cut
Not being stiff in the middle of a cut

Easy to see the cutting point
・・・
Easy to open

Easy to insert your finger into the opening
Easy to pick upthe the opening
・・・

Others

Highly conservative
・・・

3.2 Organizing Design Information
While interviewing engineers from Company C, we extracted/collected design information on a pouch with a
zipper that could influence consumer needs. The information can be broadly classified into four categories: quality
characteristics, material characteristics, specifications, and process factors. Table 3 shows the results of each.
Table 3. Design information on pouch with zipper
Quality Characteristics

Material Characteristics

Tear Strength

Film

Type

Seal Strength

Specifications
Dimensions

Grade
Adhesive

・・・

Laminate

Temperature

Height

・・・

Laminate Starength

Process Factors

Width

Pressure

・・・

Type

machining

Amount

・・・

Laser

Seal

Temperature

Round Chamfering

・・・

Pressure

・・・

・・・

The quality characteristics indicate the characteristics/parameters of the finished pouch. The material
characteristics describe the material of the pouch, such as the film itself and the adhesive used to laminate it.
Specifications are predetermined at the design stage, including dimensions, shape, and machining. Process factors
are the conditions of the manufacturing process that affect the final characteristics of the pouch.
In addition, for each of the products used in the sample survey in section 3.1, we measured the quantifiable
design information (as presented in Table 3). The results are shown in Table 4.
Table 4. Data of the sample characteristics
Quality Characteristics

Material Characteristics

Specifications

Elastic Modulus

Laminate Strength

（MPa)

(gf/15mm)

A

2295.1

1073.1

PET

AL

120

No

B

2573.9

234.7

PET

AL

120

No
No

Sample

Base Film Barrier Film

Width
(mm)

C

1790

ー

PET

VM-PET

155

・・・

・・・

・・・

・・・

・・・

・・・

Laser

Using this data and the questionnaire data in section 3.1, it is possible to analyze the relationship between the
characteristics of the products and the participants' evaluations. Details are given in Section 3.3.
3.3 Organizing the Relationship between Consumer Needs and Design Information
In order to develop products that meet consumer needs, we must understand the specific design information
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that affects them. By organizing the relationships, it was found that there is a relationship between consumer needs
and each piece of design information, as shown in Figure 1.

Process Factors

Quality
Characteristics
Material
Characteristics

Consumer
Needs

Specifications
Figure 1. Relationship between consumer needs and each piece of design information

Based on the above relationship, the design information affecting each of the items in Table 2 was identified
through discussions with engineers. As shown in Figure 2, we organized the relationships in a way that allowed
us to visually understand them. As an example, we show the relationship between the consumer's need for "not
being stiff in the middle of a cut" and the design information that affects this need.
Lamination
Temperatu
re

Adhesive
Amount of
Adhesive

Pressure
Type of
Adhesive

Not being stiff
in the middle
of a cut

Laminate
Strength
Tear
Strength

Film
Base Film

Power

Barrier
Film

Speed

Sealant
Film

Laser
machining

Laser
machining

Figure 2. An example of Visualization of the relationships between items

Organizing the data (as shown in Figure 2), enabled us to discuss the relationships with the engineers and
reconcile their perceptions. Thus, we were able to organize the relationships with high comprehensiveness and
validity.
However, Figure 2 per se does not allow a clear grasp of the specific relationship between each item. For
example, between the items "tear strength" and "not being stiff in the middle of a cut", it is not possible to know
when tear strength improves the evaluation of the beginning of the cut. This is important information that the
engineers should be aware of when developing a product. Therefore, we attempted to organize the specific
relationships between the items explicitly in words. Examples of the verbalization are shown in Table 5.
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Table 5. An example of Verbalization of the relationships between items
Item
Not being stiff in the middle of a cut
Tear Strength
Lamination Strength

Explanation
ー

Tear Strength

ー Lamination Strength
ー

Pressure

・・・

The rightward tear strength behavior makes the middle of
the cut tougher.
The smaller the lamination strength, the greater the tear
strength.
Lamination strength will be reduced if the pressure is not
sufficiently applied during the lamination process.
・・・

This allowed us to understand the detailed relationships between the items. By organizing them in this way,
the engineers were able to identify the items for which the detailed relationships were clear and which were not.
However, even engineers who are familiar with the utility of product design information, do not necessarily
have sufficient knowledge of the relationship between consumer needs and design information. Therefore, we
attempted to understand the relationship between consumer needs and design information through a quantitative
analysis, using the questionnaire data obtained in section 3.1, and the data of the sample characteristics measured
in section 3.2. Specifically, multiple regression analysis and quantification I were applied, taking the questionnaire
data as the objective variables and the characteristic value data as the explanatory variables. As an example, Table
6 below shows the results of the analysis of the "not being stiff in the middle of a cut ".
Table 6. multiple regression analysis and quantification I
Objective
Variable
Evaluation of
middle of cut
Explanatory
Variable

R

R^2
0.791

Variance
Ratio

R*^2

0.626

R**^2
0.54

Unstandardized
Coefficients

P

0.463
Standardized
Coefficients

Constant Term

53.54

0

4.66

Thickness

3.48

0.085

-0.01

-0.32

Tear Strength

13.78

0.003

-0.48

-0.64

Laser

1.81

0.202

0.73

0.24

Table 7. Relationships between consumer needs and design information
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Table 6 shows that "tear strength" had a strong effect on the "not being stiff in the middle of a cut ", followed
by "presence or absence of laser machining" and "thickness".
The relationships revealed thus far are arranged in the form of a table.
Table 7 provides a complete picture of consumer needs for pouches with zippers and the related design
information. The strength of each relationship was rated on a scale of: ◎ (strong relationship), ○ (normal
relationship), and △ (weak relationship). The gray shaded area indicates that the relationship is based on the data,
with the quantitative analysis as shown in Table 6.
3.4 Suggestions on how to Organize Information
The contents of section 3.1 to 3.3 are summarized below to exemplify a method of organizing information for such
studies.
Step 1: Organize consumer needs
Consumer needs for products are identified through interviews. For particularly important needs, a questionnaire
based on the SD method is prepared, and those needs are quantitatively identified through a sample survey.
Step 2: Organize the design information
The design information that is considered relevant to consumer needs is organized into four categories: quality
characteristics, material characteristics, standards, and process factors. We also measured the characteristic
values of the samples used in the questionnaire survey in Step 1.
Step 3: Organize the relationship between consumer needs and design information.
Step 3-1: Visualization of the causal relationships between items
Visualize and organize the relationship between consumer needs and design information.
Step 3-2: Verbalization of the causal relationships between items
Organize the relationships between the items from Step 3-1 by verbalizing them.
Step 3-3: Inserting into a binary table
Create a binary table showing the relationship between consumer needs and design information as a whole.
In describing the strength of the relationship, the questionnaire and the characteristic data obtained in Steps
1 and 2 are used to identify the quantifiable relationships.

4. Discussion
Flexible packaging manufacturers often focus so intensely on the quality, delivery, and cost requirements of their
products, that they fail to adequately consider the needs of consumers. In this study, based on the idea of quality
function deployment, we proposed a method of organizing consumer needs and the design information related to
them, from the four perspectives of quality characteristics, material characteristics, specifications, and process factors.
This method makes it possible to incorporate consumer needs into the design and manufacture of products.
The binary table derived by quality function expansion is a useful tool for organizing the information necessary
for product development. However, the process of creating a binary table is ambiguous, and its reproducibility is
low. Furthermore, it is difficult to interpret the detailed information required for actual product development from
binary table information alone. In this study, the process of visualizing and verbalizing the knowledge accumulated
in engineers' minds was followed to clarify the relationships between the items. This made it possible to clarify
the process of derivation of the binary table and to record detailed information that cannot be expressed in the
binary table.
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5. Conclusions and Future Study
In this study, we proposed a procedure for organizing the information necessary for the development of food
packaging that takes the needs of consumers into account. Future research will include verification of the versatility
of the method through its application to other products.
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Abstract
The Recognition Taguchi (RT) method is proposed for binary data such as pixel data. Similar to the Mahalanobis
Taguchi (MT) method, the RT method creates the unit space, which is the collection of normal data for the data
to be observed, and performs anomaly detection and pattern recognition using the Mahalanobis distance from the
center. In recent years, the application of the RT method to continuous data has been expanding due to the low
computational cost and limited constraints. This study proposes a method of applying the RT method to AdaBoost
weak learners and discusses the following three viewpoints.
(1) The proposed method uses normal and abnormal data as training data. Therefore, the method improves the
discrimination accuracy for learned abnormal data compared to the RT method.
(2) The proposed method applies the RT method to weak learners. Therefore, the method can distinguish
unknown abnormal data that has not been learned, unlike Random Forest and Support Vector Machine (SVM)
that use normal and abnormal data as training data.
(3) This study compares the performance of distances proposed by previous studies that use the RT method
and describes the problems.
Keywords: MT System, RT method, Mahalanobis distance, AdaBoost, Anomaly detection

1. Introduction
Taguchi [7][8] proposed the recognition Taguchi (RT) method for binary data such as pixel data. Similar to
the MT method, it creates the unit space, which is the collection of normal data for the data to be observed ,
and performs anomaly detection and pattern recognition using the Mahalanobis distance from the center.
In recent years, the application of the RT method to continuous data has been expanding owing to the low
computational cost and limited constraints[4][5].
On the other hand, Sekine and Nagata[6] applied AdaBoost to the MT method in a study on the MT method,
which uses only normal data as training data, and they improved the discrimination accuracy by adding abnormal
data as training data. They also confirmed that their proposed method, which used discrimination by the MT method,
could distinguish unknown abnormal data and was different from other machine learning methods.
This study focuses on the analysis of continuous data, and attempts to apply the RT method to AdaBoost weak
learner. Similar to the method proposed by Sekine and Nagata[6], we propose a method that improves the
discrimination accuracy of the RT method and can distinguish unknown abnormal data by adding abnormal data
as training data.
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The remainde of this paper is organized as follows. In section 2, we summarize the RT method. Section 3 explains
the proposed method. In section 4, we analyze the artificial data and evaluate the performance of the proposed
method. We analyze the real data and compare the performance with other methods in Section 5. In Section 6,
we provide a summary of this study and future work in section 6.

2. RT method
2.1 Calculation of RT method
Based on Nagata and Doi [4] and Tatebayashi et al. [10], we demonstrate a procedure to analyze the RT method.
variables
We define the unit space, which is a collection of normal data for the observed data and observe
for
samples belonging to the unit space. The data format in the unit space is shown in Table 2.1. All
are data of the same dimension or nondimensionalized data.

items

Table 2.1. Data format in unit space data, linear equation, and average value

The specific calculation procedure is as follows:
The average is
(2.1)
The effective divider is
(2.2)
is a regression equation that passes through the origin with the
The linear equation is defined as follows:
average value of each item as the explanatory variable.
(2.3)
We calculate

and

for each member of the unit space by using Equations (2.4)–(2.9), as shown below.

is the slope of the regression equation passing through the origin with the average value of each item as the
explanatory variable, and
is the residual standard deviation of that equation.
Total variation:

(2.4)

Variation of the proportion term:

(2.5)
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Error variation:

(2.6)

Error variance:

(2.7)

is defined as follows, and their average value is defined as

.
(2.8)

is defined as follows, and their average value is defined as

.
(2.9)

We calculate the variance–covariance matrix

using Equations (2.10)–(2.13), as shown below.
(2.10)
(2.11)
(2.12)
(2.13)

Based on

, the adjugate matrix

is calculated as follows:
(2.14)

We calculate the Mahalanobis distance

for each member of the unit space using the adjugate matrix

:

(2.15
)
(2.16)
The variance of the distance

from the center of the unit space is:
(2.17)

We calculated the distance
use

for each signal data and unknown data using the same procedure. However, we

, the average value

, and the effective divider

, which are obtained from the unit space.

For example, Tatebayashi et al. [10] set the threshold as 2
and state that when
exceeds the threshold,
the signal data does not belong to the unit space. However, the method of setting the threshold must be examined
for each problem.
2.2 Properties of the distance used in the RT method and their improvement
According to Nagata and Doi [4], when we apply the RT method to continuous data, the distance
defined
by Equation (2.15) takes a large value at the center of the unit space and attains 0 at the point of different positions
from the center. Because of this, we would mistakenly recognize normal data as abnormal. This property in the
RT method is caused by normalizing Equation (2.15) with

, which is not 0, whereas

takes 1 and

takes 0 at the center. Therefore, Nagata and Doi [4] proposed the following improved distance:
(2.18)
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(2.19)
(2.20)
(2.21)
is 0 at the center position of the unit space, and it takes a large value as the
The improvement distance
distance from the center increases.
In addition to the aforementioned improvements, Nagata and Doi [4] proposed the following improvement
distance

considering the difference in the distribution of

and

.
(2.22)

Here, it is assumed that the variance of

, which

is dimensionally distributed, is

times larger

than the variance of
, which is one-dimensional. However, note that all items are assumed to be independent
and evenly distributed.

3. Proposed method
We attempt to apply the RT method to AdaBoost weak learner, similar to the learning algorithm of the method
proposed by Sekine and Nagata [6]. We also propose a method that improves the discrimination accuracy of the
RT method and can distinguish unknown abnormal data by adding abnormal data as training data.
The training data consists of normal data for the unit space and normal and abnormal data for discriminating
in each weak learner. In the following, we describe the normal data used as training data separately from the unit
space and for the discrimination.
3.1 AdaBoost
AdaBoost [1][2], which is typical of boosting, is used by weighting multiple predictors for a two-class
classification problem. Boosting prepares the next predictor to preferentially classify training data that could not
be correctly classified in the already learned predictor, whereas Bagging learns the data by using multiple predictors
independently.
3.2 Learning algorithm
The learning algorithm of the proposed method is as follows.
(1) Translate all training data to non-dimensional numbers by dividing by the standard deviation of each variable
in unit space.
(2) Initialize the weight of the training data used for the discrimination.
(3) Select the classifier with the smallest weighted error rate as the weak learner.
(3-1) Randomly select variables of the training data (sampling without replacement).
(3-2) Create a unit space in each classifier and apply the RT method.
(3-3) Set the threshold for each classifier and perform discrimination.
(3-4) Calculate the weighted error rate of the training data in each classifier.
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(4) Calculate the weight of the weak learner.
(5) Update the weights of the training data used for discrimination.
The test data is discriminated by the weak learners produced by the above algorithm, and the results are combined
to perform comprehensive discrimination. In Algorithm (3-1), we sample without replacement, whereas Sekine and
Nagata [6] sample with replacement.
3.3 Non-dimension data
The RT method does not consider the units of variables at all because the method is designed under the
assumption that all variables are measured in the same units as pixel data. Therefore, when we apply the RT method
to continuous data, it is necessary to translate data to non-dimensional numbers. However, we cannot adopt the
ordinary standardization of the RT method because it makes the average of each variable 0. Hence, we adopt the
method of dividing by the standard deviation (RT-SD method), which Ohkubo and Nagata [5] showed to be a
powerful application method.
(i)th unit space features
and the sample standard deviation vector
of each variable, is as follows:

, which list the standard deviations

(3.1)
(3.2)
Therefore, normal data for the unit space are:
(3.3)
Similarly, training data for the discrimination and test data are translated to non-dimensional numbers using
Equation (3.3).
3.4 Initialize the weights of the data
training data for the discrimination as
, where
,
are features and
Define
a class label, respectively. As mentioned in section 3.1, AdaBoost is designed for a two-class classification problem.
.
Thus, the proposed method is also designed for a two-class problem, and
Initialize the weights of training data as follows.
(3.4)

3.5 Calculation of weak learner weight
The steps of learning Algorithm 3 are repeated for the number of classifiers (parameters). We apply the RT
method using normal data for the unit space and training data for the discrimination. After Algorithm 3 and the
selection of the weak learner, we calculate its weight.
The weight of the weak learner

is
(3.5)

Here,

is as follows.
(3.6)

where

and

are the number of the error discrimination and the number of training data for the
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discrimination, respectively.
3.6 Updating the weights of the training data

Let

After calculating the weights for the weak learners, we update the weights of the training data for discrimination.
be the result of the weak learner
. The update equation is as follows:
(3.7)
where

is a normalization constant, and
(3.8)

3.7 Discrimination of the test data
We discriminate the non-dimensionalized test data in the weak learners produced by the learning algorithm. The
total discrimination value
, which combines the results of each learners, can be defined as follows:
(3.9)
where
respectively.

,

are a function returns “1” if

and “-1” if

, and the number of weak learners,

4. Artificial data analysis
In this section, we evaluate the performance of the proposed method using artificial data. Here, three parameters
are defined: the number of selected variables, the number of weak learners, and the number of classifiers. The number
of the weak learners is set to 20 and the number of classifiers to 300. We also set the threshold in each classifier
to the 95th-percentile point of the distance of the unit space. The number of repetitions of the simulation is 1000.
4.1 Experiment that changes the mean of abnormal data
We compare the RT method and the proposed method when the mean of each variable of abnormal data is
changed by 0.1. Let the simulation data have 30 variables, and let each variable, which is
, of normal
data, have a normal distribution

, independently. On the other hand, let each variable of abnormal data

follow a normal distribution
from 0.1 to 1.0.

. We performed the experiment by changing the parameter

by 0.1

This analysis sets the number of selected variables to 25 and uses
and
as the distance. The
performance of each method was evaluated by the average of the discrimination rate in 1000 simulations. Table
4.1 shows the number of training data and test data in this analysis. We set the data as shown in Table 4.1 to
equalize the number of normal data, which were used as training data in each method. The results are shown in
Table 4.2.
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Table 4.1. The number of training data and test data in each method

Table 4.2. Comparison of the average discrimination rate
D

D#

DC#

c

RT method

0.1

48.99

50.44

51.91

52.33

47.55

50.13

0.2

53.28

54.48

56.34

57.98

47.62

50.90

0.3

58.13

61.37

64.50

66.77

48.29

52.69

0.4

67.53

70.65

73.96

78.42

50.73

56.27

0.5

78.75

81.70

85.69

88.12

55.17

62.03

0.6

88.11

89.41

92.69

92.64

62.56

70.07

0.7

92.62

93.45

95.96

95.65

70.93

78.57

0.8

95.92

95.99

96.75

97.09

78.62

85.18

0.9

96.76

97.24

97.06

97.88

84.80

89.97

1

96.76

97.80

97.06

98.14

90.22

93.45

From Table 4.2, in

Proposed method RT method

Proposed method RT method

Proposed method

, compared with the RT method, the average discrimination rate of the proposed method

is improved especially when the value of

is from 0.3 to 0.5.

On the other hand, when the value of
is 0.1 to 0.2 and 0.6 to 1, the improvement of the proposed method
is small. In the proposed method, the weak learners preferentially learn data that could not be discriminated in
the former learners that have already learned. Therefore, we assume there is no improvement in the discrimination
rate when each weak learner cannot distinguish between normal and abnormal data (average discrimination rate of
the RT method is approximately 50%), or when the discrimination is easy (average discrimination rate of the RT
method is approximately 90% or more).
From this, it is an advantageous to apply the proposed method when it is difficult to distinguish between normal
and abnormal data (the average discrimination rate in the RT method is approximately 60% to 90%). Hence, it
is assumed that the discrimination rate is improved when the value of
is from 0.3 to 0.5.
Compared with the RT method in
the rate is lower than in
RT method in
of

, a major improvement of the proposed method is also observed, but

. It is assumed that the improvement is observed because the performance of the

is low and it is difficult to discriminate. We will examine the cause of the low accuracy

in the next section.

4.2 Consideration of improvement distance
We consider the reason the discrimination accuracy of

proposed by Nagata and Doi [4], which is used

when each variable is independent and evenly distributed, was significantly lower than that of

.

Let the simulation data have 30 variables, and let each variable of normal data have a normal distribution
, independently. On the other hand, let each variable of abnormal data follow a normal distribution
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. We apply the RT method to this data. A total of 200 normal data were used for the unit space, and
100 normal data and 100 abnormal data were used for the test data.
We calculate the squared Euclidean distance

from the mean vector, which lists the mean of each variable

in the unit space, and create scatter diagrams with each square of

and

on the horizontal axis to visualize. According to Nagata and Doi [4],
of the unit space, which is equal to the mean vector.

is 1 and

on the vertical axis and
is 0 at the center position

From the scatter plot in Fig. 4.1, it can be seen that
takes a large value at the center of the unit space
and attains 0 at the point of different positions from the center. This property is an inappropriate property of the
distance
when the RT method is applied to continuous data. On the other hand,
is 0 at the center position
of the unit space and is expected to be large as the distance from the center position increases. We can confirm
the effect of the improvement by Nagata and Doi [4] .
Compared with

,

has less variation, and the improvement effect can be seen. However, there exist
between normal and abnormal data is the same. This shows an adverse

several data in which the distance
effect on the discrimination accuracy.

This study assumes that abnormal data is used as training data. Moreover, in this simulation, since the direction
of the mean vector of abnormal data was set so as to match the normal data, we cannot distinguish abnormal data
from normal data in the direction orthogonal to the mean vector. In other words,
, which is the standard deviation
of the residuals in the regression equation, is a statistic that is not useful for discrimination in the data type simulated
here. Therefore, it is considered that the discrimination accuracy of

, which has greater weight on

, was

lower than those of
and
. Thus, the situation in which the performance of
is low, as shown in Fig.
4.1, might be a restrictive case where the mean vectors of normal and abnormal data match.

Fig. 4.1. Scatter plot of

,

and

5. Actual data analysis
In the actual data analysis, the parameters are set in the same way as in the artificial data analysis in section 4.
5.1 Analysis using Breast Cancer Data
We use breast cancer data [11] and compare the performance by changing the number of selected variables.
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Furthermore, we compare the proposed method, which uses both normal and abnormal data as training data, with
the RT and MT methods. We also compare it with the method that applies Feature Bagging [3] to the RT method,
which uses only normal data as training data. We examine the effect of learning abnormal data and the difference
between Boosting and Bagging.
In this data, the objective variables are labeled as benign or malignant, and the number of variables is 30. The
performance of each method is evaluated by the average of the discrimination rate and its standard deviation in
1000 simulations, and the
and
are used. In each simulation, the number of data points in Table 5.1
is randomly selected and the experiment is performed. The results are shown in Figs. 5.1 and 5.2.
From Fig. 5.1, the proposed method shows a higher discrimination rate than when the MT method, RT method,
and Feature Bagging are applied. From this, it is assumed that there is an effect of adding abnormal data to the
training data. Compared to

and

, the accuracy of

is low in the RT method. It is assumed that the

and
, it is difficult for
to
reason is that the dataset [11] has a correlation. Therefore, compared to
distinguish between normal data and abnormal data, and there is an advantage in applying the proposed method.
Therefore, we can observe the significant improvements.
It can be seen from Figs. 5.1 and 5.2
that the proposed method shows the
highest discrimination rate when the
number of selected variables is 5, and the
standard deviation value is also good. We
presume that the effect of correlation
between variables is reduced and the rate
is improved by selecting variables when
we produce weak learners.

Table 5.1. Number of training data and test data in each method

In addition, when Feature Bagging is
applied, the accuracy of the discrimination
rate decreases, but the accuracy of the
standard deviation is very good. From
this, it can be said that Bagging is suitable
from the viewpoint of stable accuracy improvement.

Fig. 5.1. Comparison of the average discrimination rate in the breast cancer dataset
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Fig. 5.2. Comparison of the standard deviation in the breast cancer dataset

5.2 Performance evaluation using different training data
Takahara and Sakurai [9] evaluated the performance of machine learning with different training data using
KDDCup99 [12], and showed that the detection rate varies depending on the abnormal data to be learned and the
ratio of normal and abnormal data.
We verified whether the proposed method applying the RT method to the weak learners can distinguish abnormal
data different from the learned data. This experiment was conducted to clarify that the proposed method has a
difference from other machine learning. We refer to Takahara and Sakurai [9] for abnormal data used for training
and test data.
We use 34 variables, excluding the discrete values from all 41 variables. We use normal data labeled “normal”
(2000), and six types of attacks labeled as “back” (1000), “ipsweep” (1000), “portsweep” (1000), “satan” (1000),
“teardrop” (900), and “warezclient” (1000). The figure between brackets indicates the sample size, which should
be sampled in a random manner. We used the proposed method, RT method, random forest (RF), and support vector
machine (SVM) in this experiment. In the proposed method, a total of 1000 normal data points for unit space and
1000 normal data for discrimination are used as training data. Similar to Takahara and Sakurai [9], the kernel in
SVM is a polynomial kernel of degree 1. The number of trees in the RF was 500.
The proposed method, RF, and SVM independently learn each pair of normal data and six types of attacks.
We use “normal” (1000) and attacks labeled “neptune” (1000) as test data. The figure between brackets indicates
the sample size to be randomly sampled.
is used as the distance, and the average of the abnormality
discrimination rate in 100 simulations was used as the evaluation index. This is because we preferentially observe
the attack detection rate. The results are presented in Table 5.2. However, the number of selected variables of RF
in Table 5.2 shows the number of features used when the decision tree is produced.
From Table 5.2, RF and SVM cannot discriminate unknown abnormal data depending on the data to be learned.
Thus, Takahara and Sakurai [9] stated that the problem of learning abnormal data is that it becomes difficult to
discriminate unknown abnormal data that have not been learned.
Because the abnormality discrimination rate of the RT method is 100%, there is no merit in applying the proposed
method aimed at improving the accuracy of the RT method. However, the proposed method can discriminate
unknown abnormal data. In addition, the rate does not decrease significantly due to the data to be learned. From
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this, it is assumed that there is an effect of applying the RT method to the weak learner. However, compared with
RF, the results are stable, but the rate is low when the number of selected variables is 10. By reducing the number
of variables in the weak learner, the number that are not selected in the proposed method also increases. In other
words, the rate decreases when another pattern error occurs in the unselected variable. Therefore, the rate decreased
when the variable was 10. Thus, a large reduction of variables reduces the accuracy of discrimination of unknown
abnormal data.
Table 5.2. Abnormality discrimination rate of unknown abnormal data
method
training data
normal
normal/back

The number of selected variables
10
20
30
Proposed
Proposed
Proposed
RF
RF
method
method
method
ー
ー
ー
ー
ー
84.99

0.00

100.00

SVM

RT
method

ー

100.00

RF
ー

0.00

100.00

0.00

0.00

ー

normal/ipsweep

84.95

9.06

100.00

69.01

100.00

93.05 19.30

ー

normal/portsweep

85.00

66.53

100.00

68.56

100.00

72.08 39.94

ー

normal/satan

85.00

99.94

100.00

99.78

100.00

99.72 99.83

ー

normal/teardrop

100.00

0.00

100.00

0.00

100.00

0.00

99.87

ー

normal/warezclient

85.00

7.85

100.00

5.05

100.00

45.25 91.78

ー

6. Conclusions
We improved the accuracy of the RT method by applying the RT method to AdaBoost weak learner and using
both normal and abnormal data as training data. By analyzing real data, we also demonstrated that the proposed
method can discriminate unknown abnormal data. However, it is difficult for the method to discriminate depending
on the number of selected variables in the weak learner, so it is necessary to examine it depending on the situation.
In addition, this study showed a restrictive pattern in which the discrimination accuracy of

deteriorates.

As a future subject, this study randomly selected variables, but the accuracy may be improved by applying the
concept of correlation structure between variables and the importance of variables. Moreover, it is necessary to
examine much better the proposed method performs than that of Sekine and Nagata [6] in terms of discrimination
accuracy and calculation cost in high-dimensional continuous data.
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Abstract
Accelerated life testing (ALT) is widely used for reliability tests for products, materials and systems. In the
usual ALT, the stress levels must be predetermined before testing, however, it is difficult to know which stress
levels are best for the testing before starting tests. The sequential ALT, proposed by Tang and Liu (2010, JQT),
has attracted attentions since, in the sequential procedure, the stress level at n+1th experiment is determined from
the information obtained up to nth experiment and the stress levels thus don’t need to be determined before testing.
Several sequential optimal methods have been proposed, which outperformed the non-sequential optimal methods,
and recently Lee et al.(2018, Technometrics) proposed sequential Bayesian design for ALT, which outperformed
the traditional non-sequential methods and sequential non-Bayesian methods.
In this article, we propose a new sequential Bayesian optimal design of ALT by adopting a notion of
reinforcement learning within the artificial intelligence field. An important characteristic of the proposed method
is the “lookahead” notion, in which the next stress level determined by not only history data but also the information
in the future. We show that the proposed method outperforms the existing sequential Bayesian ALT methods,
based on the well-known composite materials fatigue datasets.
Keywords: Accelerated life test; Bayesian test planning; Sequential design; MCMC; Reinforcement learning

1. Introduction
It would be most certain if we would evaluate the product life over the actual period of use, but it is not practical
to measure such long-term durability of a reliable product. Therefore, it is better to promote degradation of the
product under more stressed conditions than normal use conditions in a test, and predict the product life based on
the data obtained in the test. This test is called accelerated life test (ALT).
The ALT is widely used for reliability tests for products. In the usual ALT, the stress levels must be
predetermined before testing. However, it is difficult to know which stress levels are best before starting tests. The
sequential ALT, proposed by Tang and Liu (2010), has attracted attentions since, in the sequential procedure, the
stress level at n+1th experiment is determined from the information obtained up to nth experiment and the stress
levels thus don’t need to be determined before testing. Several sequential optimal methods have been proposed,
which outperformed the non-sequential optimal methods. Recently Lee et al. (2018) proposed sequential Bayesian
design (SBD) for ALT, which outperformed the traditional non-sequential methods and sequential non-Bayesian
methods.
In the SBD, the n+1th design point is determined by optimizing the Bayesian criterion calculated from the
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only their history data obtained up to nth experiment. This approach uses only the n samples to determine the n+1th
design point, and does not consider information about n+2th, n+3th, … design points.
In this paper, we propose a new sequential Bayesian optimal design of ALT by adopting a notion of reinforcement
learning within the artificial intelligence field. An important characteristic of the proposed method is the
“lookahead”
notion, in which the next stress level determined by not only history data but also the information in the future.
We show
that the proposed method outperforms the existing sequential Bayesian ALT methods, based on the well-known
composite
materials fatigue datasets by Lee et al. (2018).
In this article, we introduce the SBD in Section 2. In Section 3, we propose the new sequential Bayesian optimal
design of ALT by adopting a notion of reinforcement learning within the artificial intelligence field. In Section4,
we evaluate the performance of the proposed method by comparing it with the existing method based on the real
data set. Finally, we conclude this study in Section 5.

2. Sequential Bayesian Design
In this section, we introduce the SBD.
2.1 Fatigue Model
Pascual and Meeker (1999) considered the random fatigue-limit model that modeling the relationship between
the stress and the fatigue life by a log-location-scale family distribution. The cumulative distribution function and
probability density function of a log-location-scale family distribution are defined as

with location and scale parameters

and

, respectively.

In fatigue modeling, using a nonlinear model in Epaarachchi and Clausen (2003), the location parameter
is defined as

where

is the cycle to failure at stress

effect on material fatigue,

parameter

is the effect of the material itself,

is the ratio of the minimum stress to the maximum stress,
first cycle, and

is the environmental

is the frequency of the cyclic stress testing,
is the stress at which the material fails in the

is the minimum angle between the testing direction and the fiber direction of the material.

Furthermore, the function
.
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. Note that

is defined as

if

and

if

, and

2.2. The Asymptotic Variance
The purpose of the accelerated life test is to estimate the th quantile of the lifetime distribution at normal
stress level. However, in practice, the normal stress level is not constant due to the exposure of the polymer material,
and a material is likely to experience various stress levels. Therefore, we consider the ALT planning under a use
stress profile. The use stress profile is expressed by a use levels

and their corresponding relative

.

frequency

denote the observed data, where

Let

,

. Then, by using the delta method, the asymptotic variance of

where
matrix about

, and
in

estimator of

is given by

is the Fisher information

(see for details Lee et al. (2018)).

In addition, the weighted sum of the asymptotic variance of the estimator of
profile is defined as

where

, and

is the

th quantile in the use stress

th quantile of the lifetime distribution at the use stress profile, and

is a Bayesian

.

2.3 Criterion for Sequential Bayesian Designs
Using (5), the criterion for SBD is defined as

where

which is the ratio of maximum stress to the ultimate tensile strength, and
of the candidate design points.

is belong to a planning range

in (6) represents the weighted sum of the asymptotic variance of the estimator of the
th quantile of the lifetime distribution at the use levels.
given

. In addition,

represents the prior distribution of parameter

is the cycles to the failure of unit

0 if the unit fails. Then, the n+1th design point

,

is 1 if the unit is censored and

is given by

3. Proposed Method
In this section, we propose the new sequential Bayesian optimal design of ALT by adopting a notion of
reinforcement learning within the artificial intelligence field.
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3.1 Discounted Cumulative Reward
In the reinforcement learning, the reward refers to the “reward” (immediate reward) obtained immediately after
taking an action. There may be a risk of falling into a local solution if only the immediate reward is used as a
criterion of the action. Taking the best immediate rewards may not lead the optimal solutions in action. Therefore,
it is necessary to consider not only the immediate reward but also the reward obtained afterwards. In the
reinforcement learning, the discounted cumulative reward at time t,

, is defined as

The discounted cumulative reward is basically the sum of future rewards. It can be seen that the farther future
rewards are more discounted, and the closer
are more emphasized.

is to 1 the more the attenuation is small, and the future rewards

3.2 Proposed Method
We apply the discounted cumulative rewards to criterion for SBD to consider the evaluation of the future design
points. Let the criterion for SBD that determine the n+1th design point is

Then, the discounted cumulative reward at nth design point is defined as

where γ is a constant called the discount rate,
before conducting ALT. We set γ to 0.9 in this study.

. γ is a hyper parameter and is needed to determine

3.3 Evaluation of The Proposed Method
In this section, we investigate the performance of the proposed method by comparing it with SBD based on the
fiber data[3]. The fiber data shows 14 observations from fatigue test experiments of the glass fibers. However, in
the test of polymer composite materials such as glass fibers, the size of historical data is usually extremely limited.
Here, it is therefore assumed that only three observations are initially available and we make two subsets, in the same
manner as Lee et al. (2018). The reason for considering two sets of initial observations is that the optimum designs
may depend on the initial observations. The two subsets of three observations are shown in Tables 1 and 2.
Table 1. Data Subset 1 (DS1)

Stress
621
965
690

Cycles
122552
8650
57222

Censored
0
0
0

Table 2. Data Subset 2 (DS2)

Frequency
2
1
2

Stress
621
965
690

Cycles
122552
1717
145926

Censored
0
0
0

Frequency
2
1
2

Inspired by average sizes allocation of sequential Bayesian designs for the DS1 and DS2[3], the candidate design
points of this study are [0.35, 0.40, 0.75].
We consider the configuration in which 3 new design points need to be determined sequentially given the DS1
and DS2. We used the R package “SeqBayesDesign” for the simulations. The design points obtained sequentially
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based on DS1 and DS2 are shown in Figure 1 and Figure 2. In addition, Tables 3 and 4 show the asymptotic
variances and discounted cumulative rewards for each design based on DS1 and DS2.

Figure. 1. The design points based on DS1

Figure 2. The design points based on DS2

Table 3. The values of asymptotic variance and discounted cumulative reward for each design based on DS1

Design
SBD[3]
Proposed

discounted cumulative reward
10.81
9.239

asymptotic variance
2.904
2.372

Table 4. The values of asymptotic variance and discounted cumulative reward for each design based on DS2

Design
SBD[3]
Proposed

discounted cumulative reward
26.55
18.10

asymptotic variance
7.369
2.233

Table 3 shows that the proposed method in DS1 has the smaller weighted sum of the asymptotic variance of
the estimator of the 10 % quantile of the lifetime distribution than the SBD. Similarly, Table 4 shows that the
proposed method in DS2 has the smaller weighted sum of the asymptotic variance of the estimator of the 10 %
quantile of the lifetime distribution than the SBD. Thus, in the fiber data, the proposed method outperformed the
existing sequential Bayesian ALT methods.
The reason why the proposed method outperformed the SBD is that SBD considers only the evaluation of the
next design point, but the proposed method also considers the evaluation of the future design points. In the SBD,
the combinations of samples are limited because they consider the weighted sum of the asymptotic variance of the
estimator of the 10 % quantile of the lifetime distribution at the only next design point. On the other hand, since
the proposed method can consider more sample combinations than SBD, we obtained the better design points that
could not be found by the SBD.

5. Conclusion
In this paper, we have proposed the new sequential Bayesian optimal design by using discounted cumulative
reward of reinforcement learning to consider not only the evaluation of the next design point but also the evaluation
of the future design points. In addition, we have compared the proposed method with the SBD, based on the fiber
data [3], and the proposed method has outperformed the existing SBD.
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As a future work, it is necessary to verify whether the proposed method performs well for other data. In addition,
we need to seek efficient algorithms to evaluate the discounted cumulative rewards in order to reduce the computation
time.
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Abstract
Currently, the automobile aftermarket, which mainly involves parts replacement and repair, is significantly
expanding due to the increase in the number of automobiles in emerging countries. The after-sales service is
responsible for about half of the gross profits in Japanese car dealerships. Therefore, it is important for automobile
companies to not only sell new cars but to also build lasting relationships with customers. Although the existing
research on service quality uses subjective customer assessments to evaluate service quality, the used data in this
study does not contain such data. By comparing the used stores by the customers and the closest stores to them,
we investigated whether there is a difference in the service quality between different stores. Furthermore, we
calculated the “attractiveness” of each store using a Modified Huff model, which captured the store selection
behavior of the consumers as a probabilistic model and performed multiple regression analysis to clarify the factors
contributing to it. The number of people in charge of the reception was found to be the most significant factor
contributing to the “attractiveness” of the service quality, followed by the number of people in charge of the
reception sales.
Keywords: Automobile, Service quality, Customer data, Modified Huff model, Customers distribution

1. Introduction
The number of owned vehicles in Japan has significantly increased since 1966, as shown by the change in the
number of owned vehicles in Figure 1. However, in recent years, the increasing trend is weakening. Moreover,
since the average holding period tends to be longer year by year, the opportunities for purchasing new and used
cars are expected to decrease. Thus, in order for car dealerships to generate profit, it is necessary for them to retain
their existing customers by providing efficient after-sales services rather than by acquiring new customers by selling
new vehicles [1].
The after-sales service refers to the warranty and maintenance works after the sales of products, and it leads
to new customer acquisition, churn rate reduction, and the purchase of related products by improving customer
satisfaction. Currently, not only the automobile industry but also most of the manufacturing industries are accelerating
the trend toward "services". In the past, it was the difference in the product appeal that affected the manufacturing
industries. However, since it is difficult to only consider the product appeal due to globalization and product
commoditization, the importance of after-sales services has increased. Thereby, new general channels such as
second-hand purchase/sales stores, repair shops, and equipment stores have emerged. In order to win the competition
with such aftermarket services and other automobile companies, high quality after-sales services that meet customer
needs have to be provided, which is challenging.

963

The service quality is not only evaluated by automobile companies but also by various manufacturing and service
industries. Just like the quality of goods, the quality of services cannot be numerically measured, as properties such
as the durability, weight, and ability are invisible. Therefore, there are many studies that use constructed
questionnaires based on specific criteria such as SERVQUAL [3] as data for evaluating service quality. Hence, the
existing studies need subjective evaluation by customers. However, it was not possible to use the subjective
evaluation of customers in this study because there were no available questionnaire surveys or analysis data.
Moreover, the service quality evaluation without using this data is not well studied. It takes a great deal of time
and money to conduct a new survey and obtain the subjective evaluation by customers. Therefore, in this study,
we focused on the distance between the customers’ homes and the stores and the differences between the stores.
In addition, we evaluated the service quality using data on the after-sales services of automobile dealerships.

Figure 1. Number of vehicles owned in Japan [2]

2. Analysis data
2.1 Data overview
There are three types of used data in this study: service receipt data, customer data, and vehicle data. The “service
receipt data” is the data about the received after-sales service contents, and it includes the reception number, reception
store, reception date, performed after-sales service contents, and cost. Here a service receipt means that a vehicle
uses one service. The “customer data” is the data about the attributes of the received customer by the reception,
and it includes the reception number, gender, age, customer number. The “vehicle data” is the data about the vehicle
for which the after-sales service is implemented, and it includes the receipt number, vehicle number, initial
registration date, and subscription service content. The survey period was about four and a half years from January
2014 to October 2018. Each data is linked to the reception number. Tables 1, 2 and 3 show examples of each
data.
Table 1. Examples of the service receipt data
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Table 2. Examples of the customer data

Table 3. Examples of the vehicle data

2.2 Data preprocessing
The used data in this study includes unnecessary data items, data items that have many missing values and outliers
that impair the reliability of the analysis results, and data items that do not have information, where most of its
values are the same. Such data was deleted. In addition, the "customer data" includes "individuals" that represent
general customers and "corporations" that represent customers in the name of a corporation. Since this study evaluates
the service quality, it excluded the “corporations” and only targeted the customers who are classified as “individuals”.
In the analysis of this study, the customers’ addresses and the stores’ addresses were required. In the "customer
data", the customers’ addresses were recorded up to the prefecture and city. In addition, the stores receiving the
requests were managed according to the stores’ numbers, as shown in the store list data. In this data, the stores
whose addresses could not be specified or that were already closed were excluded from the analysis target.

3. Analysis method
3.1 Analysis approach
The factors that the customers choose to store include convenience factors, such as the required time to visit
the store, the business hours, store size, and service quality [4]. Therefore, by calculating the distance from the
customer’s address to the store and comparing the distances to the customer’s store, which is the store that the
customer actually used, and the distance to the nearest store, it was confirmed whether there is a difference in
the service quality between the stores.
Furthermore, we calculated the “attractiveness” of the used stores by the customers and analyzed the factors
contributing to the “attractiveness”. Specifically, after calculating the “attractiveness” based on the modified Huff
model, we used the “attractiveness” as the response variable and the variables related to the service quality as
explanatory variables to clarify the factors contributing to the evaluation of the service quality.
3.2 Calculation of the “attractiveness” using the modified Huff model
The customer's store selection behavior was considered as a probabilistic model, and the formula was calculated
using the “retail facility size” as a proxy variable for the “product lineup” and the “travel time” as a proxy variable
for the "opportunity cost required for the shopping behavior" [5]. However, the factors influencing the customer's
store selection were assumed to be at multiple levels, such as the product level, business category/store level, and
individual level. Therefore, the proposed model by Huff was generalized and expressed as a modified Huff model
with the "retail facility size" as the "attractiveness" and the "travel time" as the "resistivity" as follows.
(1)

where

represents the probability that the consumer living at the starting point

facility at the destination

.

will shop at the retail

represents the "attractiveness" of the retail store at the destination

represents the resistance related to the movement from the starting point

to the destination

, and

.
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was defined as the distance
In this study, the resistance
store and it is expressed as follows:

between the customer's residence and the

(2)

where

is the distance resistance parameter, which indicates the dislike degree of moving far to use the store,

was calculated using the Haversine formula. The latitude and longitude of the customer's
and the distance
residence and the store were required for the calculation. Since the customer's address in the “customer data” was
recorded only up to the city, we used the latitude and longitude of the city hall corresponding to each city. The
latitude and longitude of the store could be obtained from the address by using Geocoding. The expressed formula
by the distance
longitudes

between the two points, the sphere radius

, the latitudes

of points 1 and 2, and the

are as follows:
(3)

The modified Huff model is originally a method of predicting the probability that a customer will shop at a
store. However, in this research,

can be expressed as follows:
(4)

where,

is the number of customers who live at the starting point i, and

who use the store of the destination j. Therefore, the “attractiveness”
Equation (2) using

is the number of customers

can be obtained by back-calculating from

.

3.3 GIS display of the customers distribution using the modified Huff model
By displaying the results of the modified Huff model calculations for each mesh on the GIS (Geographic
Information System), it was possible to visually represent the customers distribution. For example, Figure 2 shows
the calculation result of the modified Huff model in a commercial facility in the Chiba Prefecture displayed on
a GIS display. The shade of the color is displayed in gradation based on the maximum ratio in each mesh. This
makes it possible to visually indicate whether the customers living in each mesh are monopolized by a particular
store.

Figure 2. Image of the GIS display of the customers distribution by the modified Huff model, where the shade of the color is displayed
in gradation based on the maximum ratio in each mesh and the orange dots represent stores.
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Table 4. Variable names and descriptions

3.4 Factor analysis of the “attractiveness”
In order to clarify the factors contributing to
the calculated “attractiveness” in 3.3, we
performed multiple regression analysis using the
“attractiveness” as the response variable and the
variable related to the service quality as the
explanatory variable. The names and descriptions
of the explanatory variables are shown in Table
4. The backward stepwise was used for the
variable selection procedure.

4. Analysis results and consideration
4.1 Comparison of the customer’s store and nearest store
Figures 3 and 4 show the histograms of the distance to the customer’s store and of the distance to the nearest
store. Here, for an easier comparison, the horizontal axis is from 0 km to 100 km. The vertical axis of the histogram
shows the number of customers. Customers do not use a specific store, and they may change the customer’s store.
Therefore, here, the number of customers indicates the number of records. From Figure 3, it can be seen that the
histogram is a right-skewed distribution, indicating that the customers use stores that are relatively close to their
homes. In comparison with Figure 4, it can be seen that the distance to the customer’s store is farther than that
to the nearest store.

Figure 3. Histogram of the distance to the customer’s store
(0~100km)

Figure 4. Histogram of the distance to the nearest store
(0~100km)

Here, we investigated the usage trend of the stores by taking the difference between the two distances. Figure
5 is a Pareto chart showing the difference in the distance between the customer’s store and the nearest store. It
can be seen that about 40% of the customers have a difference of 0 km between the customer’s store and the
nearest store. This means that the customer’s store and the nearest store are the same, which means that the store
closest to the residence is used. Therefore, it can be said that there is a difference in the service quality between
the stores, as approximately 60% of the customers do not use the nearest stores to them.
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Figure 5. The difference in the distance between the customer’s
store and the nearest store

In this study, we only analyzed the customers who are using the store in a certain prefecture in the Kanto region.
The reason for choosing that prefecture is that there are many stores in the area, and it was thought that the difference
in the service quality would be largely reflected in the city.
4.2 “Attractiveness” calculation results and multiple regression analysis results
A

part

of

the

calculated

“attractiveness”
from the modified
Huff model is shown in Table 5. Here, the
distance resistance parameter is
Since the obtained result

.
was

and
,
could be
calculated by
found for each starting point i. That is, as
shown in Table 5, the “attractiveness” of
the store was found for each city.
Therefore, the average value for each store
was used as the response variable for the
multiple regression analysis. Figure 6
shows the average “attractiveness” in each
store.

Table 5. Part of the “attractiveness” of each store in each region

The results of the multiple regression
analysis are shown in Table 6. From this
result, the multiple regression equation was

Figure 6. The average “attractiveness” of each store
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(4)
The adjusted determination coefficient was 0.604, which is not very good. In addition, the number of the sales
staff
and the number of the reception staff
were significant. It can be seen from the t-value in Table 6
that the number of reception staff has the most influence on the factor contributing to the “attractiveness”, followed
by the number of the sales staff. The reception staff handles phone calls and accepts reservations for periodic vehicle
inspections, which are required by the Japanese regulations, business negotiation reservations, etc. Therefore, it is
considered that the number of the reception staff will be sufficient for providing smooth service provision to
customers and for enhancing the “attractiveness”. In addition, from this result, it can be considered that the fact
that there are many operating staff members in the store will lead to quick and courteous customer response, thus
gaining customer trust and providing services that can the customer needs, which will increase the “attractiveness”.
Table 6. The results of the multiple regression analysis

4.3 Service quality assessment and validity
The service quality was evaluated by predicting the “attractiveness” from Equation (4). The result of predicting
the “attractiveness” from the multiple regression equation was defined as the “Regression value”, and the result
of calculating the “attractiveness” from the modified Huff model was defined as the “Huff value”. The respective
values are shown in Figure 7. From this figure, when comparing the “Huff value” and the “Regression value”,
it can be seen that the low “attractiveness” was well predicted, but the high “attractiveness” was not.

Figure 7. “Regression value” and “Huff value”

Next, the validity of the evaluation of the service quality was analyzed. Therefore, based on the actual and
predicted values for each mesh of each store, which were obtained from the regression value using the modified
Huff model, the GIS display of the actual distribution of the customers and the predicted distribution of the customers
were divided and compared. Figures 8 to 13 are image diagrams of the GIS displays. First, the actual and expected
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customer distributions in the area, where the stores are dense, are shown in Figures 8 and 9. It can be seen from
Figure 8 that in the areas with the wide store intervals, the customers are attracted around the stores. However,
in the areas with the narrow store intervals, the customers are dispersed and not attracted. This situation could be
expressed by the predicted distribution of the customers in Figure 9, but its overall validity was not high.

Figure 8. Image 1 of the actual distribution of the
customers

Figure 9. Image 1 of the predicted distribution of the
customers

Second, Figures 10 and 11 show the actual and predicted customer distributions in the areas where the stores
are dispersed. It can be seen from Figure 10 that the ability to attract customers around the store is strong and
that it attracts customers over a wide area. This situation was also well represented in the predicted customer
distribution, as shown in Figure 11.

Figure 10. Image 2 of the actual distribution of the
customers

Figure 11. Image 2 of the predicted distribution of
the customers

Finally, Figures 12 and 13 show the actual and predicted distributions of the customers in the areas where there
are no stores. It can be seen from Figure 12 that there are regions that attract customers even in the areas in which
the shops are not nearby. However, such a situation could hardly be expressed by the predicted distribution of the
customers in Figure 13. The differences in the validity depending on the different regions were confirmed in the
results of this analysis.

Figure 12. Image 3 of the actual distribution of the
customers
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Figure 13. Image 3 of the predicted distribution of
the customers

5. Conclusions
We confirmed the difference in the service quality by comparing the distance to the customer’s store and the
distance to the nearest store. It was confirmed that the customers use the stores that are relatively close to their
homes but not necessarily the closest stores. After calculating the “attractiveness” for each store using the modified
Huff model, we analyzed the factors contributing to the “attractiveness” by performing a multiple regression analysis
with the “attractiveness” as the response variable and the variable related to the service quality as the explanatory
variable. As a result, it was found that the “attractiveness” increases as the number of the sales and reception staff
increases.
Based on the above results, it is conceivable that the service quality of the after-sales service of car dealerships
varies from a store to another. In addition, by expanding the operating staff in the stores, it is possible to provide
more quick and flexible services to customers. As a result, the service quality can be improved.
In this study, since the distance between the customer and the store is a direct distance, it is not possible to
consider the transportation convenience. In addition, it is necessary to reexamine the variables to be taken into
account because enhancing the commercial facilities around the store may affect the attraction of customers. It is
also possible to perform a more realistic analysis by randomly setting the address of the customer in the same
city without using the address of the city hall.
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Abstract
American football is a major commercial sport in the United States. There are many complicated situations
in football, and it is considered a sport for which statistical analysis and play prediction are difficult. In the United
States, football analysis has been actively conducted and utilized in actual games. However, in Japan, few teams
have used statistical analysis in actual games. To contribute to the Japanese football industry, we performed several
analyses using statistical methods that enable quantitative interpretation by quantifying and visualizing football.
As a result, this research enabled us to analyze, quantify, and visualize various elements of football. For example,
the expected score value was calculated for each football situation, enabling a quantitative comparison of the
characteristics of each team. In addition, among the prediction methods using machine learning, we could grasp
the information that is compatible with the prediction of football plays that are run and passed, and the information
necessary to construct a highly accurate classification rule.
Keywords: Machine Learning, Sports statistics, American football

1. Introduction
American football is currently one of the most popular sports in the United States, where statistical science is
used to strengthen teams and analyze games in many sports. Football is a sport whose analysis is progressing in
the United States, and statistical research is being conducted on the prediction of player strength and state transitions.
However, there are few statistical studies on American football in Japan. Today's Japanese football coaches make
qualitative decisions because there is no quantitative index. In recent years, attention has been focused on football
in Japan, and it is thought that presenting statistical results will lead to the development of Japanese football in
terms of play and fairness in evaluation.
This study quantitatively analyzes football using a statistical method to digitize and visualize the interpretation.
The purpose of this study is to contribute to the Japanese Football Association by presenting the findings obtained
by the analysis that lead to play predictions that greatly affect winning or losing.
The data are from the 28 games of the top eight teams in the Eastern University Football League in 2015 and
were extracted with the cooperation of Waseda University. This league is the highest league of the eastern
universities. A total of eight teams join this league in a round robin game, and the ranking is determined based
on the number of wins, losses, and goal differences. In 2015, Waseda University and Nihon University ranked first,
Hosei University and Keio University ranked third, followed by Meiji University, Chuo University, Nippon Sport
Science University, and Senshu University[5].
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The remainder of this paper is organized as follows. In section 2, we explain the basic rules needed for the
discussion of American football and the necessity of its analysis. In section 3, we calculate the expected score based
on baseball research. Section 4 predicts actual play, and we consider the importance of football in predicting play.
Finally, section 5 summarizes the conclusions of this study and proposes future work.

2. American Football
2.1. Rules of Football
In Japan, football often means soccer, but overseas, it is the name used for American football. For this reason,
American football is hereinafter referred to as football.
Football is a position-acquiring sport, and points can be scored by advancing the ball to the edge of the field.
In addition, this is a sport in which a whistle is blown for each play, and play is interrupted each time. Therefore,
football has a different characteristic from other sports, such as soccer and rugby, in which time flows continuously.
The total length of the field is 100 yards, and both teams score points while changing offense and defense. There
are two ways to score points. First, the attacking team carries the ball to the edge of the opposing team’s base
to obtain six points. Second, the attacking team kicks the ball to the goal post of the opposing team’s base to
obtain three points. If six points can be scored, two additional choices are available. The first choice is an additional
kick to obtain one point, or to carry the ball again to the edge of the opposing team’s base to obtain two points.
The attacking team has four attack chances. If the attacker can advance 10 yards in four attacks, four new attack
chances can be obtained. There are three types of attack play. The first choice is run play, which the runner holds
the ball and advances the position. The second is pass play, which the quarterback throws the ball and receiver
catches it. The third is kick play, which alternates between offense and defense. Kick play is often selected as
the fourth attack. If the kicker can reach the goal post, they attempt to score. Otherwise, the kicker makes a punt
kick and recovers their base position.
2.2. Necessity of Football Prediction and Quantification
During the game, there are many situations in which the coach must make an important decision, which changes
the game result. Considering many factors, such as the abilities of the opponent players, past game trends, and
current game situations, coaches and players must make better choices in a short time to anticipate their opponent's
next move and respond accordingly.
In the United States, many football teams record the opponent's game and player data during the game and
analyze it after the game. However, most Japanese football teams do not have data records, and coaches often make
decisions that not make sense. Because of the complexities of changing situations during the game, it is almost
impossible for a single person to consider all information to make a decision.
To make appropriate judgments for winning, it is necessary to convert the data so that we can quantitatively
and visually interpret it. This will provide a unified interpretation in the team, and will enable understanding of
the factors that may help predict the play.

3. Expected Score Value to Determine Play Value
In baseball score distribution is calculated using data and analysis [6]. If the score distribution is calculated using
all team data in a specific league, the score tendency in the entire league can be determined. In other words, when
the score distribution is calculated by one team’s data, the score value of the team can be determined. Thus, the
analysis of scores using data is useful for the quantitative interpretation of baseball.
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In contrast, football is a discontinuous sport so it is possible to calculate the expected score in the same way
as baseball. In football, an index that can quantitatively grasp the value that is expected of play is important
information related to making decisions. This study attempts to statistically grasp the play value by calculating the
expected score based on the data and comparing each team’s results.
3.1. Expected Score in Baseball
According to the 1.02 Essence of Baseball [1], the expected score is a statistically quantified number of points
expected to be averaged from the specific situation to the end of the inning. In baseball, there are 28 states based
on the number of outs and runners. The sum of the expected score values calculated by all these states is generally
called the expected score table. This table can be used to know how much a specific play would increase or decrease
score expectations.
3.2. Calculation of Expected Score in Football
We attempted to calculate the expected score in the same way as baseball. The state classification is set as
follows.
1. The yard to the line that awarded a new set of four downs
・Less than 5yd ・5yd or more

2. Down
・1st ・2nd ・3rd ・4th

3. The yard position to attack
・Own Side (50yd or less)
・Opponent base less than 25 yd (more than 50yd and less than 75yd)

We call this the “Opponent Base”.
・Opponent base more than 25yd (75yd or more)

We call this “In front of the Goal”
Next, the reason for the above definition is describing. All attack team want to closs the line that awarded a
new set of four downs, so if the line is far away, the attacker tends to select a pass play, and if the line is close
to it, they tend to select a reliable run play. However, strong play and weak play are different for each team, which
is why we include the distance to the line that awarded a new set of four downs to items.
The play selection differs significantly depending on the
number of remaining attacks. For example, if the first attack
fails, there are still three chances to attack, so you can choose
to play freely. In contrast, the third attack is very likely that
a pass will be selected when the distance to the line that
awarded a new set of four downs is long.
Attack positions were divided into three states, each of
which has its own characteristics. Figure 3.1 shows the bases
and status classification.

Figure 3.1: Bases and status classification

In addition, even after entering the opponent base, 25
yards will be the boundary between the kick reaching and not reaching, hence, we assumed that the tendency of
play could also be observed here.
Based on the above state definition, the expected score is calculated. The calculation method is as follows.
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Step1: In each series that mean the unity until the change of offense and defense,
we recorded the resulting score for each play.
Step2: Divide the play according to the state definition above.
Step3: Calculate the average from the recorded scores for each state.
3.3. Comparing Teams Using Expected Score
According to the calculation method in section 3.2, we calculate the expected scores of the top two and lower
two teams, and compare them to observe the difference between the four teams. We then consider whether it is
useful for football team analysis.
The analysis data used 442 plays of University 1 (Rank 1st), and 527 plays of University 2 (Rank 1st), and
398 plays of University 3 (Rank 7th), and 416 plays of University 4 (Rank 8th) in the 2015 Fall Games. Tables
3.1 to 3.8 show the expected score tables of each university. Figures 3.2 and 3.3 show the average of the expected
score divided by the down counts.

Table 3.1: Expected score of University 1（DIST<5）

Table 3.2: Expected score of University 2（DIST<5）

Table 3.3: Expected score of University 3（DIST<5）

Table 3.4: Expected score of University 4（DIST<5）

Table 3.5: Expected score of University 1（DIST>=5）

Table 3.6: Expected score of University 2（DIST>=5）

1down
2down
3down
4down
Table 3.7: Expected score of University 3（DIST>=5）

<=50
3.5
3.2
2.8
NaN

50<75
3.7
3.4
2.8
3.5

75<=
5.5
4.8
4.5
0.0

Table 3.8: Expected score of University 4（DIST>=5）
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Figure 3.2: Expected score of each university（DIST<5）

Figure 3.3: Expected score of each university（DIST>=5）

Figures 3.2 and 3.3 show that there is a large difference in the expected score for each state between the top
two teams and the bottom two teams. However, there was no significant difference between the results of the lower
team (University 3) and the higher team (University 1). Based on these results, we suggest that the reason why
there was no difference in this analysis is due to the weakness the team’s defense at University 3, and in fact,
University 1 may have a stronger offense. Tables 3.9 and 3.10 show the results of the analysis of basic data on
defense for the two teams.
Table 3.9: Data of Acquired Run

Table 3.10: Data of Acquired Pass

As can be seen from the results in Tables 3.9 and 3.10, University 1’s defense exceeded that of University
3 in most of the items. This expected score value was found to focused on offense and it should be noted that
it is not always tied to overall strength. However, in terms of offense only, we can assume that it is the same
for both universities. University 1 showed strengths that allowed it to proceed stably on the own side and also
showed weaknesses in front of the goal, compared to the lower teams.
From the above consideration, it was found that the expected value of the score enables the quantitative
interpretation of the information about the team’s attack. In addition, since each team appears to be in a strong
position in each situation, we assume the necessary specific information is available for predicting play. Based on
this hypothesis, we attempt to predict play using actual data.

4. Offense Play Prediction
For predicting the number of wins in a college football league, Leung and Joseph [2] proposed a method with
high accuracy in predicting the number of wins by changing various rating formulas. They then compared the
accuracy of the prediction by machine learning with the accuracy of the proposed method, and revealed that the
proposed method was significantly superior. However, it does not predict the opposing team’s next play.
In the offensive side of football, there are three types of choices.
is limited, and what one really wants to predict in the actual game is
a pass. Therefore, the result is either a run or a pass. We assumed
classification prediction method of machine learning, and attempted to

The situation in which a kick is selected
whether the opponent's choice is a run or
that it can be predicted using the binary
discriminate by applying it to actual data.

4.1. Experiment Method
The data used are all 1126 offensive plays of the top eight teams of the Eastern University 2015 Autumn Games.
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The target of prediction is run or pass, and all kick plays are excluded.
We use two types of the discrimination methods. A support vector machine [3] is used as a typical method
for class determination based on the positive or negative value of the discriminant function value or the maximum
value. Random forest [3] is used as a typical method to determine the class in the form of a decision tree by
sequentially applying the following identification rules according to the authenticity of the identification rules.
The hyperparameters were tuned when constructing the identification rules. The hyperparameters for each adjusted
R are reported in Table 4.1. The discriminant rate is calculated by the five-division cross-validation method, with
the learning data being 96% of the total, and the test data is 4% of the total.
Table 4.1: Hyperparameters

cost
gamma
mtry

Support vector machine
Random forest

Percentage of misclassification
Identification boundary determination
Number of features used to create decision tree

Among the 19 variables that were recorded by Waseda University, six variables that are considered to be relevant
to the prediction without missing values are used herein. The target variable is Result, which is a binary value
of run and pass. We chose explanatory variables that would be helpful for prediction. The explanatory variable
items used are shown in Table 4.2.
Table 4.2: Items of explanatory variable used

DIST：Distance to the line awarded a new set of four downs
DN：Number of Downs
YARD.LN：Yards to attack
HASH：Left and right attack position
QTR：Quarter
4.2. Additional Explanatory Variables
In football, we try to predict the opponent's play
by looking at the types of offense. For example, if
many players known as receivers, who are good at
passing catches appear in the field, it is highly
likely that the defensive coaches or players will
consider pass play. Boronico and Newbert [4]
showed that the probability of scoring changes
depending on the combination of defense type and
attack type. The attack types in this study were
mainly divided into the outside run and the inside
run in run play, and there are some types of offense
formations that make it easier to run either inside
or outside.
Based on the above, we assume that the
attacking formation is information that helps predict
play and attempt to add it to the explanatory
variables. There are 6 offense formations. Each
Figure 4.1: Offense formation types
type is shown in Figure 4.1; the shaded players are
mainly those who are good at pass catching. In addition, QB is the player who throws the ball, WR is the player
who receives the ball, RB runs with the ball, TE is the player who blocks in the run play, and receives the ball
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in the pass play. Each formation type has its own characteristics. For example, type 1 and 2 have two RBs, which
makes it easy to perform run play, and other types have a large number of WR and TE, which makes it easy
to pass.
In addition, by considering the score difference, it is assumed that the probability that the coach’s selection of
run play or pass play will change depending on the situation. However, some teams are good at passing and some
are good at running. For example, a player of teams is
Table 4.3: The number of play and selection rate of each
tall and runs very fast, and so on. Therefore, we assume
university in the 2015 Spring Game
that the play selection tendency can be determined by
calculating each selection rate from the preliminary data
of the team over the season.
From the above, we assume the overall play selection
rate can be used to help to predict play, and add it to the
explanatory variables. The 2015 Spring Games where the
characteristics of the team do not change are used as the
preliminary data. Table 4.3 shows the number of play and
selection rate of each university from that data. The pass
success rate of this result is added to the explanatory
variables of each university for prediction.
These two elements, the attack type (OFF.FORM) and the path selection rate (per), are added to the explanatory
variables, and the prediction is performed again.
4.3. Results and Considerations
Figure 4.2 shows the accuracy of the discrimination
results for the five explanatory variables and after adding
two more explanatory variables (7 explanatory variables).
Tables 4.4 and 4.5 are discrimination tables after adding.
Figure 4.3 shows the importance of variables related to
prediction when a random forest is used, and Table 4.6
shows the five selected hyperparameters when the
cross-validation method is used.

Figure 4.2: Accuracy of explanatory variables

Table 4.4: Discrimination tables of SVM (7 variables)
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Table 4.5: Discrimination tables of RF (7 variables)

Table 4.6: Hyperparameters of two methods
YARD.LN

per

OFF.FORM

DIST

QTR

DN

HASH

0

20

40

60

80

100

120

Figure 4.3: Importance of variables

As shown in Figure 4.2, the accuracy improved by approximately 10% due to the addition of variables, and
the accuracy of SVM exceeded that of RF. From these results, we assume that the two additional variables are
important information for prediction.
From Figure 4.3, it can be seen that the attack position (YARD.LN) is the most important variable for prediction.
Furthermore, the variable importance of the attack formation (OFF.FORM) and the path ratio (per) are high, and
it was quantitatively shown that these two additional variables are important variables for prediction.
4.4. Difficulty of Predicting Plays in Football
Although the accuracy was significantly improved by the
additional variables, we argue that accuracy of at least 70% is
required to make predictions in the match. The reason the
accuracy does not increase is that the difficulty of prediction is
completely different depending on the situation. For example, if
a team is winning and the match is almost over, it is almost
certain that the opponent’s attack will choose a pass play that can
gain a long distance and stop times. In addition, when the
distance to the line that awarded a new set of four downs is long
during the third attack, the selectivity of the pass play becomes
very high.

Figure 4.4: Accuracy for each down

We verified this hypothesis as follows. The data and the
situation definition follow the settings outlined herein, and the verification is performed by dividing the data
according to the number of downs and comparing the accuracy of the predictions by each random forest. Figure
4.4 shows the accuracy for each down.
From Figure 4.4, it was found that the difficulty level of discrimination differs depending on the number of
downs. In particular, the accuracy of the first and third discriminations was high. The reason is that the third down
is usually chosen pass, and the first down is usually chosen run. The fourth down has the lowest discrimination
rate, but it is not very accurate because the number of plays is small. However, the fourth down is the last chance
to play and it is difficult to decide the play because the choice can be made based on the opponent's defense type.
From this consideration, one of the major causes of low play prediction accuracy was found to be the difficulty
of discrimination according to the down.
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5. Conclusion and Future Studies
5.1. Conclusion
From this research, we were able to quantify and visualize various elements of football.
In section 3, starting from an investigation of expected scores for baseball, the characteristics of each team in
each situation were quantitatively clarified and enabled comparison with other universities by calculating expected
scores for football. In addition, it was possible to compare the value of play according to the situation of each
university by calculating the expected score table. This table can be calculated if the game data of each team can
be collected for about 10 games. Therefore, dividing the data according to purpose can make various considerations.
In section 4, we were able to understand the methods that are compatible with the prediction of football runs
and passes, and the information necessary for constructing highly accurate discrimination rules. Moreover, we
quantitatively showed that the difficulty of prediction depends on the football down.
5.2. Future Studies
This study focused on Japanese universities, but it is necessary to confirm whether the findings of this study
are applicable to other Japanese teams and overseas teams. In addition, in order to be applicable in actual games,
it is necessary to determine important information in football prediction and improve the prediction accuracy. The
analysis of section 4 showed that there was a large difference in prediction accuracy depending on the football
down, so the prediction accuracy may be improved by considering a prediction method for each situation.
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Abstract
When multiple objects being compared in fields such as quality management, the measurement and evaluation
of individual objects are performed. When objects cannot be measured directly, paired comparison methods are
commonly used to evaluate them. In such methods, usually all combinations are typically compared as a complete
design. However, when we use this method in practice, an incomplete design may have to be used in many cases
due to the problem of expense and the time required. Therefore, we need to design the experiment to reflect
accurate evaluation even under incomplete design. The structure of a tournament system is considered to be an
experimental design for paired comparison. In this paper, we proposed improved experimental design using a
Swiss-system tournament to evaluate adaptively paired comparison experiments. Draw results are investigated as
well as wins and losses. The margin where draws results are caused is defined. For the probability of draw results
depend on competitions, we will evaluate swiss-system tournaments when draw results for each range occur and
they do not by changing that margin. Moreover, we clarified the effective features under various simulation
conditions.
Keywords Paired comparison, Incomplete design, draw results, Swiss-system tournament

1. Introduction
Competitions are implemented in various game formats and ranked according to characteristics such as the time
required to finish a game and the number of participants, and so on. Competitions can be broadly divided into
two categories: those such as swimming and golf that have objective indicators such as time and scores, and those
such as tennis and chess in which the players meet one-on-one.
Since we can compare players’ performances directly, the former competitions can be ranked easily. By contrast,
for the latter competitions, although it is possible to judge one-on-one superiority, it is not easy to rank all players
as a whole because the result is relative. Various tournament systems have been proposed to rank participants.
However, it is difficult to determine how to define a good tournament and how to evaluate those tournament systems
(Suzuki et al., 2010).
There are various types competitions which takes on a partner directly and decides the winner, and among them,
they can be classified into several categories according to the content of the competition. Such categorization depends
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upon competition and tournament system, but how draw results are handled varies from competition to competition.
One purposes of tournament systems is to provide an appropriate ranking according to players’ match results.
It is also desirable for a tournament is to be fair to all participants and is to be implemented in such a way that
reflects players’ abilities. Participants as a whole can be ranked by applying paired comparison methods through
multiple one-on-one match-ups. There are complete designs that implement all pairwise combinations and incomplete
designs that implement only some combinations. In this paper, we focus on incompletely designed tournament
systems that can be applied adaptively to multi-round tournaments. Then, we target Swiss-style tournaments used
in competitions such as chess and Othello, and simulate, reproduce and verify Swiss-system tournaments with
consideration of draw results in the competition.

2. Swiss-system tournament
2.1

Tournament systems

A tournament system is a method of determining the pairing of matches in order to rank participants according
to the results of the players’ performances. There are various tournament systems, such as Round-Robin tournaments
which all players play against all and Knockout tournaments and Swiss-system tournaments as incomplete designs.
This study focuses on Swiss-system tournaments. Swiss-system tournaments were originally proposed for chess
competitions held in Switzerland. One of their merits is that all participants can be evaluated, even if only a few
matches are conducted.
2.2

Characteristics of a Swiss-system tournament

In a Swiss-system tournament regulated by the Fédération Internationale des Échecs: International Chess
Federation (FIDE), groups are formed after the results for each match are determined, with each group consisting
of players with the same score. Then, an arbiter determines the next match opponents. There are three major
characteristics of Swiss-system tournaments.
I. The number of rounds to be played is declared in advance.
II. A player is generally paired with another player of the same score.
III. Two players do not play against each other more than once.
Figure 1 shows a schematic drawing of a Swiss-system tournament, which groups the participants according
to the match results. Draw results are set to 0.5 wins in this research.

Figure 1: Schematic drawing of a Swiss-system tournament with sixteen players
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2.3

Pairing systems

A pairing system is a procedure for organizing matches in a Swiss-system tournament. In such a tournament,
a group of players with the same score is called a Scoregroup, and players are arranged by rating in descending
order within each Scoregroup. Pairing is performed in each Scoregroup, and the manner of rating is described in
detail in Section 3.
To create a pairing, each Scoregroup is typically divided into two subgroups, S1 and S2. S1 contains the upper
half of the Scoregroup, whereas S2 contains the remaining players.
The pairing method adopted by FIDE is called Slide pairing, as shown on the left-hand side of Fig. 2. First,
we divide the players into S1 and S2, and then, the S1 players are tentatively paired with the S2 players: the first
from S1 is paired with the first from S2, the second from S1 with the second from S2, and so on. Fold pairing
is the system Nozaki et al. (2007) proposed. Nozaki grasped the feature of Slide pairing, pointed out that order
bills in S1and S2 boundary are the case that we don't go well and a system disadvantageous to a player of dominance
and proposed a pairing standard as Fold pairing like the right side of Figure. 2. Accordingly, they proposed a pairing
method called Fold pairing, as shown on the right-hand side of Fig. 2.

Figure 2: Pairing systems in a Scoregroup

2.4

Tie-break systems

In Swiss-system tournaments, the final ranking is often determined by the number of wins, but such a system
results in a situation where several players are of the same rank. In such a case, the final ranking is determined
using a tie-break to differentiate among players with the same score. In this paper, we compare four tie-breaks―the
Solkoff, Sonneborn–Berger (SB), performance rating (PR), and progressive score (Progressive)―to determine the
effectiveness of each. Solkoff is the sum of the scores of all opponents of a player; a large Solkoff value indicates
that a player competed against the opponent at the top of the tournament. SB is the sum of the scores of the
opponents that a player has defeated; if a player loses to an opponent, SB is not computed. A large SB value
indicates that a player has competed against a strong opponent and won. PR is a numerical representation of a
player’s performance in one tournament, given by:
(1)
where

is the average rating of the opponents, W is the number of wins, L is the number of losses, and

N is the number of matches played. When used as a tie-break, PR is simply a comparison of
values, since
the numbers of wins and losses are the same. The Progressive value is the sum of the cumulative scores calculated
in each round. a large Progressive value indicates that there must have been a large number of wins in the early
rounds.
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3. Tournament evaluation method
3.1

Concerning A good tournament

Thera are the various purposes which is to do the combination fairy and is to get upset easy in a good tournament.
But it is difficult what to make the tournament we may have. It is done with a good tournament to be able to
thrust at an appropriate order rank according to player's performance in this paper.
3.2

Model of players’ strength

A rating system evaluates and quantifies players’ strengths. The Elo rating system (Elo, 1978) incorporates
statistical concepts and assumes that a player’s strength is expressed numerically and obeys a normal distribution.
This means that a player’s strength in each match is considered in terms of the dispersion of the standard deviation
from the mean, which expresses the player’s true strength. A player’s expected winning percentage can be calculated
using the differences in their ratings. Let 𝐷 be the rating difference with one’s opponent, which is expressed as
(2)
Let

be the winning ratio to the opponent and

be the draw results ratio to the opponent, and

the losing ratio to the opponent, with σ = 200. The value of
Then, the player’s expected winning percentage is

be

is the margin where draws results are caused.

(3)

(4)

(5)

Figures 3, 4, and 5 show the expectation of victory when

Figure 3: Expectation of victory
when is 0

3.3

are 0 and 100, 200, respectively.

Figure 4: Expectation of victory
when is 100

Figure 5: Expectation of victory
when is 200

Rank evaluation

Players have intrinsic true strengths, but the strength of their actual performances can differ as a result of external
factors, such as mental condition, venue atmosphere, and weather. In this paper, the strength that a player shows
in one match is called the player’s performance. In a tournament, the strength exerted by player
is denoted by
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:

in match

,
where

is the true strength of player

the normal distribution

and

(6)

is the dispersion from each match. Value of

follows

independently of the Elo rating system.

In this paper, a result of the tournament makes the possible average asked every tournament from make every
1 game "the order by the make" and thinks it's a good tournament that the order is put on this order street. A
tournament is estimated by an evaluation method such as Spearman’s rank correlation coefficient using this order.
Mendonca et al. (2000) evaluated tournament systems based on the strengths of the players, with the true rank
of player strength being determined from the winning percentage of the Bradley-Terry probability model. In this
paper, we use the average performance from the result of each match in the tournament to “rank by performance”,
and classify the tournament result as “good” according to this ranking. Spearman’s rank-correlation coefficient is
an index of correlation obtained from two rankings as follows:
(7)
where

is the tournament-result ranking of player

,

is the ranking by the performance of player

,

and
is the number of matches. Using this index, we evaluate the final ranking determined by the tournament
and the ranking by performance. Since 1,000 iterative simulations are executed, evaluation is based on the average
Spearman rank-correlation coefficient out of 1,000.
3.4

Simulation conditions

Players with the same number of wins when participants are ranked determine the optimal tie-break for each
Scoregroup; but even when these tie-breaks are used, players of the same rank might still appear. As a measure
to prevent such situations, we use PR as the second tie-break. PR is used because it rarely becomes equivalent
for multiple players. Thus, the final rank is believed to be determinable without a tie.
When evaluating a tournament, it is necessary to consider not only the strengths of the individual players, but
also the distribution of the strengths of all participants in the tournament. In this paper, four distributions―namely
normal, uniform, upper triangular, and lower triangular―are considered. The sample average and standard deviation
of the distribution are set to 1,500 and 200, respectively.
The expected draw rate can make them fluctuate by changing the margin at which draw results occur. The width
α, which causes a draw, is set to 0, 50 ,100, 150, and 200 and it's simulated by this research because tendency
to it happen with which it's is also different depending on plays. When α is 0, draw results do not occur.
Let the number of participants be 64 and the number of rounds to be played be four, five, and six. Since two
types of pairings―slide pairings and fold pairings―are used together with the normal Swiss system, two
combinations of pairing systems and Swiss-system tournaments are implemented, with 1,000 repetitions for each
simulation.

4. Results and discussion
4.1

The probability of draw results by round

The probability of draw results in each round according to the pairing standard is indicated in Table 1 according
to the pairing standard. This is as a result of the time when the population was assumed normal distribution. However,
the probability of draw results can be converted into the percentage of draw results out of 1,000 games of simulation.
Going down Table 1, the probability of draw results increases. When this is increasing, I can think the rating
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difference is to tend to take on short players recently. I can think players of Fold pairing tends to take on the
players with the lower rating difference because players of Fold pairing ties, and the rate is bigger than Slide pairing.

Table 1: The probability of draw results for each round according to the pairing standard

4.2

Deciding the most suitable number of rounds

The changes in Spearman’s rank-correlation
coefficient acooding to the number of rounds and
the margin of draws is indicated in Table 2;
however, these results assume that the Solkoff
tie-brake was used and that the population was
normally distributed. The standard deviation in
the case is indicated in Table3.
From Table 2, Spearman’s rank-correlation
coefficient increases with increasing number of
rounds. Every round was the tournament for
which it's better to do the margin where draw
results are caused and results are considered big.
Fold pairing was preferred over Slide pairing for
every round of this tournament.

Table 2: Spearman’s rank-correlation coefficient by each round

From Table 3, when estimating the standard
deviation of the mean Spearman rank-correlation
coefficient for each round, a standard deviation
was loose by 4 rounds of Slide pairing. The
following two points should be considered in
Table 3: Standard deviation by round
determining whether a tournament is “good”.
First, the tournament should depend on the
tie-break, not the number players who win, because the number of rounds is small. Second, when the margin of
draw results is large, players with higher and lower ratings can draw, causing an upset. When the standard deviation
fluctuates, the number of rounds can be considered small. A standard deviation is 5 or 6 rounds of Slide pairing
small by making the margin where draw results are caused big by Slide pairing. A similar effect also occurs using
other tie-break standards.
4.3

Deciding the preferred tie-break

Changes in Spearman’s rank-correlation coefficient according to the tie-break standard and the margin of draw
results are shown in Figs. 6 and 7, assuming that the population is normally distributed and that the number of
rounds is 6. The standard deviations are indicated in Figs. 8 and 9.
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Figure 6: Spearman’s rank-correlation coefficient under Slide
pairing

Figure 7: Spearman’s rank-correlation coefficient under Fold
pairing

Progressive tie-breaking offered a width greater than that in Figs. 5 and 6, which the margin where draw results
are caused for a mean of Spearman’s rank correlation coefficient according to the tie-break standard. When the
margin of draw results becomes large, the mean Spearman rank-correlation coefficient also increases in the
tournament in which fold pairing is favored over slide pairing. Here, Progressive, Solkoff, SB, and PR tie-breaks
are preferred in turn, regardless of the margin of the draw results are caused by Fold pairing more than figure
6.
Which price does Progressive also show that a standard deviation is smallest Fold pairing and Slide pairing
for figure 7, 8. The standard deviation for fold pairing is smaller than that for slide pairing. A standard deviation
is loose by Slide pairing, but for Slide pairing to tend to be affected, when a higher-rating player is easier for
lower- rating player to take on than Fold pairing, and for a medium player in the district to tend to take on a
medium player, an upset has occurred, a reason can think a standard deviation fluctuates by Slide pairing. Progressive
is also the most suitable tie-break standard using the other distribution.

Figure 8: Standard deviation Slide pairing

Figure 9: Standard deviation for Fold pairing

5. Conclusions
In this paper, we simulated and evaluated Swiss-system tournaments to determine the ideal settings . We focused
on how draw results are considered in Swiss-system tournaments and decided the most suitable tie-break standard,
pairing standard, and number of rounds.
We determined the results and conditions for a good tournament in the case when ties do not happen. First,
a pairing standard will increase the number of rounds regardless of draw results and is the tournament which should
use Fold pairing and use PR for the 2nd tiebreaker standard using Progressive in a tiebreaker standard. Draw results
are various by the margin where draw results are caused and a change distributed about the occasion which occurs
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and the difference when not getting up. When every distribution is unrelated and we compare α values of 50 and
200, α = 200 will be preferred and also result in a small standard deviation.
The probability of draw results was defined in advance of the simulation; but when draw results occurs in actual
play, it is not clear what is raised by the cause up whether the condition depends on the one chosen as the rating
difference or a play. Therefore, draw results are to change the condition to get up and use several methods, and
it is simulated. And how to stick several victory or defeat is assumed, it is predicted by a simulation and the
difference in the method facts is considered.
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Abstract
Exponentially weighted moving average (EWMA) multivariate control charts are used when small changes occur
continuously, and are applied to quality control and medical fields. There has been an abundance of research on
EWMA multivariate control charts, including a control chart based on the likelihood ratio using exponential
weighted moving average estimators, proposed to detect changes in both the mean vector and the
variance-covariance matrix. This control chart can detect practically all types of shifts in the process. Contrarily,
when applying EWMA multivariate control charts to multivariate statistical process control, some elements of the
controlled parameters change in many casses. Subsequently, multivariate control charts using Lasso have been
proposed, assuming that only a few variables change. In this study, we propose a novel likelihood-ratio-based
multivariate EWMA control chart using Lasso, assuming that only a few elements of the mean vector and the
variance-covariance matrix change. By applying Lasso, the accuracy of change detection is improved, as well as
the ease of interpretation by identifying the variables that affect the change. Finally, we evaluate the performance
of the proposed control chart in terms of interpretability and change detection accuracy, using both real data analysis
and Monte Carlo simulations.
Keywords: Average run length, likelihood ratio test, L1 penalty function, multivariate control chart, statistical process control

1. Introduction
Exponentially weighted moving average (EWMA) multivariate control charts are used when small changes occur
continuously. Many applications of EWMA multivariate control charts have been applied to various fields such as
quality control and the healthcare sector [8] [11]. In the case of multivariate control charts, Hotelling’ s
[4]
control chart for detecting changes in the mean vector was originally used. However, the control chart does not
always detect small changes, so research regarding multivariate EWMA control charts to constantly detect small
changes, has become popular. For example, Lowly et al. [6] proposed a multivariate EWMA (MEWMA) control
chart for detecting changes in the mean vector, and Hawkins; Maboudou-Tchao [3] proposed a multivariate
exponentially weighted moving covariance matrix (MEWMC) control chart for detecting changes in the
variance-covariance matrix. Additionally, to identify changes in both the mean vector and the variance-covariance
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matrix, Zhang et al. [12] proposed a control chart based on the likelihood ratio, using exponential weighted moving
average estimators of the mean vector and covariance matrix, termed the ELR control chart.
Conversely, when applying EWMA multivariate control charts to multivariate statistical process control, in many
cases only some of the elements of the controlled parameters change. As a result, various multivariate control charts
based on Lasso [9] have been proposed for detecting changes quickly in similar situations. For example, the
Lasso-based multivariate EWMA (LEWMA) control chart [13], which assumes that a few elements of the mean
vector change, and the Lasso multivariate EWMC (LEWMC) control chart [7], which supposes that a few elements
of the variance-covariance matrix change, apply Lasso to MEWMA and MEWMC control charts, respectively.
The purpose of this study is to propose a novel multivariate control chart, which assumes that a few elements
of the mean vector and the variance-covariance matrix change. Specifically, we aim to achieve this by applying
the Lasso to the ELR control chart. The application of Lasso not only improves the accuracy of change detection,
but also the ease of interpretation in identifying the variables that affect the change. Subsequently, we evaluate
the performance of the proposed process by using real data analysis and Monte Carlo simulation.
The remainder of this paper is structured as follows. In Section 2, we describe the ELR control chart according
to the existing studies and present an overview of the analysis. In Section 3, we propose a novel multivariate control
chart by applying the Lasso to the ELR control chart. In Section 4, we evaluate the proposed multivariate control
chart, mainly in terms of interpretability, using real data analysis. In Section 5, we evaluate the proposed multivariate
control chart in terms of change detection accuracy by applying Monte Carlo simulation. Finally, in Section 6, we
present the conclusions and scope for future research.

2. Existing Research
In this section, we discuss the ELR control chart [12] as per existing research and describe the analysis process.
As described in Section 1, the ELR control chart is a type of EWMA multivariate control chart. In the case
of multivariate control charts, a situation in which a controlled process is stable is referred to as “in control.”
Contrarily, a situation in which a controlled process is unstable is termed “out of control.” In general, the purpose
of EWMA multivariate control charts is to determine whether a controlled process is in or out of control, whenever
new data is observed.
When the process is in control in the ELR control chart, it is assumed that the p-dimensional vector x follows
the p-dimensional multivariate normal distribution
, where
and
refer to the population mean
vector and the population variance-covariance matrix, respectively. As a result, it is assumed that both parameters
are known. Therefore, using the matrix
if a process is in control, where

so that

and

is the p-dimensional zero vector and

However, when the process is out of control,
, where,

is the p-dimensional identity matrix.

follows the general p-dimensional multivariate normal distribution

.

Under these assumptions in the ELR control chart, at time
in control or out of control. Then, if

, we obtain

we determine whether a process is

is the p-dimensional observable at time

can be formulated in the framework of statistical hypothesis testing: "null hypothesis:

, this problem
" versus

." Therefore, if the null hypothesis is accepted, the process is estimated
"alternative hypothesis:
as in control, and if the null hypothesis is rejected, it is considered out of control. The test statistics for change
detection are as follows.
First, we define the sample mean vector and the sample covariance matrix, weighted according to
in Equations (1) and (2), where

990

:

(1)
.

(2)

Next, we define a special log-likelihood function in which the sample mean vector and the sample
variance-covariance matrix of the multivariate normal distribution for samples of size
by

and

are replaced

, respectively, as follows:

(3)

.

Then, the ratio of the constrained maximum likelihood estimator under the null hypothesis of Equation (3) plugged
into itself and the unconstrained maximum likelihood estimator plugged into itself, namely,

(4)
is the test statistic, where

and

denote the matrix trace and the determinant, respectively, and

denotes the L2 norm of the vector. Subsequently, we will refer to the test statistic in Equation (4) as the
chart statistic, following the conventions of multivariate control charts.

3. Proposed Procedure
In this section, we propose a novel multivariate control chart (hereinafter referred to as LELR control chart),
which applies the Lasso to the ELR control chart. In the proposed procedure, we perform change detection on the
p-dimensional observation variable

at time

, similar to the ELR control chart, based on the

framework of statistical hypothesis testing: "null hypothesis:

" versus "alternative hypothesis:

." However, if the null hypothesis does not hold, we assume that a few elements of the mean
vector and covariance matrix changed, where the chart statistics (test statistics) for change detection are as follows.
First, similar to the ELR control chart, we define the sample mean vector and the sample covariance matrix,
weighted according to

in Equations (1) and (2).

Next, we define the penalized log-likelihood function, which is a special log-likelihood function defined in
Equation (3) plus a regularization term, as follows:

(5)

,
where
and

and

are non-negative constants, and

and

are regularization terms for the parameters

, respectively. In this paper, we discuss the case in which a Lasso-type regularization term is adopted,

although there are Lasso [9], adaptive Lasso [14], and SCAD [2] regularization terms for

and

.

As a result, the ratio of the constrained maximum likelihood estimator under the null hypothesis of Equation
(3) plugged into itself and the unconstrained maximum likelihood estimator plugged into itself, namely,

(6)
is the chart statistics, where

and

are the unconstrained maximum likelihood estimators of Equation (5).

, set
to zero, and estimate the parameters,
Note that in Equation (5), if we choose adaptive Lasso as
the chart statistic is consistent with the chart statistic in the LEWMA control chart (Zou and Qiu [13]). Similarly,
, set
to zero, and estimate the parameters, the chart statistic is consistent with
if we choose Lasso as
the chart statistic in the LEWMC control chart (Maboudou-Tchao and Diawara [7]). Therefore, the chart statistic
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of the proposed procedure is a natural extension of the chart statistic of LEWMA and LEWMC control charts in
the case in which both the mean vector and the covariance matrix change. However, the optimal solution of Equation
and

(5) cannot be obtained analytically, while it is difficult to optimize
we use the following estimation algorithm to optimize
In our optimization algorithm, with

and

and

is the Kullback-Leibler divergence [5] for

infinitesimal quantity. Let the initial value of

.

, we repeat the optimal solutions defined in Equations (7) and

(8) until the values converge, which are the estimates of
where

simultaneously. For this reason,

be

. However, the stopping rule is
and

, and

,
is the

:

,

(7)

(8)

where
is the absolute value of the j-th element of
and
is the sum of the absolute values
of each element of the matrix. By using an estimation algorithm such as per Wang et al. [10], we can apply a
modified algorithm of Bien and Tibshirani [1] to estimate Equation (8), which simplifies the implementation of
the algorithm.
, the proposed procedure is consistent with the ELR control chart. Therefore,
Finally, note that if
if we set appropriate regularization parameters, the proposed procedure achieves equal or greater accuracy than the
ELR control chart. However, in this study, the optimal regularization parameter is determined as an open question,
and the discussion proceeds assuming that the value is known. In addition, in subsequent numerical experiments,
the optimal parameters are determined in preliminary experiments.

4. Real Data Analysis
In this section, we evaluate the proposed procedure mainly in terms of interpretability, using real data analysis.
4.1. Experimental Settings
The experimental settings are as follows. The comparison target is an ELR control chart. The data used [3]
are four consecutive measurements of mean systolic blood pressure, mean diastolic blood pressure, mean heart rate,
and overall mean arterial pressure for 24 periods. Because this data follows the change point from the first period,
it is important to determine how quickly changes can be detected. Further, the population mean vector and the
population variance-covariance matrix prior to the change point is known. Refer to Hawkins and Maboudou-Tchao
[3] for the details of the data.
We use the average run length (ARL), which represents the period exceeding the control limit line as an
evaluation criterion, where ARL under the null hypothesis is referred to as In Control ARL (IC-ARL), and ARL
under the alternative hypothesis is termed Out of Control ARL (OC-ARL). We set IC-ARL = 200 and the control
limit line. In addition, we examine the change of the chart statistic in the proposed procedure and the ELR control
. The value of
chart, where the regularization parameters for the proposed procedure are
in Equations (1) and (2) is 0.1 for both the proposed procedure and the ELR control chart.
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(a) Proposed procedure

(b) ELR control chart

Figure 1. The changes in chart statistic

4.2. Experimental Results
The experiment results are presented in Figure 1, which shows the line graphs of (a) the change in the chart
statistic of the proposed procedure, and (b) the change in the chart statistic of the ELR control chart.
From Figure 1, the proposed procedure is outside the control limit line for periods 23 and 24, and the ELR
control chart is outside the control limit line for periods 19, 20, 23, and 24. We observe that the trends in the
chart statistic are in close proximity.
Next, we show the changes in the mean vector and the variance-covariance matrices in periods 23 and 24, which
were outside the control limit line in the proposed procedure:

,

,
,

.
These results show that in the proposed procedure, we are able to estimate certain elements as an exact value
of zero and to identify the changing variables. For example, we observe shifts in mean diastolic blood pressure,
mean of heart rate and overall mean arterial pressure, and a greater variance in overall mean arterial pressure. By
applying Lasso, we confirm that the proposed procedure improves interpretability while maintaining the same
accuracy as the ELR control chart.

5. Monte Carlo Simulation
In this section, we evaluate the proposed procedure mainly in terms of change detection accuracy by Monte
Carlo simulation.
5.1. Simulation Settings
The simulation settings are as follows. First, the comparison target is an ELR control chart. Next, we prepare
four sets of data for the different types of changes. Specifically, we generate multivariate normal random numbers
(9)-(12) corresponding to the cases where (A) only the mean vector changes, (B) only the variances of the covariance
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matrix changes, (C) only the covariances of the covariance matrix changes, and (D) the mean vector and the
covariance matrix change.

,

(9)
,

(10)

,

(11)
(12)

,
where

is the

-dimensional vector with each element of

square matrix with off-diagonal elements of
of

, and

elements of

is a

,

is a

is a

square matrix with diagonal elements

square matrix with diagonal elements of

. In Equations (9) and (11), we change the value of

(10) and (12), we change the value of

. In addition,

in the range of

parameters of the proposed procedure are set to

in the range of

and off-diagonal
, and in Equations

and perform simulations. The regularization
and

parameter is selected by preliminary experiments from nine combinations. The value of
(2) is 0.1 for both the proposed procedure and the ELR control chart.

, while the optimal
in Equations (1) and

We use ARL as an evaluation criterion, as well as real data analysis. In this simulation, we set IC-ARL = 200
and the control limit line. In addition, we evaluate the mean of OC-ARL for 5000 simulations, in which a smaller
OC-ARL is preferable.

(A) only the mean vector changes

(B) only the variances of the covariance matrix changes

(C) only the covariances of the covariance matrix changes

(D) the mean vector and the covariance matrix change

Figure 2. Comparison of OC-ARL for the proposed procedure and the ELR control chart(solid line: proposed procedure; dotted line: ELR
control chart)
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5.2. Simulation Result
We indicate the results of this experiment by
in Figure 2. In each figure, the solid line refers to the
change in OC-ARL of the proposed procedure, and the dotted line indicates the change in OC-ARL of the ELR
control chart. In Figure 2, (a)–(d) illustrate the experimental results for the situations of Equations (9)–(12),
respectively. However, for each value of

in the proposed procedure, we describe the best performing results

among the nine combinations of regularization parameters. We obtained the same results for

.

From Figure 2, it is observed that in all situations in Equations (9)–(12), the proposed procedure shows greater
accuracy than the ELR control chart. Although the proposed procedure assumes that both the mean vector and the
covariance matrix changes, we can execute change detection without any problems, even in a situation where only
one changes.
It is noted that regardless of the number of changing elements, the proposed procedure shows greater accuracy
than the ELR control chart. The proposed procedure assumes a situation in which a few elements change. In the
data generation method assumed in this simulation, the effect of Lasso's shrinkage estimation may have resulted
in satisfactory accuracy, even in situations in which many elements change. In this simulation, the change is fixed
for all elements, but it should be noted that if different values are set for each element, the shrinkage estimation
at
may not function well, and the accuracy may be inadequate.

6. Conclusion
In this study, we adopted the ELR control chart, which is one of the EWMA-type multivariate control charts,
and proposed a novel multivariate control chart by applying Lasso. Specifically, we suggested a multivariate control
chart based on a log-likelihood ratio with sparse estimators of the mean vector and the variance-covariance matrix,
assuming a situation in which a few elements of each parameter change. Subsequently, through real data analysis,
we showed that it is possible to identify which elements of the mean vector and the variance-covariance matrix
have changed by confirming each of the sparse estimated parameters. Additionally, through Monte Carlo simulations,
we showed that the proposed procedure outperforms the ELR control chart regardless of the number of elements
that change in the parameters.
The scope for future research is as follows. In this study, we discussed the appropriate regularization parameters.
As described in Section 5, the proposed procedure indicates equal or improved accuracy compared to the ELR control
chart, if appropriate regularization parameters are set. Contrarily, it is necessary to determine the regularization
parameters from the observed data for practical purposes. Whether cross-validation and various information criteria
can be applied to determine the regularization parameters, should also be verified. In addition, although different
statistics are used, pGLR chart [10] that is an application of Lasso to GLR charts, can detect the change of the
mean vector and the variance-covariance matrix, as well as ELR charts. It would prove valuable to compare the
proposed procedure with these control charts.
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Abstract
As the population in Japan is aging rapidly, it is important to efficiently provide medical and care services.
Given this situation, the Ministry of Health, Labor and Welfare is promoting the integrated community care system
that can provide comprehensive regional support and services. The system requires the cooperation of all relevant
organizations such as hospitals, nursing facilities, and pharmacies. In this regard, a questionnaire survey is
conducted in a community, which we identified as Community A, to understand both the characteristics of the
region and the cooperation status and to identify regional issues. However, the intention of a question is often
not conveyed in conventional questionnaire surveys; therefore, it is not possible to identify the issues. In addition,
the PDCA cycle is required to construct an integrated community care system, but the progress status is not clear.
The purpose of this study is to propose a method of assessing the situation in a community by using a
questionnaire. First, we identify the structure of the relationship between the questionnaire and the community
care system and map the phases and questions. Next, we add questions that allow us to extract issues and remove
unnecessary questions in order to effectively extract issues.
Keywords: Integrated community care system, Questionnaire survey, Model of an integrated community care system,
Impact map

1. Introduction
Japan's population is aging at an unparalleled rate in the world, with more than 25% of the population comprising
the elderly. The elderly are more likely to suffer from multiple diseases and chronic conditions, making recovery
difficult in the short term. Therefore, it is necessary for multiple organizations to work together to provide seamless
medical and nursing care services. The Ministry of Health, Labour and Welfare promotes the establishment of a
comprehensive regional support and service delivery system (hereafter referred to as "integrated community care
system") to enable people to live their lives independently in their home communities.
In order to understand the characteristics of the region and the cooperation among the institutions in Region
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A, questionnaire surveys have been repeatedly conducted in the institutions concerned in order to identify the
problems in the region. However, conventional questionnaires have not been able to effectively identify regional
issues because of problems such as the lack of understanding of the intent of the questions. In addition, the burden
on the respondents is high due to the large number of questionnaire items.
The purpose of this study is to propose a method of evaluating the situation of a community using a questionnaire
to clarify the problems that must be addressed and the measures to be taken to solve them, in order to establish
an integrated community care system.

2. Previous research and research methods
YAMAZAKI [1] clarified the purpose of establishing an integrated community care system and the characteristics
of the region. Based on these findings, we clarified the roles of the organizations involved and examined the ideal
state of the integrated community care system. A questionnaire survey was conducted to understand the resources
of the region and the state of cooperation. Furthermore, we compared the results of the questionnaire survey with
the ideal state to identify regional issues. However, as we are extracting the current issues in the integrated
community care system, we have not developed a questionnaire tailored to the current regional situation for the
gradual construction of the system. In addition, there is not yet an established method of using the results of the
questionnaire survey.
FURUKAWA[2] examined the state of the system by referring to the common issues discussed in every region
studied by YAMAZAKI, and comparing their priorities and dividing them into phases. The roadmap for the
construction of an integrated community care system was developed as a tool for effective implementation of this
stage. However, the phasing developed is intended to promote the region, and the relationship between the phasing
and the questionnaire survey being conducted is not clear.
This study aims to develop a model of an integrated community care system and to identify the relationship
between the questionnaire survey and the phases in Region A. The next step is to analyze the results of the
conventional questionnaire survey to identify problems with the data that cannot be utilized in the analysis. In
addition, we propose a method for evaluating the situation in a region using a questionnaire that can improve the
on the problems of conventional surveys and extract issues effectively.

3. Writing the questionnaire
3.1

Relationship between the integrated community care system and the questionnaire

3.1.1 Creating the Model
The integrated community care system identifies the challenges related to the social resources of the region,
then examines and implements measures to deal with them. It is effective and efficient to operate the management
system as one that aims to improve the system simultaneously with its other activities. Therefore, we created a
model in order to establish a relationship between the integrated community care system and a questionnaire survey.
The social impact creation model of the Japan Research Institute [3] was used as a reference in this study. Social
impact evaluation refers to the quantitative and qualitative evaluation of environmental and social changes and their
value resulting from business and activities. Social impact evaluation can capture the social spillover effects of
specific individual activities. Therefore, it is a suitable method for the evaluation of an integrated community care
system, which requires the identification of the effects of its measures on the community. The model created is
shown in Figure 1.
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Figure 1. Model of an integrated community care system

As shown in Figure 1, we organized the integrated community care system as one that results in social impact,
including the processes involved in its construction such as inputs, activities, outputs, outcomes, and social impact.
This study clarifies how the results of the questionnaire survey will help lead to the establishment of an integrated
community care system.
3.1.2. Relationship between phrases and questionnaire survey
However, the relationship between this model and the questionnaire survey conducted in Region A is not concrete.
Therefore, it is necessary to clarify
the purpose of the questionnaire by
establishing the correspondence
between the model and the
questionnaire. In addition, Region A
has
been
promoting
the
establishment of an integrated
community care system based on the
roadmap studied by FURUKAWA,
but there is no mapping between the
questionnaire survey and the phases
in the roadmap.
We charted the solution to the
problem of building an integrated
community care system using an
impact map shown in Figure 2.
As seen in Figure 2, we
structured the relationship between
Figure 2. Impact map of an integrated community care system (partial)
activity, outcome, and impact in the
questionnaire survey. In doing so,
we mapped the impact of each phase and organized the outputs and issues based on the results of the questionnaire
survey. This allowed us to identify the issues from the questionnaire survey and how these issues were related
to each phase.
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3.2 Analysis of traditional questionnaire surveys
The current questionnaire survey was not able to effectively identify regional issues. To clarify the problems
of the current questionnaire survey, we analyzed the questionnaires that had been conducted in the past. In doing
so, we analyzed data from 200 out of 659 organizations that responded to the 2018 questionnaire survey and
organized the issues in Region A in order to extract the regional issues in the construction of the integrated
community care system. We organized the issues for each phase by corresponding them with the phases discussed
in Section 3.1. Some of the results are shown in Table 1.
Table 1. Summary of Regional Issues (partial)
Rigional issues
Acute care hospital
・The goal of a community-based
comprehensive care system
The state in
Education and awareness・Acquisition of information from
which the
raising on community-based
other organizations
provision of
comprehensive care systems
・Understand the situation of multiple
communityagencies and communities
0 based care
・Establishing an information
shares a
Establishment of a method provider for patients and families
concrete
for sharing information on
・Establish a method of explaining
picture of the
community-based
home care and hospital discharge
system.
comprehensive care systems ・Deciding on the timing and method
of information exchange
A state in which
・The patient's consultation services
the provision of
and environment
Establishing a system to
community・Information about services in the
understand the patient's
1 based care is
area, including costs, is requested
intentions
able to
・Establishment of a living will
ascertain the
verification system
patient's
…
…
Phase

All types

Convalescent hospital

…

・Acquisition of information from
other organizations
…
・Understand the situation of multiple
agencies and communities

・Establish a method of explaining
home care and hospital discharge
…
・Deciding on the timing and method
of information exchange

・Information about services in the
area, including costs
・Establishment of a living will
verification system
…

…

…

Through this analysis, we were able to sort out the issues in the region; however, we also identified problems.
3.3 Improvement of problems
3.3.1 Structure of the questionnaire
In the course of the analysis, there were data that were not valid. This may be due to the questionnaire not
being structured and the respondents not understanding the intent of the question. Therefore, the questionnaire was
modified by organizing the objectives of the questionnaire by the phases indicated by FURUKAWA and by changing
the arrangement of the questions under each objective. The results are shown in Table 2.
Table 2. Structure of the questionnaire (partial)
Rigional issues
Acute care hospital
・The goal of a community-based
comprehensive care system
The state in
Education and awareness・Acquisition of information from
which the
raising on community-based
other organizations
provision of
comprehensive care systems
・Understand the situation of multiple
communityagencies and communities
0 based care
・Establishing an information
shares a
Establishment of a method provider for patients and families
concrete
for sharing information on
・Establish a method of explaining
picture of the
community-based
home care and hospital discharge
system.
comprehensive care systems ・Deciding on the timing and method
of information exchange
A state in which
・The patient's consultation services
the provision of
and environment
Establishing a system to
community・Information about services in the
understand the patient's
1 based care is
area, including costs, is requested
intentions
able to
・Establishment of a living will
ascertain the
verification system
patient's
…
…
…
…
…
…
Phase
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All types

Convalescent hospital

…

・Acquisition of information from
other organizations
…
・Understand the situation of multiple
agencies and communities

・Establish a method of explaining
home care and hospital discharge
…
・Deciding on the timing and method
of information exchange

・Information about services in the
area, including costs
・Establishment of a living will
verification system
…
…

…

…
…

As seen in Table 2, we structured the questionnaire according to the purpose of the question. This allows us
to identify how each question item is being used. Therefore, the questionnaire can be modified to make it easier
for the respondents to understand the purpose of the question and to convey its intent.
3.3.2 Relevance of the questionnaire
In Region A, we conducted a questionnaire survey consisting of 30 questions under 13 categories, such as acute
care and convalescent care hospitals, in order to identify regional issues. YAMZAKI has improved the survey;
however, there are still some problems. For example, about 5.5% of the questions were not used in the analysis.
In order to judge whether these questions are useful for problem extraction, the unmodified questions before
YAMAZAKI's improvement were classified as “Former” and the questions improved by YAMAZAKI as “New.”
The results are shown in Table 3.
Table 3. Questions not used in the analysis (partial)
Questionnaire
How many employees (full-time equivalent) were working at your facility at the end of fiscal year 2017
1
(3/31/2018)?
Regardless of the stroke, what are the admission quotas and the actual number of people admitted at the end of
2
fiscal year 2017 (3/31/2018)?
3 Regardless of the stroke, how many people are on the waiting list at the end of fiscal year 2017 (3/31/2018)?
…
…
In Q5, how many cases were referred to your institution using the regional collaborative path at the time of
7 admission? If you calculated the compensation for nursing care, please indicate the number of cases in
parentheses.
In Q5, how many cases are shown below?
People with feeding and swallowing difficulties
People who are on a tube feeder
8
Of which, those who improved with oral intake
People on high-calorie infusions.
Of which, those who improved to oral intake
…
…

Classification
Former
Former
Former
…
Former

New

…

As seen in Table 3, the questions that have been asked previously are categorized as "Former" and the new
ones added by YAMAZAKI are categorized as "New." We asked for the opinions of health care professionals and
removed unnecessary question items. The shaded rows indicate questions that were not used in the analysis
3.3.3 Extraction of Issues
The relationship between the FURUKAWA phase and the questionnaire survey was clarified, but the method
of extracting the issues for the phase was not examined. Therefore, it is necessary to organize the important issues
for each region and examine the questions.
The following is an example of an issue under Phase 1 in Region A: "The community health care provider
is aware of the patient's wishes. To this end, we examined the ACP questions, a process that involves repeated
discussions among patients, families, and health and care teams to support
patient decision-making. Here, the roadmap indicates that it is necessary
Table 4. ACP Questions
to consider how and when ACP will be implemented in the future. On the
Questionnaire
other hand, the conventional questionnaire survey only captures information
1
Understanding
of the ACP
on whether ACP is implemented. The dissemination of knowledge to the
2 ACP education and awareness
population is also known to be an issue, but no equivalent question was
3 ACP initiatives
established. In light of this, we have considered potential questions that we
4 Timing of ACP implementation
believe should be added to manage the progress of the "Dissemination and
5 How to implement the ACP
Thoroughness of the ACP" The results are shown in Table 4.
We identified the questions that needed to be added (Table 4). Based on the improvements discussed in Section
3.3, a new questionnaire was prepared and a survey of the people concerned was carried out.
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4. Proposal for a questionnaire survey to establish an integrated community care system
Based on the results of previous studies, we proposed a method for evaluating the situation in a region using
a questionnaire to effectively identify issues.
Step 1. Create the model
To organize the process of the questionnaire survey and clarify its relationship with the establishment of the
integrated community care system.
Step 2. Improve the questionnaire
Step 2-1. Structure of the questionnaire
The questionnaire is structured according to the model created in Step 1.
Step 2-2. Deleting a question
Clarify the purpose of the questionnaire and delete unnecessary items.
Step 2-3. Add a question
Add the necessary questions according to regional phases.
Step 3. Conduct a questionnaire survey
A questionnaire reflecting Step 2 was created and the survey was conducted.
Step 4. Analysis of the questionnaire survey
We assessed the situation in the region by analyzing the results of each phase of the survey.

5. Discussion
In this study, we organized the structure of the questionnaire according to each phase of the roadmap to effectively
identify the challenges of the integrated community care system. This allows us to understand the correspondence
between the phases and to create a questionnaire that can easily convey the intention of the question to the
respondents. Furthermore, switching to a questionnaire that is easy to answer will allow for accurate data collection.
In addition, we examined the questions corresponding to the phases in the integrated community care system.
It is difficult to grasp all the issues in the region at once. However, by examining the questionnaire items for each
phase, it is possible to identify issues that should be focused on in a local context. Furthermore, we believe that
solving problems according to local conditions will lead to the establishment of a stepwise integrated community
care system.

6. Conclusions and future studies
In this study, we developed a model of an integrated community care system to clarify its relationship with
the questionnaire survey. In addition, problems with the questionnaire were improved upon to create an effective
questionnaire.
In the future, it will be necessary to evaluate the situation in the region by conducting a questionnaire survey
and analyzing the results of the survey. It is also necessary to compare the effectiveness of the conventional and
improved questionnaires.
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Abstract
Condition-based maintenance is preventive maintenance in which an appropriate maintenance action is taken
on the basis of the system’s underlying condition before failure. The underlying condition is continuously or
periodically observed by a sensor. In most research on condition-based maintenance, the accuracy of the sensor
was assumed to not change over time. However, in actuality, not only the system but also the sensor deteriorates
over time. In this research, we considered a multi-state system that deteriorates in accordance with a discrete-time
Markov chain. It is assumed that the underlying deterioration state is observed periodically by a sensor with
accuracy that degrades over time. After each observation, a decision maker chooses one of three actions: continue
operating system, replace only system, and replace both system and sensor. We formulated the optimal problem
of condition-based maintenance for both the system and sensor using a partially observable Markov decision
process. The objective is to minimize the total expected discounted costs (both operation and maintenance of system
and sensor) over an infinite horizon. Under certain sufficient conditions, we analytically show that the total expected
discounted costs are monotonically non-decreasing with respect to the state probability vector of the system and
the age of the sensor. Moreover, the optimal policy has a threshold-type structure. We also provide a numerical
example illustrating the properties obtained. These properties are useful for many practical purposes, such as
determining thresholds for changing the maintenance action.
Keywords: Blackwell order, Decision-making, Optimal maintenance policy, Partially observable Markov decision process, Totally positive of order 2

1. Introduction
Condition-based maintenance is preventive maintenance in which the internal state of the operating system is
observed continuously or periodically, and a maintenance action, such as repair or replace, is performed when an
abnormal condition is observed. There are two basic ways to obtain information about system deterioration. One
is perfect inspection, which enables accurate observation of the deterioration state. For example, the results of a
direct visual inspection of a bridge reveal the exact state of the inspected parts. However, it is difficult to carry
out perfect inspections frequently due to time and labor costs. Recent advances in information communication
technology have enabled attaching a sensor to a system that outputs information related to the deterioration state
of the system (Hiraguri [7], and Baba et al. [1]).
There has been previous analytical research on condition-based maintenance. Ohnishi et al. [11] formulated the
maintenance policy optimization problem when the deterioration state of the system cannot be fully observed under
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the partially observable Markov decision process (POMDP) and derived an optimal inspection and replacement
policy. Oosterom et al. [13] developed a POMDP model to incorporate population heterogeneity when scheduling
replacements for a single-component system. The spare components that is available for replacements deteriorate
according to different transition probability matrices. The authors characterized the structure of the optimal policy
that minimizes the total expected discounted cost over an infinite horizon. Fan et al. [5] set a cap on the number
of repairs needed to restore the state to an interim level, formulated a maintenance policy (including maintenance
actions determined based on sensor observations in the POMDP framework), and derived several structural properties
that can be used to improve the efficiency of the calculations for the maintenance policy.
In previous research on condition-based maintenance, the accuracy of the sensor was often assumed to not change
over time; that is, the sensor does not deteriorate. However, in actuality, sensor accuracy decreases with time (Habel
and Bismarck [6]). In contrast, in this research, we investigated condition-based maintenance for a system with a
sensor for which the accuracy deteriorates.
There has been research on deterioration of not only the system but also the sensor. For example, Oosterom
et al. [12] investigated condition-based maintenance for a system in which the state can be classified as either
‘in-control’ or ‘out-of-control’. They formulated the full-inspection optimization problem of revealing the system
state and the need for sensor replacement in the POMDP framework and analytically determined that the optimal
maintenance policy has a threshold structure with respect to the probability of system failure and the age of the
sensor. In this study, we extended their formulation by increasing the number of system states in order to better
describe the effects of different degrees of deterioration. We also investigated the relationship between the system
state probability vector and the age of the sensor on the optimal maintenance action and on the expected cost
function. Moreover, we analyzed the properties of the optimal maintenance policy that minimize the total expected
discounted cost over an infinite horizon.

2. Model
2.1

Notation
: True system deterioration state
: Set of system deterioration states
: Probability of one-step transition from state
:

to state

transition probability matrix

: Sensor observation
: Set of observations
: Sensor age
: Set of sensor ages
:

conditional observation matrix

:

probability matrix

: Discounted factor
: Probability that the system is in state
: State probability vector
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: Set of state probability vectors
: Information space
:

vector in which the

-th element is 1 and the other elements are 0

: Decision space, where
and

denotes “continue operating,”

denotes “replace only system,”

denotes “replace both system and sensor”
: Cost per unit time of taking action “continue operating” in state

: Cost of replacing only the system
: Cost of replacing both the system and the sensor
: Total optimal expected discounted cost for

over an infinite horizon

: Optimal action for
2.2

Model description
We focus on a deteriorating system that is observed periodically by a sensor. The true deterioration state of

the system,

, takes one value from set

, and the value represents the degree of deterioration:

1 means no deterioration (i.e., a new system) and

means maximum deterioration. It is assumed that

a stationary discrete-time Markov chain. If the deterioration state is
with probability
and

. Let

at current time

be a matrix that has

, it becomes

as an element in the

follows
at
-th row

-th column.

The system’s deterioration state is assumed to be observed by a sensor at equidistant intervals. The sensor obtains
discrete observation

, which is related to the underlying deterioration state probability, and

from the set of observations

. The age of the sensor is represented by

from the set of sensor ages
When the age of the sensor is
obtains

, and

takes one value

.
and the deterioration state of the system is

observation

at

with
. Let

in the -th row and

takes one value

at current time , the sensor
conditional

probability

be a matrix that has

as an element

-th column. Since the deterioration state cannot be observed directly, a state vector

is used to describe the system deterioration probabilistically. Here,
As noted above, there are three possible actions (continue operating (

.

), replace only system (

), and replace

both system and sensor
) that can be selected as possible maintenance actions for the system and the sensor.
Continue operating is an action to keep operating the current system until the next state observation time. The
continue operating cost of the system is

, and it increases as the deterioration state of the system progresses.

For continue operating, state probability vector

is updated to

by the conditional probability
(1)

The

-th element of the updated state probability vector

is as shown in Eq. (2); it represents the

probability that the deterioration state of the system after the transition is state

.
(2)
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and
. Similar to the study of Oosterom et al. [12], we assume
There are two types of replacement,
that the time needed to replace the system and the sensor is negligible compared with the operating time. Let the
cost of replacing only the system be

and the cost of replacing both the system and sensor be

. Replacement restores both system and sensor, so state probability vector
which indicates a new system, and the age of the sensor is reset to 0.

, where

becomes

,

2.3 Optimal maintenance policy and total expected discounted cost
We use the POMDP to optimize maintenance decision-making. Information about the system and sensor is
when the state probability vector of the system is
and the age of the sensor is . The
represented as
optimal maintenance policy is the one in which the maintenance actions selected minimize the total expected
discounted cost on the basis of information

over an infinite horizon.

The total expected discounted cost for which the remaining period is
given by Eq. (3).

and the information is

is

(3)
It is the sum of the cost that occurs at the current time and the total expected discounted cost when a decision
maker keeps selecting the optimal action for the remaining

time periods. Let

be 0.

,
, and
are the total expected discounted costs when
Here,
continue operating, replace only system, and replace both system and sensor are selected, respectively, for the
remaining periods

and information

. Let the discount factor be

and the decision space be

, as expressed by Eq. (4).

(4)

When remaining periods
that

converges to

is infinite, the standard argument of the contraction mapping theory guarantees
according to Puterman [14], as shown in Eqs. (5) and (6).
(5)

(6)
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3. Properties and conditions for optimal maintenance policy
3.1

Partial order and definition

We describe totally positive of order 2 (
), stochastic increasing (SI), and Blackwell order, which are partial
orders used to express the magnitude relation of vectors and matrices.
(totally positive of order 2) [10]
For vectors

and

for any
an

,

, if

is smaller than

matrix

in the sense of

, as denoted by

. Also, for

, if

for

,

has a

property.

SI (stochastic increasing) [9]
and

For vectors

for any

,

matrix

, if

, if

is smaller than

for

,

in the sense of SI, as denoted by

. Also, for an

has an SI property.

Blackwell order [2],[3]
If a stochastic matrix

such as

exists, matrix

is smaller than matrix

, as denoted by

.

Here, the following definitions are introduced.
Definition 1
Convex cone

of an

-vector with non-decreasing elements is defined as follows.

Definition 2
The set of state probability vectors
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, which denote the deterioration state of system

, is defined as follows.

We define the totally ordered set
binary relationships using
of all
3.2

matches

, which is a subset of

, and partially order the arbitrary

. There can be an innumerable number of subsets

in the set

, and the union

.

Assumptions and lemmas
To obtain the properties of the optimal maintenance policy, we make the following assumptions.
(A-1) Transition probability matrix

has a
has a

(A-2) Conditional observation matrix

property.
is smaller than matrix

(A-3) Conditional observation matrix
for

property.

in the sense of Blackwell order

.
is included in convex cone

(A-4) Continue operating cost of n-dimensional vector

.

(A-5) The cost of replacing both system and sensor and continue operating for deterioration state 1 is smaller
than that for state

.

(A-1) means that the more system is degraded the more its deterioration likely progresses. (A-2) means that
the number of observations tends to increase as the system deteriorates. (A-3) means that the information from
observations by a sensor of age

is more reliable than those of one of age

if a probability matrix

such that

That is, an observation of a sensor of age

exists.

can be regarded as an observation in which irregular noise

has been added to an observation of a sensor of age
matrix

, and the order is

. Note that if probability matrix

by the probability transformation of the probability
is the identity matrix,

, observation

accuracy does not change with the age of the sensor; that is, conditional observation matrix

is stationary

in . (A-4) means that the more the system deteriorates, the higher the continue operating cost becomes. (A-5)
means that the continue operating cost when the deterioration state of the system is restored to 1 by replacing
both the system and sensor is smaller than that when the state is

.

Under these assumptions, we provide the necessary lemmas.
Lemma 1 [4]
is a non-decreasing function in

If

for

, where

,

.

Lemma 2 [8]
If

is a

matrix and

is a

matrix, product

is a

matrix.

Lemma 3 [8]
For

, if transition probability matrix

has a

property,

.
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Lemma 4 [8]
For partial orderings SI and

, if

,

.

Lemma 5 [11]
and

If matrices

have a

property, for

,

,

implies

Lemma 6
such that

For

holds for any

,

and

.

Proof:
; then

Let
. For all

such that

for

. From Assumption (A-1) and Lemma 3,

,

Lemma 7
For

such that

holds for any

,

and

.

Proof:
Let

; then

. From Assumption (A-2),

Lemma 8 [11]
Let

be a real-valued function that satisfies the following properties, where

(1) For any fixed

,

(2) For any fixed

,

holds for

is non-decreasing in
implies

.

Lemma 8 can be derived directly from Lemmas 1, 4 and 5.
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.
. Then,

.

Lemma 9
Total expected discounted cost

is a piecewise linear and concave function in

and remaining periods

for any

.

Lemma 9 can be proved using a procedure similar to the one used by Smallwood and Sondik [15].
3.3

Properties and conditions for optimal maintenance policy

From the lemmas described in Section 3.2, we prove two propositions regarding the total expected discounted
cost.
Proposition 1
, total expected discounted cost

For any fixed
sensor

is monotonically non-decreasing in the age of the

. This means

Proposition 2
For any fixed
This means

, total expected discounted cost

for

,

is monotonically non-decreasing in the sense of

.

.

In this section, we introduce the “threshold policy” type decision procedure. Since the true state of a system
is unobservable, an action is selected on the basis of

and

. The problem is to determine the optimal action,

i.e., the one that minimizes the total expected discounted cost over a long-run period. Let
action when the state probability vector of the system is
be the threshold of

for a given

be the optimal

and the age of the sensor is

at which the optimal action switches from

is a collection of the optimal actions for every possible combination of

and

the action that minimizes the optimal expected discounted cost for each

to

, and let
. An optimal policy

, and it can be obtained by selecting
. It is difficult to determine one

optimal policy from a tremendous number of possible policies due to the infinite number of
. Thus, it is of
interest to investigate the structured property of the optimal policy. From Propositions 1 and 2, we derive four
properties for the optimal maintenance policy. First, we explain the property for

and

.

Property 1
For any
the sense of
is

, the difference in cost between actions
. Moreover, a threshold

Next, we explain the property for
which the optimal action switches from

and

is monotonically non-decreasing in

exists in any totally ordered set

and
to

. Let

in

, and the optimal policy

be the threshold of

for a given

at

.

Property 2
For any

, the difference in cost between

and

is monotonically non-decreasing in

in the sense
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of

, and the optimal policy is either (i) or (ii) in any totally ordered set
for age, then

threshold

is non-increasing in

. Moreover, if there exists a

.

(i) For

(ii) For

,

Finally, we explain the property for

and

.

Property 3
, the difference in cost between

For any

and

is constant in

for age, the optimal policy is either (i) or (ii) in any totally ordered set

. Also, if there exists a threshold
.

,

(i) For

(ii) For

,

From these three properties, we characterize the threshold structure of the optimal maintenance policy under
Assumptions (A-1) to (A-5).
Property 4
There exist at most two thresholds,
forms.
(i) For

For

For

,

(ii) For

For
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,

and

, for which the optimal maintenance policy has one of the following

(iii) For any

,

The optimal threshold policy with at most three regions (
,
) under two thresholds for age (
)
can be represented graphically, as shown in Fig. 1. Since the optimal policy depends on the given cost functions,
or

deterioration process, and sensor observations, sometimes,
can characterize the optimal policy.

may not exist, and fewer than three regions

Figure 1: Optimal threshold policy under thresholds for age (

)

4. Numerical example
We provide a numerical example to illustrate the properties obtained in section 3. Let the costs be
,
, and
, and let discount factor
. Assume that the deterioration
is classified into three states and that the states evolve in accordance with a transition probability matrix

A sensor with an age from zero to four is used to observe the system. Let the number of observation outputs
be three. Thus, conditional observation matrix

for

is

. These parameters satisfy Assumptions (A-1) to (A-5).

We focus on one deterioration sample path,
discounted cost is calculated for each combination of

which is ordered by partial order
and

. The total expected

The action that minimizes the discounted cost
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is selected as an optimal action. Table 1 lists the total expected discounted cost and shows that it is monotonically
non-decreasing in both

and

. Fig. 2 shows the corresponding optimal action for each

probability vectors in Table 1 are ordered following a
are

and

, with a sensor of ages 2, 3, and

and

,

. This means that threshold
this sample path,

is non-increasing in

, which is non-increasing in age

not always be monotonic in age as is

. The state

order in the horizontal axis. The vertical axis represents

the age of sensor. From Fig. 2, we can see that the thresholds for
4,

and

where
and

. For

. However,

may

This result is presented in Figs. 3–7.

Table 1: Total expected discounted cost in

and

(0.9,0.1,0)

(0.7,0.2,0.1)

(0.4,0.4,0.2)

(0.2,0.5,0.3)

(0.1,0.3,0.6)

(0,0.2,0.8)

(0,0,1)

352.72

377.94

473.40

594.08

602.72

602.72

602.72

602.72

367.08

393.20

492.83

614.74

617.08

617.08

617.08

617.08

380.54

409.91

514.51

629.26

629.87

629.87

629.87

629.87

390.33

430.08

542.04

629.87

629.87

629.87

629.87

629.87

392.95

441.15

560.83

629.87

629.87

629.87

629.87

629.87

(1,0,0)

Figure 2: Optimal action in

and

The space of the state probability vectors, which includes the sample path in Table 1 and Fig. 2, is represented
in Figs. 3–7. Let the horizontal axis be

, let the vertical axis be

, and let

be omitted.

We calculated the total expected discounted cost and determined the optimal action for
For example, as shown in Fig. 3, the optimal action is
the optimal actions are

for

and

for
for

with an interval of 0.1.
If we focus on the sate

and

from Figs. 3, 4 and 5. These

results show that
where the optimal action changes from
to
, is sometimes not monotonic in
age. This indicates that, compared with system replacement only, it is better to continue operating the system if
the sensor exceeds a certain age,
later. In this example, threshold
from Fig. 5.
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, because it may be less expensive to replace the system and sensor simultaneously
, the optimal action is either action

or

from Fig. 4 or

or

Figure 3: Optimal action for each

when

Figure 4: Optimal action for each

when

Figure 5: Optimal action for each

when

Figure 6: Optimal action for each

when

Figure 7: Optimal action for each

when
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5. Conclusion
We investigated the maintenance policy for systems for which the deterioration state is partially observed by
a sensor with accuracy that deteriorates over time. The maintenance optimization problem is modeled as a partially
observable Markov decision process. Using this model, we showed analytically that the total expected discounted
cost is monotonically non-decreasing with respect to the state probability vector

in the sense of

ordering

and the age of the sensor
over an infinite horizon. Furthermore, we investigated the relationship between the
differences of any two maintenance actions and found that the optimal maintenance policy has a threshold structure
that has at most two patterns depending on the age threshold. Using a numerical example, we presented the properties
of the total expected discounted cost and threshold

.

Three possible maintenance actions (continue operating, replace only system, and replace both system and sensor)
were considered, and decisions were made on the basis of incomplete observations. To approach a more realistic
maintenance model, we need to consider two other actions: inspection (which reveals complete information on the
deterioration) and repair (which restores the state to an interim level). This is left for future work, which also includes
extending our research from the case of a single sensor to multiple sensors and investigating the structural properties
of the optimal maintenance policy.
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Appendix:
Proof of Proposition 1
We prove Proposition 1 using mathematical induction and the assumption that
(7)
holds for all remaining periods
since

for any

. At the first step, when period
and

combination of

. At the second step, when period

. First, we prove that

in order

. The posterior probability

is written as a convex

with the relation

. That is,

Note that
vector

holds

. Thus, Eq. (7) is satisfied for

, we assume that
to prove

0,

From Lemma 9,

is a convex function of

;
(8)

holds by using Jensen's inequality. Including the value

such that

,
(9)

is obtained. From the inductive hypothesis for the period

holds. Second, we prove that

and Eq. (9),

. From Eq. (9),
(10)

holds. From Eq. (10),
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holds. We have thus proved
. Finally,
because the sensor is replaced irrespective of the current age. Thus, combining inequalities for each maintenance
action gives
(11)
for any fixed

and

. From Eq. (11), Eq. (7) is satisfied for

. Therefore, Eq. (7) holds for

all remaining periods
. From the contraction mapping theorem [14], Eq. (7) holds even for
Proposition 1 is thus proved.

.

Proof of Proposition 2
We prove Proposition 2 using mathematical induction, and the assumption that
(12)
(13)
holds for all remaining periods
since

for any

. At the first step, when period
and

. Thus, Eq. (12) is satisfied for

0,

holds

. At the second step, when period

, we assume that

in order to prove

First, we prove that
Assumption (A-4),

. From

(14)
holds by Lemmas 1 and 4. From Eq. (13),
(15)
holds by Lemma 6. Also,
(13). From Eq. (15),

is a non-decreasing function in

from Lemma 7 and Eq.

(16)
holds by Lemmas 5 and 8. From Eqs. (14) and (16),
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holds. Also,

and

hold because the

system is replaced irrespective of the current deterioration state. Thus, for any
and

such that

,

(17)

. Therefore, Eq. (12) holds for all remaining periods

holds. From Eq. (17), Eq. (12) is satisfied for

. From the contraction mapping theorem [14], Eq. (12) holds even for
proved.

. Proposition 2 is thus

Proof of Property 1
We consider the deference in cost between actions

and

.
(18)

The first term in Eq. (18) is monotonically non-decreasing in π according to Lemmas 1 and 4 and Assumption
(A-4). The second term is also non-decreasing in π from Lemmas 6 and 8 and Proposition 2. Thus, Eq. (18)
is non-decreasing in

. For

,

holds for any

holds for any

,

from Assumption (A-5), the convergence in section 2.3, and

Lemma 8. Therefore, there is a threshold
action

. For

at which the optimal action switches from action

to

.

Proof of Property 2
We consider the deference in cost between actions

and

.

(19)

The first term in Eq. (19) is monotonically non-decreasing in
(A-4). The second term is also non-decreasing in
is non-decreasing in

. For

according to Lemmas 1 and 4 and Assumption

from Lemmas 6 and 8 and Proposition 2. Thus, Eq. (19)

,

holds for any

Assumption (A-5). Therefore, the optimal policy is one of two types: (i) for
at which the optimal action switches from
. In addition, for type (i), threshold
non-decreasing in

to

; (ii) for

is non-increasing in

from Lemma 8 and
, there is a threshold

, the optimal action is only
because Eq. (19) is

from Proposition 1.
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Proof of Property 3
It is obvious that the difference in cost between actions

and

is constant in

because the system

is replaced with a new one for either action. Thus, the optimal policy is one of two types: (i) for
the optimal action is only

; (ii) for

, the optimal action is only

,

.

Proof of Property 4
The optimal action is either
or
for
because
holds for any
from
Assumption (A-5) and the convergence in section 2.3. Therefore, from this result and Properties 1, 2, and 3,
the optimal maintenance policy has one of three forms, (i), (ii), or (iii).
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Abstract
The management system certification has been used all over the world, and many organizations have obtained
the certification. Major management system standards include ISO 9001 for quality management system and ISO
14001 for environmental management system. Many studies have been conducted on these management system
certifications for the sake of performance improvement of organization. However, few studies have been conducted
on its activation in society including consumers. Therefore, the purpose of this study is to understand activation
of the management system certification in the society including consumers, governments etc. and to select the
future survey target in order to aim at accelerating the activation of the certification system in ISO 9001 and
ISO 14001. In particular, we focus on the effects obtained by publicizing the capabilities of the management
system guaranteed by the acquisition of certification. How to activate is summarized from literature survey with
the government and interview survey with local governments and accreditation organization. Furthermore, the
relationship between the appearing organizations is organized by constructing an activation model. After that,
we consider the guideline for future survey by activating an activation model. As a result, we were able to construct
a more realistic model than previous study. In addition, we could list government, customer, financer, and crowd
as future survey targets.

1. Introduction
There is management system certification as a system to evaluate the ability of management system of
organization. There are various types of standards in the management system standards which are the standard
documents of this system, and they can be selected according to the purpose that you want to achieve. Typical
management system standards include ISO 9001 for quality management systems and ISO 14001 for environmental
management systems. This system is activated all over the world and has been certified by many organizations.
The same applies to Japan, and according to the Japan Accreditation Board, there are about 40000 organizations
that have ISO 9001 certification and about 24000 organizations that have ISO 14001 certification.
Many studies have been conducted on the management system certifications. Sampaio et al. (2009) can be cited
as an article summarizing study on certification. This paper reviews 92 studies on the subject of the ISO 9001
certification and categorizes the studies based on the 9 major problems surrounding certification. The main problems
are "change in certification market", "motivations of certification", "benefits of certification", "relationship between
motivations and benefits", "benefits perception evolution", "obstacles in certification", "impact on organizational
performance", "impact on financial performance" and "The relationship between ISO 9001 and TQM". In this way,
there are many studies investigating the effects on certified organizations, and no studies have been conducted on
the activation in supplier evaluation and in society including consumers. In addition, Ciravegna Martins da Fonscena
et al. (2017) reviews studies on ISO 9001 and ISO 14001 published since 1996 and summarizes the relationship
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between management system certification and its effect. As an effect, "economic effect", "financial effect" and
"effect on stakeholders" are cited and the effect on society is not described.
Therefore, the purpose of this study is to understand activation of the management system certification in the
society including consumers, governments etc. and to select the future survey target in order to aim at accelerating
the activation of the certification system in ISO 9001 and ISO 14001.
This study is developed based on the research results of the Management Systems Research Group of
Japan Accreditation Board (Management System Research Group of Japan Accreditation Board (2020)).

2. Literature review
Sampaio et al. (2009) have classified studies of ISO 9001. As a result of classification, motivations for acquiring
certification can be divided into internal motivation for improvement of organization and external motivation for
improvement of sales promotion and marketing problems. In addition, the benefits of acquiring certification can
be classified into internal and external benefits, just like the motivations. Furthermore, the motives and the benefits
are related. If the internal motivation leads to the acquiring certification, many benefits can be obtained. However,
if the acquiring certification is promoted by external motive, only external benefits be obtained.
To dig into the studies on motivations and benefits of acquiring certification and their relationship, Poksinska
et al. (2002) focus on benefits recognized as motivations for certification and factors that are a success and barriers
to certification and consider their relationship. The result is that motives influence the benefits. Jones et al. (1997)
classify motives into two types, “acquiring certification (external motives)” and “improving the status of quality
control (internal motives)” and research the motivations and their effects. The result is that "improving the state
of quality control (internal motivation)" can gain more benefits from certification. In addition, Magd and Curry (2003)
investigates motivations in detail. The important motivations for obtaining certification are "improvement of
efficiency of quality system", "pressure from competitors and foreign trading partners", "maintenance and
improvement of market share", "request from government" and "request of customer". On the other hand, Casadesús
et al. (2001) classify the benefits into "external benefits" and "internal benefits". Poksinska et al. (2002) can be
concluded that "internal motivation" can provide overall benefits but only "external motivation" can provide only
external benefits. In Japan, Hikida et al. (1995) have concluded that approach to obtain certification have a positive
effect on "improvement of quality system", "smoothness of transactions", and "reduction of the number of complaints
and the defect rate". Castillo-Peces et al. (2018) investigate the impact benefits from motivations. This study is
stated that external motivation can obtain only intended benefit and internal motivation can achieve the other
objectives at the same time, and similar results have been obtained in recent research. Dellana and Kros (2018)
investigates certification from the viewpoint of supply chain. This study concludes that certification is obtained
more upstream in the supply chain and organizations that have acquired certification are likely to require suppliers
to achieve high-quality maturity and ISO 9001 certification.
Similarly in ISO 14001, Prajogo et al. (2012) investigate the relationship between internal and external pressure
on certification adoption and benefit. This study shows that certified companies are experiencing significant benefits
in their market position when certification adoption is driven by external motivations. On the other hand, internal
motivations are positively related to environmental benefits. Darnall et al. (2008) investigates the relationship between
motives and benefits This study shows that internal motives are more likely to achieve a positive business
performance. On the other hand, external motives activate certification as a means to enhance external justification.
Martín-de Castro et al. (2016) investigated the relationship between EMS maturity and corporate financial
performance. It is shown that the financial performance is affected by communicating environmental efforts in the
market.

3. An activation model in previous study and obtained facts
Previous studies on the activation of the management system certification have targeted certified organizations
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and organizations that trade products and services with certified organizations. Koyama et al. (2019) aims to expand
the scope of the survey by adding financial institutions to these surveys. At that time, we have constructed a model
to clarify what kind of activation method the survey target has. This model is called activation model and is
presented as an expression of the ideal method of activating certification in the society. A conceptual diagram
of this model plus the results of the survey is shown in Figure 1.

Figure 1. Activation model created by Koyama et al. (2019) and survey results

The center of this activation model is "provider". A supply chain is supposed to be "supplier" that supply
materials and resources to provider, "customer" that receive products and services made by provider and "consumer
and society" that receive products and services from customer. In addition, "insurance provider and bank" that
provide insurance products and financing to provider is added. By the way, the organization that has acquired
certification is supposed to be provider and supplier.
It is expected to appeal to customer, consumer, society, insurance provider and bank as an activation of the
management system certification of provider. As a result, it is expected that the value of existence as a supplier
is improved from customer and the order volume of products and services and the order opportunity increase.
It is expected that business risk is reduced from insurance provider and bank and it is possible to lead to smooth
financing and reduction of insurance premiums. It is expected to improve awareness and image from consumer
and society, which leads to the promotion of consumer purchases.
It is conceivable that provider will not only activate its own certification but also certification of supplier.
By making certification of supplier a condition at the time of selection, it is possible to narrow down the
number of organizations of supplier candidate. It is also possible to improve the quality and efficiency of
examinations by thinking that the management system is in place.

4. Survey on current situation
In activation model of Koyama et al. (2019), it is not possible to grasp the social structure of the world because
there are few appearing organizations. Therefore, we aim to construct a model that is closer to the social structure
of the world by adding a new organization. "government" is considered as an organization that can support to
provider. So, we conduct interview surveys and literature surveys for government.
4.1

Interview survey

4.1.1 Survey to Kawasaki City, Kanagawa Prefecture
Kawasaki City is actively providing support to small and medium-sized enterprises. Therefore, we interviewed
the government for the purpose of investigating what kind of support the government is providing.
Kawasaki City has its own third-party certification system called “Kawasaki Monozukuri Brand”. By obtaining
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this certification, PR support is provided to the media such as the implementation of interviews with the mayor
and the implementation of coverages. In addition, it conducts an intellectual property business matching that seeks
to connect to new product development using open patents of large companies and provides subsidies to support
the development of new technologies and products.
4.1.2 Survey to Ota City, Gunma Prefecture
Ota City has obtained ISO 9001 certification and has a wealth of knowledge about the management system,
so we interviewed it to investigate what kind of support government can provide.
It was found that Ota City has obtained ISO 9001 certification to improve the ability of its own management
system, so it is not considered to be activated for support by organizations in the city. On the other hand, elementary
school, junior high school and high school in Ota City are learning about ISO 14001.
4.1.3 to Japan Accreditation Board
Japan Accreditation Board is accreditation organization in Japan. We conducted an interview to investigate
what kind of system the management system certification wants.
It was found that Japan Accreditation Board wants to create a system that makes it easier for users of certification
system to activate certification. However, since there are few opportunities to extract opinions from users, it is
still not reflected. In addition, large organizations such as government may find it easy to conduct surveys but
small organizations such as customer find that surveys are difficult and it is difficult to reflect their opinions.
4.2

ature search
We use the Internet to collect case studies of government.

There is a case in which ISO 9001 certification acquisition is included in the participation qualification in a
general competitive bidding contracted by National Tax Agency.

5. rovement of the activation model
5.1

ring organization addition

New organizations will be added. First, "government", "financer", and "industry organization" can be mentioned
as organizations that can provide support to provider. In addition, because the activation through education is also
considered from the interview survey to Ota City, "educational institution" is added. Furthermore, "certification
organization" and "accreditation organization" which play a central role in the certification system are added.
Activation model of Koyama et al. (2019) has been to unite consumer and society, but to separate them.
"Consumer" represents people who purchase products and services from customer, and "society" represents those
who influence the behavior of consumer. At the same time, the word "society" does not accurately represent the
object that we are trying to express, so we change society to "crowd".
5.2

s of activating certification from appearing organization

We consider the merits of activating certification for each appearing organization. If there is no merit in each
organization, it is considered that it will not be activated.
In order to clarify the merits of each organization, we first confirm the main business of organization. The
figure which summarizes them is shown in Figure 2.
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Figure 2. Main business of appearing organization

The main business of provider, supplier and customer is "providing good products and services" and "stable
(profit-making) management". On the other hand, consumer and crowd are "buying good products and services".
In addition, government can list "supporting citizens", "supporting corporate", and "activation of economy". In this
way, we confirm the main business of all organizations.
Based on the main business in Figure 2, we confirm the merits of activating certification of each organization.
At that time, we pay attention to listing the merits related to the main business. Figure 3 shows a diagram
summarizing the merits of activating certification.

Figure 3. Merit of activating certification of appearing organization

We explain how to create the merit of activating certification using insurance provider and bank as an example.
The main business of this organization is "sale of insurance products" and "collection of lending rates". In doing
this business, we consider the activation of certification. If the sponsee is certified, it is possible to consider as
a reliable sponsee, so the quality and efficiency of selection can be improved. Furthermore, it comes to be able
to obtain a sense of security more. In this way, the merits of activating certification in all organizations are described.
For provider and customer, there are "improve quality/efficiency of selection of supplier", "increased value of
existence as a supplier", "acquisition/increased of new/continuous orders", "reduction of insurance premiums",
"smooth financing", "increase of support", etc. In the case of supplier, we can consider of "increased value of
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existence as a supplier", "acquisition/increased of new/continuous orders", etc. In addition, consumer has "high-quality
products and services available" and "improve quality/efficiency of selection of products and services", and crowd
is considered to "increased high-quality products and services". Insurance provider, bank and financer have "improve
quality/efficiency of selection of sponsees" and "increased sense of security for sponsees", and in government,
"improve quality/efficiency of selection of sponsees" and "improve quality/efficiency of selection of outsourcing"
is considered. In industry organization, there are "activation of industry (international expansion, increased
transactions, etc.)", "improve quality of organizations that belong to industry" and "increased industry recognition",
and educational institution has "activate as educational materials" and "implementation of practical education".
5.3

standing mutual relationships based on merits of activating certification

Figure 4 shows the actions required to realize the merits obtained by activating certification. This figure is used
as a new activation model for future survey.
Based on Figure 3, the actions required to realize the merits of activating certification are represented by arrows
between the corresponding organizations, and mutual relationships between organizations are constructed. The solid
lines represent the action obtained based on the merit of Figure 3, and the dotted lines represent the action necessary
as mutual relation though they are not a merit of Figure 3.

Figure 4. New activation model

We explain the construction of mutual relationships by using an arrow from insurance provider and bank to
provider as an example. The merits of insurance provider and bank are "improve quality/efficiency of selection
of sponsees" and "increased sense of security for sponsees". In order to obtain these, it is necessary to select the
sponsees and support it. In the case of insurance provider and bank, insurance products and financing are provided.
The mutual relationships are described in all organizations in this way.
It can be seen that there are many arrows in provider which is the center of this model. The arrow from supplier
is "supply of materials and resources", and the arrow to customer is "providing products and services". In addition,
insurance provider and bank are "providing financing and insurance products", and financer is providing "opinions
as shareholders" and "provision of funds". Furthermore, there are "job requests", "subsidies", "tax reductions", etc.
from government.

6. nclusions
The purpose of this study is to understand activation of the management system certification in the society
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including consumers, governments etc. and to select the future survey target in order to aim at accelerating the
activation of the certification system
Previous studies on activation of management system certification have targeted organizations that have acquired
certification and those that trade products and services with that organizations and they have been insufficient in
terms of activation in society. Therefore, we investigated what kind of activation the management system certification
has in society and summarized it by constructing a model. How to construct a model enumerates the main business
of each organization and the merits obtained by activating certification based on the main business. After that, the
actions required to realize the merit obtained by activating certification are represented by arrows between
corresponding organizations, and the mutual relationship between the organizations is represented as a model.
Finally, we select the targets of future survey by overlooking this model. Koyama et al. (2019) conducts a
quantitative survey by web survey on activation of provider to customer and consumer, insurance provider and bank
to provider, and supplier to provider. Therefore, we are considering a survey of government, financer, and crowd
who have not been surveyed. On the other hand, in a survey to Japan Accreditation Board, it is known that opinions
of small organizations such as customer are difficult to collect and are difficult to reflect. Therefore, we consider
that it is also necessary to investigate small organizations. From these, we will consider conducting a survey that
can extract the images and opinions of certification system of the government and customer. On the other hand,
in order to increase the system users of crowd and financer, we will also consider extracting necessary opinions
at the same time.
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Abstract
In order to assure quality of healthcare, ICT introduction and data analysis have attracted attention. And it is
important and difficult to develop competence of healthcare professionals through training because healthcare
operation relies on individual skill of healthcare professional. At present, however, a method for training healthcare
professional is not organized because methods for analyzing on-site data appropriately for each healthcare
professional. On-site data has to be collected and analyzed for quality management of healthcare through
appropriate evaluation and enhance of competence of healthcare professionals. In the previous study, the individual
training system in blood collection has been developed.
In this study, we aim at analyzing the effectiveness of the developed system using data from operation support
system. We implemented the developed system on site in an actual hospital through the three steps for training
are (1) Select target staffs, (2) Train target staffs and (3) Assess training results. We showed the several results
of data analysis which are the statistical test on track records and the change of the breakdown of situation when
retaking happened. For analysis, we used the two indicators: the rate for retaking and the time for blood collection
process. And we discussed about effectiveness of individual training system through data from the operation support
system.
Keywords: Quality of healthcare; Phlebotomy; Data Analysis; Education; ANOVA

1. Introduction
In order to assure quality of healthcare, competence management for healthcare professionals is one of the most
important issue. At present, however, competence management relies on an individual manager and it is difficult
to train healthcare professionals through systematic program. Thus, training of procedures for healthcare professionals
has to be adapted to professionals considering their performance and characteristics.
On the other hands, since ICT (Information and Communication Technology) installation for healthcare sector
has been spreading, data acquisition and analysis contributed to quality assurance in healthcare as been attracting
focuses. Akinaga et al. [1] have developed a system to match the level of difficulty of a patient from which blood
is to be drawn, and the level of skill required for the staff drawing blood. The matching system has been effective
in reducing the rate of retaking and the time required to take blood. This matching system on its own, however,
does not contribute to raising the skill level of blood drawing staff. Though it is important for healthcare staffs
to be trained for preventing problem occurrence, training method depends on individuals. In order to increase the
level of blood drawing skill, suitable training for each staff is required. General contents of training are developed
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and showed by the World Health Organization [3] and by the Japanese Committee for Clinical Laboratory [2] in
Japan. These standards are however not sufficiently precise for targeted training. It is not easy to systematize training
method because contents to be trained varies considerably by individuals.

2. Issue about Individual Training System in Blood Collection
Shimono et al. has developed the “Individual Training System in Blood Collection” through data acquisition
in daily work and analysis through the system installation[4]. Fig.1 shows an overall picture of system for
individualized training for quality assurance of daily work in blood drawing through data acquisition in daily work.
For achieving a reduction of retaking rate through individualized training, a platform for data acquisition and analysis
for planning and assessment of training. This training system has the three steps for training: (1) select target staffs,
(2) train target staffs and (3) assess training results through data analysis.

Fig. 1. Individualized Training System using Data in Daily Work for Quality Assurance[4]

For the verification in the previous study, a change of retaken rate is calculated and showed the better change
for the treatment group than the control group. However, the verification is not enough for continuous improvement
of the individual training system. The method for analysis using acquired data has to be developed.

3. Implementation of Individual Training System
3.1 Setting
In the research field, a department of clinical laboratory in Iizuka Hospital, training is done experimentally
through implementation of individual training system[4]. The hospital had installed the operation support system
of a phlebotomy for outpatients and collected data for all blood-drawn outpatients in daily work as shown in Fig.1.
There are two types of data: i) track records for all cases and ii) retaking situation for retaken cases. i) Track records
include conditions of patients such as puncture sites, types of needle for using, time for implementation, and so
on. ii) Data of retaking situation is collected when retaking is occurred. The situation is selected within 13 items
qualifying blood vessel, such as “thin”, “difficult to anchor” and so on as shown the right hand of Fig.2.
In order to verify the effectiveness of the system, we set several staffs to be trained as a treatment group. on
the other hand, we set the control group for a comparison purpose. We focused on 11 staffs whose retaking rate
is over 3.0% among 60 staffs at the department. We selected five staffs as a treatment group and set the other
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six staffs as a control group. Since one staff in the treatment group has been scoped out because of retirement
after the experimental treatment, the number of staffs in treatment group became four.
For experimental treatment in training, we prepared the manual that indicate a method for assessing and a method
for handling situation of blood vessels as shown in Fig.2. Since these situations of blood vessels indicate difficulties
for blood collection, staffs for phlebotomy have to acquire these methods for a success of blood collection. In
training, the staffs in charge of training explained the manual focused on the components adapted for a weak point
of each staff. The weak points has been extracted by analyzing data of ii) retaking situation for retaken cases. And
individual training was conducted by the explanation manual and giving demonstrations for actual cases on site.

Fig. 2. Items to be Trained

3.2

Method for Verification
In order to verify the implementation of the training system, we use the two indicators as below:
-

Rate of Retaking (p): number of retaken patients/number of experienced patients
Time for blood collection (t): From patient’s identification to the completion by staff’s operation

Firstly, we counted the data and compared the data between the counts before the training and the counts
during/after the training. We analyzed the collected data, i) Track record, by statistic test for “p” and “t”. And
we also analyzed data, ii) data of retaking situation, by comparing the breakdown of the situation for conforming
a decrease of the retaking situation trained. As written above, we counted and visualized in three ways for
verification.
(1) T-test for average of decrease of “p” and “t” between staffs in treatment group and staffs in control group
(2) Two-way analysis of variance (ANOVA) without replication of “p” and “t”
(3) Change of the breakdown of “Retaking situation” between before and after the training for each staff

4. Effectiveness Analysis through Implementation of Individual Training System
We acquired the data from the operation support system for blood collection which Iizuka Hospital had installed.
The data indicates patients’ information such as patient’s ID and age and record for each case such as puncture
site, events if happens. We set the term for one year just before the treatment of training as “before training”,
and the term for one year including the term for training and after that as “during/after training”.
(1) Results of T-test
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Firstly we calculated the change of retaking rate and time for two groups as shown in Table 1. Since the rate
of retaking (p) is not continuous variables, corrected value by a logit transformation. As a result, there are a trend
the more decrease in the treatment group than in the control group, but there were no statistically significant
difference.
Table 1. Table of t-test results

(a) Rate of Retaking

Treatment Group(n=4)
Control Group(n=6)

p1: Average of
Retaking Rate
before Training

p2: Average of
Retaking Rate
during/after
Training

5.55 %
3.90 %

2.47%
2.22 %

t1: Average of
Time for Blood
Collection before
Training

t2: Average of
Time for Blood
Collection
during/after
Training
161.9
163.3

ΔL(p*)
=L(p1*)-L(p2*):
Average of
Decrease of
Corrected Value of
Retaking Rate
0.795
0.551

t0

P value

1.03

0.166

t0

P value

0.647

0.268

(b) Time

Treatment Group(n=4)
Control Group(n=6)

181.5
172.2

Δt=t1-t2:
Average of
Decrease of Time
19.7
8.82

(2) Two-way ANOVA without replication
Secondly we implemented two-way ANOVA as shown in Table 2. In the both of the two indicators “p” and
“t”, there were no statistically significant difference for a factor of treatment of training.
Table 2. Table of ANOVA
(a) Rate of Retaking
Factors
A: Treatment
B: Season
E: Error
Total

Sum of Sequence
0.0790
0.217
0.00746
0.304

DF
1
1
1
4

Mean Square
0.0790
0.217
0.00746

F value
10.6
29.1

P value
0.190
0.117

Sum of Sequence
21.9
182
21.9
226

DF
1
1
1
4

Mean Square
21.9
182
21.9

F value
1.00
8.33

P value
0.500
0.212

(b) Time
Factors
A: Treatment
B: Season
E: Error
Total

(3) Change of the breakdown of “Retaking situation”
Finally, we analyzed the breakdown of “Retaking situation” for each staff in order to verify the effectiveness
of training from a semiquantitative view. Fig.3 shows the graph for the comparison between before and during/after
training for a staff as an example. In this case, we can confirm the frequency for the two top situations as “Thinness”
and “Decline in liquid” were decreased. For other staffs in treatment group, we confirmed the decrease of the rate
after the treatment of training for the most frequent retaking.
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Fig. 3. Example of the Breakdown of Retaking Situation

5. Discussion
The results of effectiveness analysis by analysis of track records showed a trend of improvement in rate of
retaking and time, but did not show a statistic significance through ANOVA for each indicator and t test for the
change of each indicator. It is so difficult to verify effectiveness of training by analysis for actual performance.
For verification, the analysis of performance considering characteristics of patient to be treated is required.
From a semiquantitative analysis on (3) Change of the breakdown of “Retaking situation”, we confirm the
decrease of the rate of the situation which targeted in the training. In the training, a trainer focused on the target
situation and explained the steps and things to pay attention to by adopting for each trainee. It implies a trained
staff can recognize difficulties and remind the procedure for handling when a patient in difficult situation is coming.
In comparing between indicators, the rate of retaking is more effective than the time. It shows the training focus
on the procedure for difficult cases is more effective on reducing retaking than on speed up of a procedure. In
the long term, skill up in procedure for difficult cases deliver a smooth procedure and reduced time.
Furthermore, this study shows that ICT on healthcare site can contribute to quality assurance directly in
healthcare. In order to standardize a healthcare procedure relies on individual staff, statistical analysis using data
of track records and a situation in procedures is important. This study made the practical method apparent for daily
process management using actual data.
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Abstract
Patient-centered care is generally defined a key factor in quality of medical treatment and performance assessment
of healthcare. In 2012, OECD advised South Korea that evaluation system of patient experience is needed to utilize
patient experience as an important source of information for improving the quality of medical care. Therefore,
Health Insurance Review and Assessment (HIRA)1 prepared the evaluation model since 2014 and began patient
experience assessment based on phone call survey from patients who hospitalized in 500+ beds general hospitals
since 2017. Now, South Korea has an opportunity to estimate overall patient experience and medical service quality
in hospitals based on large scaled regular patient survey as like many other advanced nations such as United States
and United Kingdom so that South Korea could has basic data for enhancing medical services by healthcare
policies.
With this trend, in 2017 to 2018, KSA (Korean Standards Association) developed PE-SQI (Patient
Experience-Service Quality Index) model based on KS-SQI model2. PE-SQI model consists of five major
dimensions: nurse service, doctor service, treatment process, hospital environment, patient rights and these five
dimensions in PE-SQI share the same lines with seven dimensions of KS-SQI: primary services, unexpected
additional services, credibility, individual empathy, positive assistance, accessibility, physical evidence. In this paper
we will describe a general hospital case in South Korea so that we would like to explain how we approach to
estimate overall service quality in the hospital. Many Korean general hospitals are carrying out various activities
to improve service quality. KSA is contributing to strengthening South Korea's competitiveness in service quality
through models like PE-SQI and KS-SQI. In conclusion, with these efforts, KSA would like to contribute to
promote many hospitals’ medical service quality and healthcare service level based on providing patient-centered
medical service estimation results.
Keywords: Patient Experience, Service Quality, Hospital Medical Service, KS-SQI (Korean Standard-Service Quality
Index), KSA (Korean Standards Association)

1 HIRA is South Korean national body for healthcare assessment and service quality under The Ministry of Health and
Welfare, South Korea
2 KSA developed KS-SQI Model designed to measure the service quality, and has been measuring the service quality
index of the service industry in Korea for the past 18 years since 2000. KS-SQI Model measures the service quality of
the services provided by service companies at seven different dimensions based on the assessments given by the
customers who had first-hand experience with the service.
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1. Introduction
Patient-centered care is generally defined a key factor in quality of medical treatment and performance assessment
of healthcare. In 2012, OECD advised South Korea that evaluation system of patient experience is needed to utilize
patient experience as an important source of information for improving the quality of medical care. Therefore, Health
Insurance Review and Assessment (HIRA) prepared the evaluation model since 2014 and began patient experience
assessment based on phone call survey from patients who hospitalized in 500+ beds general hospitals since 2017.
Now, South Korea has an opportunity to estimate overall patient experience and medical service quality in hospitals
based on large scaled regular patient survey as like many other advanced nations such as United States and United
Kingdom so that South Korea could has basic data for enhancing medical services by healthcare policies.
This paper is a case report to explain how KSA try to approach when it comes to medical service quality
assessment with MOT (moment of truth; contact points of each service that patients or customers could be touched).
This is how we work and how we think and approach in field of our main research question: What we are missing
and how we will fill the gap between the customer (patient) and the hospital (company, service provider).

2. Research Design
In 2019, KSA conducted medical service consulting for one of the major hospitals in South Korea. There were
two times phone call survey based on the inpatient those who stayed and had treatments in hospital. Following
Table 1 is our research design for the estimation of patient experience.
Table 1. PE-SQI Research Design

Title
Survey Target
Sampling
Sample Size
Research Method
Research Tool
Research Period

Contents
Inpatient those who received medical treatment staying the hospitals within 8 weeks
from the survey moment
Quota based sampling (categorizing with doctors and nurses)
1,693 samples (1st survey = 847 samples , 2nd survey = 846 samples)
CATI
Structured Questionnaire
Jan. to May. 2019 (1st survey = 11st to 24th Jan, 2nd survey = 8th to 19th Apr)

In Table 2, there is a comparison for survey detailed contents between South Korea Government (HIRA)’s patient
experience assessment and KSA’s PE-SQI model. Compared to the patient experience assessment, KSA’s PE-SQI
model is much more detailed questions in each MOT. In the starting point when we developed our PE-SQI model,
we try to focus on making detailed questions for guiding practical action plans for the hospitals so that we could
expect to get detailed patient needs as per the departments of the hospitals and to improve service quality based
on the segmented MOT and service process. This is the main differences from general patient experience assessment
model. KSA PE-SQI model’s powerful strengths for significant consulting.
Table 2. Comparison of survey detailed contents: South Korea Government vs KSA3

Government

N of questions

* There is no classification between doctor and nurse.

Total
Nurse

21
4

KSA PE-SQI
Category
Total
Nurse

N of Questions
Nurse
45

Doctor
6

14

(hospital
employee)

3 For South Korea government, they start to research patient experience assessment by HIRA. And detailed contents of
KSA PE-SQI model cannot be shared because of our IPR (intellectual property rights). If you have any questions about
this, please contact us (leejh17@ksa.or.kr).

1037

Government
Doctor

N of questions
4

KSA PE-SQI
Doctor

13

N of Questions
3 + 3
(hospital
employee)

Treatment
Environment
Patient Right
Overall Satisfaction

5
2
4
2

Treatment
Environment
Patient Right
Overall Satisfaction

10
7
7
2

3. Result
This is the overall results and main points from our research through Figure 1 to Figure 4.

Figure 1. KS-SQI Score from 1st Survey (Sample results)

Figure 2. Doctor’s score by each department of the hospital

1038

11
6
6
2

Figure 3. Nurse’s score by each ward of the hospital

Figure 4. NPS score

In short, there are two main remark points from the data.
Remark 1. Compared with the first survey, the hospital's overall hospital admission experience assessment and other
recommended scores (NPS) were raised. In the nursing and patient rights guarantee, the score was raised (2.1 and
1.3 respectively). On the other hand, for doctors, the score was 0.3 points lower than the first. Therefore, periodic
and detailed management of medical care services, which are key to the medical process, is necessary. Compared
with the first survey, the hospital's overall hospital admission experience assessment and other recommended scores
(NPS) were raised. In the nursing and patient rights guarantee, the score was raised (2.1 and 1.3 respectively). On
the other hand, for doctors, the score was 0.3 points lower than the first. Therefore, periodic and detailed management
of medical care services, which are key to the medical process, is necessary.
Remark 2. In the hospital care process, the doctor is a key pillar of care. Currently, the scores of essential medical
practices or infrastructure items are generally high. However, improvements are needed first in the key values of
patient-centered care, such as doctor interviews, patient empathy, and participation in medical decision-making.
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This year, the PE-SQI research was conducted twice urgently on a trial basis to prepare for patient experience
assessment by diagnosing the current level and first drawing up improvement tasks. Later, the number of samples
will be greatly expanded and detailed analysis by each individual and physician will be required through periodic
monitoring and tracking.

4. Conclusion
In perspective of patient centered care, in 2017 to 2018, KSA (Korean Standards Association) developed PE-SQI
(Patient Experience-Service Quality Index) model based on KS-SQI model. PE-SQI model consists of five major
dimensions: nurse service, doctor service, treatment process, hospital environment, patient rights and these five
dimensions in PE-SQI share the same lines with seven dimensions of KS-SQI: primary services, unexpected
additional services, credibility, individual empathy, positive assistance, accessibility, physical evidence. In this paper
we will describe a general hospital case in South Korea so that we would like to explain how we approach to
estimate overall service quality in the hospital. Many Korean general hospitals are carrying out various activities
to improve service quality. KSA is contributing to strengthening South Korea's competitiveness in service quality
through models like PE-SQI and KS-SQI. In conclusion, with these efforts, KSA would like to contribute to promote
many hospitals’ medical service quality and healthcare service level based on providing patient-centered medical
service estimation results.
In South Korea, patient experience assessment has applied since 2017. Therefore, it is the initial stage of
introduction of this assessment so that detailed analysis and strategic action plans will be important from the
continuous educations and monitoring. KSA’s PE-SQI is a good opportunity to prepare patient experience assessment.
For now, the patient experience assessment is conducting based on in-patients those who stayed in the hospital
within in 8 weeks from the moment of phone call survey based field research. In near future, the South Korea
government has a blueprint preparing to introduce surveys from outpatients those who received the treatment from
their home to the hospital.
In conclusion, this is the beginning of data driven medical decision. These data and results could be helpful
for making better policies of public health. KSA contributes to South Korea’s service industry competitiveness
through KS-SQI model. In medical industry, KSA’s PE-SQI model also provide better solutions for major hospitals
to provide the best treatment service so that patient could concentrate on their treatment and health.

Reference
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Abstract
Advanced metering infrastructure (AMI) refers to an integrated system of smart meters, communication networks,
and data management systems. The AMI provides important functions, such as measuring and monitoring energy
usage automatically and remotely. It also provides useful information that encourages electric utilities and customers
to manage peak demand and energy consumption and costs. Pohang University of Science Technology (POSTECH)
has developed its own AMI for electricity usage data from campus buildings. POSTECH has also developed an
IT platform called Open Innovation Bigdata Center (OIBC), to store and share various data made in the campus.
In this work, we describe the AMI and the OIBC platform that include various sensors and systems for measuring,
storing, calling, and monitoring data. The data are collected from seven buildings that have different characteristics.
We installed 266 sensors at the buildings, that is, 188 EnerTalk and Biz, 18 plugin, and 60 high sampling sensors.
The sensors collect electricity usage data in real time and users can visualize and download the data through the
OIBC platform. We also present some applications of the collected data. The applications show that the amounts
of electricity usage of campus buildings are different depending on various factors, including the building’s size,
occupant type and their behaviors, uses of buildings, and facilities of each floor. The information extracted from
the applications can be used to improve the satisfaction of students and faculty as well as the efficiency in electricity
management.

1. Introduction
Advanced metering infrastructure (AMI) refers to an integrated system that communicates with metering devices
and measures, collects, and analyses various types of data, such as electricity, gas, heat and water [1]. The AMI
includes smart meters, communication networks, and data management systems [2]. It enables time-based information
and frequent collection and transmits such information to various parties in real time [3]. Therefore, managers and
consumers of electric utilities can make intelligent decisions for efficient operation of power plant and reduction
of energy consumption and cost based on the available information [4].
The AMI has been applied to factories, commercial buildings, and university campuses [5]. University campus
is one of the big consumers that have huge energy consumptions and need uninterrupted power supply for critical
infrastructures such as laboratories and cafeteria [6, 7]. Recently, many universities began experimenting with the
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AMI in their campuses and have been utilizing it as a testbed to study new research or business ideas and
technologies [8]. For example, University of California San Diego [9], Wesleyan University in Connecticut [10],
and Princeton University [11] have already developed their own AMI and conducted various studies using the data
they have collected. The universities have applied the collected data to understand their energy consumption and
develop an effective energy conservation strategy [12].
Pohang University of Science Technology (POSTECH) in Korea has also developed an AMI. POSTECH owns
many types of facilities for collecting rich energy data, such as classrooms, offices, laboratories, factories, and
graduate student apartments. The AMI aims to collect, store, and manage electricity data and make POSTECH as
a global hub of energy big data, in which internal and external faculty and researchers apply the collected data
in education, research, and new business. POSTECH has also developed a platform called Open Innovation Big
data Center (OIBC) to systematically manage, analyze, and share the collected data from the AMI. Researchers
in POSTECH are trying to apply the data to understand and predict patterns of electricity consumption.
In this work, we first describe the POSTECH AMI and the OIBC platform in detail. Next, we introduce
applications of the data collected from campus buildings. The remainder of this paper is structured as follows. Section
2 explains sensors and an architecture installed in the POSTECH AMI and systems in the OIBC platform. Section
3 presents applications of electricity usage data from campus buildings. Section 4 discusses issues for operating
the AMI and OIBC platform and applying the collected data. Section 6 concludes the paper.

2. Infrastructure for Collection and Analysis of Electricity Usage Data
2.1 AMI Architecture at POSTECH Campus
POSTECH campus can be divided into four major areas, namely, educational, research, living, and production
areas (Fig. 1). In the production area, machines and equipment that require huge amount of electricity are used
to make materials or products for education and research. In the educational area, facilities such as classrooms,
meeting rooms, and offices exist. In the research area, laboratories and offices for research exist. Finally, cafeterias,
dormitories, and apartments exist in the living area. In each area, different buildings exist for various objectives.
We decided to install smart meters in seven buildings selected from the four areas to collect rich data. The selected
buildings are School of Environmental Science and Engineering (a), Information Research Laboratorie (b), Science
Building IV (c), Tae-Joon Park Digital Library (d), Biotech Center (e), C5 Building (f), and Graduate Student
Apartment (g). The C5 building is a complex building that comprise a café, classrooms, halls, offices, and
laboratories.

Fig. 1. Locations of seven representative buildings in four major areas at POSTECH

We installed four types of smart meters made by Encored Technologies and RETIGRID, which are companies
that develop and provide smart meters and data management and monitoring services. An EnerTalk Biz (3ch) sensor
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can cover large areas, such as an entire or floors of buildings. An EnerTalk (24ch) sensor enables the collection
of electricity data of specific zones or rooms of buildings. A plugin (1ch) sensor can be installed to measure the
data of an individual appliance. Finally, a high sampling sensor can be installed especially for machines or equipment
that require a large amount of electricity. We installed 266 sensors in total in the seven buildings (Table 1). Data
consistency validation was conducted by comparing the electricity usage values measured by the sensors and the
actual values measured by a power quality meter. All sensors satisfied 95% in data consistency.
Table 1. Number of sensors installed in seven buildings

EnerTalk Biz
(3ch)

EnerTalk
(24ch)

Plugin
(1ch)

High sampling

26

-

-

4

30

-

15

-

4

19

Sci. Building IV (c)

27

-

18

2

47

Tae-Joon Park
Digital Library (d)

54

-

-

23

77

Biotech Center (e)

19

-

-

15

34

C5 (f)

43

-

-

12

55

Graduate Student
Apart. (g)

-

4

-

-

4

Total no. of sensor

169

19

18

60

266

No. of sensor
for each
building

Sensor /
Building

School of
Environmental
Sci. and Eng. (a)
Information Research
Laboratorie (b)

The POSTECH AMI architecture is shown in Figure 2 in detail. Internal data mean the collected data by smart
meters from the seven buildings. The internal data are collected and transmitted to an IoT-based data collection
system every seconds. We also collect external data provided by government agencies and private companies, such
as weather and electricity prices, through the application of programming interfaces (APIs). Such data are collected
and transmitted to the collection system every hour. The collection system delivers all collected data to an IoT-based
data monitoring system. In this case, the electricity data are delivered every 15 minutes for safe delivery. Data
consistency validation was conducted by comparing the electricity usage values measured by the sensors and the
values displayed in the IoT-based data collection and monitoring systems. All sensors satisfied 95% in data
consistency. The IoT-based data collection and monitoring systems are open platforms, so many different types of
sensors and APIs can be connected to the systems. We attempted to add a meteorological sensor and occupancy
sensors to measure environmental conditions such as temperature, humidity, and fine dust and number of occupants
entering and leaving a building. The collection system also delivers all collected data to an energy bigdata repository.
The repository consists of Hadoop Distributed File System (HDFS) of Hadoop and Maria DB. HDFS refers to a
file system that stores large files in distributed servers properly and works well with low-specification servers. The
Maria DB, a relational database management system, deals with the required SQL statements and extracts and
delivers the data that users want from the repository. We plan to expand the AMI by installing more sensors in
other campus buildings.
2.2 Data Monitoring and Sharing System of OIBC Platform
Data collection began from 2017 and the total amount to date is over 2TiB. OIBC is a platform to monitor
and share the collected data by the POSTECH AMI. People who want to utilize the data can freely visit a website
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(oibc.postech.ac.kr) and gain authority to access the platform. There are two types of platforms; monitoring platform
and sharing platform. In the monitoring platform, users can use various functions, such as selecting buildings and
sensors and changing periods, so that they can find the data they want. The platform also provides a visualization
function. For example, users can view the visualized charts through a website (Fig. 3). The selected data are
visualized with various charts, such as pie, line, and column charts. The platform has a user-friendly interface, so
users can easily zoom in and out the charts by dragging and clicking and add and subtract data from different
sensors by clicking. Such visualization functions and interface help users to understand various data deeply.

Fig. 2. Schematic of POSTECH AMI architecture

Fig. 3. Monitoring system of OIBC platform
The sharing platform aims to share the collected data. Users who want to utilize the data can visit this platform
to call and download the data. All commands are entered and worked by SQL statements. Like the monitoring
platform, users can easily find the data as building, floor, or zone levels and change periods of the data by
customizing SQL statements properly. The sharing platform provides some samples of the statements that show basic
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structure, unique codes of each building, and commands, so that users who are not familiar with SQL statements
can easily find and download data. An example is shown in Fig. 4. Fig. 4(a) shows the window, in which users
type SQL statements. Fig. 4(b) shows downloaded data in a csv file. The data includes sensor name, time, voltage,
current, active power, and reactive power.

Fig. 4. SQL statements for data call (a) and downloaded data as a csv file (b)

The platforms have problem awareness and altering functions, and we regularly inspect the condition of sensors
for high-quality data collection, management, and sharing. Additionally, we will continuously upgrade all systems
to make more user-friendly and stable.

3. Analysis of Electricity Usage Patterns in POSTECH Campus
Energy efficiency is a critical issue for campus buildings because it is associated with comfort and satisfaction
of students [13]. POSTECH has about 3,500 students, 650 researchers, and 280 professors. The electricity usages
have been continuously increasing and POSTECH has alerted campus members to the increase through campus
bulletin boards. Hence, it is useful that POSTECH applies the collected data in the OIBC platform to understand
the electricity usage patterns and promote the conservation in campus. Towards achieving this goal, in this section,
we apply the collected data to show and discuss the characteristics of electricity usage patterns of the seven buildings.
We utilized the data in October 2019. We selected this month because it is during a semester and before
COVID-19 occurred. Thus, it would be a proper timeframe in which the typical pattern of electricity usage in campus
can be extracted. Fig. 5 shows the daily total amount of electricity usage of the seven buildings. The amount of
electricity usage is different depending on the buildings. C5 building (C5) uses the most amount of electricity usage
because the building is big and has
various facilities. C5 has total eight floors
and its floor space is twice that of other
buildings. Additionally, C5 has a café,
many halls where many people visit for
various events, and start-ups that uses
various machines and
equipment.
Tae-Joon Park Digital Library (Library),
School of Environmental Science and
Engineering (ESE), and Graduate Student
Apartment (APT) show medium amounts
of electricity usage. Other three buildings,
Biotech Center (Bio), Information
Research Laboratorie (IRL), and Science
Building IV (E4), are relatively smaller
Fig. 5. Daily total amounts of electricity usage of the seven buildings in October
than other buildings, so they have low
2019
amounts of electricity usage. This result
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implies that the amounts of electricity usage of buildings are different depending on the size.
Fig. 5 indicates that the patterns similarly changed depending on the date. The amounts of electricity usage
decreased during every weekends (5th, 6th, 12th, 13th, 19th, 20th, 26th, and 27th). Additionally, the amounts
decreased on 3rd and 9th because the two days are national holidays. Table 2 shows the result of comparisons
between the total amounts of weekends and holidays and weekdays of the seven buildings. We checked the normality
of the utilized data. The data of E4, C5, Bio, and IRL showed normal distribution, but the data of other buildings
were not normally distributed. Therefore, we conducted t-test and the Wilcoxon signed-ranked test for the
comparison. Table 2 shows that six buildings except for APT uses significantly different amounts between weekdays
= 0.05. This statistical result explains the flat pattern of electricity usage of APT

and weekends and holidays at
during the month in Fig. 5.

Table 2. Number of sensors installed in the seven buildings

t-test

E4*

C5*

Bio*

IRL*

t
p-value

9.1687
0.0000

12.4017
0.0000

11.1617
0.0000

9.7214
0.0000

* Significant difference at

= 0.05

Library shows an unusual pattern from 14th to 25th in
Fig. 5, which is attributed to long opening hours during the
midterm examination season. The official midterm season
was from 21st to 25th when the amount was the highest, but
most students prepared the exams a week before. After the
season, most students leave the campus and take a rest, and
these students’ behaviors were reflected to the amount of
electricity usage of the library. The amount was the lowest
during the month and then recovered again. Unlike other
buildings, the amount of electricity usage of APT shows no
variation regardless of weekdays or weekends. It implies that
the amount of electricity usage of graduate students and
researchers who live in the apartment is not affected by
academic schedule. Fig. 6 shows box plots that present the
median and first and third quartiles for the seven buildings.
As shown in Fig. 5, the amount of electricity usage of C5
is variable and APT shows a little change of the amount. This
result explains that the amounts of electricity usage of
buildings can be different depending on user type and
behaviors in buildings.

Wilcoxon
signed-rank test
v
p-value

ESE*

Library*

APT

0.0000
0.0020

5.0000
0.0195

20.0000
0.4922

* Significant difference at

= 0.05

Fig. 6. Box plots of the seven buildings

Fig. 7 shows the hourly average amounts of electricity usage of the seven buildings. Most buildings shows similar
patterns. The amount decreases at 12 PM when most campus members have lunch at cafeteria and at 5 PM when
they finish their work. C5 shows a big change after 5 PM because most machines and equipment at halls are turned
off after that time. However, the library shows a different pattern that the amount of electricity usage increases
after 4 PM. It is because most classes are finished between 4 PM and 5 PM and then undergraduate students move
to the library. Therefore, the library increases the amount after 4PM and keeps a high amount of electricity usage
until 1 AM. Similarly, the amount of APT increases after 4 PM and keeps the amount until 12 AM. Most graduate
students and researchers leave the office and go to their rooms between 4 PM and 6 PM. They take a rest or
keep researching at their rooms after the dinner, so the amount of electricity usage is not reduced during night
time. On the other hand, the amounts of electricity usage of other four buildings increase and decrease depending
on office hours that are mostly from 9 AM to 6 PM. This result indicates that the amounts of electricity usage
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of buildings can be different depending on the uses of buildings.
A building has floors that use different amounts
of electricity usage. Fig. 8 presents the hourly average
amounts of electricity usage of five floors of E4.
There are two different patterns among the five floors.
First, a pattern shows relatively steep increase and
decrease of the amount and it includes first basement,
first, and second floors (A zone). Second, the other
pattern shows rather gradual increase and decrease of
the amount and it includes third and fourth floors (B
zone). The A zone has offices for faculties and
laboratories for researchers and graduate students.
Therefore, the members move and work regularly,
Fig. 7. Hourly average amounts of electricity usage of the seven
such as having a lunch at 12 PM and leaving the
buildings
building after office hours. However, the B zone has
classrooms, meeting rooms, and PC room in which
various activities happen irregularly. For example,
undergraduate students do homework and faculties
have meetings at the building during the lunch hour.
For these reasons, the two different zones that include
different types of rooms indicate different patterns of
electricity usage. Finally, third floor shows the most
amount of electricity usage. This is because there are
various types of rooms and activities. This floor has
two big classrooms, three meeting rooms, and a PC
room that have many beam projectors, video
conference systems, and computers. The classrooms Fig. 8. Hourly average amounts of electricity usage of the four floors
in E4
are special interactive rooms in which students share
their knowledge and discuss together by using various
devices such as notebooks and tablet PCs. In the PC room, there are six computers, a speaker, a printer, and a
TV and many students use them for studying. This result explains that the amounts of electricity usage of floors
can be different depending on facilities even in the same building.

4. Discussion
In this study, POSTECH developed the AMI and OIBC platform that represent the addition to a campus of
new technologies and devices. Operating them requires the integration of new skills and know-hows from various
domains. Therefore, it is important to invite and cooperate with internal and external expertise. In this respect,
POSTECH can use the developed AMI and the OIBC platform as a testbed to attract external partners. The partners
can implement their new technologies, products, and services in the open platform, and then collect data from the
POSTECH campus. Additionally, the partners can utilize the rich data to test and upgrade their technologies,
products, and services. POSTECH can also improve the AMI and the OIBC platform and utilize the data to identify
campus members’ requirements or potential problems.
It is important to encourage the participation of campus members to collect and apply data. For the participation,
POSTECH can establish various strategies. First, POSTECH should help the members understand the developed
AMI and OIBC platform. POSTECH can use multiple channels such as a homepage and bulletin boards in the
campus to promote the AMI and the OIBC platform. Additionally, POSTECH can provide education of the AMI
and the OIBC platform to members who want to use them. Second, POSTECH should develop campus programs
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on applying the collected data. For example, the collected data can be utilized in a class. Students can apply analytical
techniques to the data and extract valuable insights. In addition, it is also possible to hold a contest and collect
ideas and methods to apply the collected data. Finally, POSTECH should provide a reward for the participation.
Recently, many IT companies try to collect rich data and provide their customers discounts and coupons as rewards
[14]. POSTECH can also adopt such a reward system to encourage members’ participation. For example, if members
participate surveys or develop ideas to improve the AMI and the OIBC platform, POSTECH can provide prizes
or coupons as a reward.
Although this study utilized the data to understand the electricity usage patterns of the seven buildings, a
systematic analysis to reveal the electricity usage of the campus has not been done yet. Recently, many studies
have applied analytical techniques such as data mining, machine learning, and AI and developed new methods to
extract managerial insights for an effective campus building management. POSTECH can also apply these methods.
For example, various forecasting methods can be utilized to predict electricity demands and to identify electricity
usage determinants on the buildings. Additionally, the collected data has a great potential to contribute to the
development of new services or policies for the campus. Electricity usage patterns reflect the behaviors of campus
members in a building. Therefore, POSTECH can manage operating hours of facilities in the campus or control
air conditioning systems based on the collected data. These applications will improve the quality of campus life.

5. Conclusion
This paper describes the POSTECH AMI and the OIBC platform. In detail, we explained the installed sensors,
the schematics of AMI, and the functions of the OIBC platform. The AMI and platform would be a useful testbed
or living laboratory for various users. Developers in industries and researchers can simulate and validate their
technologies, products, services, and studies by embedding them in the AMI and the OIBC platform. As the AMI
and the OIBC platform are expanded, POSTECH are expected to play a pivotal role in facilitating a smart city,
as well as the global hub of energy big data.
We also introduced some applications that show characteristics of electricity consumption of the seven buildings.
The results show that the patterns of electricity usage are different depending on the size, user type and behaviors,
uses of buildings, and facilities of each floor. In this study, we utilized only electricity usage data but more
information on facility usage features, such as number of occupants and operating time of each facility, need to
be collected and applied for a more detailed understanding. Various types of information could help POSTECH
to make strategies and decisions for optimum electricity usage of the buildings.
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Abstract
Open Quality Concept has been initiated to be a new quality strategy build upon an open and transparent
approach. This concept aims to evolve quality management into quality responsibility in the era of Industry 4.0.
It is believed that the concept committed to guaranteeing lifelong system performance in its application of smart
factories by using blockchain technology. In this case, we figure out three particular aspects in order to
systematically consummate the concept including measurability, traceability, and connectivity. However, the
development of these defined aspects has not reached the possible integrative methodology to be implemented
in attaining the performance level value. Meanwhile, the performance level undeniably becomes the only objective
of organizations in evaluating the sustainability of their business processes. To this end, we proposed the
development of Open Quality Concept notably the core methodologies establishment as a strategic management
system. In measurability, we determined the input data which is used to represent quality level called performance
measure factors. Subsequently, in the data analysis process, methodology proposals were given and through the
consideration of organization conditions, performance evaluation would be achieved. We were also defining the
proposed tools for traceability and connectivity. In traceability, tools were used in the tracking process to detect
and clarify causes of the low-quality level. In connectivity, methods of establishing connections and obtaining
resources were provided. Combining the three proposed developments have shown overall analysis processes result
and are expected to demonstrate a significant performance level. These representations contributed to the
improvement of the Open Quality Concept in smart factories. Further research will be established to unite the
whole processes and valid data in the blockchain system called Open Quality Blockchain System.
Keywords: Open Quality, Quality Responsibility, Strategic Management, Smart Factory, Industry 4.0

1. Introduction
The concept of quality has existed since the late 13th century and then continuing to grow until the 21st century,
which is the quality movement has matured and Quality 4.0 was introduced. These concepts and their applications
follow the development of each distinct period. As the 21st century begins, we are in the era of Industry 4.0,
technology gives substantial influences on quality trend. The Industry 4.0 era involves full of technological
sophistication, the intelligent system is created to facilitate human activities in order to solve problems by using
technology. The definition of Industry 4.0 is the fourth industrial revolution applying the principles of CPS (CyberPhysical Systems), internet and future-oriented technologies, and smart systems with enhanced human-machine
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interaction paradigms (Sanders, Elangeswaran, & Wulfsberg, 2016). The article also mentioned that Industry 4.0
affects the production process significantly such as real-time planning on the production floor and self-optimization.
The quality of products and processes will be determined by advanced technology used like speed, accuracy, and
transparency on them. Quality values could be considered effectively by each level in the organization. Furthermore,
evaluation of quality as an important aspect would be likely done. This is called a smart factory, which has a link
to a process of connecting people, things (machines and products), and data, as one way of organizing and conducting
industrial processes (Hermann, Pentek, & Otto, 2016).
On the way to achieve success in optimizing the existence of the smart factory, ensuring the management system
on the factories runs as well, becoming one action to be executed. The management system is covering the company’s
production system. Regarding the production process, quality becomes one necessary aspect of evaluating the results.
As the industrial revolution developed, the concept of quality also continues to evolve. Starting from quality control
and strengthened into quality assurance, and finally expanded into total quality management. Moreover, Park, Shin,
Park, & Lee (2017) mentioned that quality concept in the fourth industrial revolution is to focus on clarifying the
responsibility or accountability of quality. Hence, they conveyed a new concept of quality management known as
Open Quality. Open Quality has a meaning as a new quality strategy, that accounts for all quality characteristics
of any product and service are designed, produced, marketed, and sold on the basis of open and transparent
approaches (Park, Shin, Park, & Lee, 2017). There are three main aspects in detail that need to proceed upon
including Measurability, Traceability, and Connectivity (MTC).
In advanced research conducted by Shin, Ali, Song, & Han (2019), the exact meaning of each aspect was
mentioned. Measurability stands for knowing the quality level, traceability stands for guaranteeing long-term control,
and connectivity stands for backup systems in improving the overall quality level. The ultimate goal of Open Quality
is to assist the company in analyzing processes in the system by adopting blockchain technology. However,
implementing a blockchain in the company can not be achieved without any great effort. There are two significant
factors, such as mature preparation in the company itself and the proposed Open Quality system. The readiness
of the company depends on their respective conditions as well as technological components and data available. Most
importantly, the system has to be comprehensive, easy to apply, and significantly impact the company. Considering
these factors, the concept of Open Quality with three aspects is still assessed not completed. It needs to be evolved
in more detail. To this end, this research proposed the development of the Open Quality concept by identifying,
analyzing, and describing the methods used in every aspect of Measurability, Traceability, and Connectivity (MTC).
The development was done by guiding the objectives of each aspect and its application on the blockchain system.
Brainstorming, analysis, establishment, and evaluation were performed sequentially. The methods on measurability
explained the steps taken in the data measurement. Traceability has a fairly complicated system, but worth it to
do because the tracing process in this aspect is the key matter. Thereafter, connectivity is a new aspect of quality
management. So, there is not much research explaining the concept and method used. In this research, we would
guide it by the concept of smart contracts. These three evolvements are expected as a basis of the Open Quality
concept.
This research consists of 6 sections. Section 1 explains the background of this research. Section 2 describes
the concept of Open Quality, the development plan of the Open Quality Blockchain System, and a brief explanation
of smart factories. Section 3 proposes the methodology used in this study. Section 4 presents the main content of
the research. This section illuminates the methods on Measurability, Traceability, and Connectivity (MTC) in
sequence and detail. Section 5 concludes the results of the final research. Finally, section 6 conveys further research
in order to improve current research.

2. Literature Review
This research is based on the following two literature review. As discussed, the development of methodology
in this research is based on the Open Quality concept. Furthermore, we would examine about the smart factory
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which is the target of implementation of the concept.
2.1

Open Quality Concept

In this section, we explained the definition of Open Quality to better understand the objectives of this research.
The concept was developed to be implemented in the smart manufacturing by adopting blockchain technology known
as Open Quality Blockchain System.
Open Quality Definition. Nowadays, many researchers and organizations develop systems to regulate processes or
activities resulting in output with optimal quality. Quality in this context is crucial, it becomes an indicator of the
performance in each process. A book with the title “Juran’s Quality Handbook” by Joseph M. Juran and A. Banton
Godfrey mentioned that of the many definitions of quality, there is two critical importance to managing for quality.
Firstly, “Quality” means those features of products that meet customer needs and thereby provide customer
satisfaction and is oriented to income. Secondly, “Quality” means freedom from deficiencies, freedom from errors
that require doing work over again (rework) or that result in field failures, customer dissatisfaction, customer claims,
and so on. This definition is oriented to costs. Each critical importance reminds us that quality becomes very
important to stakeholders in making the decision as a consideration, for example in a company, related to the
company’s income and profitability as well as customer satisfaction.
Through the industrial revolution, there is a shift in customer needs and also the quality goals to be achieved. Each
era has different needs and goals depending on knowledge and technological development. Fig. 1 shows the industrial
revolutions along with related elements that are also transitioning. Starting from 1st Industrial Revolution which
is focusing on quality control. “Quality control” has a specific meaning of a universal managerial process for
conducting operations so as to provide stability – to prevent adverse change and to maintain the status quo (Juran
& Godfrey, 1999). They also mentioned that to maintain stability, the quality control process evaluates actual
performance, compares actual performance to goals, and takes action on the difference. Therefore, in this era, the
focused quality strategy is inspection process.

Fig. 1. Industrial revolution, quality goals, and quality strategy (Source: Shin, 2019, page 344)

Next, 2nd Industrial Revolution leads to quality assurance. “Quality assurance” has main objective to verify that
control is being maintained. So, the difference between both quality control and quality assurance is, in the quality
control, performance is evaluated during operations and is compared to goals during operations, while in the quality
assurance, performance is evaluated after operations and the resulting information is provided to both the operating
forces and others who have a need to know (Juran & Godfrey, 1999). In the book “Statistical Methods for Quality
Assurance” by Stephen B. Vardeman and J. Marcus Jobe, it is mentioned that modern quality assurance methods
and philosophy are focused on the processes than on products. The reason is that if one gets processes to work
effectively, resulting products will automatically be good. In consequence, standardization is one important thing
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for production processes as well as this era is mass production.
In the 3rd Industrial Revolution, technology is growing rapidly, and the production process focuses on lean
production. From the concept of quality control and quality assurance developed into a better-quality management
known as Total Quality Management. Indeed, “Quality management” focuses on three fundamental concepts that
are customer focus, continuous improvement, and the value of every individual (Juran & Godfrey, 1999). Initially,
the company only concerned the products, then it turns out into the needs of consumers. The products are made
in accordance with the customization of consumers. Customer loyalty becomes a long-term goal after obtaining
customer satisfaction. Also, the company has to perform continuous improvement to ensure that they are working
well and are compliant with the standards to survive. In addition, empowerment is necessary, which means each
individual has knowledge and ability to be responsible, act, and desire to decide for the contribution to the success
of the company. Thus, innovation is needed as a strategy.
We are currently in the 4th Industrial Revolution, where technological developments in all aspects are increasing.
Mass production is increasingly being implemented by many companies. The quality goal in this era is the merger
of the three previous goals (Quality Control, Quality Assurance, Quality Management), known as Quality
Responsibility. Not only focuses on the products and its processes, such as performance and innovation, but also
on the needs of customers. In the current situation, the concept of transparency and openness is needed in quality
value of each product or process. So, the quality level entirely can be farther evaluated internally and externally
to reach continuous improvement. Regarding to these all, Open Quality concept has been thought to become one
strategy.
Open Quality concept was first mentioned by Park, Shin, Park, & Lee (2017), defined as a new quality strategy,
that accounts for all quality characteristics of any product and service are designed, produced, marketed, and sold
on the basis of open and transparent approaches. This concept is aimed at resolving the challenges and problems
of the smart factory. There are three necessary elements to achieve Quality Responsibility including Measurability,
Traceability, and Connectivity (Shin, Ali, Song, & Han, 2019). Measurability (M) is intended for data measurement,
such as what will be measured and how to measure it, so quality level could be obtained. Traceability focuses
on process evaluation by tracing. Connectivity stands for quality improvement by connecting to existing resources
and stakeholders in order to provide solutions. These three elements have been designed for positive contribution
to the smart factory, however, to implement those processes, methods or tools are needed. Since there is no rigorous
research stating the methods to be implemented, this research would discuss the details accordingly.
Open Quality Blockchain System. As mentioned before, Open Quality is a concept of integration and development
of quality control, quality assurance, and quality management that aims to achieve some particular improvements.
However, on its application, we need a tool to go deep easily into how the Open Quality works. Since we are
surrounded by the rapid technology evolvement, so blockchain technology, one of the famous technologies in Industry
4.0, was adopted to realize the Open Quality concept.
Blockchain is a distributed ledger of transactions implemented as data batched into blocks that use cryptographic
validation to link the blocks together (Bambara & Allen, 2018). In the book, it is also mentioned types of
blockchains, including public blockchains, consortium blockchains, and private blockchains. The definition for each
type is described completely in the book as following.
1. Public blockchains, a blockchain for all to be able to access and transact with, everyone could contribute
to the consensus process, if and only all the transactions are valid that could be included in the blockchain.
2. Consortium blockchains, a blockchain where the consensus process is controlled by a preselected set of nodes,
partially decentralized.
3. Private blockchains, a blockchain where write permissions are kept centralized to one organization, public
readability may not be necessary in many cases at all, though in other cases public auditability is desired,
and could provide solutions to financial enterprise problems.
A private blockchain is used for the Open Quality Blockchain System to be developed. Some reasons are
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considering based on its benefits. In the book with the title “Blockchain” by Joseph J. Bambara and Paul R. Allen,
they mentioned that the private blockchain operator could change the rules of a blockchain. It is also necessary
to change transactions if errors are discovered. Transactions are less expensive than others because this type of
blockchain only needs to be verified by a few nodes where it could be trusted to have a very high processing
power. Another important thing that private blockchain would always be faster than public blockchain.
The core usage of blockchain technology on the Open Quality concept is to look at the hype of technology
itself where the reality of its benefits to business based on all sorts of enterprises and companies is to simplify
business processes and reduce friction significantly. Thus, it is hoped that it would facilitate all aspects (quality
factor, quality performance, production process, and so on are required) to have connected each other by utilizing
the development of technology and gain many benefits. Fig. 2 shows the framework of Open Quality Blockchain
System.

Fig. 2. Open quality blockchain system framework (Source: Shin, Ali, Song, & Han, 2019)

2.2

Smart Factory

The Open Quality concept is intended as a strategic management system for a smart factory. That makes us
figure out the understanding of smart factories. Quoted from an article titled “The smart factory – Responsive,
adaptive, connected manufacturing” published by Burke et al (2017) mentioned a definition that represents the
characteristics of smart factories. A smart factory is a flexible system that can self-optimize performance across
a broader network, self-adapt to, and learn from new conditions in real or near-real-time, and autonomously run
entire production processes. It is also stated that the real power of smart factories is its ability to evolve and grow
along with the changing needs of the organization. The needs are be shifting customer demand, expansion into new
markets, development of new production products or services, more predictive and responsive approaches to
operations and maintenance, incorporation of new processes or technologies, or near-real-time changes to productions.
Another definition of the smart factory is a manufacturing solution that provides such flexible and adaptive
production processes that will solve problems arising on a production facility with dynamic and rapidly changing
boundary conditions in a world of increasing complexity (Radziwon, Bilberg, Bogers, & Madsen, 2014). In the
article, they pertained the advantages are related to automation, comprehend the combination of software, hardware,
and/or mechanics, which should lead to optimization of manufacturing resulting in the reduction of unnecessary
labor and waste of resources.
The technology that is currently being popular and becoming a core technology in the smart factory is CPS
(Cyber-Physical System). The article by Wang, et al (2015) mentioned that CPS would play an important role in
the evolution of manufacturing shop floors into smart factories with an advanced level of security and safety. CPS
has the meaning of heterogeneous distributed systems featuring a combination of computation, communications, and
control technology, and also coordination between network systems and physical systems (Liu, Peng, Wang, Yao,
& Liu, 2017). They revealed that CPS has characteristics of security, real-time capability, and predictability. Since
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the network system and physical system are being open, attack from the network transmission system possibly going
to happen. Therefore, CPS has challenges to deal with such problems.
In the smart factory, many things need to be rectified and upgraded to create a perfect system and compatible
with the technology. Based on references, some challenges of smart factories are encountered. As well as mentioned
in an article, interoperability becomes one of the biggest challenges in the smart factory system (Mabkhot, Al-Ahmari,
Salah, & Alkhalefah, 2018). The intended interoperability means interchanging information between the products,
the infrastructure of production and processes, and the control system and real-time application. Phuyal, et al (2020)
stated several challenges in smart manufacturing systems, such as security issues, system integration, interoperability,
safety in human-robot collaboration, multilingualism, and return of investment in new technology. However, since
the interoperability stands for supporting data and information exchange between systems, it is important to note
that the constraints such as dissimilarities between the communication bandwidth, operational frequency, mode of
communication, and hardware capabilities can be eliminated.
Therefore, it needs to envelop innovations for further improvement of the performance in smart factories.
Although in fact, there are many advantages of smart factories. However, due to the heterogeneous nature, reliance
on private and sensitive data, and large-scale deployment, there will be cyber and/or physical security challenges,
attacks, and threats. One best recommendation is giving the best practice to management systems in smart factories
including monitoring systems to know accidental and non-accidental failures.

3. Methodology
In this section, some steps were explained in order to achieve the objective of this study. The research focuses
on the field of smart factories. Initially, extensive study of quality concepts such as quality control, quality assurance,
and quality management exist across researchers, and currently, we developed Open Quality that plays a role in
Industry 4.0. First, we explained the challenges in Industry 4.0 and found the lack of Open Quality concept that
has not been defined. These are two necessary things, processes for each aspect of MTC and also methods for
those aspects. Previously, we illustrated the background and the definition of the concept. As mentioned before,
the future work of the study is to create a blockchain, we called it an Open Quality Blockchain System. Definitions,
technologies used, and challenges in the smart factory are described considering the focus of the research. Then,
the methods of Open Quality concept in the smart factory were elaborated circumstantially. This section is divided
into three, methods on measurability, traceability, and connectivity. Lastly, we took the conclusion after all. The
proposed methodology is illustrated in Fig. 3.

4. Results and Discussion
As mentioned in the literature review that there are 3 important aspects of Open Quality concept in its
implementation, including measurability, traceability, and connectivity. Measurability that is intended for data
measurement, measure data specified as factors of the quality value. In this era of Industry 4.0, the measurement
uses technologies that are increasingly developed. Meanwhile, traceability is designated to analyze the results of
further measurement, so that if there is an inaccessibility target then it is necessary to analyze inappropriate things
that happened. Connectivity exists to meet the completeness of the concept to connect the company with other
resources in order to jointly solve the problem. In developing Open Quality concept, measurability is going to be
explained in advance. We elaborated on all the technologies and processes performed in data collection steps. Several
papers have mentioned data collection techniques as well as the technologies used.
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Fig. 3. Research methodology

The manufacturing data lifecycle is represented through seven cycles consisting of data sources, collection,
storage, processing, visualization, transmission, and applications (Tao, Qi, Liu, & Kusiak, 2018). The paper explained
that the manufacturing data are obtained from various sources such as operators, products, equipment or materials,
information systems, and networks. IoT (Internet of Things) is used to acquire those data, for instance, smart sensors,
RFID (Radio Frequency Identification), or other sensing devices that can monitor in real-time (Tao, Qi, Liu, &
Kusiak, 2018). As an implemented example in the manufacturing field, Zhang, et al (2019) expressed the uses of
a visual sensor system to automatically detect the weld defects. They brought the use of deep learning up as the
most effective method for digital image processing for defect detection namely CNN (Convolutional Neural Network)
algorithm. The result has shown a fairly high level of accuracy and robustness. Li, et al (2019) also proposed the
uses of an optical fiber sensor to detect surface defects in steel balls that provide successful defective product
detection results. The sensor is used for displacement and roughness measurement. Another journal also indicated
the micro cracks that occur in steel by using magnetic field sensors (Kikuchi, Tschuncky, & Szielasko, 2019). Some
researchers are continuing to develop related research for manufacturing data collection in order to give more
contributions to that field.
The research of data-driven manufacturing proposed by Tao, et al (2018) mentioned that after data collection
is completed, data needs to be stored. Furthermore, it could be integrated and processed to obtain information from
the existing data. Data visualization is clearly described as in showing the information into some graphs or diagrams.
For the last two processes are data transmission and data application. Data transmission is intended to integrate
or communicate manufacturing data through technology in real-time and secured. Meanwhile, data application is
the final process when the data has been accessible to all aspects of the company, it will continue to more detailed
analysis process.
In some papers on smart technology, nowadays, technology is indeed widely used in the process of data collection
in smart factories, it is no longer proceed manually. Deep learning is used as advanced data analytics so that decision
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making process becomes convenient and in line with real-time system performance (Wang, Ma, Zhang, Gao, &
Wu, 2018). The logic is the machine learns the data, finds the formed patterns, and makes the decisions. Big data
analytics is having a significant and vital role in manufacturing because of its ability to collect and storage of data,
preparation, cleaning, reduction, integration, and transformation of data as well as data mining so that decisions
are obtained from the extracted knowledge of big data (Majeed, et al., 2020).
The next principal aspect is traceability. Similar to measurability, traceability in its application uses technology
that facilitates human mainly in analyzing. After completing measurement, both results are obtained, appropriate
or inappropriate point to the process or product specifications or management data. Appropriate results do not require
significant follow-up. However, inappropriate results are required to be resolved due to severe causes. The main
process in traceability is analyzing the problem. One of the methods used is tracking system. The tracking system
is collecting, processing, aggregating, and displaying real-time quantitative data (Sabab S. Al-Fedaghi, 2018). Its
purpose is to check or detect the progress of something over a period of time, such as performance or current
status of work. There are three tracking processes: (1) detection, choosing an approach to identify objects; (2)
prediction, foreseeing the area of tracking; and (3) data association, affiliating information (Kalyankar, Nema, &
Mahind, 2018). Nowadays, the trending technology used for tracking system is object or motion detection with recent
advances in deep learning and computer vision (Lin, Li, Fan, & Gao, 2013; Luo, et al., 2018).
The third aspect is the connectivity. Connectivity is indicated to process the traceability’s results. After the
tracking process, the problems would be immediately identified. So, problem solving is carried out in order to provide
a real solution to implement. It is necessary to connect with stakeholders and third parties who are participating
in the company's business processes, understanding, and being responsible for the quality of the company. However,
there are still a few technologies that automatically connect the existing problems with those who are responsible
for the problems so that the suitable solutions can be determined. Here is a detailed explanation of the processes,
methods, and technologies used in each aspect of Open Quality.
4.1

Measurability

This section will be presented a lifecycle of the data measurement process. The processes include (1) data
collection, (2) data storage, (3) data processing, (4) data analysis and visualization, and (5) result estimation. Fig.
4 shows the processes and methods of the measurability aspect in the smart factory.
Data Collection. Manufacturing data consists of human data, equipment and material data, product data, and
management data. The technology that is being used to automatically obtain data called sensors. Powner &
Yalcinkaya (1995) mentioned that there are several types of sensors including basic sensors to intelligent sensors.
Basically, a sensor means an extension of human sense mainly as receivers and processors of information from
nature and the environment (Powner & Yalcinkaya, 1995). Human data, equipment, and material data are obtained
by implementing sensors in the production area. Sensors are expected to monitor those data in real-time. The sensor
will also capture the image of those to be used as problem analysis. It is adapted to the company's conditions as
long as the sensor provides features to capture images clearly. Meanwhile, product data and data management are
historical data. Those kinds of data are obtained through the company's information system.
Data Storage. A very large volume of data must be stored. Data is stored securely in a cloud and it can be effectively
integrated. Clouds are a large pool of easily usable and accessible virtualized resources that can be dynamically
reconfigured to adjust to a variable load (scale), allowing also for optimum resource utilization (Vaquero,
Rodero-Merino, Caceres, & Lindner, 2009).
Data Processing. Data preprocessing is to process redundant data, duplicate, or inconsistent information. Data
preprocessing consists of two processes such as data cleaning and data reduction. Data cleaning involves the activities
of missing value, format, duplicate, and garbage data cleaning (Tao, Qi, Liu, & Kusiak, 2018). The paper stated
about data reduction as well, which has a meaning of the process of transforming the massive volume of data into
ordered, meaningful, and simplified forms by means of feature or case selection. Machine learning works for data
cleaning and data reduction.
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Data Analysis and Visualization. After data cleaning and data reduction had been completed, the data is utilized
through data analysis to obtain information. By implementing machine learning and deep learning, it is expected
that classification is easy to perform and less time-consuming. Machine learning has a purpose to learn from the
data. Simeone (2018) presented this method as an alternative to the conventional engineering approach for the design
of an algorithmic solution. There are several types of learning, such as (1) supervised learning, for example, decision
tree, naïve bayes, and support vector machine; (2) unsupervised learning, for instance, k- means clustering and
principal component analysis; (3) semi-supervised learning, for example, generative models, self-training, and
transductive SVM; (4) reinforcement learning; (5) multitask learning; (6) ensemble learning, for example boosting
and bagging; (7) neural network learning, for instance, supervised neural network, unsupervised neural network,
and reinforced neural network; and (8) instance-based learning, for example, k-nearest neighbor (Dey, 2016). Deep
learning is also widely used for more complex data analysis on smart manufacturing, such as CNN (Convolution
Neural Network), RBM (Restricted Boltzmann Machine), Auto Encoder, and RNN (Recurrent Neural Network)
(Wang, Ma, Zhang, Gao, & Wu, 2018). Then, the next process is data visualization. The data can be visualized
as graphs, diagrams, charts, or statements. It aims to make the results of the data processing and analysis are made
more accessible, straight-forward, and user friendly (Tao, Qi, Liu, & Kusiak, 2018).
Result Estimation. This phase aims to obtain an authentic need that is quality value. Detailed statistical analysis can
be exploited, for instance, production capacity, process stability, and process capability measurement by using a
control chart or other methods. These results are to predict current performance and product conditions in order
to compare with the set targets of the company. That leads to show at what level the company's current quality
is, so that the company can conduct evaluation and improvement.

Fig. 4. Measurability methods in smart factory
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4.2

Traceability

In this section, the process details in traceability are explained. Fig. 5 shows the flow of the process which
includes (1) problem analysis, (2) storage, and (3) problem establishment.
Problem Analysis. Traceability is deliberated to find problems based on the results of data analysis. If the quality
target is not reached, the company needs to evaluate the problem causes. Currently, evaluation is accomplished
automatically using emerging technologies. Look through the past, an evaluation was performed manually by humans,
considering the operator's working posture/position, machines, finished product, and product flow, where procedural
errors may occur during the production process. However, this conventional method takes a lot of time and requires
an expert problem analyst in monitoring and analyzing every circumstance in the workplace. Therefore, a camera
sensor was developed for object tracking. Object tracking implies object detection or motion detection that would
record the work environment. Wang, Zheng, Liu, Li, & Wang (2019) stated clearly and in detail that object tracking
aims at predicting trajectories of multiple targets in video sequences, underpins critical application significance
ranging from autonomous driving to smart video analysis. One of the methods that can be applied is deep learning
to detect the movements of studied objects. This method is known as video recognition. Currently, there have been
some researches in the field of video recognition in smart factories, but no research has managed to obtain high
accuracy results. In addition, historical data is also involved as supporting data for clarification.
Storage. Detected data and historical data are stored in the cloud. Those data will be used as references to foresee
the future.
Problem Establishment. In order to consider and establish the problems, data is visualized into charts or graphs to
easily understand. The results of problem analysis are defined as issues that need to be solved by the company.
To achieve the target, a solution is given to any problem that causes defects in the process or product.

Fig. 5. Traceability methods in smart factory

4.3

Connectivity

This section explains the processes and methods (technologies) used to connect stakeholders or resources expected
for problem solving. The processes in connectivity include (1) problem solving, (2) storage, and (3) improvement.
Fig. 6 below shows the details in the smart factory.
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Problem Solving. After determining the problem, the solution can be specified through various considerations using
smart contracts. Smart contracts are a set of scenario-response procedural rules and logic which are decentralized,
trusted shared codes that deployed on the blockchain (Wang, Yuan, Wag, & Li, 2018). Other paper proposed the
lifecycle of smart contracts including (1) creation, the parties are negotiating on the obligations, rights, and
prohibitions on contracts; (2) deployment, the validated smart contract deployed to platforms on top of blockchains
and cannot be modified due to immutability of block-chains; (3) execution, after reaching the contractual conditions,
the procedures will be automatically executed; and (4) completion, after executing the smart contract, the updated
states of all involved parties are stored in blockchains (Zheng, et al., 2019). This smart contract is intended to
facilitate the relationship between one user and others as well as buyer and seller relation. Selecting smart contract
as a method is considering some benefits, as examples, (1) reducing risks, (2) cutting down administration and
service costs, and (3) improving the efficiency of business processes (Zheng, et al., 2019). Blockchain technology
is applied to the Open Quality concept and smart contracts are part of the blockchain itself.
Storage. As in the previous explanation, all information is stored in the cloud for convenient integration.
Improvement. In addition to the benefits mentioned earlier in smart contracts, connectivity also aims to simplify
the provision of solutions to existing problems. Through smart contracts, contractual relationships between users,
stakeholders, and third parties are also obtained. Thus, it is hoped that solutions to problems are established and
the proposed solutions will be implemented for better quality.

Fig. 6. Connectivity methods in smart factory

Information from the results of the entire process on the MTC is stored in the cloud and disseminated on the
blockchain for viewing the information, utilizing the data, and modifying errors, or editing the existing data. The
ultimate goal of this research in the future is to create an Open Quality Blockchain System that can be applied
in smart factories as a strategic management system to increase the value of the company.

5. Conclusion
Open Quality is a new quality strategy, that accounts for all quality characteristics of any product and service
are designed, produced, marketed, and sold based on open and transparent approaches. It has three appropriate aspects
called MTC including Measurability (measurement process), Traceability (tracing process), dan Connectivity
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(connecting process).
This study proposed the development of the Open Quality concept notably the core methodologies establishment
as a strategic management system in smart factories. In measurability, there are five processes, for instance, data
collection, data storage, data processing, data analysis and visualization, and result estimation. The key technologies
used are IoT and machine learning. In traceability, the process starts from problem analysis to problem establishment
by implementing principal technology such as object tracking and video recognition. The third aspect, namely
connectivity, which aims for problem solving and improvement using smart contracts. The leading methods as well
as the feasible technologies used are explained in detail.
So, from this research, it is concluded that the Open Quality concept is greatly possible to be applied to smart
factories through developed smart technologies. By using IoT, big data, cloud computing, and artificial intelligence
in this era of Industry 4.0, all the processes that were previously hard to undertake and highly time-consuming,
can now be done easily. The application of blockchain is the key rule to the implementation of Open Quality in
smart factories that desire for quality responsibility.

6. Further Research
This research will continue by enforcing evolved processes and methods on the blockchain called Open Quality
Blockchain System. Subsequently, making provisions like a scorecard for MTC on Open Quality that lead to be
a basis for determining data, analysis methods, and technologies used. The last, conducting a case study on
manufacturing companies that have implemented smart technologies.
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Abstract
In this paper, we proposed a monitoring system that can count the number of harvested onions using
convolutional neural network features and image processing technology. First, we adopted Faster R-CNN to extract
various characteristics such as shape, size, color, and texture of onions harvested in the proposed system. Faster
R-CNN is basically composed of feature extractors and classifiers, and feature extractors can learn from basic
features such as points and lines to abstract features according to layers. Furthermore, we propose a method to
measure the quantity and quality of onions by using the output of the final layer of the feature extractor as a
feature vector of each onion. Second, we designed the system so that onions are displayed as bounding boxes
for images taken from the camera installed on tractors or drones, and also it counted the number of onions while
they pass the red line drawn in the middle. Through the experiment, we confirmed that the proposed monitoring
system can measure onion yield relatively accurately.

1. Introduction
In recent years, due to the lack of labor and rising labor costs due to the aging of rural areas, the effects of
mechanization have been analyzed for the whole production process such as vegetables or fruits planting, sowing,
and harvesting, and automated new technologies have been expanded and distributed. In addition, various studies
are being conducted to analyze the yield and product rate at harvest time of vegetables using deep learning technology
and pattern recognition methods.
Here we will briefly review some of the preceding studies on these issues. Khaki et al. [1] presents a deep
learning framework using convolutional neural networks (CNNs) and recurrent neural networks (RNNs) for crop
yield prediction based on environmental data and management practices. The proposed CNN-RNN model, along
with other popular methods such as random forest (RF), deep fully connected neural networks (DFNN), and LASSO,
was used to forecast corn and soybean yield across the entire Corn Belt (including 13 states) in the United States
for years 2016, 2017, and 2018 using historical data. Tiwari and Shukla [2] proposed the modified convolutional
neural network which takes spatial features as input and trained by back propagation, this reduce error of prediction
as well. Experiment was done real dataset from authentic geo-spatial resources. Results are compared with some
previous existing methods and it was obtained that proposed modified CNN model was better on various evaluation
parameters. Hani et al. [3] formulate fruit counting from images as a multi-class classification problem and solve
it by training a Convolutional Neural Network. They first evaluate the per-image accuracy of our method and
compare it with a state of the art method based on Gaussian Mixture Models (GMMs) over four test datasets. Even
though the parameters of the GMM method are specifically tuned for each dataset, their network outperforms it
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in three out of four datasets with a maximum of 94% accuracy. Rahnemoonfar and Sheppard [4] present a simulated
deep convolutional neural network for yield estimation. Knowing the exact number of fruits, flowers, and trees helps
farmers to make better decisions on cultivation practices, plant disease prevention, and the size of harvest labor
force. Their network was trained entirely on synthetic data and tested on real data. To capture features on multiple
scales, they used a modified version of the Inception-ResNet architecture. Their algorithm counts efficiently even
if fruits are under shadow, occluded by foliage, branches, or if there is some degree of overlap amongst fruits.
Liu and Wang [5] build the dataset of tomato diseases and pests under the real natural environment, optimize the
feature layer of Yolo V3 model by using image pyramid to achieve multi-scale feature detection, improve the
detection accuracy and speed of Yolo V3 model, and detect the location and category of diseases and pests of
tomato accurately and quickly. Through the above research, the key technology of tomato pest image recognition
in natural environment is broken through, which provides reference for intelligent recognition and engineering
application of plant diseases and pests detection. Turkoglu and Hanbay [6] evaluated the performance results using
different approaches of nine powerful architectures of deep neural networks for plant disease detection. Transfer
learning and deep feature extraction methods are used, which adapt these deep learning models to the problem at
hand. The utilized pretrained deep models are considered in the presented work for feature extraction and for further
fine-tuning. The obtained features using deep feature extraction are then classified by support vector machine (SVM),
extreme learning machine (ELM), and K-nearest neighbor (KNN) methods.
Onions are one of the most difficult agricultural products to predict production and consumption, and prices
are falling and rising repeatedly every year depending on the production volume. In such a situation, it is the best
method to do planned production through prediction of the demand, but it is difficult to expect at realistic situation.
It is also important to produce at an appropriate level required according to the weather conditions.
In general, the most important process in checking the quantity and quality of onions is to construct a feature
vector that combines various information such as shape, geometric structure, color, texture, and gradient. In this
paper, we use Faster R-CNN as a way to actively utilize this capability. Faster R-CNN is basically composed of
feature extractors and classifiers, and feature extractors can learn from basic features such as points and lines to
abstract features according to layers. Furthermore, we propose a method to measure the quantity and quality of
onions by using the output of the final layer of the feature extractor as a feature vector of each onion. And also
we are developing a monitoring system that can grasp the yield and quality of onions being harvested using
convolutional packer and image processing technology based on images captured using a tractor or drone..

2. Proposed Method
Existing feature extraction methods extracted useful information based on an understanding of human data.
However, these methods cannot extract useful features if they do not have a sufficient understanding of the data.
Recently, a method of extracting features through data-based learning using deep learning has been studied.
Representatively, the convolutional neural network learns basic features such as points and lines at the first layer,
and learns abstracted features toward a deeper layer.

Fig. 1. Structure of Convolution Neural Network
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Figure 1 shows the structure of a basic convolutional neural network. The convolutional neural network is
composed of feature extractors and classifiers, and feature extractors hierarchically perform convolution and pooling
operations to extract feature vectors. The classifier is in the same form as the multilayer neural network, and the
output is the number of classes to be classified and provides a posterior probability value for each class.
Figure 2 shows the structure of a simple
algorithm that counts the number of onions
using images input from a camera installed on
a tractor or drone. First, a new feature vector is
extracted from the images input from the camera
by the convolutional neural network. The second
extracted feature vector is checked whether the
same onion exists by calculating the distance
with the feature vector previously extracted and
stored in the stack. Third, if the distance
between the newly extracted feature vector and
the feature vectors stored in the stack does not
exist within the threshold range, it is regarded
as a feature vector for a new onion and stored
in the stack. At this time, only feature vectors
within the last 5 seconds are stored in the stack
due to memory constraints and an increase in
computational amount.

Fig. 2. A brief flowchart of the onion counting process

In general, tracking objects while the camera
is moving is a very difficult process. In this
study, in order to analyze the quantity and
quality of onions, a tractor or a drone is moving
in a certain direction to acquire images.
Therefore, assuming that the tractor or drone
moves in a single direction, we draw a virtual
line (red line) in the center of the image and
count the bounding box passing through this line
as shown in Figure 3.
However, depending on the site situation, the
tractor or drone may not move at a constant
speed in a certain direction and may shake
depending on the surrounding environment. In
addition, since the input image is taken 24 to 30
Fig. 3. Bounding box passing through red line.
frames per second, it may take 0.1 to 2 seconds
for one onion bounding box to pass through the center line. Therefore, the same onion appears in multiple images.
In this case, the same onion has to be counted only once, so we need a new method that does not count the same
onion more than once. Therefore, our proposed method compares the feature vectors of onions already counted and
stored in the stack as shown in Figure 2 with the feature vectors extracted from the newly input image. At this
time, count only the remaining onions except for onions having similar feature vectors, and store them in the stack.
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3. Experimental Results
3.1

Training Deep Convolutional Neural Network

In this paper, an experiment was performed to detect onions harvested in the field using Faster R-CNN and
to count onion yields using feature vectors between onions generated by feature extractors of CNN. First, we took
a video of the onions harvested in the open field using a drone. The harvested onions were randomly spread over
the ground, and the drone was manually adjusted and proceeded in a single direction. However, depending on the
surrounding environmental factors, the drone for photographing proceeded at a constant speed and then briefly
stopped or shaken in place.
Next, to learn Faster R-CNN, each frame of the video was converted into each image and saved, and information
about the location and size of onions in each image was produced as an annotation file using an annotation tool.
In the annotation file, not only the location and size but also the file name, file size, and class name of onions
are stored. Finally, Faster R-CNN was trained using Tensorflow's Object detection API.
Analysis Results
The performance of the proposed system was evaluated using video images captured using a drone. In the
proposed system, the detection reliability is more than 90% and the bounding box is counted only when it crosses
the center line.
Figure 4 shows onions being counted by the proposed system. In the 144th frame, we can see that all onions
across the center line are detected. In addition, in the 145th frame, it can be seen that some onions previously
detected in the center are not detected again, and new onions are found in the center slightly to the right, so that
the total number of onions is increased by one. In frame 147, the second left and the rightmost onion were newly
detected. However, the second onion from the left was already detected and counted in the 144th frame, but was
counted redundantly in the 147th frame. The reason why onions are counted overlapping in this way is believed
to be because the size, shape, and color of onions are very similar.

(a) 144th frame

(b) 145th frame

(c) 146th frame

(d) 147th frame

Fig. 4. The result of counting onions in successive frames

However, the onion counting system does not compare features between various classes, but compares features
within a single class having similar features, making it very difficult to discern differences. Therefore, a more detailed
distance calculation method is required to compare features between classes.
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4. Conclusion
In this paper, we proposed a monitoring system that can count the number of harvested onions using convolutional
neural network features and image processing technology. First, we adopted Faster R-CNN to extract various
characteristics such as shape, size, color, and texture of onions harvested in the proposed system. Faster R-CNN
is basically composed of feature extractors and classifiers, and feature extractors can learn from basic features such
as points and lines to abstract features according to layers. Furthermore, we propose a method to measure the quantity
and quality of onions by using the output of the final layer of the feature extractor as a feature vector of each
onion. Second, we designed the system so that onions are displayed as bounding boxes for images taken from the
camera installed on tractors or drones, and also it counted the number of onions while they pass the red line drawn
in the middle. Through the experiment, we confirmed that the proposed monitoring system can measure onion yield
relatively accurately.
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Abstract
This study was carried out to examine the relationship between several climate factors and growth of Chinese
cabbage, in detail, we identified which factors are mostly related to growth of Chinese cabbage so that farmers
can predict the status of it in specific climate. We considered twenty-five environmental factors related to
temperature, humidity and solar radiation as explanatory variables and two growth factors which are plant height
increase and leaf width increase as response variables. As methods to examine the relationship, we adopted several
statistical and machine learning methods such as Correlation analysis, Principal Component Regression, Partial
Least Square Regression, Support Vector Regression and Random Forest. As a result, we have drawn two main
conclusions. In terms of intensity, it was confirmed that factors related to ground temperature have a close influence
on growth of Chinese cabbage. And in terms of direction, daily temperature difference and maximum temperature
have a negative relationship with Chinese cabbage.
Keywords : Chinese cabbage, Environmental factors, Growth factors, Statistical and machine Learning methods,
Correlation analysis, Principal Component Regression, Partial Least Square Regression, SVR, Random Forest

1. Introduction
Chinese cabbage, along with onion and garlic, is the most commonly used food by Koreans. Not only is it
used in many dishes, it is also used as a main ingredient for Kimchi, one of the most important foods in Korea.
Since Chinese cabbage is grown mainly in the open field, it cannot be produced in winter. Therefore, cabbage
produced in autumn is more important than cabbage produced in other seasons. Also, due to the Kimjang
culture(preparation of large quantities of Kimchi to eat throughout winter), the demand and price of cabbage during
this period are higher than in other seasons. As the demand is high, the production and the quality of autumn cabbage
is important to both farmers and consumers and has a great social and economic significance. Therefore, it is one
of the major crops of agricultural big data project and smart farm business without being produced in facilities,
and it is necessary to predict and diagnose autumn cabbage production in advance.
This study analyzes the relationship between the growth of Chinese cabbage and environmental factors using
meteorological information measured by sensors on open field. We suggest which environmental factors have most
influence on the growth of Chinese cabbage and models that predict and diagnose the growth of Chinese cabbage
in a specific climate.
1 This work was supported by the Research Program of Rural Development Administration(Project No. PJ0138672020)
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2. Data set and Methods
We collected 240 observations from 3 farms in Chungcheong-do between September and December 2019. Growth
of Chinese cabbage was measured every week for this periods and meteorological information was measured by
sensors. We used twenty-five environmental factors related with temperature, humidity, ground temperature, ground
humidity and solar radiation as explanatory variables and the growth factors of Chinese cabbage such as plant height
increase and leaf width increase as response variables. A description of explanatory variables used in model is given
in Table 1 below.
To analyze relationship between environmental factors and growth factors, we used several statistical and machine
learning methods. To predict the growth of Chinese cabbage and to search factors that affect the most, we built
regression models using these methods. And we applied several techniques such as data split, cross-validation and
normalization to prevent models from overfitting to data.
Table. 1. Description of Environmental factor.2

Factor

Description

Factor

Description

mean.temp

mean temperature

mean.hum

mean humidity

day.temp

daytime mean temperature

day.hum

daytime humidity

night.temp

nighttime mean temperature

night.hum

nighttime humidity

min.temp

minimum temperature

min.hum

minimum humidity

max.temp

maximum temperature

max.hum

maximum humidity

dif.temp

difference in maximum and minimum
temperature

mean.ghum

mean ground humidity

gdd.temp

growing degree-day

day.ghum

daytime ground humidity

sunrise.temp

temperature of 2 hours before and after
sunrise

night.ghum

nighttime ground humidity

mean.gtemp

mean ground temperature

min.ghum

minimum ground humidity

day.gtemp

daytime mean ground temperature

max.ghum

maximum ground humidity

night.gtemp

nighttime mean ground temperature

mean.sol

daytime mean solar
radiation

min.gtemp

minimum ground temperature

max.sol

maximum solar radiation

max.gtemp

maximum ground temperature

2.1 Correlation analysis
Correlation analysis is a statistical method to measure linear correlation between two variables. Correlation is
a statistical association or dependent relationship between variables. And the relationship is expressed as a correlation
coefficient between -1 to 1. The sign indicates the direction and the value represents the degree. Pearson’s correlation
coefficient is calculated with equation 1.
(1)

2.2 Principal Component Analysis
PCA which is Principal Component Analysis is both a pattern recognition technique and dimension reduction
technique. If there are too many variables and those are correlated each other in data set, it is difficult to understand
2 Environmental factors were processed as daily average based on sunrise and sunset.
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patterns of data in high dimension and also to analyze data because of correlation. PCA induces new artificial
variables independent of each other called principal components by linearly transforming values in order to analyze
the complex structure between the variables that are correlated with each other. It is used for dimension reduction
by projecting each data point onto only the first few principal components to obtain lower dimensional data while
preserving as much of the variation as possible.[1]
2.3 Partial Least Squares
PLS which is Partial Least Squares is very similar with Principal Component Analysis in terms of transforming
values to principal components or latent variables while preserving as much of the variation as possible. While
PCA only consider explanatory variables to induce new components, PLS finds linear combination of explanatory
variables which maximizes covariance between response variables and itself. It is also used for pattern recognition
and dimension reduction.[2]
2.4 Support Vector Machine
SVM which is Support Vector Machine is a machine learning method that analyze data and recognize patterns
or decision boundaries within the dataset used mainly for classification and regression analysis. SVM constructs
hyperplanes in a multidimensional space that separates different class boundaries and the number of dimensions
is called the feature vector of the dataset. SVM has the capability to handle multiple continuous and categorical
variables. The optimization problem is given by equation 2. Support vectors are used to calculate the normal vector
w on the hyperplane and the bias b to fulfil the constraint on the optimization problem. Minimizing equation is
equal to maximizing the margin.[2]
(2)
(3)

2.5 Random Forest
The Random Forest is an ensemble machine learning method built based on the simple divide and conquer
approach with the aim of improving the performance of Decision Tree. The main principle behind ensemble methods
is that a group of week learners can come together to form a strong learner through the majority vote principle.
The core idea of Random Forest is to generate multiple small decision trees from random subsets and features of
data and captures a different trend. Where the final model prediction is the average votes of the individual trees.
It has advantage of being strong against overfitting and good to generalize.[3]

3. Experimental Results
3.1 Correlation analysis
Before conducting main methods, we checked correlation between environmental factors and growth factors.
Table shows the five environmental factors with the highest correlation coefficient with each growth factors. They
are mostly related to temperature and ground temperature. While most factors have positive correlation, dif.temp
have negative correlation with plan height and leaf width. On the other hand, max temp has negative correlation
with only leaf width.
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Table. 2. Five environmental factors with the highest correlation.

Plant height increase
Factor
Coefficient
night.gtemp
0.613
mean.gtemp
0.610
day.gtemp
0.606
night.temp
0.554
mean.temp
0.553

Leaf width increase
Factor
Coefficient
night.gtemp
0.536
mean.gtemp
0.534
day.gtemp
0.527
max.ghum
0.467
night.temp
0.453

3.2 Principal Component Regression
To prevent overfitting and to check the accuracy of model, we split data into training data and test data as
80:20 in all models. PCR model for plant height increase had 12 components. RMSE was 1.563 and R-square was
0.81. PCR model for leaf width increase had 17 components. RMSE was 1.319 and R-square was 0.837. PCR model
reduced 25 variables to 12/17 and had good result to predict response variables.
3.3 Partial Least Squares Regression
PLSR model for plant height increase had 9 components. RMSE was 1.626 and R-square was 0.792. PLSR
model for leaf width increase had 12 components. RMSE was 1.632 and R-square was 0.791. PLSR model reduced
25 variables to 9/12 and had good result to predict response variables. Compared to PCR models, PLSR models
reduced more variables but the accuracy was lower.
3.4 Support Vector Regression
SVR model for plant height increase tuned to 0.1 epsilon, 1 cost, 0.2 gamma by grid search. RMSE was 1.209
and R-square was 0.889. SVR model for leaf width increase tuned to 0.3 epsilon, 100 cost, 0.1 gamma by grid
search. RMSE was 1.155, R-square was 0.864. SVR models showed good performance. Figure 1 show the real
data(test data) and prediction of SVR models. They have trouble with subtle changes, but it is well following the
major trend. Table 3 shows coefficient of SVR models. We found that signs of the regression coefficients of the
SVR models are the same as the signs of the correlation coefficient. Also, since these models are linear models,
the absolute value of the regression coefficients can be said to be the influence of the variables, and as a result,
they are very similar to the correlation coefficient.
3.5 Random Forest
Random Forest model for plant height increase tuned to 100 ntree and 7 mtree. 89.63% variable was explained.
RMSE was 1.247. Random Forest model for leaf width increase tuned to 200 ntree and 18 mtree. 84.67% variable
was explained. RMSE was 1.219. The performance of Random Forest models was comparable to that of other
techniques. Below figure shows the importance of factors in models. Figure shows the importance of factors
expressed on two scales. Mean Decrease Accuracy(%IncMSE) is determined during the out of bag error calculation
phase. The more the accuracy of the random forest decrease due to exclusion of a single variable, the more important
that variables is deemed. Mean Decrease Gini(IncNodePurity) is the total decrease in node impurities from splitting
on the variable, averaged over all trees. Fore regression, it is measured by residual sum of squares. Compared to
Correlation coefficient and SVR coefficient, there are some differences. In Mean Decrease Accuracy method, the
importance of ground temperature is relatively low. Instead, temperature, solar radiation and humidity were important.
On the other hand, in the Mean Decrease Gini method, the importance of temperature and ground temperature were
high and the solar radiation and humidity were low.

1071

Fig. 1. It is comparing prediction of SVR model and real data. Left image is for plant height increase and right image is for leaf width
increase.
Table. 3. Five Support Vector Regression coefficients with the highest value.

Plant height increase
Factor
Coefficient
night.gtemp
10.601
mean.gtemp
10.591
day.gtemp
10.542
min.gtemp
9.419
mean.temp
9.351

Leaf width increase
Factor
Coefficient
mean.gtemp
6.921
day.gtemp
6.814
night.gtemp
6.783
min.gtemp
6.166
max.ghum
6.165

Fig. 2. Two measurement of importance of variables. The higher factors place, the more important it is.

4. Conclusion
We conducted various statistical and machine learning methods to analyze the relationship between growth of
Chinese cabbage and environmental factors. First, we roughly examined by correlation analysis. And then we
confirmed the importance of factors through other methods. In addition, it was possible to predict the growth of
Chinese cabbage through models.
As a result of correlation analysis, SVR and variable importance analysis of Random Forest, the factors that
most affect growth of Chinese cabbage was temperature, and among them, factors related to ground temperature
were found to be more important relatively. Although slightly different results were found depending on the
measurement method of the Random Forest importance analysis, it was found that the factors related to temperature
are still important.
In addition, models for predicting the growth of Chinese cabbage was made using various methods, and it
was confirmed that it has good predictive power. Among them, SVR model was the most predictive.
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Abstract
Saudi Aramco’s assets Portfolio is worth billions of dollars. This huge investment requires a robust quality
management system, to ensure delivering the company’s commitments for capital projects and ensuring heights
standards of reliability for our operating facilities. The presentation will cover four (4) main topics starting with
Quality management model that has been developed to implement the company strategy towards excellence. The
Model consist of six (6) main pillars, Quality processes, Systems to implement the processes, Measurements tools
(KPIs) to drive improvement, Technical Requirements to ensure the quality among all Saudi Aramco projects and
operating facilities, Technologies to manage the quality in efficient manner, and most importantly the Workforce.
The following topics are covering international presence in term of quality management, Quality Journey excellence
from 2000 to 2021, and the contributions to promote Saudi national quality culture and local content.
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Abstract
For many modern engineering problems, accurate high-fidelity simulations are often used rather than physical
experiments to reduce the overall time, cost, and risk. The simulation of a complex system with multiple inputs
and outputs can be a challenging task of high–cost, low–resource problems with complicated response surfaces.
Sequential design strategies allow experimenters to efficiently collect data until a certain level of prediction
precision is satisfied. In recent years, many papers have been published on this topic based on different approaches.
However, there is a lack of a general view of how sequential design have been applied to reduce experimental
effort and to address specific goals. In this article, a systematic literature review on sequential design of computer
experiment is presented. Some discussions are also presented on opportunities for future research.
Keywords: design and analysis of computer experiments; space-filling designs; sequential experiments.

1. Introduction
Many scientific and engineering researchers are focused on understanding and interpreting the behavior of the
system using a complicated mathematical model. The objective is to reduce the overall time, cost, or risk of real-life
experiments. The availability of those models is crucial in scientific investigation and engineering design, especially
in finite element models and computational fluid dynamics (CFD). The simulation of a single computer experiment
can be a very time-consuming process. For instance, a crash simulation for a full passenger car takes 36 to 160
hours to compute; a CFD simulation of a cooling system can take several days to complete. When countering this
enormous growth in computational cost, it is impractical to explore the design space thoroughly by directly evaluating
a large number of simulations. To mimic the original system’s behavior in a much faster way, surrogate modeling
(or
meta-modeling) is
suggested by finding an
approximation
function
that can replace the
simulator. The surrogate
model is constructed by
performing
several
well-chosen
simulations
(called samples) at key
points in the design space,
collecting
information
Figure 1: An approximation model for simulator’s response, given a set of experimental data points.
about the responses, and
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selecting an approximation to demonstrate the overall system
behavior quite well. This is illustrated in Figure 1 [1].
Figure 2 shows the number of articles published on
DACE and SDCE from 1995 through 2019. The data is
retrieved from Google Scholar on 15 August 2020 with the
search keyword: “design of computer experiments",
“experimental design”, “computer simulation”, “sequential
design of computer experiments”, “adaptive sampling”. As
we can see, the number of articles in sequential design of
experiments has increased despite the reduction in the
numbers concerning DACE.
In the following sections, we present a systematic
literature review on sequential design of computer
experiments in terms of classification of methods. The last
section provides some discussions on the topics on future
directions.

Figure 2: Number of publications on DACE and SDCE over
the years 1995 ~ 2019

2. Overview of sequential design of computer experiments
Traditionally, the sampling techniques that generate all the points at once are known as one-shot or static designs.
The data points are distributed uniformly over the entire design space. These popular techniques risk selecting too
small/larger number of samples resulting in under/oversampling and thus, poor system approximations [1][2]. To
overcome these issues, sequential design (also known as adaptive sampling) has attracted attention from the research
community. The basis and importance of sequential design over their static counterparts are discussed in [3].
Numerical analysis results of [4] and [1] show that the adaptive techniques yield superior surrogate approximations
compared to the static, space-filling techniques.
The sequential design of computer experiment (SDCE) selects new sample points based on the information gained
from previous iterations to reduce the total number of points required for building an accurate surrogate of the
performance function. The sequential design has other names depending on the research field such as adaptive
sampling or active learning (preferred in machine learning). Researchers and engineers can determine the region
of interest and want to avoid selecting too many samples (oversampling) or too few samples (undersampling). An
initial design is chosen based only on
information that is available before the
first simulation. The first simulation
design is usually one of the space-filling
designs, Latin hypercube, and their
modifications such as Cascading LHDs
[5], nested LHDs [6], and sliced LHDs
[7]. The sample size must not only be
large enough to guarantee minimal
coverage of the design space but also
should be small enough to save
computational expense. Based on the
initial design, a surrogate model is built
using this data. The accuracy of this
model is estimated using some criteria
such as cross-validation, therefore
Figure 3: Sequential design flow-chart
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decides if more samples are needed. The sequential sampling procedures will stop until they reach several certain
points. This algorithm is shown in Figure 2 and discussion on how to select new sample points is described in
Section 4.
Initial surface estimates were adequate for the performance of their sequential design algorithm if an initial design
consumed roughly 25–35% of a fixed budget of runs [8]. The locations of these additional samples are chosen
by sequential design strategy. Many different strategies are available, and the optimal strategy may depend on several
factors, including the surrogate model type that is used, the number of samples required, and so on. Finally, a new
surrogate model is built using all the data gathered thus far, and the model accuracy is estimated again. If the
desired accuracy is still not reached, the entire sample selection process is started all over again. Stopping criteria
are defined by some factors set by the user. It could be
 Time constraint, which might depend on the project deadline or time budget of industrial applications.
 Computational facility resource constraint, for example, the maximum number of runs is preset by the user.
 Accuracy goal calculated by error measurement between the reference solution and the surrogate. The larger
the error is, the more inaccurate the surrogate is. Table 1 introduces some various error estimation methods
proposed to evaluate our surrogates.
 Relative correction between two successive iterations: cross-validation error [9], jackknifing variance based on
cross-validation [10], or variation in terms of the absolute relative error [11].
The stopping criterion is generally chosen considering the application case and study goal.
Table 1: Various error estimations to evaluate metamodels

Validation metric

Notation

Normalized Mean Absolute Error

NMAE

Normalized Root Mean-Squared Error

NRMSE

Formula

Relative Error Improvement

If samples are chosen sequentially, more information is available to find the region of interest or find a better
overall approximation compared to the traditional design of experiments. Both the previous data points and the
behavior of the intermediate surrogate model provide important information on where to sample the next points.
If this additional information is used well, the total number of samples can be reduced substantially.

4. Classification of sequential design of computer experiments
Classifications of sequential design of computer experiments are described in this section. Based on the
characteristics, classifications can be assigned into some categories. The first subsection introduces the deterministic
or stochastic process considered in sequential design strategy. The model-oriented method, which is based on how
much information gain from the previous iteration for determining where to select the next sample points, is
introduced in the next subsection. The granularity-oriented method, which is based on how many sample points
are generated by the sequential sampling algorithm in each iteration, is discussed in the last subsection.
4.1. Deterministic or stochastic
Deterministic simulations contain no random variables and no degree of randomness, and consist mostly of
equations, for example, difference equations. These simulations have known inputs and they result in a unique set
of outputs. Deterministic simulations are widely used in vast fields of engineering, chemistry, climate development,
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and policy-making. While in deterministic computer experiments assume no variability in the data, this is not the
case in stochastic simulation. Stochastic kriging [12], accommodates for noise in data by assuming that there is
a difference in the variance at each design point. Therefore, to estimate the noise at each point, replicates must
be collected at every point in the design domain. Stochastic kriging can be applied in various fields, such as
manufacturing, in-game theory simulation, finance for measuring portfolio risk. These stochastic models are often
run in two-stage. In the first stage, a small number of design points are taken as samples. For the second stage,
the number of samples for each point is allocated, which puts more replicates at points that have large sample
variances and are centrally located. Gramacy and Apley [13] provide a way to fit Kriging to large experiments
quickly by sequential updating and trivial parallelization. Binois et al. [14] provides a vital improvement to stochastic
Kriging by introducing some smoothing techniques that collect samples without replication. This improvement
overcomes the shortcoming of previous versions of stochastic Kriging.
4.2 Granularity-oriented method
Sequential design of computer experiments can be classified
based on granularity, which is the number of sample points
generated at each iteration. There are two popular sampling ways,
single or multiple points (batch sequential design) at a time as
shown in Figure 3.

Figure 4. Classification of SDE based on
granularity-oriented

The single point strategy creates a single simulation (sample
point) per iteration, while the batch sequential strategy using a
batch of sample points at sampling iteration. Adding points one at a time can often lead to suboptimal placements
of points. In the case where the code could take 10 hours to run, it is not possible to run one-point-at-a-time to
achieve a high level of accuracy. In such cases, one-at-a-time sequential design sampling is impossible, and it is
imperative to use a batch sequential strategy. For instance, Loeppky et al. [15] proposed a batch sequential design
that adds design points using orthogonal array-based Latin hypercubes. Duan et al. [16] proposed a similar method
where design points can be added indefinitely.
4.3. Model-free or model-dependent
Sequential design can be used in two ways; one for model-free and the other model-dependent. First, it is assumed
that the model type and its parameters are known in advance. The so-called “model-dependent” means that the
criteria for adding additional samples rely on fitting a surrogate model. The second kind of sequential design is
model-free, which means that the design points selected sequentially depend only on the inputs of the previous
stage. The classifications are shown in Figure 3.

Figure 3. Classification of SDE based on model-oriented

Model-dependent can be divided into smaller categories, which are model-evaluation based and model-property
based. Model-evaluation based uses previous samples and model evaluations to determine the next samples.
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Model-property based which uses previous samples and model properties and parameters to determine the following
sample. Some popular methods for model evaluation-based are adaption to irregularities, sequential exploratory
experimental design method (SEED), model error sampling. In these categories, Kriging is very popular because
properties such as variance can be directly derived from the model parameters. Optimization is applied for the sample
distribution of one specific model type.
Table 2: Model-dependent design of computer experiments

Article

Initial design

Joseph (2015) [17]
Liu et al (2017) [18]
Kim et al (2017) [19]
Schneider et al (2017)
[20]
Ezzat et al (2017) [21]
Binois et al (2017) [22]
Chen & Zhou (2017) [23]

LHD
LHD
LHD

Features
Criteria for adding
Granularity
points
Min energy
One at a time
Max entropy
One at a time
Min energy
Batch

Deterministic/
Stochastics
Deterministic
Deterministic
Stochastic

LHD

Expected Improvement

One at a time

Stochastic

LHD
LHD
-

Max entropy
Min IMSPE
Min IMSPE

One at a time
One at a time
One at a time

Stochastic
Stochastic
Stochastic

The purpose of model-free is exploration which means to place homogeneous samples via space-filling criteria.
Hence, model-free sequential design usually shows good space-filling properties such as one-shot design. Some
criteria used to construct one-shot designs can also be implemented in a sequential version. For example, a sequential
version of maximum distance sequential design (MmDist) can start with a MmDist with a small sample size, and
each subsequent point is placed to maximize the minimum interpoint Euclidean distance. The advantage of model-free
sequential design is that it does not need to specify the sample size, and samples are added sequentially until stopping
rules are satisfied. The recent model-free sequential design includes [15], [16], [24]. All these kinds of designs can
be further classified according to different criteria. For example, from the viewpoint of granularity, sequential designs
include batch sequential design and one-at-a-time sequential design. In addition, there are different methods of
selecting additional samples such as distance-based, discrepancy-based, and matrix-based constructing methods. The
designs can also be compared in terms of the involved input types, such as qualitative factor, quantitative factor,
or both qualitative and quantitative factors together. Lastly, these sequential designs can be evaluated and compared
through some good properties, such as space-filling, projective, and orthogonal properties. Some recent papers for
model-free design of computer experiment are introduced in Table 3.
Table 3: Model-free design of computer experiments

Features
Article
Loeppky et al (2010) [15]
Duan et al (2017) [16]
Kong and Tsui (2018) [24]

Initial design
LHD
LHD
OA-based LHD

Criteria for
adding points
Matrix-based
Matrix-based
Distance-based

Granularity
Batch
Batch
Any size

Space-filling
Whole
One-dimension
One-dimension

5. Exploitation and Exploration
Existing methods for sequential design of computer experiments can be classified into two objectives: optimization
and global fitting. Optimization (exploitation) attempts to find the optimum objective function value or cost function
based on the input data. The most popular method is the expected improvement algorithm [25]. Global fitting
methods (exploration) aim to fit a model that estimates a surface over the entire region of interest. A common
goal for global fitting is to minimize the average squared error over the surface. Therefore, new samples are likely
to be selected where the model uncertainty is the highest standard deviation in predicted output or to maximize
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the expected reduction in squared error averaged over the surface. As discussed above, the infill sampling approach
for surrogate model is targeted to refine the current model by adding data points. Several infill sampling criterion
strategies are proposed by researchers such as distance-based design, variance-based design, probability-based design,
and Lipchitz based design. Focusing on the statistical model such as Kriging, many criteria are introduced: expected
improvement, entropy, probability of improvement, statistical lower bound. Sequential algorithms are designed to
have favorable properties at any stopping point. Two popular criteria of adding additional points for global
approximation include the maximum entropy criterion [26], mean square predictive error criterion [27].
5.1 Balance between exploitation and exploration
Some hybrid algorithms balance between exploitation and exploration, such as the sequential minimum energy
design of [17], which uses a charge function. The advantage of this criterion is that it can be easily adapted depending
on the objective of the experiment [28]. In a word, it can hold both the global fitting problem and optimization
problem by selecting a suitable energy function. Kim et al. [19] extends this work when the number of batches
to be run is known before beginning the experiment for response functions. Crombecq et al. (2011) [1] presents
an adaptive design algorithm for exploration that puts more samples in areas with higher nonlinearity. Deciding
on which point to select is based on 1) an exploration criterion based on Voronoi tessellation of the input space
and 2) an exploitation criterion based on a nonlinearity measure calculated using the local linear approximation
algorithm. Recently, there are many extension about expect improvement criteria under some specified problems,
for example, constraint optimization problem [13]. Recent research about the tradeoff between exploitation and
exploration are listed in Table 4.
Table 4: Sequential design of computer experiments in the literature.

Author
Jin et al. (2002) [29]
Busby et al. (2007) [30]
Crombecq et al. (2011) [1]
Li et al. (2010) [31]
Xu et al. (2015) [32]
Eason and Cremaschi (2014) [33]
Ajdari and Mahlooji (2014) [34]
Cozad et al. (2014) [35]
Garud et al. (2017) [2]

Exploration
Mn
MD
VT
CC
VT
NN
DT
CDM

Exploitation
CVE
ME
LOLA
EE
CVE
JK
CVE
MSE
DF

(Mm: maximin distance, CVE: cross validation error, MD: Mahalanobis distance, ME: maximum entropy, VT:
Voronoi tessellation, LOLA: local linear approximation, CC: clustering constraint, EE: expected error, NN: nearest
neighbor, JK: Jackknifing, DT: Delaunay triangulation, MSE: maximum sampling error, CDM: crowding distance
metric, DF: departure function.)
5.2. Classification of exploration criteria
Exploration aims at evenly scanning the whole input domain to gain a ‘general’ knowledge of the mapping.
Thus, pure exploration strategy performs adaptive sampling while ignoring previously evaluated outcomes. The key
aim of exploration is to generate sample points to fill the domain. These can be considered as space-filling criteria
of design computer experiments.
5.2.1. Distance-based criteria
Maximin and minimax distance
Johnson et al. proposed two distance-based criteria, namely maximin (Mm) and minimax (mM) to spread sample
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points within the design space. The maximin criterion maximizes the minimum distance between two sample points

On the other hand, the minimax criterion minimizes the maximin distance between two points:

Mahalanobis distance
The Mahalanobis distance is a measure of the distance between two points in multivariate space, introduced by
P. C. Mahalanobis, 1930. In practice, assuming we want to see the difference between two groups, G1 and G2.
Take a p-dimensional random vector X as having the same variation about its mean within either group. The
difference between the groups can be addressed by the Mahalanobis distance of two sets of observations, which
is defined by

where with mean

and covariance matrix S.

If each of these axes is rescaled to have unit variance, then the Mahalanobis distance corresponds to standard
Euclidean distance in the transformed space. The Mahalanobis distance is thus scale-free and takes the correlations
of the data set into account.
Delaunay Triangulation and Voronoi Tessellations/Diagram are geometrical. However, they implicitly incorporate
the Euclidean distance in their definition.
Voronoi tessellation
Consider a set of points
cell

. Every sample

has corresponding Voronoi

given as shown:

Crombecq et al. [1], [4] proposed LOLA-Voronoi involving a combination of Voronoi Tessellations and local linear
approximation (LOLA). While Voronoi tessellations target domain exploration, LOLA guides local exploitation. This
algorithm outperformed static techniques for all surrogate model types [1]. Singh et al. [36] proposed three trade-off
schemes to balance exploration and exploitation for the LOLA-Voronoi strategy. van der Herten et al. [37] introduces
the fuzzy variation of LOLA (FLOLA). This algorithm provides the benefits of the original one and reduces the
computational burden significantly.
Delaunay triangulation
Delaunay triangulation is
triangulation) for a given
inside the circumcircle of
angles of the triangles in

the dual of Voronoi Diagram. A Delaunay triangulation (also known as a Delone
set P of discrete points in a plane is a triangulation DT(P) such that no point in P is
any triangle in DT(P). Delaunay triangulations maximize the minimum angle of all the
the triangulation.

5.2.2. Error based exploration
The Gaussian process-based models permit the calculation of an estimated error in the model and so it is possible
to use the estimated error to position infill points where our uncertainty in the prediction of the model is highest.
This is a key advantage of the Gaussian process-based model. The approach is commonly referred to as the maximum
mean-squared error [27], as it is a representation of the entropy approach initially suggested by [38] and then
developed by [25] and further by [39] for cases in which only one point is designed per iteration.
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5.3. Classification of exploitation criteria
In exploitation, samples are placed in areas of specific interests. Exploitation-based strategies may be globally
classified in three main families depending on the method employed to evaluate the score function. It might either
be done by comparing the current metamodel with auxiliary metamodels built by modifying the existing metamodel
at low cost, using cross-validation, or in the analysis of the geometry of the response surface, for instance through
its gradient information.
5.3.1. Cross-validation exploitation
Cross-validation is introduced by [40], in which k-fold cross-validation is not commonly used. Otherwise,
leave-one-out cross-validation, which is the special case of k-fold cross-validation draws more attention because of
its ease for application.
There is the refinement criterion using cross-validation such as [32], a decomposition of the parametric space
by Voronoi tessellation. Similarity methods are introduced in [22].
5.3.2. Gradient-based exploitation
Crombecq [1] introduces an input parametric space with Voronoi tessellation. Local non-linearities are evaluated
from an approximation of the Lipschitz constant using neighbor points in [41]. This idea is reused in [42]. [43],
which uses the central difference method and nonlinearities by incorporating higher-order Taylor expansion.

6. Conclusions and future directions
This article presents an overview for sequential design of computer experiments. By using sequential sampling
approaches, engineers can improve the exploration and/or exploitation process and will stop the sampling when the
model is accurate enough, or when the maximum budget is met. Sequential approaches can also be used to identify
an interesting design region and further refine the approximation in this region as well as to attain an approximation
of global fit. Sequential approaches require less computational costs compared to one-stage design. In this article,
sequential approaches for computer experiments are reviewed and classified in terms of process types
(deterministic/stochastic), granularity, model-free or model-dependent.
The current SDCE research focuses largely on adaptive techniques that generate samples intelligently by
incorporating exploration and exploitation in a sequential manner. The earlier techniques were model-dependent.
Generic and model-free strategies need to be pursued to increase the accuracy of surrogate model, while maintaining
the conventional idea of the random placement. Recent works such as [2] and [35] have strived to use optimization
strategies to achieve specific goals. The class of sequential techniques is still in its infancy and therefore holds
promise for future research.
In practice, engineers seek to find reasonable solutions for complex and unstructured problems, which are
in many areas. The workable solutions for these problems are never a one-shot experiment and data
procedure. Rather, the proper solution for these problems requires an inductive-deductive process which
a series of experiments. Sequential approach in designing computer experiments can be applied in many
solving complex problems.

common
analysis
involves
areas of
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Abstract
Combining ideas of the screening procedure for quality improvement and the P-F interval in reliability
engineering, a method is proposed for detecting occurrence of a failure cause. The screening procedure is basically
a snapshot inspection and does not consider time. The P-F interval considers performance degradation but does
not use a surrogate variable which are often used in many practical situations. This paper handles detection of
a failure cause under performance degradation over time, using a surrogate variable when direct measurement of
the performance is not possible. A sensor variable is used to determine the threshold value for identifying the
potential system failure. We assume that i) once a failure cause occurs, the system performance begins to degrade,
ii) the system performance can be measured only through a sensor variable, iii) the failure cause occurs to the
homogenous Poisson process, iv) the conditional distribution of the sensor variable given the status of the failure
cause is normal and depends on the time. The result can be used for detecting a failure cause under performance
degradation over time when direct measurement of the system performance is not possible.
Keywords: Sensor Variable, Failure Cause, Performance Degradation, Potential Failure, P-F Interval.

1. Introduction
The FMEA(Failure mode and effect analysis) is extensively used to analyze system safety and reliability of
products and processes in a wide range of industries. It has been developed originally as a preventive tool against
failures. The priority of the preventive action for each failure cause is determined by its RPN(Risk priority number)
value. But RPN has many drawbacks to be used for comparing the risk of failures and their causes objectively.
Detail discussions can be referred to Lieu et al.[3]
If we scrutinize its occurrence, we may be sure that a failure is not an event but a process. Failure causes
such as wear, stretch, deterioration, misalignment, contamination, etc. come first and a resulting failure follows after
a considerable length of time elapses. The time between the potential failure and the functional (actual) failure is
usually called as P-F interval. The potential failure may occur in a relatively shorter time after its cause occurs.
And we can find out that the product is failing although it is still functioning. The concept of P-F interval is used
for condition-based maintenance in reliability engineering. See Prajapati et al.[4] for previous works of
condition-based maintenance.
In some situations, the condition of the product may be difficult to observe directly. As an example, erosion
of inner part of a water pipe is not observable from outside if the pipe is not leaking. In this situation, some other
means like acoustic sound or ultrasonic wave may be used for identifying a potential failure. When a surrogate
variable is used, a threshold value should be determined for deciding whether a failure cause has already occurred
and the resulting failure is occurring. This paper aims to provide a proper threshold value for this situation.
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2. Problems To be Solved
Failure is a process rather than an event. Failure causes such as wear, stretch, deterioration, contamination, etc.
do not immediately lead to failure. Once a failure cause occurs, the system performance starts to degrade, eventually
reaches some critical failure threshold, and an actual functional failure occurs. Fig. 1, which is excerpted from
Blann[2], shows the typical shape of the P-F interval. In Fig. 1, the point where failure starts to occur matches
some failure cause. After this point, the system begins to deteriorate continuously and faces functional failure in
the end.

Fig. 1. P-F Curve (excerpted from [2])

As the deterioration accumulates more, the level of performance will decrease more. Thus, if we look at this
process from the perspective of performance degradation, the functional failure will occur when the accumulated
deterioration becomes greater than some threshold value. The deterioration will increase as time elapses and will
have some reverse shape of Fig. 1.

Now let

be the accumulated deterioration at time . Then

may reasonably be expressed as

,

(1)

where
is an increasing function of
and the error term
is normally distributed
with mean 0 and variance
. There may be several models for
whose
acceptability depends on specific situations. At time point 0, there will be no
deterioration and it should be reflected in the functional form of
, which will
reasonably have the reverse shape of P-F curve. Some possible candidate models may
be
Exponential Model:
Power Model:
Exponential Power Model:
Fig. 2 shows the shapes of

.

for the three models. With the power model,

(2)
(3)
(4)
increases from the beginning

remains near zero for a while. Once
starts to increase, it increases
point. While with the other two models,
most dramatically with the exponential power model. Considering its validity and simplicity, the exponential model
seems to be the most promising. Failure mechanism or past data may be used to select an appropriate model for
a specific target system.
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Fig. 2. Deterioration curve

In many practical situations, it is impossible or difficult to measure

directly. Bai et al.[1] illustrates the

situation by an example of an electronic device. The voltage at its internal point is the performance variable
of interest. But it is very difficult or expensive to measure

and the voltage at an external point

is measured

. Most of nondestructive testing technologies such as infrared, acoustic, ultrasonic, corona detection,
instead of
vibration analysis, oil analysis, and etc. are similar examples using surrogate measurements to decide system
performance degradation indirectly. To evaluate the system performance deterioration by
relationship between
and variance

and

. Here,

given

. The joint distribution of

, there must be a close

is assumed to be normally distributed with mean
and

can be obtained by

.
If the functional forms of

and

are specified, the joint distribution of

Now suppose that maintenance actions should be taken before
The measured value of
a threshold value on

(5)

reaches

and

can be determined.

to prevent functional failure.

is used to decide whether to take a maintenance action or not. We are going to set
for taking a maintenance action.

3. Expected Risk
Let
be the threshold value of
as shown in Fig. 3.

for taking maintenance action. There can be four cases for this decision

Our design problem is to determine the threshold value

when proper risk measures are known for type

I and type II erroneous decisions. The probabilities of these erroneous decisions depend not only on
the time point

but also

. Denote the probabilities of type I and type II erroneous decisions by

And suppose their risk measures are

and

,

(6)

.

(7)
, respectively. Then the expected total risk will be obtained

by
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(8)
at a given time point

Now our objective is to find the optimal threshold value of

for minimizing

.

Right Action

Not to maintain
Decision

Maintain

Not to be maintained

To be maintained

O

Type II error

Type I error

O

Fig. 3. Four cases of decision result

The printing area is A4 (210 mm × 297 mm. The text should be justified to occupy the full line width, so
that the right margin is not ragged, with words hyphenated as appropriate. Please fill pages so that the length of
the text is no less than 230 mm.

4. An Illustrative Example
An example) For accumulated deterioration, the exponential model is assumed to be a good candidate and
suppose

is normally distributed with mean
given

distribution of

and standard deviation 1.0. And the conditional

is

and standard
normal with mean
deviation 0.5. The performance
threshold is supposed to be
.

And

the

risk

factor
and

corresponding to

are
1.0
and
5.0,
respectively. We are going to find the
optimum threshold value of

at
0.7

.

time

The numerical calculation using a
computer program shows that the

around

and the correspondent

risk is

. Fig. 4 shows
versus

curve

is

optimum threshold value of

the curve of

Figure 4. The

.

If the elapsed time is longer, then
the deterioration will be more
accumulated. And the threshold value
will be naturally smaller to
of
reduce the risk of functional failure.
Fig. 5 shows the results for
. As
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becomes longer,

Fig. 5. The ETR curve for

.

its corresponding optimum

tends to be smaller.

We sketched a criterion for maintenance under the situation where the performance deteriorates as time goes
by after a failure cause occurs. But there are much more room for further study. Some questions may be: What
would be a right model of performance degradation for each specific failure mechanism and how to determine
properly its parameter values? What is the correct relationship between
on the past data and experience or knowledge of failure mechanism?

and

? Could they be estimated based
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Abstract
The concept of Open Quality has been proposed by several previous researches, but the clarified and specific
activities and methodology of the concept isn’t defined. The purpose of this study is to define the Open Quality
which can take a lead to a new quality innovation strategy throughout the era of fourth industrial revolution. Open
Quality is defined as an integrated methodology in achieving sustainable quality assurance through comprehensive
and real-time measurement, clarified tracing of activities and improvement by connection on the basis of open
and transparent approaches. Open Quality aims to flexibly and thoroughly cope with quality factors and verify
the related activities and resources thereby realizing the quality responsibility. This paper is unique in that it
proposes new quality innovation concept which can be widely used by general companies as well as smart
manufacturing system adopters. Open Quality consists of three main aspects; Measurability, Traceability and
Connectivity and key activities of each aspects are defined for the real application. To provide integrated and
practical implementation, Open Quality System is presented. By using IDEF0 which is a methodology for
describing manufacturing functions, specific relationship with each aspect are presented. Also, the combination
of blockchain technology with Open Quality System is performed in order to enhance the quality responsibility
and transparency of the performance level.
Keywords: Open Quality, Blockchain, IDEF, Quality Responsibility, Quality Assurance

1. Introduction
The importance of quality management is growing more than ever with the introduction of fourth industrial
revolution since the manufacturing environment is changing radically, and the competition in the industry is getting
intense. Internally, the introduction of new technologies (e.g., Internet of Things (IoT), cloud computing, big data,
mobile computing) are shifting traditional manufacturing system into self-organizing cyber physical production system
that allows flexible mass custom production and flexibility in production quantity [1]. Externally, these new
technologies have also led to changes in how the stakeholders including customers interact with each other along
with the manufacturer. New platforms such as Social Networking Service (SNS) enable strong connection and
feasible data sharing between the stakeholders which eventually maximize the impact of quality failures on the
manufacturers.
Not only the stakeholders concerning the product or services are diversifying, but their needs and expectations
are also increasing especially when it comes to the safety problem, thereby the determinant of quality level are
shifting from manufacturer to stakeholders. Moving beyond the physical specification of products, stakeholders are
demanding the perfection in every quality aspect making quality management indispensable in today’s companies
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and that quality become an integral part of corporate objectives, strategies and policies [2]. In accordance with these
trends, the attempts to innovate existing quality management methodology and introduce the new quality strategy
are constantly appearing but the clarified quality concept is still in absence.
The purpose of this paper is to propose new quality management concept for Industry 4.0 called Open Quality
(OQ), to enable manufacturers to flexibly deal with quality issues by coping with internal/external changes. In terms
of Open Quality, manufacturers are expected to maintain thorough determination of product’s quality aspects and
its levels and share it with stakeholders including customers which contributes to the enhancement of the quality
responsibility (QR). The result of this research provides three factors of Open Quality; Measurability, Traceability
and Connectivity, and for actual systematical usage in smart manufacturing blockchain technology is adopted
finalizing the Open Quality Blockchain System is presented.
This paper consists of five sections. In the literature review in Section 2, previous quality strategy for industry
4.0 is presented and the blockchain technology is introduced. In Section 3, Open Quality concept is defined, and
three aspects of Open Quality is presented in detail followed by the Section 4, which proposes the framework of
Open Quality Blockchain System. Section 5 concludes the research findings and implications with the presentation
of future possible research.

2. Literature Review
2.1 Quality Management for Industry 4.0
Research on quality management methodology to support the Industry 4.0 has been actively conducted in recent
years. For conceptual approach into quality management, Harald Foidl et al. (2015) presented the three key aspects
of Industry 4.0 (vertical, horizontal and end-to-end engineering integration) and emphasized the importance of quality
management system by referring to the eight steps of the quality management systems approach defined by the
DIN ISO 9000 [2]. Nur Hanifa Mohd Zaidin et al. (2018) further specified this issue by conducting a literature
survey on Industry 4.0’s quality management and classifying the result of each literature into three groups depending
on the approach; strategy, operations and environment and people [3]. Sang M. Lee et al. (2019) conducted case
study on predictive quality management (Rolls-Royce, Hyundai Motors, BOSCH, John Deere and Clova) and
proposed technical requirements, operational process and achievement objectives of quality management in Industry
4.0 [4].
Attempts to apply Total Quality Management (TQM) principles to Industry 4.0 is also conducted. Sami S. A.
Sader et al. (2017) identified qualitative and quantitative measures to be measured and presented set of indicators
for measuring Industry 4.0 impact on TQM [5]. The paper divided the TQM into seven principles and described
Industry 4.0 impact indicators and means of measurement respectively. The result is more specified in Sami Sader
et al. (2018) which integrated Industry 4.0 features with the TQM principles (ISO 9001:2015) where the TQM
practices are more deepened into nine principles with total twenty-four aspects [6].
Some researchers insist the importance of quality assurance (QA) or quality responsibility (QR) in Industry 4.0.
Sung Hyun Park et al. (2017) integrated the concepts of management quality (MQ), quality responsibility (QR),
creating shared value (CSV), social value, open data and open quality management into the existing ISO 26000
criteria, developing new social responsibility (SR) model [7]. Bela Illes et al. (2017) summarized the essence of
Industry 4.0 and introduced the new challenges for the quality assurance in the smart manufacturing process
concerning the need for acquisition of data such as material handling machines, technological equipment and human
resources [8]. Shaw C. Feng et al. (2017) emphasized the importance of knowledge and data management for quality
assurance and introduced the aspects of the knowledge constructs as conceptual design, detailed design, process
planning, material property, production and inspection [9].
The emphasis on the importance of quality measure is strongly asserted than ever due to the introduction of
advanced technologies such as smart sensor and big data. To evaluate the quality aspects of an organization in
Industry 4.0, Wan Seon Shin et al. (2018) developed a Quality Scorecard (QSC) [10], based on the Cost of Quality
Framework (COOQ) which was previously developed by Dahlgaard et al. (1992) [11]. Compared to the COQF
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which categorized the quality into four; internal costs, external costs, visible costs and invisible costs, QSC has
three sub-categories; prevention cost, appraisal cost and final results.
Although there are various literatures introducing new methodology or framework of quality management in the
era of Industry 4.0, there still are some limitations especially in terms of applicability since the circumstances of
manufacturing system is also diversified according to the fourth industrial revolution. Also, the practical methodology
for real-life usage of each quality management frameworks are in absence or not clearly mentioned creating the
need for the establishment of comprehensive quality concept for Industry 4.0. This paper aims to propose a new
quality concept called Open Quality (OQ) that can we widely applied in smart manufacturing.
Table 1. Literature review of the quality management in Industry 4.0

Key words

Authors
Harald Foidl et
al. (2015)
Nur Hanifa
Mohd Zaidin et
al. (2018)

Quality
Management
Sang M. Lee et
al. (2019)

Sami S. A.
Sader et al.
(2017)
Total Quality
Management
Sami Sader et
al. (2018)

Sung Hyun Part
et al. (2017)

Quality
Assurance

Bela Illes et al.
(2017)

Sahw C. Feng et
al. (2017)

Quality
Measures
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Wan Seon Shin
et al. (2018)

Contents
Industry 4.0 aspects are mentioned and proposed the integration with
quality management system approach
Analyzed the quality management in Industry 4.0 from the view of
strategy operations and environment/people
 Technical Requirements – Big data analytics, AI, Platform
construction, Deep learning, Smart sensor, ICT and Robots
 Operatio``nal Process – Real-time data analysis, Expert analyst,
Deep learning, Data deployment, AI
 Achievement Objectives – Increasing productivity, Minimizing
maintenance costs, Improving product quality, Increasing reliability,
Improving revenue
 Customer Focus
 Leadership
 Engagement of People
 Process approach
 Improvement
 Evidence-based decision making
 Relationship management
 Quality control
 Quality assurance
 Relationship management
 Evidence-based decision making
 Improvement
 Process approach
 Engagement of people
 Leadership
 Customer focus
 Leadership
 Implementation of social responsibility
 Review and improvement of social responsibility
 Human rights
 Labor pratices
 The environment
 Fair operating practices
 Consumer issues
 Community involvement and development
 Performance results
 Material handling machines
 Technological equipment
 Human resources
 Workflow management and planning rules, ontology and
constitutional logic
 Control rules and predictive models
 Sensing, measurement rules, and statistical data
 Production process model, machine capability and machine
selection rules
 Kit, material, component, labor skill ontologies, and selection rules
 Quality Scorecard consists of Prevention, Appraisal and Final result
aspects

2.2 Open Quality Concept
The concept of Open Quality is first mentioned in Park et al. (2017) where the attempt to embrace personalized
service quality to cope with mass customization and personalized production is made. Park et al. (2017) interpreted
Open Quality as a new quality strategy, which accounts for all quality characteristics of any product and services
are designed, produced, marketed, and sold on the basis of open and transparent approaches. They claimed that
such a goal can be attained through an open quality system in which key factors such as speed, creativity, data
analytics, and AI are combined to provide a comprehensive approach for meeting dynamic consumer requirements
[12]. The aim of this paper is to rigorously conceptualize and clarify the Open Quality and provide its practical
tools for Industry 4.0.
Open Quality can be defined as an integrated methodology in achieving sustainable quality assurance through
comprehensive and real-time measurement, clarified tracing of activities and improvement by connection on the basis
of open and transparent approaches. As shown in Figure 2, Open Quality aims to fully reflect every factor that
affects quality by referring to the stakeholders and ultimately accurately target the diversified customers’ needs. In
order to systematically realize the Open Quality, we propose three key aspects as measurability, traceability and
connectivity (MTC).

Figure 1. Visual example of Open Quality

Measurability stands for ability to recognize and accurately measure all quality factors of products or services
in a real time thereby perceiving the quality level accurately. Since the stakeholders concerning the quality is
diversified and the needs of customers are advancing, it is important for the smart manufacturers to identify every
quality aspect regarding their products. Enhancement of technologies are also allowing manufacturers to measure
their quality level more accurately thereby allowing them to monitor their quality in a clarified way.
Traceability is described as an ability to trace specific concerning the quality aspects and identify the root cause
thereby enhance the level of quality assurance. After the clear judgement of quality levels and thorough awareness
of the relevant activities for each quality factor is ensured, manufacturers should be able to determine the quality
aspects that should be improved, and determination of the root cause should be followed. Traceability can be further
specified into active tracing, which seeks for quality factors that can be further optimized, and passive tracing, which
detects quality failure and seeks for the solution.
Connectivity is defined as an ability to fully connect resources or stakeholders concerning the aspects of quality,
thereby maintaining sustainable quality improvement. Based on the hyper-connection, which is key element of the
fourth industrial revolution, main objective of connectivity is to connect the internal or external resources that can
improve the quality level or replace the root cause. Furthermore, connectivity includes the connection with
stakeholders which makes not only sharing and consensus of quality level but also the recognition of new quality
factors possible.
2.3 Blockchain Technology in Smart Manufacturing
First introduced by Nakamoto in 2008, blockchain is a distributed database of records, or public ledge of all
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transactions or events that have been executed and shared among participating parties [13]. Blockchain can be
expressed in the form of series or chain of blocks, which contains the transaction records that are created by the
consensus of stakeholders. Blockchain technology is expected to be widely used in several sectors including smart
manufacturing due to its significant advantages that are well summarized in Zibin Zheng et al. (2018) [14]:
Decentralization: Transaction in the blockchain network can be conducted without the authentication which
significantly reduce the server costs.
Persistency: Since each transaction is spread across the network to be confirmed and recorded in the whole network,
tampering the data is next to impossible. This also allows falsification of the data to be detected easily.
Anonymity: Address generated to each user in the blockchain network maintain a certain amount of privacy. It is
true that complete privacy is not possible due to the intrinsic constraints.
Auditability: With the validation of each block and record of each block’s timestamp, users can easily verify and
trace the previous records through accessing any node in the distributed network.
Block is composed of block header, which holds technical data of the block, and the block body, where the
transaction data are encrypted. Block header can be further divided into various data such as block version: block
validation rule, parent block hash: hash value of the previous block (parent block), Merkle tree root hash:the hash
value of the current transaction, timestamp: transaction timestamp as seconds, nBits: current hashing target, and
nouce: 4-byte field. Block body consists of transaction counter and transaction and depending on the block size
and the size of each transaction, the maximum number of transaction that the block can contain is determined [14].
Blockchain can maintain the formation of connection between blocks with the help of each blocks containing the
hash data of their parent block (figure 1).

Figure 2. Structure of the block

There are three main types of blockchain: public, private and consortium. In public blockchain, the authority
to access and participate in the consensus process is given to every user which makes it suitable for complete
decentralized system. For private blockchain, only the authorized organization can take part in the consensus and
the openness of the data are in some degree limited which allows more efficiency compared to the open system.
Consortium blockchain requires participants’ consensus for the stability of system where only the preselected number
of subjects can participate in the consensus.
There has been an attempt to adopt blockchain technology in manufacturing for the enhancement of quality
management. Arshdeep Bahga et al. (2016) adopted IoT and blockchain to Cloud-Based Manufacturing (CBM) and
provided a framework of blockchain platform with applications case [15]. Si Chen et al. (2017) applied blockchain
to supply chain management by conducting a case study of laptop supply chain [16]. The paper specified the supply
chain management into real time quality monitoring and control, digital identity, contract automation and logistic
planning, visualizing the usage of blockchain technology for each activity respectively. It is worth noting that the
blockchain acts as data layer for the whole manufacturing system, containing quality, logistic, assets and transaction
data and connects suppliers and retailers for data sharing.
Zhi Li et al. (2017) expressed the current manufacturing system as open manufacturing, defined as a new stage
of manufacturing ecosystem, which use open, distributed, and decentralized manufacturing network to support the
sharing and exchange of manufacturing knowledge and services [17]. To accomplish the goals of open manufacturing,
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this paper focused on the exchange of knowledge and service in open manufacturing emphasizing the importance
of the understanding of knowledge creation, learning and application of manufacturers. Therefore, the framework
of knowledge exchange based on blockchain technology which enables a transparent, safe and decentralized way
of exchanging the data and knowledge.

3. Methodology
This research consists of three main steps. First, the literature survey is conducted in order to analyze the specific
activities and characteristics of the three aspects (measurability, traceability and connectivity) in terms of smart
manufacturing. Literature survey was conducted with the following key words; ‘quality measur-’ ‘traceability’ ‘smart
manufacturing’ ‘quality improvement’ ‘quality control’. Each literature were divided according to the conformity
of Open Quality three aspects and was further analyzed to derive the functional characteristics.
To analyze the functional relationship between three aspects, this research selected Integrated Computer Aided
Manufacturing definition for Function Modelling, also known as IDEF0, as a methodology. The main objective of
IDEF0 is to specify the system functions by defining the requirements and further design an intended implementation
to fully perform the functions. IDEF0 concept is unique in that it defines inputs, controls, outputs, and mechanisms
(ICOM) of each functional process.
Based on the literature review conducted in the previous step, ICOM of Open Quality’s three aspects is derived.
To manage the simple and quick understanding of the whole system, the number of each resources concerning the
aspects are controlled into three. Also, the control and mechanisms requirements are derived based on the tools
or techniques that are used in the previous literature review.
For visualizing the defined functions and relationship of Open Quality, graphical modelling based on IDEF0
is performed. Analyzing the relationship of each input and output is also performed thereby defining the relationship
between three aspects. Notably, the output of connectivity aspects is reactivated as the input of measurability which
finalize the Open Quality into a cycle.

Figure 3. Research Process

4. Results
In this section, Open Quality System (OQS) is presented for the actual application in smart manufacturing. OQS
is unique in that it encrypts every data of quality activity and provides open channel for quality level to be shared
to stakeholders which contributes to the realization of quality responsibility and quality assurance. It is worth noting
that measurability, traceability and connectivity should interact in organic connection and every concerning data
should be stored in the blockchain system which are further shared to stakeholders.
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Figure 4. Open Quality System framework

Measurability is a stage where the specification of the product or service is measured, and the quality level
is derived. It is important that the manufacturer fully understand the quality aspects of their products and thoroughly
deals with it which eventually updates the quality measurements. Also, with the help of smart technologies in Industry
4.0, manufacturer should be able to measure and collect the specification data accurately and in a real time. Finally,
by analyzing the specification data that has been acquired, the whole level of the quality can be derived. In this
process, forecasting the future quality level can be also held with big data analysis methodology such as machine
learning or deep learning.
Traceability refers to an activity of searching for the space to be improved and defining the root cause of certain
quality aspects. Therefore, the quality failure information should be derived, and the concerning activities of the
quality aspects should also be derived in order to find the root cause. Concerning the root cause, methodologies
such as Failure Tree Analysis (FTA), Root Cause Analysis or Fishbone diagram can be used. Similar to the quality
level analysis, failure defining in the traceability can also hold for the expected failures that can occur in the future.
In addition, since the root cause of the quality aspects are not fragmentary, analyzing the relationship of related
activities or causes can also be held.
Finally, the connectivity concerns the activity of deriving the possible improvement method of the quality failures.
Open Quality differs from previously proposed quality management process in that it provides the quality
improvement methodology which is the connection with internal/external resources. By referring to the concerned
resources that are defined based on the quality aspects, manufacture can connect to resources in order to replace
or develop their strategy. The selection of the resources can be done according to the restrictions such as costs,
expected improvement or efficiency. Also, at this point, new quality aspects can be derived which is then used
in the measurability system for the improvement.

5. Conclusion
In this paper, in order to deal with substantial changes in Industry 4.0 and dramatic shift in the smart
manufacturing ecosystem, Open Quality is proposed for the new quality management concept. To develop the Open
Quality in terms of Industry 4.0 and smart manufacturing, literature review on the currently proposed new quality
concept is held. Also, by focusing on the quality assurance, blockchain application case study was also presented.
For providing the specific strategy of Open Quality, three aspects, measurability, traceability, and connectivity,
has been emphasized which can contribute to the fulfillment of quality responsibility in the era of Industry 4.0.
Blockchain technology is further deployed for actual application in the smart manufacturing which is presented as
Open Quality Blockchain System in the Figure 3. In this system, manufacturer should ensure that every data from

1096

each activity to be encrypted in the blockchain and the data sharing to the stakeholders to be made.
Open Quality Blockchain System is unique in that as a physical quality management methodology, it can
contribute to the actual enhancement of quality with real time measurement and quality data sharing. Also, since
the each of the data regarding the quality is encrypted in the block, manufacturers can clarify their quality level
and searching for the root cause of quality failure becomes more efficient. Additionally, the consensus between
the stakeholders and manufacturers can be made due to the open channel where the exchange of quality level is
made.
Based on this study, real application of the Open Quality in actual smart manufacturing can be proposed as
the further research. Also based on the currently developed Open Quality concept, applications to the diverse areas
can be made. Especially in the medical industry, where the controversy over medical malpractice continues, the
introduction of Open Quality is expected to be of great help. Similar application can be made in agriculture industry
where the reliability of raw materials and logistic is in utmost importance.
We believe that the Open Quality provides a quality innovation methodology that can be easily applied in all
industries. Open Quality can contribute to the complete understanding of manufacturer’s quality level and help to
seek for their improvement methodology with clear guideline. It is our plan to further refine the Open Quality process
and justify the blockchain system to provide a basis for the diverse extension research tasks.
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Abstract
We have attempted to develop a new model of measuring WFH (Work from Home) Decision Factors on Service
Quality Performance and QoL (Quality of Life) that can be reliably used in theory and practice. We have tried
to resolve problems associated with WFH and accommodate various suggestions from questionnaire. By conducting
the SEM (Structural Equation Model) analysis of examining the consequences of WFH. We have also investigated
the way how improvement in WHF affects service quality performance and quality of life. We have proposed
and validated the research model that extends practical result. We have found that WFH enhances not only service
quality performance by increasing employee satisfaction but also employee happiness by improving quality of life.
Keywords: WFH (Work from Home), Service quality performance, Quality of life, SEM (Structural Equation Model).

1. Introduction
The new coronavirus disease (Covid-19) is accelerating the pace of the fourth industrial revolution. Covid-19
expected to fundamentally change the business ecosystem. The emerging business trends include the non-facing
business-focused untact (un-contact or non-facing) economy, the mobile and Internet-connected digital economy, and
the platform economy that accelerates corporate competition and ecosystem reorganization.
Covid-19 pandemic has severely impacted the automotive sector, tourism industry, aviation industry, oil industry,
construction industry, telecom sector, food industry, and healthcare industry [1]. Initial cases were reported in
December 2019 and viewed as symptoms of pneumonia in the Wet Markets of Wuhan City in Hubei Province,
China [2], and later named as Covid-19.
Since the outbreak of coronavirus disease 2019 (Covid-19), one of the intricate issues is to estimate the expected
damage of human health and the global economy, and it becomes much more complicated while considering
individual parts of the world. Frequent changes are noticed in developing the combating policies and plans because
of high growth in cases and ambiguous data of infection rate, mortality rate, and other statistics [3]. The number
of confirmed coronavirus disease infection cases (Covid-19) around the world exceeded 20 million. According to
the statistics website Waldometer [4], as of 00:00 on August 9, 2020, the number of cumulative Covid-19 confirmed
cases in the world increased by 26,2524 from the previous day to 19,795,061. Considering the trend of increasing
more than 200,000 people a day, it actually exceeded 20 million as of this day. The 20 million mark is only 223
days after China reported the outbreak of Covid-19 to the World Health Organization (WHO) on December 31
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last year, mainly in Wuhan, Hubei Province. On June 28, 180 days after the outbreak of Covid-19, it took only
43 days to add 10 million people after surpassing 10 million. The number of confirmed cases by country was 5.15
million in the US, 3.01 million in Brazil, and 2.15 million in India. In the United States and Brazil, there are still
more than 50,000 confirmed cases a day. India is spreading faster recently, with 65,156 confirmed cases coming
out the day before and recording the highest record. Concerns are growing in Europe, the Middle East, and Southeast
Asia as well.
As regulations to suppress the spillage of Covid-19 have been strengthened, work and daily life are being made
in the form of ‘untact’ based on Information Technology (IT). With Covid-19, a new industry based on information
technology (IT) is emerging. Online business is emerging in various fields such as online education service and
delivery market. With Covid-19, a new industry based on IT is emerging. Online business is emerging in various
fields such as online education service and delivery market. ‘Zoom’, a video conferencing software of Zoom Video
Communications, which is headquartered in Silicon Valley, USA and listed on the Nasdaq market, has recently
attracted attention [5]. Instead of saying "Let's have a remote meeting," the word “Shall we zoom out?” Is this
based on popularity?
The trend that is unprecedented these days is the technology that was there before. With Covid-19, these
technologies became more familiar. The core of ‘untact’ is the deepening of digital and will spread as the spread
of Artificial Intelligence (AI) becomes faster.
WFH (Work From Home), which has been carried out only by some companies, has become common. Google,
Microsoft, Twitter. Hitachi, Apple, Amazon. Chevron, Salesforce, Spotify. From the UK to the US, Japan to South
Korea, these are all global companies that have, in the last few days, rolled out mandatory WFH policies amid
the spread of Covid-19 (https://www.bbc.com/). The implementation of WFH prevents business interruption and
enables management activities. Workers can balance work and life. However, in the process of implementing WFH,
management and workers may suffer due to insufficient preparation. Insufficient IT infrastructure, lack of work space,
and fatigue due to repetitive tasks are emerging as problems.
In this situation, this study examines the determinants of WFH. In addition, to find out the effect of WFH on
service quality and life satisfaction, it is decided to establish a research model and research hypothesis. Third, it
is expected to help the practical field by presenting strategies based on the results of empirical analysis.

2. Theoretical Background
2.1 Work From Home
WFH (Work from home) is defined as a term that specifically uses information and communication technology
to completely replace a company and kind of refer to a new form of work at home or in a third location rather
than the actually limited space where commuting kind of is not done. There essentially are two criteria for
determining this. First, with or without remote supervision, and second, what a journey for commuting gives [6].
WFH literally is also called the word Telecommuting which can really be defined as the word working at home
or really nearby in a subtle way [7] in a pretty major way. Telecommuting takes advantages for example,
communicating by using computer-based technology at home that work in external locations, which specifically is
quite significant [8]. In addition, WFH is definitely carried out in various occupations and industries, or so they
specifically thought in a subtle way [9]. Using basically advanced computer-based technologies, WFH really is being
implemented throughout the industry, including IT, marketing, advertising and et cetera. The concept of WFH can
be summarized and expressed in the following figure [10].
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Fig. 1 The Concept of WFH

To successfully adapt and thrive in the Covid-19. CEOs and managers need to monitor key determinant of WFH
and predict challenges and effectively, proactively direct type of work. In order for WFH to be successful, it is
necessary to support communication infrastructure, balance between the body and mind of workers, and a horizontal
organizational culture like the service packages [11]. The service package is bundle of goods and services with
information that is provided in some environment. This bundle consists of five features (Supporting facility,
Facilitating goods, Information, Explicit services, Implicit service). In specific, manager should support WFH
employee like these things (Establish structured daily check-ins, provide several different communication technology
options, establish “rules of engagement”, provide opportunities for remote social interaction, offer encouragement
and emotional support) [12]. Olson analyzed the correlation between workers and employers through case studies,
very contrary to popular belief. In terms of productivity, there really is a difference between the workers and the
employers, and the workers recognized that the productivity increased slightly, but the employers did not recognize
the improvement in productivity, which for all intents and purposes is quite significant, which is quite significant
[13].
But nevertheless we still were able to find findings from existing studies that WFH can increase job satisfaction
and reduce the negative physical effects [14]. In addition, according to existing research, workers who work from
home have higher job flexibility than who don’t [15], [16], The job satisfaction of workers needs to be understood
in terms of the direct impact and the conditional impact due to the difference in the work activities of workers
[17]. In this way, the relationship between WFH and job satisfaction was able to be investigated through many
studies, which for all intents and purposes is significant. It really was also kind of found that support from HR,
IT and finance departments was helpful in implementing WFH, and that the implementation of WFH literally was
also specifically welcomed in terms of HRM. Trust between managers and employees can also generally be seen
as a factor affecting the satisfaction of WFH in a subtle way. The impact may definitely vary depending on basically
national and cultural differences, and the number of years of tenure also varies in accepting WFH, which mostly
is fairly significant [18] in a subtle way. In summary, WFH refers to a work environment in which the work
environment provides services to the organization or provides services to customers in or around the place where
workers reside.
2.2 Service Quality Performance
Excellent service quality and high customer satisfaction actually are the key issues and challenges of today’s
service industry, which really is fairly significant [19], generally contrary to popular belief. The quality of excellent
service depends on how faithfully it performs its role in carrying out the core value of the enterprise in a for all
intents and purposes big way. The performance depends on the relationship between managers and employees and
the understanding of the core value of the entity in a for all intents and purposes major way. The reason why
quality of service performance is important for the most part is because it is related to customer satisfaction,
demonstrating how the reason why quality of service performance essentially is important actually is because it
literally is related to customer satisfaction in a for all intents and purposes major way. Managing service quality
performance can particularly be seen as a very important definitely key achievement for an organization, or so they
specifically thought. Overall satisfaction with service quality mostly has a significant impact on consumers’
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repurchase of services or attracting new customers, which is fairly significant [20], kind of further showing how
excellent service quality and very high customer satisfaction for all intents and purposes are the kind of key issues
and challenges of today's service industry. Therefore, maintaining a definitely high level of service quality
performance specifically is highly relevant for all intents and purposes long-term operations, demonstrating that fairly
further showing how excellent service quality and generally high customer satisfaction are the key issues and
challenges of today's service industry, or so they particularly thought [20].
According to Grönroos, the total quality of the customer's position is divided into technical and functional quality
in terms of quality, along with corporate image. Technical quality refers to the actual acquisition of the service
by the customer, and functional quality is viewed in terms of service delivery [21]. There are also studies of
employee-centered service quality performance, along with those that look at customer-centered service quality. It
was observed that employee loyalty has a significant bearing on service quality, which eventually affects customer
satisfaction and customer loyalty, leading to robust profitability in the many service industries, and through Structural
Equation Modeling (SEM), it was found that employee loyalty had a strong impact on service quality, customer
satisfaction, and corporate profitability through customer loyalty in various scenarios such as employee-customer
contact levels, market competitiveness, and conversion costs for sampled stores. This discovery supports the
generalization of observed relationships in various operational situations [22]. After all, workers can efficiently
process their work through WFH and provide excellent customer service quickly. It can be said that customer
satisfaction through excellent quality levels is linked to quality of life.
2.3 QoL (Quality of Life)
The quality of life can basically be said to be determined by how physically and mentally satisfied the members
of the organization are, how fulfilling they mostly feel in their fairly own lives, and how faithfully they perform
the work-life balance, very contrary to popular belief. Maintaining a high quality of life for employees in a company
actually is not only a corporate particularly social responsibility but also a very important factor in sustainable
management in a for all intents and purposes big way. The ultimate goal basically is to keep employees'' quality
of life at a sort of high level so that they can essentially feel a sense of accomplishment and specifically produce
positive corporate results in a particularly big way. The quality of life of employees is closely related to
organizational culture [23] and noted what they described as psychological growth needs related to qualitative
considerations of work life (QOWL). to the following effect identified skills, diversity, task identity, task importance,
autonomy, and feedback were said to be necessary, and they suggested that employees should address that need
in order to experience a high level of work experience [24]. In addition, organizations are experiencing new
alternative work designs and flexible work schedules (flexible work schedules, work sharing) and so on [25]. A
study by Goyal found that there was a high level of satisfaction for employees on the QOWL side, and that the
appropriate level of wages, fair compensation, and a safe and healthy working environment were considered to
determine this [26]. In summary, it can be said that the quality of life is determined by economic and psychological
factors. Employee satisfaction through WFH has a decisive influence on the quality of life of employees.

3. Research Model Development and Research Hypotheses
3.1 Research Model Development
In this research, we implemented a structural model that studies on WFH basis and performance and being
verified based on the research result that presented in the following figure. This study focuses on the WFH decision
factor towards service quality performance and lifestyle adaptation. The direction of these research was resulted
from our research hypothesis from the research model.
A structural model related to factors that contributed to the studies. The research hypothesis can be made based
on the basic research model that determines the research direction. Figure 2 indicates the basic principle and theory
of WFH structure model. The model segregated into 3 main variables, input, intermediate, and output variables.
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The input data that contributed to this research were Physical Health Status, Communication on Facilities, and
Organization Culture. Measuring this factor will determine the performances output and the quality of work when
executing the task, Intermediate Variable. Output variable is to measure how to lifestyle change and how people
adapt with WFH environments.

Fig. 2 Research model

3.2 Research Hypotheses
The research model indicated the directions and flow towards WFH measurement performances. Based on
previous studies, we concluded 4 hypothesis studies prior to the research development. The input variables or factor
illustrates the relationship between input factor (Physical Health Status, Communication on Facilities, and
Organization Culture) and performance elements (Job Quality). The Institute for Employment Studies (IES) has
published a series of interim findings from the first Covid-19 homeworker wellbeing study, looking at how WFH
for an extended period is affecting the UK workforce. These initial findings depict a worrying snapshot of the
declining mental and physical health of many homeworkers [27]. Challenges arose for both employers and employees
in WFH environment as it might effect the quality and performance in completing the task.
H1: Physical Health Status play huge impact on performances and job quality.
WFH is a growing trend in today’s work environment, in which employees can easily plug-in from just anywhere
they are. A WFH policy is nothing but an agreement between the employer and the employees who prefer to have
the WFH privileges. The policy defines the expectations, responsibilities, the eligibility and the other WFH
guidelines. In short, it ensures that all employees understand what is required of them when they choose to WFH.
In order to make work, companies need a defined WFH policy to make it work. The WFH policy can be tailored
as per the company’s needs and requirements. In the due course it can be modified according to the company’s
specific values. Few areas that company to prepare and look into such as policy and purpose, scope and eligibility,
the request process, attendance and availability standards, productivity measures, equipment and tech support,
response measures, compensation and benefits, rightful termination, physical environment, and security. These factors
are a basic requirement for employers or organization need to focus in order workers are comfortable and could
performance fullest that will maintain or improve their quality in completing the task.
H2: Communication on Facilities have a significant relationship in the quality performance.
Traditionally, WFH practices was never an organizational culture. Many believe that WFH could be not work
as the practices could not be monitor since its outside from the workspace. Besides the effectiveness of
communication could be decline at certain period which as well decline the quality of work.
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With the current pandemic, organization were force to shift to WFH culture and. According to Laurel Farrer
is the CEO of the Work From Home Association, She stated that most companies are allowing WFH out of necessity.
“But allowing is not the same as embracing,” Laurel stated. Creating a sustainable work-from-home workforce
requires a cultural shift from business leaders today.
Businesses that value close customer relationships and rely on market information to guide strategic decision
making are commonly described as market oriented. Market-oriented businesses generate intelligence about
customers’ current and future needs, and about competitors’ capabilities and strategies; share that intelligence
throughout the organization and take coordinated action to create superior customer value [28], [29].
Organizational culture is the climate of the organization and determines the direction the organization aims.
The organization should establish a clear operating philosophy and standards for WFH. It is necessary to establish
a basic operating policy for WFH and to empower employees [12]. According to a recent survey of over 30,000
users, work-from-home productivity is up 47%. However, leaders still have key concerns about making a complete
shift to a remote workforce. Here are the chief concerns - and solutions - so that corporate leaders can make the
shift into the new normal and engage with the future of work.
H3: Organizational Culture will have a significant impact on productivity and job quality.
WFH appears to be a large factor in increased job satisfaction from those employees allowed to leverage the
option. Bloom, 2014 observed that employees who quit at half the rate of people in the office, way beyond
expectation. It is reported that people who applied WAH have much higher job satisfaction. The Staples Advantage
study reflected higher job satisfaction rates. He claimed that home workers reported 25% lower stress levels, 73%
said they consumed healthier food while WAH, 76% were loyal to their company and 80% reported a better work-life
balance (Hendricks, 2014). A whitepaper by Microsoft called “Work without Walls” included survey results from
employees that WFH and the number one benefit stated by far was work / home life balance at 60% [30].
According to Gilgeous [31], QoL could be defined as an individual’s satisfaction with his or her life dimensions
comparing with his or her ideal life where evaluation of the quality of life depends on individual’s value system
and on the cultural environment where they live. Various number of terms related to QoL was included: stratification
and inequality, social inequality, wealth and income, poverty, socioeconomic status, and others [32]. Rice et al.
[33] have defined the QoL as a set of beliefs directed toward the totality of one’s life (overall quality of life)
or toward specific domains of life (e.g., quality of work life or perceived quality of family life).
In Malaysia’s context, Omar [34] mentioned that QoL encompasses the fulfilment of human needs such as a
satisfactory material life, health, education, security, living in a clean environment and also the enjoyment of the
aesthetic and spiritual needs. Based on studies conducted by Azahan [35] on the quality of life in Malaysia’s
intermediate city from urban dwellers perspective where the researchers examined by their income and distribution,
education, health status and family living.
H4: Job quality and performance significantly impact workers quality of life.

4. Analysis
4.1 Measurement and basic statistic
The research focus on WFH factors and service quality performance relationship towards quality of life
performance. In addition, comprehensive studies on WFH factors could influence on service performances and
improve the quality of life or lifestyles.
In this research, estimated 158 population participate in the questionnaire. Those participants consist of participant
Marketing Manager, New product developer, employees of various sectors and Operation Manager across various
companies. The participant was selected base on their experiences WFH culture as well as how they adapt with
the current pandemic situations. We conducted 158 survey in Malaysia and Korea. The following figure shows basic
demographic data.
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Fig. 3 Demographic data

76% of respondents' companies (120) are adopting WFH and 24% (38) do not. The main reason for the
introduction of WFH was found to be Covid-19 (99%). The main reasons for the introduction of WFH were 75%
for Pandemic, 1% for work and life balance, and 24% for not adopting WFH.
4.2 PLS Analysis
The data result from questionnaires was transferred to Microsoft Excel and Smart PLS Program, which was
employed to compute the data gained in the study. Later, the data will be analyzing and measure the intensity
between all the input, mediate, and output variables. In this study, PLS-SEM was used to confirm the significance
of the pathways among the factors suggested in the study model. PLS-SEM has the advantage of excellent predictive
power even in freely small samples due to the basic assumption of a multivariate normal distribution [36]. Table
1 indicates the result of Composite Reliability and Average Variance Extracted including the indicator figure. In
this table, the present of undesired values with negative figure a2, and a4, which was -0.474 and -0.069respectively.
We eliminate two variables of the Physical Health Status factor to gain a consistent in reliability testing and average
variance extracted result.
Table 1. Composite Reliability and Average Variance Extracted
Latent Variable
Physical Health Status

Communication Facilities

Organization Culture

Job Quality

Quality of Life

Indicator
a1
a2
a3
a4
b1
b2
b3
b4
c1
c2
c3
c4
x1
x2
x3
X4
y1
y2
y3
Y4

Loading
0.525
-0.474
0.767
-0.069
0.641
0.468
0.328
0.869
0.684
0.894
0.593
0.764
0.862
0.843
0.839
0.694
0.825
0.880
0.897
0.888

Composite Reliability

Average Variance Extracted (AVE)

0.739

0.607

0.679

0.373

0.827

0.551

0.885

0.66

0.927

0.762

After the confirmation factor analysis was conducted, the theoretical model analysis was conducted. Prior from
our research, the result from Table 2 and Figure 4 shows analysis result the relationship between the variables since
our research was based on understanding how WFH impact the work quality and lifestyle balance. Based on our
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findings, our result was purely based between Korea and Malaysia, more research or survey are needed to determine
and justified the result and concept on WFH.
Table 2 Path Analysis Result

Hypothesis

Paths

H1

Physical Health
Status ->Job Quality
Communication
Facilities ->
Job Quality
Organization Culture
->Job Quality
Job Quality ->
Quality of Life

H2
H3
H4

Original
Sample
(O)

Sample
Mean
(M)

Standard
Deviation
(STDEV)

T Statistics
(|O/STDEV|)

P
Values

Decision
Making

-0.043

-0.005

0.091

0.469

0.64

H1
Rejected

0.33

0.315

0.115

2.882

0.004

H2
Accepted

0.254

0.282

0.107

2.364

0.018

0.875

0.875

0.023

37.707

0

H3
Accepted
H4
Accepted

*The line represents in the figure indicate the T statistic values.
Fig. 4 Structural Equation Model Result

5. Conclusion
The unprecedented Covid-19 is accelerating the Fourth Industrial Revolution. With Covid-19, individuals are
experiencing things they have never experienced. Covid-19 is a strategic inflection point for businesses. Only
companies that prepare and adapt in a state of super tension to changes in the external environment can win. This
study aims to empirically analyze the influence of WFH determinants on job satisfaction. It is also to analyze the
effect of job satisfaction on life satisfaction. To this end, research models and hypotheses were established based
on existing literature. The following conclusions can be drawn based on the survey results and research.
First, in order for WFH to operate smoothly, it is necessary to provide sufficient physical infrastructure support.
High communication speed, hardware and software performance are the basic infrastructure of WFH. Businesses
should support employees so that they can perform in a pleasant work environment. During the Covid-19 pandemic,
organizations are forced to take drastic measures to continue providing critical service for their customers. Many
organizations have transitioned their employees to work from home (WFH) for their safety, as they are striving
to provide exceptional Customer Experiences while maintaining business continuity. In the era of with Covid-19,
companies will implement WFH in order to maintain business continuity and provide excellent continuous service
to customers. Companies should pay attention to not only investing in infrastructure, but also providing a systematic
program that enables employees to balance their body and mind beyond providing WFH support facilities that can
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satisfy their employees. Working remotely could stagnant the work performance. Participants do agree that a reliable
connection is need to performance whenever working remotely. In this era, internet connection plays a huge role
in connecting businesses, eventually it also functions to connect internally. Many Participants already equipped with
high speed internet connection, a specific devices and system and also feel confident to communicate with their
colleagues. In conclusion, although WFH theoretically does not connect physically but many believe that
communication facilities allow the user to work excellently in the current pandemic situations. Hence, Communication
relatively impacted the job quality in organization.
Second, in order to introduce WFH, a horizontal and autonomous organizational culture must be organized.
Organizational culture can be measure in various form, whether communication, leadership, and even direction and
company goals. Most organization understood the situation and were able to provide some facilities to their
employees to meet the organization’s goals and directions. Due to fact that a small group of organization due
practices WFH before the outbreak, others seeks the concept and managed to adapt WFH culture to either breakeven
nor to survive their businesses. Services sector managed to pull off the cultures such as banking, postal services,
IT sector or even Universities managed to conduct their activities partly contributed from fast decision making from
their leaders and good communication internally.
Third, A work life balances has always being practices in big organization. Take Google for examples, where
they allow their employees to not work overtime and provide facilities for their employees reduce stress. WFH
allows employees to be closer to their families, flexibilities, reduce expenditure, and allows other activities that could
overcome work stress environments. Workers or employees could focus and perform efficiently under non stress
environments which contributed to work life balance and met organization goals. Hence, many participants believe
there are more likely reduces their stress and performance effectively in WFH situations.
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Abstract
In recent years, several companies in Korea are making new attempts to offer products and services based on
servitization and customization to gain competitiveness and customer satisfaction. However, there is not sufficient
research relating both servitization and customization to quality dimensions. Accordingly, this paper aims to present
new offering cases in Korea in the digital transformation era and the differences that result in dimensions of quality.
This study approaches the subject by presenting a series of recent business cases of new offering in various
fields in Korea. The analysis is performed by comparing the new models with the originals to demonstrate how
the listed cases caused differences to the market and customers. The study also takes the approach of defining
which of the “10 Quality Dimensions” servitization and customization fall into.
Case studies will be used to demonstrate how the new offering models are applied in the market and the “10
Quality Dimensions”. In addition, related implications such as concepts, pros and cons, and prospect of new models
will be deduced.
The discussion proposed in the research can function as the reference for applicable products and services in
Korea as well as other similar markets. Comprehensive study of new offering of products and services and the
“Quality Dimensions” can also be applied in new era of Digital Transformation.
This paper provides the business cases of customization and servitization in Korea, as well as analyzing and
presenting the effect of these new offering models on customers and the market. In addition, this paper strives
to link new business offering models with the “10 Quality Dimensions,” which must be revised in the new era
represented as Digital Transformation. This study is valuable and practical in demonstrating how the quality
standard of products and services is changed by providing two new offering models.
Keywords: New Quality Dimensions, Digital Transformation, Servitization, Customization

1. Introduction
Servitization of the manufacturing industry, which has emerged as a new alternative for the growth and
development of the manufacturing industry, is continuously spreading in various fields. Along with the increasing
share of the service industry in the economy, the emergence of innovative technologies following the Fourth
Industrial Revolution is causing unprecedented changes from the production to delivery of products and services
to the use of customers. The emergence of such convergence business models is also a recent change that brings
attention.
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Big data analysis through AI enables companies to more accurately identify customer needs, and provides an
opportunity to further advance customization that can satisfy even individual needs of customers. In the
manufacturing industry, there are many examples of new service attempts that add, combine, and provide
customer-related services to products.
In the study of quality, a reinterpretation of the dimension of quality emerged with the progress of servitization,
technology introduction, and diversification of consumer needs. The traditional dimension of quality has been
recognized as the eight dimensions proposed by Garvin, but new studies that reflect trends such as the servitization
of the manufacturing industry and the convergence of products and services are emerging (Bohn, 2013; Youn-Sung
Kim 2020).
In Korea, seeing digital transformation as an opportunity, it announced the 'Small and Medium Business Smart
Manufacturing Innovation Strategy' in 2018 (Ministry of Trade, Industry and Energy, 2018) and set the national
goal of establishing an Information Communication Technology (ICT) manufacturing industry environment centered
on smart factories.
On the other hand, private companies are also focusing on digital transformation, and as a result, many companies
have been given the opportunity to showcase new technologies at international exhibitions such as 'CES 2020'
(Hye-Mi Kwon, 2019), and their innovation has been recognized (Ji-Hoon Yoon, 2020). In particular, as reported
by the Segye Ilbo (Hyun-Joo Kim, 2020), it is remarkable that consumer-tailored products and services are increasing
throughout life with the development of customer analysis technology.
Therefore, this study aims to analyze the dimension of quality from a new perspective, targeting the major cases
in Korea where the manufacturing industry's servitization and customization are combined and applied. For the
progress of the research, we will review previous studies related to the dimensions of manufacturing service,
customization, digital transformation, and quality, and analyze the relationship between each factor. Based on the
results of data review on the current status of domestic customization, this study analyzes the core quality dimension
of each case by specifying the fields of related cases and selecting representative cases in each field.
In order to analyze the selected cases from the viewpoint of quality, the 10 quality dimensions suggested by
Bohn (2013) and the analysis cases suggested by Youn-Sung Kim (2020) were applied, and the direction of analysis
has determined through a series of research questions as follows.
1. What elements of
2. Through the above
products?
3. What are the key
4. What are the key

service, customization, and digitization are implied in each case?
factors, what differentiated value does each case provide to consumers compared to existing
quality dimensions for each case?
quality dimensions in customization products in the era of digital transformation?

There are many studies on customization, and the effects of customizing services on customer satisfaction and
intention (Hyung-Jun Kim, Eul-Soon Kim, 2008), types of customized products and consumer benefits (In-Kyung
Kim, Ki-Ok Kim, Hye- Seon Hwang, 2012), Customization Service factor search (A-Young Lim, 2015).
Nevertheless, studies that analyzed the increasing number of customized products and digital elements added starting
with the 4th Industrial Revolution from the perspective of a new quality dimension are somewhat insufficient.
Focusing on this point, this study is expected to be able to present practical guidelines directly related to quality
by analyzing the quality dimension of customized offerings in the era of digital transformation. In addition, the
results of this study are expected to be used as basic data for future studies to analyze the factors of digital
transformation in various industries.

2. Theoretical Background
2.1 Servitization
Vandermerwe and Rada (1988) first suggested that the integration of services into products and providing them
to customers in order to create added value is referred to as manufacturing service. According to Bains et al. (2008),
manufacturing service is an innovation in organizational capabilities and processes that transforms from product sales
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to product service system (PSS) sales, and creates better mutual value. In the same study (2008), they suggested
financial drivers such as continuous profit creation and high margins, strategic drivers such as securing competitive
advantage, and marketing drivers such as product differentiation and customer relationship building as drivers for
servitization of the manufacturing industry. This is because the integration of services into traditional product sales
methods reflects the characteristics of services such as high margins compared to products and easy customer
relationship management (CRM).
The servitization of the manufacturing industry has become a sustainable management strategy for manufacturing
companies due to factors such as diversification and detailing of customer needs and global competition (Ji-Hee
Ryu et al, 2009). In the provision of product maintenance services, it was analyzed that it is necessary to expand
the role of companies that provide all services necessary for product use. They suggested that the development of
service development requires customer-centered innovation to develop and provide comprehensive services. The
customization described below corresponds to this kind of innovation.
2.2 Customization
The definition of customization has a certain level of difference depending on the period and researchers, but
it basically comes down to providing products and services tailored to the individual needs of customers. This study
focuses on customized service by categorizing customization as a type of service that provides customized
information and products by identifying individual customer needs in manufacturing service.
According to a study by Hyung-Jun Kim and Eul-Soon Kim (2008), service customization is a customer R&D
function that makes it easy to identify customer characteristics based on customer satisfaction and continuous mutual
application, and loyal customers and new customers. Therefore, it can be said that customization is a type of
service-oriented manufacturing in the customer-centered manufacturing industry because needs formed depending
on individual characteristics and circumstances are satisfied from the perspective of consumers and provides benefits
to companies.
2.3 Customization in Digital Transformation era
Gregory Vial (2019) analyzed a number of previous studies on digital transformation and defined digital
transformation as follows: Digital transformation is the process of improving companies by triggering significant
changes in their assets through the integration of information, computing, communications, and connected
technologies. According to Alejandro G. Frank et al. (2019), based on the technology of the era of the 4th industrial
revolution, companies can transform into 'an interconnected enterprise'. In addition, various new technologies are
applied to the manufacturing industry as a service, and it is possible to provide a new type of hybrid service. The
customization this study focused on is a representative example of the trend.
As a result of the analysis focusing on the prior studies from Korea, the advancement of big data analysis has
enabled companies to more accurately identify customer needs that it has become easier to design and provide
customized services in various industries such as agriculture (Shin-Seong Yu, 2020), finance (Chang-Jeok Seo, Bo-Ra
Lee, 2015), education (Min-Jae Kim, Hee-Young Youn, 2014), etc. According to the research results presented
by So-Eun You et al. (2016), consumers with high shopping fatigue were more likely to use curated shopping
compared to existing online shopping due to the high selection efficiency and shopping convenience provided by
the customized curation service. The study can be considered as an empirical result.
Customization is a customer-centered value-added service that can be provided by service-oriented manufacturing
companies, and due to the digital transformation of companies, it becomes easier to provide and more value can
be delivered to customers. In this study, a theoretical review of customization has been conducted up to the present
stage, and in the next stage, the needs of Korean consumers for customization are identified, and the criteria for
selection of cases to be studied are to be established.
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2.4 Customization as Consume Trend in Korea
In order to understand the overall consumer needs for customization, this study has reviewed the key keywords
of <Trend Korea 2020> (Nan-do Kim et al., 2019), which predicted and analyzed the recent consumption trend
report of domestic financial institutions and Korean trends every year since 2010. The results are shown in <Table
1> below.
Table 1 Consume Trend of 2020 in Korea

Source

Trend Korea 2020

Samjong Insight Vol.
66
New Consume
Generation
and Changes in
Necessities of Life

2020 Trend Keyword
Report

Authors (Publisher)

Nan-Do Kim et.al.
(2019)

Samjong KPMG
Economic Research
Institute (2019)

Shinhan Card Big Data
Research Center (2020)

Trend Keywords









Multi Persona
Lastfit Economy
Fair Player
Streaming Life
Technology of Hyper-personalization
Fansumer (Fan+Consumer)
Specialized Survival
58 Generation (Representated by People born in
1958)
 Convenience as A Premium
 Elevate Yourself
 Food: Pursuit of efficient domestic work activities
related to meals, diversification of food consumption,
segmentation of food preferences, and routinized
online purchase
 Clothing: Clothing management agency, tailored
clothing, means of self-expression
 Shelter: Home business, customized living space,
co-dividual living trend







Influence of Annoyingness
Necessity of Curating My Life
Special and Worthful My Data
Into the Artful Pop-up Economy
Digital Healing
Especially Lively Senior

As a result of reviewing the consumption trends of each report, focusing on the key keywords, the following
points were shown: First, consumers began to put more emphasis on efficiency and convenience in their daily life
including consumption activities. It can be seen that this leads to a tendency to prefer purchasing alternatives such
as housework agency and curation services. In addition, consumers with different personas depending on the situation,
needs for customized products and services optimized for each situation and the needs in that situation were formed
as a trend. In particular, as Samjong KPMG's consumption trend analysis (2019), considering the analysis that
consumers want to receive customized products and services in a wide field of food, clothing and shelter,
customization can be said to have established itself as a trend in Korea.
So far, the domestic related literature has been reviewed on the servitization and customization of the
manufacturing industry in the era of digital transformation. In the next step, this study intends to review previous
studies on quality dimensions centering on the ten quality dimensions of Bohn (2013).
2.5 Quality Dimension
The review of the quality dimension focused in this study is conducted focusing on the research trend in the
quality dimension and <The dimension of quality> (Youn-Sung Kim, 2020), which analyzed the quality dimension
of Bohn (2013).
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Table 2 Major Research Trends in Quality

Source

Product Quality
Dimension

Service Quality
Dimension
(RATER)

New Quality
Dimension

Authors

Overview of Quality Dimension

Garvin. D
(1987)

 Performance: Main operational characteristics of the product
 Features: Secondary characteristics of the product
 Reliability: Probability that the product will not fail for a certain
period of time.
 Conformance: The degree to which the product's design and
operating characteristics meet standards
 Durability: Product life span, including technical and economic
dimensions
 Serviceability: Ability to quickly and easily repair products
 Aesthetics: Reflects individual subjective preference as a dimension
related to the five senses
 Perceived quality: Customer's subjective evaluation of product
quality

Parasuraman,
Zeithaml,
Berry
(1985, 1988)

 Reliability: The ability to perform exactly the promised service
 Assurance: The ability, knowledge, and courtesy of an employee to
give confidence and confidence
 Tangibles: Securing tangible elements such as physical facilities,
equipment, and manpower
 Empathy: Consideration and concern for customers
 Responsiveness: Willingness to provide prompt service

Bohn, Roger E
(2013)

 Core performance, features, reliability, durability, and serviceability
(Items that match the dimension of product quality)
 Convenience: the time it takes to use a product or service
 Lead time or waiting time: The period or waiting time between
order and execution
 Personal image: The image of products and services perceived by
users
 Customization: the degree to which a product or service meets
individual specific requirements
 Face-to-face
interaction:
customer
communication,
provider
confidence, stability of service environment, etc.

Garvin's (1987) product quality dimension and PZB's (1985, 1988) service quality dimension summarized in
<Table 2> are the most representative quality dimensions. However, with various changes such as intensifying
competition among companies, detailed and complex consumer needs, and digital transformation due to technological
advancement, the types of products and services that are currently required by customers and provided by companies
have also changed significantly. These include the manufacturing industry's servitization and customization, which
are the subjects in this study, and a change in the quality dimension of products incorporating services that can
meet individual needs into products is required. These include the servitization and customization of the
manufacturing industry, which was the subject of research in this study, and changes in the quality dimension of
products incorporating services that can meet individual needs into products are required. Therefore, the new quality
dimension proposed by Bohn (2013) by integrating the quality dimension for products and services and customization
is to be used for case analysis in this study.

3. Research Method
In this study, domestic customization cases are selected and a case study is conducted by applying the quality
dimension of Bohn (2013) in order to analyze the quality dimension of new offerings in the era of digital
transformation.
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As in the Samjong KPMG Economic Research Institute (2019) which is used as case selection criteria, domestic
cases that satisfying all the elements of service, digitalization, and customization in the major constituent dimensions
of lifestyle, in relation to the industries of clothing, food, and shelter, have been reviewed. As a result, selected
cases that have satisfied all the criteria are followed: Doctor Kitchen in the food field, Within 24 in the clothing
field, and Daelim Industrial's C2 House in the housing field.
To study the case, this study intends to derive the important quality dimension of customization products in
the era of digital transformation by 1) identifying the servitization, customer customization, and digitalization
elements of each case, 2) analyzing what differentiated value each case delivers through the elements, 3) specifying
the core quality dimension of each case, and 4) making comparison and analysis.

4. Case Analysis
4.1 Doctor Kitchen
Doctor Kitchen, established in 2015, is a “Medi-Food, Medical Food” company that provides customized diets
and foods. According to the official website, Doctor Kitchen carefully collects and analyzes customer data such
as health and personal life cycle, and provides individual products or meals tailored to each customer.
Doctor Kitchen's initial business model was to provide foods and diets optimized for diabetics. Dong-A Ilbo
reported (Hyo-jin Hwang, 2019) that a dietary regimen is essential for diabetics, but it was very difficult for patients
to cook a diabetic diet with nutrition and taste, but Doctor Kitchen solved this problem.
Doctor Kitchen has partnered with professional medical institutions such as Samsung Medical Center and Seoul
National University Hospital, as well as a cooking research team with a 5-star hotel chef to design over 900 meals
and deliver them in the form of easy-to-cook meal kits or lunch boxes, thereby improving the effects of diet and
providing taste and convenience at the same time.
Doctor Kitchen's personalized meal service, cited from Chosun Ilbo (U-ri On, 2019), begins with collecting and
analyzing data on customers' health conditions and lifestyles. Customer selects the period of meal provision, the
frequency of meals per day, the type of rice, and the availability of side dishes, and based on this, dedicated dietitians
design a diet that suits each type of diabetes and symptoms (Sook-Kyung Jeong, 2019).
In addition, Dong-A Ilbo (Hyo-Jin Hwang, 2017) reported that the diabetic diet is usually not satisfactory in
taste even though it is cumbersome to identify food ingredients and nutrients, so the core performance of a healthy
diet can be said to be the diversity of nutrients and diet. It involves another dimension, aesthetics. In this respect,
core performance and aesthetics should be included in the core quality dimension of Doctor Kitchen, which provides
differentiated value, and additionally presents convenience and customization.
Doctor Kitchen is pursuing to provide more accurate customized diets for more individuals, such as expanding
to other diseases such as kidney disease and cancer in the future and developing gene-based customized diets
(Sook-Kyung Jeong, 2019).
4.2 Within 24
Within 24 is a customized clothing store located in Dongdaemun, Seoul. The distinct feature of this store is
that it can mass-produce customized clothing within 24 hours. This can be said to be due to the synergy effect
of the ICT based system and the Dongdaemun production system that can design, produce, and distribute around
the clock (Ki-Chang Jung, 2019).
This is due to the synergy effect of the ICT based system and the Dongdaemun production system that can
design, produce, and distribute 24 hours a day (Ki-Chang Jung, 2019).
According to an article of the policy briefing (A-Reum Han, 2019), the representative ICT of Within 24 include
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'FX Mirror', which is a 'Smart Mirror', and 3D costume making software. Visitors can try-on the desired product
on the avatar by forming an avatar that almost matches the person on the screen through the FX mirror. If the
size of the product does not fit, it is displayed on the screen, and since the avatar can be viewed from various
angles, efficient and accurate fitting simulation is possible. In addition, since FX Mirror scans and recognizes
customer's motion remotely, there is an advantage in that it is convenient to operate because there is no need to
touch it directly.
According to Maeil Economic Daily's report (Ha-Kyung Kim, Hyun-Hyun Choi, 2019), Within 24 provides
product customization service through a kiosk with 3D costume making software installed. When a visitor
custom-orders a product with the device, the data is transmitted to each brand, produced within 24 hours, and shipped
to the store. Customers can pick up the finished product directly in the store or choose to deliver by courier.
Within 24 delivers differentiated value to customers through ICT based virtual fitting service, customized clothing
production service, and fast order production capability. Accordingly, convenience, lead time or waiting time, and
customization of With-in 24 are determined to be the core quality dimensions. In addition, based on the increasing
consumer needs for differentiated apparel designs presented by Samjong KPMG's report (2019), aesthetics is proposed
as an additional core quality dimension of Within 24 products.
Within 24 is one of the “Five Projects to Revitalize the Dongdaemun Fashion Market” jointly announced by
the Ministry of Trade, Industry and Energy and the Seoul Metropolitan Government (A-Reum Han, 2019).
Nevertheless, The International Textile-Fashion News (2019) and the Korean Fashion + Tex News (Ki-Chang Jung,
2020) analyzed that the number of visitors was small and that there was no practical effect on Dongdaemun clothing
companies. The Korean Fashion + Tex News (Jeong-Yoon Choi, 2020) stated that the location was insufficiently
selected and publicized, failed to comply with the delivery date, and failed to provide preferred designs for those
in their 20s and 30s. Accordingly, Within 24 will be converted to a public-private common project this year,
re-launched as “Within 24 + All Studio,” and aim to achieve customer satisfaction through improvement measures
such as relocation and expansion of affiliated brands.
4.3 C2 House3
C2 House is a personalized residential platform launched by Daelim Industrial Co., Ltd. in 2019. Daelim Industrial
developed C2 House by constructing and analyzing big data such as characteristics and demands of more than 12
million domestic and foreign customers as consumer needs for customization increased.
C2 House has the characteristics of 'lifestyle customization', 'design differentiation', and 'housing optimization'
based on the results of customer big data analysis. This is implemented as a variable structure introduced by Daelim
Industrial by grasping the needs of customers for a personalized residential space structure. C2 House can freely
and easily change its structure except for the minimal interior wall structures such as the master bedroom, kitchen,
and bathroom, so customers can reorganize the space arrangement according to their lifestyle.
In addition, C2 House could satisfy the needs of customers in the following ways: 1) 'design differentiation'
that provides ease of individual interior by minimizing shape and color, 2) height change of modern people, 3)
furniture size adjustment in consideration of increased male share of housework, 4) life pattern Customer needs
for health were also satisfied through the characteristics of' housing optimization', such as a design that reflects
the internal movement and the 5) 'Smart & Care Solution' that automatically maintains indoor air quality for 24
hours, for the health concerns of the customers.
C2 House delivers differentiated value to customers through the above features, which is also linked to the core
quality dimension of C2 House. C2 House provides customization in the following manner: a differentiated interior
concept through 'design differentiation', ease of additional interior, convenience of living and air quality management
in the house through 'housing optimization' and 'Smart & Care Solution', and convenient according to 'lifestyle
customization'. Therefore, the core quality dimensions of C2 House are aesthetics, convenience, and customization.
3 Cited from Daelim Industrial
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4.4 Discussion
This study has analyzed the cases and derived 1) representative service, 2) customer customization, 3) digital
elements, 4) differentiated value delivery, and 5) core quality dimensions for each case. The summary of the results
is shown in <Table 3> below.
Table 3. Features of each customization cases

Cases
(Industry)

Doctor Kitchen
(Food
manufacturing
and sales)

Within 24
(Clothing
manufacturing
and sales)

C2 House
(Construction)

Servitization
Element

Dietary
provision;
Provision of
diet-related
information

Virtual fitting

Smart Clean
& Care
Solution

Customer
Customization
Element

Offering
Custom diet

Custom clothing
making

Providing
custom interior
structure

Digitalization
Element

Big data
analysis

FX mirror;
3D costume
creation
software
Big data
analysis;
Auto air
quality
management
system

Differentiated
Value Delivery
The taste and
type of
nutritional diet;
Convenient
cooking and
health care;
Satisfying
individual
needs/situations
Convenient
operation;
Quick product
creation;
Meeting
individual needs
Differentiation of
the design;
Ease of use of
furniture/space;
Meeting
individual needs

Core Quality
Dimension

Core
performance;
Customization;
Aesthetics;
Convenience

(Core
performance)
Customization;
Aesthetics;
Convenience
Waiting time
(Core
performance)
Customization;
Aesthetics;
Convenience

Aesthetics, convenience, and customization are presented as common core quality dimensions of the cases
analyzed through this study. Customization was derived as a core quality dimension because all cases were products
that were fused with customization service, but it can be seen that other core quality dimensions are playing an
important function because of the customization factor. This is because customers can experience clothing, diabetic
diets, and housing that meet their individual needs more conveniently and easily due to the personalized service
elements of each product. Excluding customization services, finding a product that can meet your needs would be
costly. The perceived sensory experience (or aesthetics) of the search result will also fall short of the customized
product.
The case analysis confirmed the importance of technology in the core quality dimension, apart from the effect
of the customization factor on other core quality dimensions. ICT such as customer big data analysis enabled
high-level customization, and through this, it became easy to provide aesthetics and convenience that satisfies the
individual needs of customers. In addition, cutting-edge technologies such as FX mirror and Smart Clean & Care
Solutions of Within 24 and C2 House provide high convenience in the purchase or use process of products.
Apart from the above three quality dimensions, the core performance of each case is also listed in <Table 3>.
However, the core performance of the offerings of Within 24 and C2 House was only partially differentiated, so
it was not determined as a common core quality dimension. The reason is that the major quality dimensions of
apparel products and apartments are complex, and it was not possible to accurately grasp whether the quality
dimensions were differentiated by case study alone.
The quality dimension of apparel products is mainly classified into physical and performance quality, and it
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is believed that the sub-dimension of performance quality, such as fashion or aesthetics, can be differentiated through
the custom production of Weedin 24 (Hyun-Jeong Oh and Eun-Young Rhee, 1998). However, it cannot be concluded
that the physical quality of the 24 products of Within 24 is differentiated. On the other hand, residential quality
consists of residential environment, indoor function, and residential value. Thanks to the three characteristics of C2
House, only the indoor function consisting of the performance of the heating and conditioning equipment and the
ease of use of auxiliary facilities can be differentiated from the existing products (Doo-Soo Kim et. al., 2017).

5. Conclusion
With the industrialization of services, the manufacturing industry has been rapidly becoming a service, and due
to the advancement of technology, various types of product-service convergence products can deliver differentiated
values to customers. Among them, customized products attracted attention. Therefore, this study attempted to derive
a new dimension of quality (Bohn, 2013) of customized products in the era of digital transformation. The following
conclusions were drawn by reviewing prior research and analyzing domestic cases including all factors of
digitalization, servitization, and customization.
First, customization, aesthetics, and convenience were derived as common core quality dimensions of the cases
selected for the study. With the advancement of customization, it was possible to grasp the importance of
customization in terms of increasing the aesthetics and convenience that consumers can perceive. In addition, as
with the recent domestic consumption trends (Kim Nan-do et al., 2019; Ha Young-in, 2020), current domestic
consumers prefer ‘their own experience’ and value efficiency in consumption activities to avoid ‘annoyances.’
Therefore, aesthetics and convenience are important quality dimensions. In this study, customization, aesthetics, and
convenience are determined as important core dimensions of customized products.
Second, it was possible to confirm the role of technology in the current era in that the important core dimension
of the above-mentioned customized products is based on technology. Rust and Huang (2014) argued that technology
fundamentally changed the connection between company and customer, and that all marketing elements, not just
services, were more personalized. However, in this way, companies are able to provide customized services and
products, convenience and differentiated experiences in the purchase and use process through digital technologies
such as big data analysis and smart devices.
In conclusion, it is important to note that the customized product providers provide not only the degree of product
customization, but also the sensory experience (or aesthetics) and convenience in the process of consumers’
purchasing and using consumers. This can be provided through digital transformation. However, as with the criticism
of Within 24 (Jungyoon Choi, 2020), even if the product offering includes both customization, experience, and
convenience, the core performance of the product, such as the design preferred by the main consumers (Hyun-Jeong
Oh and Eun-Young Rhee, 1998), it is difficult to create customer satisfaction. In addition, customer-oriented
customization by accurately grasping customer needs such as Doctor Kitchen or C2 House and delivering
differentiated values compared to existing products will lead to creation of customer satisfaction and establishment
of positive customer relationships.
The limitations of this study are as follows: First, it was not possible to accurately grasp whether the core
performance, such as the physical characteristics of the product, provided differentiated value. Second, there was
no practical verification of the major quality dimensions of the derived customized products. Third, more detailed
research is needed in the future since the number of analyzed cases was insufficient and products of different
industries were studied.
In future studies, there is a need to practically investigate the major quality dimensions of customer-specific
products perceived by customers. Rather than focusing on a wide range of industries, such as food, clothing, and
shelter, the research will be conducted focusing on a group of customized products within a specific industry. In
particular, it is planned to study companies that provide customized services in different ways in the domestic
cafeteria industry, where new digital technologies and services are being introduced in various ways.
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Abstract
Mobile Payment Service (MPS) is a rapidly growing technology with various telecommunication, IT, and
financial firms each launching their own service to satisfy its customers. However, despite the high initial adoption
rate of the technology, 35% of the users are short-term users, meaning that the initial adoption of MPS is not
leading to its continuous use. One of the main obstacles of MPS diffusion is traditional payment habits. Therefore,
this study utilizes the expectation confirmation theory and the concept of inertia to understand how traditional
payment habits affect MPS continuous use intention. We conducted a SEM analysis using 200 survey samples
and verified the effect of confirmation on perceived usefulness and satisfaction toward MPS, which lead to
continuous use intention. Also, we found that inertia, which is affected by switching cost and traditional payment
habit, negatively affects perceived usefulness, satisfaction, and continuous use intention. Furthermore, by comparing
the direct and indirect effect between the variables, we confirmed that inertia mediates the relation between
confirmation, perceived usefulness, satisfaction, and continuous use intention. Therefore, in order to increase the
continuous use intention of initial MPS adopters, service providers must find effective methods of minimizing
inertia, such as minimizing the complexity and switching cost of the MPS.
Keywords: Mobile Payment Service (MPS); Status quo bias; Switching cost; Habit; Continuous use intention
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1. Introduction
For measuring the sound or waveform of real-world signals, noises, disruptive random variations of sound, can
be added by a malfunction of equipment or an environmental exposure. Therefore, denoising techniques are required
to obtain the desirable measurements. Wavelet transform is a signal processing methods utilized for a denoising,
a compression, and a feature extraction of data. It converts original signals into a set of basis function called wavelets.
Wavelet transform is well known for a powerful processing method for irregular signals by extracting both time
and frequency features of data. In the wavelet transform, the original data is decomposed into two functions, wavelet
function and scaling function, where each of the function has their own coefficients [6]. After the decomposition,
wavelet function and scaling function have their own coefficients.
Wavelet thresholding is a denoising method applied to decomposed detail coefficients. Calculating the threshold
by a thresholding rule, the coefficients which have less values than the threshold are considered insignificant and
then removed as 0. There are two types of thresholding rules; hard and soft thresholding. While hard thresholding
left significant coefficients which are greater than the threshold value unchanged, soft thresholding shrinks significant
coefficients as well as insignificant ones to obtain smoother results. In discrete wavelet transform domain, a number
of general thresholding methods have been suggested. Most of these methods calculate threshold values from the
variance of noises or data length, where they can result in inaccurate results if the noises of data are biased.
Moreover, it excludes the allowance of misclassification.
In this paper, we propose a step-down wavelet thresholding procedure motivated by Venter and Steel’s approach
[7] in stepwise testing. This procedure is robust to noises, and provides a flexible rule controlling a false discovery
error rate.
The paper is organized as follows. In Section 2, we briefly describe discrete wavelet transforms and some wavelet
thresholding methods are reviewed in Section 3. In Section 4, step-down thresholding procedure is proposed. In
Section 5, the simulations are conducted to compare the performance of the suggested method and other existing
methods in sample data sets. Some concluding remarks are presented in Section 6.

2. Discrete Wavelet Transform
Discrete wavelet transform (DWT) is one of wavelet transform methods where the wavelets are discretely
sampled. It is simple and useful for denoising with less memory. The decomposed formula for discrete wavelet
transform is given by
f(t)=∑k cL,k ϕL,k (t) + ∑j≥L ∑(k∈Z) dj,k ψj,k (t),

(1)
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where approximation coefficients cL,k contain the information of smooth patterns, and detail coefficients dj,k
characterize the local pattern. The length of the original signals, N, should be a power-of-two integer for a
decomposition.
Fig. 1 shows the overall structure of converted wavelet series from Doppler signal which has the data length
of 2n. The function can be divided into two parts; approximation and detail. Note that n resolution levels are
generated, and the approximation parts on the upper level can diverge again into approximation and detail parts
at the lower level. Therefore, the original signal can be reconstructed by detail coefficients at every resolution level
and the approximation coefficient at the lowest level.

Fig. 1. The structure of wavelets of Doppler signals.

3. Wavelet Thresholding Methods
In practice, a number of thresholding methods have been carried out in DWT. Donoho and Johnstone [2]
suggested VisuShrink, using the universal threshold, to utilize standard deviation of the finest level, σ, and the number
of data points, N, for calculating the threshold value. The threshold is defined as
λVisu = σ√ 2log (N).

(2)

RiskShrink is also introduced in the same literature to obtain the optimal threshold value minimizing an upper
bound on the asymptotic risk. Both of two methods are well known as providing smoother results, but containing
a possibility of biased removal of coefficients.
SURE threshold [3] is similar to RiskShrink, but it is based on the Stein’s Unbiased Risk Estimate. The threshold
selection by SURE is given by:
λSURE = argmint≥0 SURE(d,t),

SURE(d,t) = N - 2 ∑k=1N min{(d,k/σ)2, t2}

(3)

where d is the set of wavelet coefficients, and σ is defined as the standard deviation of d.
Nason [5] suggested two modified cross-validation (CV) based approach in wavelet shrinkage area. It chooses
the threshold minimizing the mean integrated square error (MISE). Among given data {g1, …, gn}, twofold
cross-validation removes all odd or even-indexed data to estimate the following cross-validation score:
M(t) = ∑j=1n/2{ (fEt,j – g2j+1)2 + (fOt,j – g2j)2 },

(4)

where j is the removed number of coefficients.
Abramovich and Benjamini [1] proposed a thresholding method by introducing false discovery rate (FDR) for
multiple testing. This procedure evaluates the two-sided p-value pj,k for coefficients dj,k under the hypothesis Hj,k
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that dj,k=0. After sorting all of the p-values, the threshold is defined as:
λFDR = σΦ-1(1-pi/2)

i= the largest index for which pi≤(i/m)q

(5)

Overall, most popular thresholding rules mentioned above remove the insignificant coefficients by using standard
deviation, and data length directly or indirectly. However, it is beneficial to shrink data according to the trend or
overall pattern of coefficients, rather than to use the single representative values. In addition, if the tolerance to
misclassify the insignificant factors as significant ones were considered, the thresholding method would provide more
objective and generalized result.
In next section, we introduce a step-down denoising method which decides the proper threshold value from the
overall aspects of the coefficients, with an allowance of the misclassification errors.

4. Step-Down Thresholding
Step-down thresholding (SDT) is a wavelet denoising method to choose the threshold value based on step-down
procedure from Venter and Steel [7]. It removes the insignificant coefficients as noises by calculating order statistics
of coefficients, and using simulation to compare their overall trend to random variable.
The advantage of this method is its simplicity and easy interpretation in terms of implementation. Moreover,
it provides users customized results according to the error allowance rate, and undisturbed performance depending
on noises or data length.
The SDT procedure consists of the following steps:
Step 1: Arrange every detail coefficient d in ascending order {|d(1)| < |d(2)| < ⋯ < |d(N)|}.
Step 2: Standardize the sorted coefficients by using scale-invariant formula [7].
Ti = |d(i)| / Gi-1, Gi = ∑j=1i wj |d(j)|,
Step 3: Conduct simulation to determine the threshold value through the hypothesis test.
P(T ̃i≥Ti│Hi ) ≤ α,
where T ̃i is a scale-invariant ratio calculated from a normal distribution, and Hi signifies that i of wavelet
coefficients are insignificant.
Step 4: Apply the threshold value, λ, into either hard or soft thresholding rule. Hard thresholding rule is given
by:
di*= di if |di| ≥ λ, 0, otherwise,
and soft thresholding rule is:
di*= sign(di)(|di| - λ) if |di| ≥ λ, 0, otherwise.
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Fig. 2. Bumps signal.

5. Data Applications
To evaluate the performance of SDT procedure, the comparison with four thresholding methods, VisuShrink,
SURE, CV, and FDR are carried out. For the thresholding criterion, soft thresholding rule is applied. We used
one of the popular sample signals, Bumps, as shown in Fig. 2. Each data set has 212 data points, and the “la8”
wavelet, Daubechies least asymmetry length 8, was utilized.
In these signals, various level of Gaussian white noises were added in order to evaluate the denoising performance
of each thresholding method as shown in Fig. 3

Fig. 3. Bumps signal at 4 levels of SNR values.

The reconstructed signal of Bumps with SNR=3 through the thresholding methods are shown in Fig. 4. Two
methods, VisuShrink and FDR, are able to reconstruct smooth signals, but contain a biased results by removing
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major coefficients. For SURE and CV, they perform better than the previous two methods minimizing the risk
estimators. However, the low levels of noises are still remain after reconstruction in comparison to SDT procedure.
Especially, SDT shows the best performance on preserving the straight lines as well as abrupt changes.

Fig. 4. Denoised reconstruction of Bumps signal (SNR=3)

6. Conclusion
In this article, SDT procedure is proposed to denoise signal data by introducing the scale-invariant order statistics
and the level of tolerance. By testing the hypothesis and estimating p-value using the simulation, the appropriate
threshold value can be obtained.
The application results show that SDT performs robust denoising in case the level of noises in signal increases.
It also provides a flexible and objective representation by controlling the level of error rate.
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Abstract
Different schools of Quality and Agile aims at continuous improvements and customer focus as a principle belief
to achieve the quality of a product or service that comes out of the collaboration in a team of people driven
by excellence.
However, there are some principle differences between the approaches that take in both blocks to achieve the
same goal. While most of the quality management system approach has a lot of inclination towards detailed
planning based on objectives with long term vision. Agile methodologies, however, tries to achieve the same
through short term goals with continual improvements.
In this paper, I will try to look into what are the similarities in the core belief and values and where are the
differences.
While the quality professionals blame the agile team for not documenting enough, the agile team take on over
planning, micromanagement and too much documentation to quality teams. Agile takes on working with traditional
approaches and calls for collaboration as part of the culture. While quality professionals tries to achieve the same
but in different approaches.
The agile team take policy as a bureaucracy and hindrances to changes and shorter cycles of sprints as the
ability to adapt to fast-paced changes.
If you dive into the details, both the blocks are using the same principle guidance to realize their own purpose:
PDCA. If so, where does the difference lie? This paper will focus on a single question of the differences and
similarities to the issues and seek agility in the quality and quality in agility.

Introduction
Both TQM and Agile practitioners advocate customer focus and continuous improvements as a principle belief
to achieve quality of a product or service that comes as a collaboration in a team of people driven by excellence
as a purpose. However, there are some principle differences between the approaches that are taken by both blocks
to achieve the same goal. In this paper, I will try to look into what are the similarities in the core belief and values
and where are the differences.

Quality in Agility & Agility in Quality
While the quality professionals blame the agile team for not documenting enough, the agile team nag on over
planning, micro management and too much documentation to quality teams working with traditional approaches.
If we dive into the details, both the blocks are using the similar principle guidance to realize their own purpose.
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If so, where does the difference? I will try to address the question.

Agile Manifesto
The Agile Manifesto is a document that identifies four key values and 12 principles that its authors believe
software developers should use to guide their work. Formally called the Manifesto for Agile Software Development,
it was produced by 17 developers during an outing in Feb 2001.[Details: https://agilemanifesto.org]
We are uncovering better ways of developing software by doing it and helping others do it. Through this work
we have come to value:
1.
2.
3.
4.

Individuals & interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the left more. While the agile
manifesto is guiding values, following are the core principles that all agile practitioners thrive to realize to be in
business.

Agile Principles and Deming 14 Points with nearest affinity in a row
Agile Principles
Our highest priority is to satisfy the customer
through early and continuous delivery of valuable
software.
Welcome changing requirements, even late in
development. Agile processes harness change for the
customer’s competitive advantage.
Deliver working software frequently, from a couple
of weeks to a couple of months, with a preference
to the shorter timescale.
Agile processes promote sustainable development.
The sponsors, developers, and users should be able
to maintain a constant pace indefinitely.
Build projects around motivated individuals. Give
then the environment and support they need, and
trust them to get the job done.
Business people and developers must work together
daily throughout the project.
The most efficient and effective method of
conveying information to and within a development
team is face-to-face conversation.
Working software is the primary measure of
progress.
Continuous attention to technical excellence and
good design enhances agility.
Simplicity-the art of maximizing the amount of work
not done-is essential.
The best architectures, requirements, and designs
emerge from self-organizing teams.
At regular intervals, the team reflects on how to
become more effective, then tunes and adjusts its
behavior accordingly.

Deming 14 points
Create constancy of purpose for improving products
and services.
Adopt the new philosophy.
Remove barriers that rob people of pride of
workmanship and eliminate the annual rating or
merit system.
End the practice of awarding business on price
alone; instead, minimized total cost by working with
a single supplier.
Cease dependence on inspection to achieve quality.
1. Adopt and institute leadership.
2. Put everybody in the company
accomplishing the transformation.
Institute a vigorous program
self-improvement for everyone.

of

to

education

work
and

Eliminate numerical quotas for the workforce and
numerical goals for management.
Improve constantly and forever every process for
planning, production and service.
Eliminate slogans, exhortations and targets for the
workforce.
Institute training on the job.
1. Break down barriers between staff areas.
2. Drive our fear.
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Quality Management in any Organizations
Total quality management (TQM) consists of organization-wide efforts to "install and make permanent a climate
where employees continuously improve their ability to provide on demand products and services that customers
will find of particular value." "Total" emphasizes that departments like production, sales and marketing, accounting
and finance, engineering and design are obligated to improve their operations; "management" emphasizes that
executives are obligated to actively manage quality through funding, training, staffing, and goal setting. While there
is no widely agreed-upon approach, TQM efforts typically draw heavily on the previously developed tools and
techniques of quality control, assurance and improvements.
There is no widespread agreement as to what TQM is and what actions it requires of organizations, however
a review of many sources on TQM studies points to following findings: "Quality is defined by customers'
requirements."
"Top management has direct responsibility for quality improvement."
"Increased quality comes from systematic analysis and improvement of work processes." "Quality improvement
is a continuous effort and conducted throughout the organization."
Following tools and techniques have been in action in many TQM implemented Organizations:
1.
2.
3.
4.
5.

The PDCA cycle to drive issues to resolution
Cross-functional teams or QC responsible to address immediate process issues
Cross-functional teams responsible for the improvement of processes over the long term
Active management participation through steering committees
Use of the Seven Basic Tools of Quality to analyze quality-related issues

Reflection on Deming’s 14 points
Deming’s 14 Points on Quality Management, or the Deming Model of Quality Management, a core concept
on implementing total quality management (TQM), is a set of management practices to help companies increase
their quality and productivity.
These total quality management principles can be put into place by any organization to more effectively
implement total quality management. As a total quality management philosophy, Dr. Deming’s work is foundational
to TQM and its successor, quality management systems.
W. Edwards Deming’s 14 points are the basis for transformation of industry. Adoption and action on the 14
points are a signal that the management intends to stay in business. aim to protect investors and jobs. These points
apply anywhere, to small organisations as well as to large ones, to the service industry as well as to manufacturing.
They equally apply to any division within a company and to its suppliers. These points are not a menu you can
pick and choose from. Deming intended you use all. They are part of one single philosophy.

Agile, SCRUM & Total Quality Management (TQM)
As SCRUM is one of the most popular frameworks of Agile, We will look into Agility based on the SCRUM
framework. SCRUM Team work on iterative sprints in a team to realize common objectives of the company. Thus,
the core definition of TQM describes a management approach for long-term success through user satisfaction. At
TQM all members take one SCRUM team to participate in the improvement of processes, products, services and
the culture in which they
work.
TQM is a combined effort from both top management and the SCRUM team to prepare effective strategies.
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The goal is to provide high-quality products quality to deliver. These should not only lead to user satisfaction, but
even exceed user expectations.

Traditional Waterfall method was focused on quality
All activities of one waterfall development method are focused on quality. A lot of documentation is made to
guarantee quality and to prevent errors in the future. At SCRUM there is less attention for this. That is where
the focus is on user satisfaction. Quality Assurance in an Agile environment adds something directly delivered to
the end customer. By adding TQM to our sprinter activities, quality gets more attention during the process of
delivery.
Total Quality Management makes team members excel.TQM allows team members to focus more on quality
rather than quantity. It does everything to excel in what they do. According to the Total Quality Management
philosophy, user feedback and their expectations are essential.
Ultimately, it is about formulating and implementing new strategies to deliver superior products. Ultimately it
is about generating higher income and profit for the company. There are many models for Total Quality Management
and every one SCRUM environment can select and implement its own model to achieve the higher excellence.

The 8 primary elements of TQM and Relation with SCRUM Team
We can summarize Total Quality Management as a management system for a user-oriented SCRUM team. A
team that involves all team members in continuous improvement. The SCRUM team uses strategy, data and effective
communication for this. In this way we can integrate quality discipline into the culture and activities. Many of
these concepts have been incorporated into modern quality management systems, the successor to TQM. Here are
the 8 principles of Total Quality Management. These elements are so defining for many SCRUM teams that they
have been adopted as core values and principles within the team.

User oriented
The Product Owner ultimately determines the quality level. No matter what a SCRUM team does to promote
quality improvement - training team members, integrating quality into the design process or upgrading products or
services - the Product Owner determines whether the efforts are worth the effort.

Total involvement of team members
All team members participate in working towards common goals. We can achieve overall team involvement if:
1.
2.
3.
4.
5.

There is no fear within a team.
If empowerment has taken place.
If the management has created the right environment.
There are high-quality tools that continuously integrate improvement efforts.
Self-managing SCRUM teams are a form of empowerment.

Continuous improvement as a culture
An important aspect of TQM is continuous process improvement. Continuous improvement forces us to be both
analytical and creative in finding ways to become more competitive. We must be more effective in meeting the
expectations of stakeholders.
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Integrated system
A SCRUM team often consists of many different specialists. It is the horizontal SCRUM processes that connect
these specialists with each other and that are central to TQM.
Micro-processes together form the larger processes. All processes together form the primary SCRUM processes
that are necessary for the implementation of a Sprint. Everyone must share the vision, mission and guiding principles.
Just like the quality policy, objectives and critical processes of the SCRUM team. Team performance must be
continuously monitored and communicated.
Every SCRUM team has a unique team culture. It is almost impossible to achieve excellence without a continual
improvement as a culture. An integrated system therefore connects elements for team improvement. The goal is
to constantly improve and exceed the expectations of users, team members and other stakeholders.

The process is central purpose
A fundamental part of TQM is the focus on process thinking. A process is a series of steps that take over
input from suppliers internal/external and convert it into outputs that are delivered to users internal/external. The
steps required to execute the process are fixed. We can continuously check whether they are unexpected variations
by means of performance measurements.

Strategic and systematic approach to working
A crucial part of quality management is the strategic and systematic approach to achieving the vision, mission
and goals of any SCRUM team. We call this process strategic planning or strategic management. It includes the
formulation of a strategic plan that integrates quality as a core component.

Communication to collaborate
In times of organizational change, but also during day-to-day work, effective communication plays a major role
in motivating team members and aligning them to the core purpose.
Communication relates to strategies, method and timeliness. Within SCRUM these are the Daily Stand-up and
the Review and Retrospective meetings to communicate on a regular basis.

Review of Agile & Quality Practices
Users and their feedback form the basis of every Total Quality Management model. Simply put: Total Quality
Management starts with understanding users, their needs and what they expect from the SCRUM team. Design
flawless processes and systems to collect user stories. Such activities not only help you understand your target
audience, but also predict the content of the Product Backlog, User Stories and the Sprint Backlog.
The Total Quality Management model requires careful planning and research. Every total model for quality
management integrates user feedback with relevant information. It has effective strategies for building high-quality
products or services.
Traditionally, SCRUM operates as a Product Owner as a client in the process. S/He also acts as a channel for
users and the team. In many cases, the Product Owner is the only "user" the team has contact with. Teams where
TQM is implemented will naturally have more interactions with the end users. This does not alter the fact that
the Product Owner retains ultimate responsibility for the quality and approval of the product or services. The
consequence of this is that he has to stay informed about what is happening between the team and the end users.
The overall user experience with the SCRUM team should be so pleasant that they will ask for the same SCRUM
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team next time.

Retrospect and Challenges
One of the challenges that lies in mixing these two similar concepts are some technical terms and value
differences that both schools of thoughts are derived from. While the TQM practices focus on tremendous amounts
of data, information and records with meticulous planning before doing the work much like in the waterfall model.
Agile school of thoughts works on customer interaction from day one and builds both knowledge as a living
document and focuses on short iterative cycles. The value differences sometimes only wrong understanding and
assumptions and cultural difference, bring conflicts and confusion to early practitioners.

Total Quality Management brings more strategy to Agility
We need to evaluate and revise strategies formulated to deliver better quality products from time to time. Users
are only satisfied when the products meet their expectations and needs. The product or services must be worth
the investment.
Continuous improvement and adaptation of existing processes to user expectations are necessary to achieve better
results. Therefore, processes cannot always remain the same. If a user has complaints about certain products or
services, you have to look for the cause of the problem. Implement necessary models for Total Quality Management
to solve the problem, replace the defective product and services with something of the best quality. Such an effort
should be quick, iterative and continually improving in small sprints as a team collaboration working together to
realize the best performing organization.
Thus, we can say that both Agility and Quality compliments each other to bring the best in both cultural domains
while making a best organization for customers, employees and investors alike.
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Abstract
The ISO is a one of the largest standard publication and formulation body, which has released and published
more than 22,500 new standards. There are 80 Type A (44) and Type B (32) management system (4) standard
published by the ISO. Moreover, the generic standard like ISO 9001:2015 is most popular worldwide to improve
the management system. This standard focus to improve the quality management system (QMS) through continual
improvement.
The study analyze an effectiveness of the ISO 9001 – QMS in service sectors companies in Nepal, raised what
are the performance of ISO 9001 before and after certification on the company operation, personnel and market
in Nepal? What are the status of uncertified service companies in Nepal? What are the enabling and disabling
factors of ISO certification in service sector? Is there the better effectiveness in service sector companies on the
comparison of certification?
The methodology which includes process of collecting data, understanding of the research area, applicability
of research design, the adequate samples available in the field, characteristics and type of variables included, tool
for data collection, the different types of data analysis that would support to test the hypothesis, sample design,
collection of data, period of the study, and tools of analysis. This study is defined as the systematic and objective
process of gathering, recording, and analyzing data for aid in making decisions.
The Research approach in the base of deductive approach tests the validity of assumptions or theories or
hypotheses but inductive approach contributes to the emergence of new theories and generalizations. A deductive
approach tests the hypothesis and adopted theory. This study depends on deductive approaches to find the
relationship between independent and dependent variables on the impact of effectiveness of ISO 9001 on the
performance of company and carried out mixed methods both quantitative and qualitative. This study was conducted
all over the Nepal using stratified random sampling for selecting the different sample companies and respondents
for primary data collection. 400 companies leaders i.e. managers, officers, assistant officer, program officers, CEO,
Executive Chairperson were selected for quantitative data and fifteen for qualitative data. In this study researcher
used questionnaire, scheduled interview and observations to collect information from respondents. Analyzing
policies, acts, rules and regulations related annual reports and verifying the other supported materials. Various
publications and reference books, journals, published data from time to time were used for document review. The
processing of data was done through SPSS .Tools of Data Analysis Researcher used suitable tools and techniques
to make this research more scientific and systematic; data analysis was done with the help of SPSS package in
computer. Variables and their association were analyzed through cross tables. Descriptive analysis includes
percentage analysis, mean scores, Variance chi- square test, ANOVA tests were used for the analyzing the data.
It is observed and found that majority of the generic standard have been applied haphazardly in Nepal. Whether
the organization have been excel market, financial, sustainable, and process as expected or exceed the customer
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expectation. However, the effectiveness company's performance has been carried before certification and after
certification in service sector only by the researcher of ISO 9001 in service industry in Nepal. The ISO 9001
approaches under their scope and focused its application on risk assessment, risk treatment plan and mitigation,
planning, commitment, teamwork, employee involvement, design and development, pre and post activities,
adaptation of information technology within the organization.
Keywords: ANOVA, SPSS, ISO 9001, Chi-Square, QMS

1. Introduction
1.1 Transforming enablers
These days, a generic standard ISO 9001 certificate has almost established itself as a basic requirement for an
organization. The basic intention of these 9000 series of standards for effective quality management system is system
that can induce the culture base of TQM. The system requirement is mandatory for any type of commercial activity
within Europe Union. Almost all businesses and or top management view ISO 9001 certification as necessary
business evil.
Product or service sector organization of any size and type can adopt ISO 9001 certification process. Lately
the demand of ISO 9001 is increasing and its statement “ISO certified “ in organizational brochure, leaflets and
hoarding boards has become a fashion due to which this has also paved ways for some of the certification bodies
to concentrate on generating more business through sale of certification by not maintaining the actual spirit of ISO
certification standards and value.
Moreover, Certification bodies available established in every nook and corner carrying out unethical practice
is a potential danger and risk for the continuity and re certification of the standards due to costs associated to renewal
and royalty. Institutions are highly impressed with short term consultancy services to get the certification in the
initial period, without knowing its implication on the management change, proper IT and Knowledge, resource
management, process follow and monitoring process like audit within Organization in the long term. The Quality
Management Systems ISO 9000 series starts from ISO 9000:1987, ISO 9001:1994, ISO 9001:2000, ISO 9001:2008
and recent version is ISO 9001:2015 version available and this standard.
Continual improvement in interval of 1950 to 1970s focused in people, 1971 to 1979s focused on team
management within the organization, 1980 to 1990s focused on processes, 1991 to 2000s focused on knowledge
and adaptability, 2000 onwards the focus has been on Changed Management, Information Technology and process
audit. Now-a-days institutions are interested to integrate management system for continual improvement through less
documentation rather than bunch of manuals and procedures. The ISO released more than 22850+ standards as an
improvement tools for various area and sectors in globe. The Quality Management Systems inclusive of management
commitment can achieve the milestones for the Institutional excellence.

2. ISO 9001
Singhal and Singhal (2008) stated that ISO 9001, first introduced in 1987 by International organization of
standardization ISO among the ISO 9000 series (Such as ISO 9000, ISO 9002. ISO 9003 and ISO 9004), is an
international standard that assists more than one million organizations around the world by providing a set of
requirements for developing and demonstrating an effective documented QMS. World’s most widely used standard
for quality management is ISO 9001. World’s most widely used standard for quality management is ISO 9001
(Singhal & Singhal, 2008). The 2000 and 2008 versions of standards are very generic and applicable to all types
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of business or operations sector.
The first version, divided to three parts, provided three models of quality management system; Part 1: Model
for quality assurance in design, development, production, installation, and servicing, Part 2: Model for quality
assurance in production, installation, and servicing, Part 3: Model for quality assurance in final inspection and test,
and was mainly accessible for manufacturers and recognized for being immensely incomplete. (Tricker, 2016).
According to the survey of ISO Survey 2018, 193 countries were certified the ISO 9001. ISO provided the
large number of certificates to the Chinese companies in total number 2, 95703. ISO provided 87 794 certificates
in Italy 47,482 certificates in Germany.
Nepal is one of developing country in the world, the service sector industries in education, health, consultancy,
transportation, IT and Communication. We don't have own identity for product and service particularly in the world.
Even we don't have data for those areas.
World on the eve of twenty one century is confronted with a very dramatic changes. These developments mean
that old business practices in world today the will not past performance (Crosby, Evans, & Cowles, 2006). In the
current situation, the real mission of the organization understands customer's needs and desires, and provides solutions
that following is customer satisfaction. Companies that are at the tertiary level in terms of marketing, attempt to
keep satisfied own customers. Satisfied customers does repeat own purchases, and does aware others good experience
about a product or service (Gronroos, 2011). Main key of success is company performance consistent with own
customers' expectations. Successful companies, attempt to pleased customer. Not only are committed to providing
the service or product, rather something they provide is more than commitments (Kottler & Gary, 2011). This study
emphasizes to study the effectiveness of ISO in service sectors in Nepal.
ISO 9000 series is a standards developed for quality management and quality assurance to help organization
effectively document of quality system to maintain an efficient quality system within the organization. It helps a
company satisfy its internal and external customers, meet regulatory requirements, stakeholders, and achieve continual
improvement. This standard are not specific to the organization specific and can be used in any size and type of
organization called as a generic standard. ISO 9000 series standards.
This standards published in 1987, it is developed by the International Organization for Standardization (ISO).
The first revision in 1994 and the major revision in 2000 and now include ISO 9000:2005 - definitions, ISO
9001:2008 - requirements, ISO 9004:2009 - continuous improvement and ISO 9001: 2015 - risk management. This
recent versions of the standard, ISO 9000:2015 and ISO 9001:2015 was published in September 2015. The ISO
9000:2000 refers to the ISO 9000 update released in the year 2000. This revision included mainly meeting the
stakeholder needs, compatible to all type and size of organization, user friendly and facilitate to the quality
Management into business management processes. ISO 9000:2015 principles of Quality Management. The ISO
9000:2015 and ISO 9001:2015 standards are based on seven quality management principles that senior management
can apply to promote organizational improvement.
Customer focus
1.
2.
3.
4.
5.
6.
2.1

Leadership
Engagement of people
Process approach
Improvement
Evidence-based decision making
Relationship management
Requirement of QMS

Each element of a quality management system helps achieve the overall goals of meeting the customers’ and
organization’s requirements. Quality management systems should address an organization’s unique needs; however,
the elements all systems have in common include:
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The organization’s quality policy and quality objectives








Quality manual
Procedures, instructions, and records
Data management
Internal processes
Customer satisfaction from product quality
Risk and Improvement opportunities
Quality analysis

3. Statement of the Problem
The adaptation of the ISO 9000 Quality Management System in the Service Sector industries has started to grow.
According to studies, performance different happened to organizations that certified ISO 9001, some organization
gained improvement but some organization productivity is negatively affected. In order to strengthen the service
sector industries capability, it is important to determine the effects of ISO 9000 series quality management system
certification in enhancing the company operation performance, financial performance and product and service
performance in order to gain competitive advantages. International Standards of the "ISO 9000 Family of Quality
Management Systems Standards" have been developed and are still improved to support organizations to rationalize
communication and competitiveness in national, regional, and worldwide international trade. With the possibilities
of contemporary information technology, data flow management contributes imminent steps against bureaucracy and
heavy documentation of the quality system.
In Nepal, different service Sectors Company were established and operating on their own aims. Quality is the
responsibility of everyone in the organization, from the chief executive officer to the operators on the production
floor. All companies are in high competition on assuring quality and satisfaction of the consumer. Some of the
service sectors companies were certified by ISO. They were audited by ISO 9001. What were the changes can
be observable or can be indicated after getting certification by ISO? This is the main questions to assess the
effectiveness of the Quality Management System in the study.

4. Research Questions
To analyze the effectiveness of the quality Management System ISO 9001 in service sectors organizations in
Nepal, the study raised the following research questions.
1.
2.
3.
4.

What are the performance of ISO 9001 certification on the company operation, personnel, and market in Nepal?
What are the status of uncertified service organization in Nepal?
What are the enabling and disabling factors of ISO certification in service sector?
Is there the better effectiveness in service sector organization on the comparison of certification?

5. Significance of the Study
This study was mainly concerned on the revision of the effectiveness of ISO 9001 in service sectors companies
in Nepal. To analyze different aspects of business for assuring the quality among the distinguish companies having
same aims and in same runaway. The study also tried to find out the enabling and disabling factors of ISO 9001
in reference of Nepalese service sectors organizations too. For making suitable polices, rules and regulations and
laws this study may become helping hands which forecast the gaps of previous and existing rules , policies and
practices. It is very important for business persons faced the problems in their own business and providing services
to the customers from the point of customers' satisfaction level.
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This study would help as follows.
1. It is useful to help the business persons for establishment of quality service. It can use for create, develop
and enhance the great environment, system and regulate them in their own business. It also help them to
make business plan to solve the existing business environments, human resource management, and others
auditors' indicators.
2. Policy maker will focus the quality of companies while designing, constructing and making business related
policies, rules and regulations.
3. The Business researcher may further get the chance to study the effectiveness of ISO 9001.
4. This study will help the developer for implementation and designing the system of ISO.
5. This study helps the new comers in business to ensure the qualities of service.

6. Objectives of the study
General Objective:
To broadcasting the effectiveness of ISO 9001 in service sector organization in reference to Nepal is the general
objective of the study.
Specific Objectives of the study
1. The following specific objectives were determined by the study. The objectives of this research are to:
2. Assess the performance of company before certification
3. Determine the performance of ISO 9001 certification on the performance of the company. Operation, personnel
and market in Nepal.
4. Identify the enabling and disabling factors of ISO certification
5. Analyze the effectiveness of ISO 9001 in the service sector.

7. Research Hypothesis
The following research hypotheses are formulated for the test of significance according to the research questions:
a. There is no difference on the performance between certified and uncertified service organization.
b. There is no significant difference between different sectors of service business on the effectiveness of ISO
9001 in the service sector.

8. Philosophical Worldviews
In this research, to assess the performance of company before certification, to determine the performance of
ISO 9001 certification on the performance of the company's operation, personnel and market, to identify the enabling
and disabling factors of ISO certification and to analyze the effectiveness of ISO 9001 in the service sector in
Nepal is concerned nearby determination and empirical observation and measurement so this research is under Post
Positivist.

9. Theoretical Framework
ISO 9001 is a quality management system that was employed worldwide by manufacturing and government
entities. There were a massive number of ISO 9001 certifications that had been issued to organizations which
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successfully implemented ISO 9001. ISO 9001 certified organization should maintain its certification effectively
because it can help organizations improve their performance. Despite the massive number of ISO 9001 certifications,
the guideline or framework for ISO 9001 maintenance is yet to be developed. At the same time, a most previous
study in regard to ISO 9001 focuses only on the technical facet. Apparently, the cultural facet of ISO 9001 has
been neglected. This paper elaborates the framework of the elements of organizational culture which influences the
maintenance of ISO 9001. The model not merely elaborates the need for technical requirements, but also the need
of cultural requirements in ISO 9001 maintenance. The model could be employed as a guideline for managers in
certified ISO 9001 organizations in their endeavor to maintain ISO 9001 certification effectively (Basir, Davies,
& Rudder, 2011).ISO 9001:2015 presents a schematic representation of any process and shows the interaction of
its elements. The monitoring and measuring checkpoints, which are necessary for control, are specific to each process
and will vary depending on the related risks.
ISO, 9001: 1015 also developed the PDCA cycle it can be applied to all processes and to the quality management
system as a whole. The PDCA cycle can be briefly described as follows:
Plan: establish the objectives of the system and its processes, and the resources needed to deliverresults in accordance
with customers’ requirements and the organization’s policies;
Do: implement what was planned;
Check: monitor and (where applicable) measure processes and the resulting products and servicesagainst policies,
objectives and requirements and report the results;
Act: take actions to improve performance, as necessary.
After discussion of this theoretical framework, Theory of Maintenance of a quality management System developed
by Kartner (1994) and ISO systematic presentation and PDCA cycle are undertaken as a theoretical framework of
the study.

10. Conceptual Frame work
This study is carried out under the following conceptual framework:

Figure 1: ISO 9001:2015 Conceptual Frame work
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The research has following limitations:
1. This research is solely based on Service sector business Nepal.
2. This is an academic research and the findings of this research may differ with other research.
3. Opinion survey of about 400 respondents will be conducted from selected companies.
4. This research will cover only ISO 9001 certified companies.

11. Materials and Methods
Philosophical ideas greatly influence the research process which needs to be identified. Guba (1990) defined
the Worldview as "a basic set or belief that guides action" (Guba, 1990). It is centered about the World and nature
of research which a researcher used. These worldviews are depended on the discipline area of the and past research
experiences. Creswell discussed the overviews in the following aspects that are: post-positivism, constructivism, and
advocacy/participatory, and pragmatism (Creswell J. W., 2007).
The research strategy and methodology designed to address the research objectives and questions that have been
already identified. The method is an explanation on the philosophical background to the research, the research design
and methods of data collection. Towards the end, this chapter also presents the tools and techniques of data analysis.
It is necessary to design suitable methodology and select proper analytical tools for a meaningful analysis of
any research problem. This section describes the methodology which includes process of collecting data,
understanding of the research area, applicability of research design, the adequate samples available in the field,
characteristics and type of variables included, tool for data collection, the different types of data analysis that would
support to test the hypothesis, sample design, collection of data, period of the study, and tools of analysis.
Business research covers a wide range of phenomena. For managers the purpose of research is to fulfill their
need for knowledge of the organization, the market, the economy, or another area of uncertainty. Market research
is defined as the process of evaluating the feasibility of a new product or service, through research conducted directly
with potential consumers. This method allows organizations or businesses to discover their target market, collect
and document opinions and make informed decisions. The process of market research can be done through deploying
surveys, interacting with a group of people also known as sample, conducting interviews and other similar processes.
The task of research is to generate accurate information for use in decision making as we say above, the emphasis
of business research is on shifting decision makers from intuitive information gathering to systematic and objective
investigation. Our study is defined as the systematic and objective process of gathering, recording, and analyzing
data for aid in making decisions.
Deductive approach tests the validity of assumptions or theories or hypotheses but inductive approach contributes
to the emergence of new theories and generalizations. A deductive approach tests the hypothesis and adopted theory.
This study depends on deductive approaches to find the relationship between independent and dependent variables
on the impact of effectiveness of ISO 9001 on the performance of company.
11.1

Research Design

A research design is taken as the main plan of a research study. The non-experimental researches rely on
correlations, surveys, or case studies, and cannot demonstrate a true cause-and-effect relationship. Non-experimental
research tends to have a high level of external validity, meaning it can be generalized to a larger population. So,
the study was non-experimental cross-sectional. Non experimental research is used when variables of interest cannot
be manipulated because they are naturally existing attributes or when random assignment of individuals to a given
treatment condition would be unethical. Numbers are used to represent different amounts of quantitative variables
and different classifications of categorical variables. Non experimental studies may be classified along two
dimensions: one based on the purpose of the study and the other on the time frame of the data collection. It had
used the descriptive, exploratory, and co-relational research design for quantitative data and phenomenological design
was used for qualitative data.
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11.2

Research Method

Qualitative Research is primarily exploratory research which is used to gain an understanding of underlying
reasons, opinions, and motivations.
Quantitative Research is used to quantify attitudes, opinions, behaviors, and other defined variables – and
generalize results from a larger sample population. It is used to quantify the problem using numerical data which
can be used in statistical operation. It is also used to measure the data and forecast the pattern in research.
In this study the researcher used mixed methods where both quantitative data i.e the performance of companies
before and after ISO certifications, the data were collected as a reference on ISO 9001, the enabling and disabling
factors on implementation of ISO 9001 in service sectors companies in Nepal. The same data were collected through
interview and observations too. Therefore, both types of data was adopted to address the research hypothesis. The
results from both types of data were analyzed.

12. Sample Design
A sample design is defined as a plan to get a sample from the target population. First of all the researcher
studied the number of ISO certified Service sectors companies having his own experiences. This study was conducted
all over the Nepal. The census method is not feasible for the study, so the researcher used stratified random sampling
for selecting the different sample companies and respondents for primary data collection.
12.1

Distribution of Respondents

Figure: 2 Distribution of Respondents Genderwise respondent 220 out of 400

Figure: 3 Age wise Distribution of respondents of field data
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Figure: 4 Educational level wise distribution of respondents

Figure: 5 working experience year's wise distribution of respondents

Figure: 6 Working department wise Distribution of respondents

Figure: 7 Distribution of respondents on the basis of service area of organization
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13. Target Population and Sample Size
The sample size is influenced by the target population. The target population represents the research area. The
study carried out in Nepal, targeting the respondents of different companies who were involved in service sector
business and have ISO certificates. The leader of companies i.e. managers, officers, assistant officer, program
officers, CEO, Exuctive Chairperson were respondents. In the study of 90 showed the ISO 9001 certified companies
in Nepal is listed below. By getting mail from ISO certificate providers and find the following numbers of companies
had got ISO 9001 certificates. The total number of ISO 9001 certified companies is 700 and ISO 9001 Certified
service sector companies is 400
The number of total ISO 9001 certified companies was shown in the table below.

Figure: 8 the number of total ISO 9001 certified companies

13.1

Types of Data Source

The required information for the study was collected from different sources. Only secondary source of information
was insufficient for the study. So, necessary information was collected directly from the respondents. In this study
researcher used questionnaire, scheduled interview, and observations to collect information from consumers.
13.1.1 Questionnaire Survey
The questionnaire method was most commonly used by researchers studying this topic. Survey response return
rates between 20% – 38% were commonly observed. The survey method rather than case studies or interviews
was used for this research so that a significant amount of data could be collected in a timely manner. A criticism
of previous studies is that differences in company sizes of the samples studied and industry differences may have
been the reason the studies were inconclusive. This survey identified the industry and businesses size to control
for those environmental variables. Using the survey method, the respondents’ perceptions were converted to a five
point Likert scale for analysis. A weakness of the questionnaire method is that surveys are typically sent to the
person responsible for ISO certification so that some success bias might be observed (Carlsson & Carlsson, 1996).
Researcher developed questionnaires and sent it to the respondents. The data collection questionnaire and checklist
were first developed in English and translated into Nepali by freelance translator. Close ended questionnaires were
designed based on dichotomous and likert-type. Total twelve questions having sub questions were prepared in
dichotomous and Likert's scales.
13.1.2 Use of Checklist for in-depth Interview
Direct interview with key informants at field level was carried out. Semi structured open-ended questions were
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used for interview. The responses were reported through note taking and some photographs were also taken with
permission of respondents. In-depth interview was focused to collect the qualitative information.
13.1.3 Observation
Observation technique was also used to collect the more qualitative information to support and verify the collected
data. The researcher had observed behavior of target population while collecting primary data.
13.1.4 Tools of collecting Secondary Data:
Various tools were also used to collect and analyze the secondary data.
a) Document Review:
Different library of University and organizations were visited to collect the related documents. Analyzing policies,
acts, rules and regulations related annual reports and verifying the other supported materials. Various publications
and reference books, journals, published data from time to time were used for document review.
b) Web Search:
The information related to outside region (other part of Nepal and Global) was studied from internet. Topic
related journal articles, periodicals records and reports, electronics/internet search, was carried out.
13.2

Process of Field Study

The study was carried out in two phases
a) In the first phase:
Firstly, to take responses the questionnaire was prepared. The prepared tool was then sent to experts and
supervisor and experienced related researchers for comments. Item analysis was performed after trial testing before
finalizing the test for main study in the light of experts’ comments and trial testing. Further details can be found
in discussion about pilot testing and validation of the tests.
b) In the second phase:
The qualitative data were taken from the respondents described in the sub sample.
13.3

Variables in the Study

Variable is the key elements of research. This is taken as the image or perception or concept that can be measured.
The study related variables were identified through the literature reviews and discussion with experts to address
the objectives of study. Dependent variable is those that will be measured. What the investigator thinks will be
affected during the experiment that is taken as dependent variables. Independent variable is what is varied during
the experiment; it is what the investigator thinks will affect the dependent variable. Background Variables is an
explanatory variable that can affect other (dependent) variables but cannot be affected by them.
The study related variables were identified through the literature reviews and discussion with experts to fulfill
the objectives of study. The study tested whether the independent variable led to the dependent variable or not.
Demographic variables such as gender, age, educational level of the respondents, experiences, academic qualifications
were known as the basic variable in research study. The Requirements of ISO 9001 i.e. Context of organization,
leadership, planning, support, operation, performance evaluation and improvement is placed as independent variables
and the performance of service companies i.e. operational, personal and market is placed as dependent variables.
The setting of the variables was presented in the given figure.
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Background/Demographical variables Gender, age,
qualification, Experience etc.

Independent Variables
Gender, age

Dependent Variables
Company Performance

Independent Variables
Figure: 9 The setting of variables

13.4

Research Instruments

Questionnaire and depth interview check list, Observation indicators were used as the research instruments.
13.5

Test of Research Instruments

A. Validity Test
I. Language Translation-back-translation:
The research instruments were translated into Nepali and Nepali version was again translated into English.
If the English translation was correct and gave the same meaning as the original, it was considered as valid,
if some deviation, the researcher had discussed with the translator and found the cause and improved the
instruments before data collection.
II. Panel of experts:
Content validity of the instruments was addressed by identifying items from the literature review and through
assessment by both experts and participants in the pilot test. The instruments were sent to a number of experts
and supervisor for their comment and recommendations. Based on their suggestions, the instruments were
revised.
B. Reliability Test
I. Pilot test:
Reliability test was carried out by using clarity test. The instruments were piloted among the 15 respondents.
Similarly, discussion was held among the expert, supervisors and target population. Necessary adjustment
of the instruments was made afterwards as required. Some items are omitted, some are edited and some
are added on the result of pilot study.
II. Cronbach's Alpha:
Cronbach's (alpha) is a coefficient of internal consistency of data. This test was used in this study to test
the reliability of collected primary data. The value of Cronbach's Alpha test was done covering the all items
and questions of research instruments prepared in dichotomous and Likert's scales which shows the value
of Cronbach's Alpha is: 0.836 which is acceptable.
C. Data Processing
After the completion of data collection, filled up questionnaire were edited properly to make them ready for
coding. The master table was prepared to incorporate all the information available in the questionnaire and other
tables were prepared for further analysis and interpretations of data to make the conclusion. The processing of data
was done through SPSS.
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13.6

Tools of Data Analysis

Researcher used suitable tools and techniques to make this research more scientific and systematic; data analysis
was done with the help of SPSS package in computer. Variables and their association were analyzed through cross
tables.
13.7 Statistical Tools
The research results were analyzed by using various statistical tools. Descriptive analysis includes percentage
analysis. It was used for each question contained in the questionnaire, mainly to make certain the distribution of
respondents under each category to describe the profiles of respondents and profile of companies. The Chi-square
analysis is the appropriate tool for data analysis which is used to test the significance association between two
variables. The tests were carried out at 5 percent level of significance. The test for mean score analysis, the Analysis
of Variance (ANOVA) test procedure is used to compares mean scores of more than two groups. The procedure
assumes that the variances of the groups are equal and used to test the significant difference between the means.

14. Significant different between the status of companies before and after ISO 9001 certification
on Requirements;
14.1.1 Significant different between the status of companies before and after ISO 9001 certification on
Context of Organization
Table no 14.1.1 Paired sample t test between the status of companies before and after ISO 9001 certification
on context of Organization

S. N.

Status of Companies

1

Understanding the
organization and its context
Understanding the needs and
expectations of interested
parties
Determining the scope of the
quality management system
Quality management system
and its processes

2
3
4

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean Deviation Error
Difference
Mean
Lower
Upper

t

df

Sig.
(2tailed)

1.77

.68

.05

1.86

1.68

38.41

219

.000

1.95

.79

.05

2.06

1.85

36.58

219

.000

1.81

.67

.05

1.90

1.72

40.12

219

.000

1.97

.99

.07

2.10

1.84

29.61

219

.000

Data source- Field Survey, 2018

The significant differences were tested by pair sample t-test using SPSS 20.00 version. The testing results were
shown in the above table. From the table it can be stated followings:
 There was significant difference between the status of companies after and before ISO 9001 certification on
Understanding the organization and its context having P (= 0.000) < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Understanding the needs and expectations of interested parties having P (= 0.000) < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Determining the scope of the quality management system P (= 0.000) < 0.05.
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 There was significant difference between the status of companies after and before ISO 9001 certification on
Quality management system and its processes having P (= 0.000) < 0.05.
14.1.2 Significant different between the status of companies before and after ISO 9001 certification on
Leadership
Table no 14.1.2 Paired sample t test between the status of companies before and after ISO 9001 certification
on leadership

S. N. Status of Companies (Leadership)

1
2
3

Leadership Commitment
Developing the quality policy
communicating
Organizational roles,
responsibilities and authorities

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean
Error
Difference
Deviation Mean
Lower Upper
1.91
1.14
.08
2.06
1.76

24.77 219

.000

2.18

.78

.05

2.29

2.08

41.26 219

.000

1.85

1.08

.07

1.99

1.70

25.38 219

.000

t

df

Sig.
(2tailed)

Data source- Field Survey, 2018

The significant differences were tested by pair sample t-test using SPSS 20.00 version. The testing results were
shown in the above table. From the table it can be stated followings:
 There was significant difference between the status of companies after and before ISO 9001 certification on
Leadership Commitment under the leadership heading where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Developing the quality policy communicating under the leadership heading where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
organizational roles, responsibilities and authorities under the leadership heading where P = 0.000 < 0.05.
14.1.3 Significant difference between the status of companies before and after ISO 9001 certification on
Planning
Table no 14.1.3 Paired sample t test between the status of companies before and after ISO 9001 certification
on Planning

S.
N.

Status of Companies ( Planning)

on actions to address risks
1 Planning
and opportunities
objectives and planning to
2 Quality
achievement
3 Addressing to planning of changes

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean Deviation Error
Difference
Mean
Lower Upper

t

df

Sig.
(2tailed)

1.77

1.19

.08

1.93

1.61

22.00

219

.000

2.27

1.11

.08

2.42

2.12

30.27

219

.000

2.02

1.35

.09

2.20

1.84

22.15

219

.000

Data source- Field Survey, 2018

The significant test results were shown in the above table. The status of companies on Planning on actions to
address risks and opportunities, Quality objectives and planning to achievement and Addressing to planning of
changes under the heading 'planning' were tested between after and before ISO 9001 certification.
From the table it can be concluded that followings:
 There was significant difference between the status of companies after and before ISO 9001 certification on
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Planning on actions to address risks and opportunities where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Quality objectives and planning to achievement where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Addressing to planning of changes P (= 0.000) < 0.05.
14.1.4

Significant different between the status of companies before and after ISO 9001 certification on

Support
Table no 14.1.4 Paired sample t test between the status of companies before and after ISO 9001 certification
on Support

S.
N.

1

2
3
4
5

Status of Companies ( Support)

Support Process Resources (Man,
Machine Material, Technology,
Method)
 Infrastructure
 Environment for the Operation
Processes
 Monitoring and measuring
resources
 Organizational knowledge
Competence
Awareness
Communication
Documented information and Control
required by the standard and operation
process

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Error
Mean
Difference
Deviation Mean
Lower Upper

t

df

Sig.
(2tailed)

1.36

.77

.05

1.47

1.26

26.16

219

.000

1.59
1.77
1.66

.78
1.27
1.21

.05
.09
.08

1.69
1.94
1.82

1.48
1.60
1.50

30.15
20.65
20.38

219
219
219

.000
.000
.000

9.15

17.77

1.20

11.52

6.79

7.64

219

.000

Data source- Field Survey, 2018

The status of companies on Support Process Resources (Man, Machine Material, Technology, Method) including
Infrastructure, Environment for the Operation Processes, Monitoring and measuring resources and Organizational
knowledge, Competence, Awareness, Communication and Documented information and Control required by the
standard and operation process under the heading 'Support' were tested between after and before ISO 9001
certification.
From the table following results can be concluded:
 There was significant difference between the status of companies after and before ISO 9001 certification on
support Process Resources (Man, Machine Material, Technology, Method)including Infrastructure , Environment
for the Operation Processes , Monitoring and measuring resources and Organizational knowledge having P =
0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Competence having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Awareness having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Communication having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Documented information and Control required by the standard and operation process having P = 0.000 < 0.05.
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14.1.5 Significant different between the status of companies before and after ISO 9001 certification on
Operation
Table no 14.1.5 Paired sample t test between the status of companies before and after ISO 9001 certification
on operation

S.
N.

1
2

3
4
5
6

Status of Companies ( Operation)

Plan, Implement and control of
Operational Processes
Establish, implement and maintain a
design and development process
Control of externally provided
processes, products and services
Ensuring that externally provided
processes, products and services
conform to requirements
Production and service provision
Release of the product and services
Control of nonconforming outputs

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean Deviation Error
Difference
Mean
Lower Upper

t

df

Sig. (2tailed)

1.88

1.19

.08

2.04

1.72

23.50

219

.000

.94

7.10

.48

.00

1.88

1.96

219

.051

2.40

.94

.06

2.52

2.27

37.69

219

.000

1.85
1.68
2.38

.76
1.36
.94

.05
.09
.06

1.95
1.86
2.51

1.74
1.50
2.26

35.98
18.33
37.74

219
219
219

.000
.000
.000

Data source- Field Survey, 2018
The status of companies on Plan, Implement and control of Operational Processes, Establish, implement and
maintain a design and development process, Control of externally provided processes, products and services ensuring
that externally provided processes, products and services conform to requirements, Production and service provision,
Release of the product and services and Control of nonconforming outputs the heading 'Support' were tested between
after and before ISO 9001 certification.
From the table following results can be concluded:
 There was significant difference between the status of companies after and before ISO 9001 certification on
Plan, Implement and control of Operational Processes having P = 0.000 < 0.05.
 There was no significant difference between the status of companies after and before ISO 9001 certification
on Establish, implement and maintain a design and development process P = 0.051 > 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Control of externally provided processes, products and services ensuring that externally provided processes,
products and services conform to requirements having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Production and service provision having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Release of the product and services having P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Control of nonconforming outputs having P = 0.000 < 0.05.
14.1.6 Significant different between the status of companies before and after ISO 9001 certification on
Performance Evaluation
Table no 14.1.6 Paired sample t test between the status of companies before and after ISO 9001 certification
on Performance Evaluation
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S.
N.

Status of Companies

1
2
3

Performance evaluation
Internal audit
Management review

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean Deviation Error
Difference
Mean
Lower Upper
2.28
1.04
.07
2.42
2.14
2.79
1.33
.09
2.97
2.61
2.56
1.19
.08
2.72
2.40

t

df

Sig.
(2tailed)

32.53
31.17
31.89

219
219
219

.000
.000
.000

Data source- Field Survey, 2018

The significant tests of the status of companies before and after ISO 9001 certification was shown in the table.
The pair sample t -test was done. Performance evaluation, Internal Audit and Management review under the heading
'Performance Evaluation' were tested between after and before ISO 9001 certification.
From the table it can be concluded:
 There was significant difference between the status of companies after and before ISO 9001 certification on
Performance evaluation where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Internal audit where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Management review where P = 0.000 < 0.05.
14.1.7 Significant different between the status of companies before and after ISO 9001 certification on
Improvement
Table no 14.1.7 Paired sample t test between the status of companies before and after ISO 9001 certification
on Improvement.

S.
N.

1

2

3

Status of Companies

Determine and select opportunities
for improvement and implement any
necessary actions to meet customer
requirements and enhance customer
satisfaction
Retain documented information as
evidence of the nature of the
nonconformities and any subsequent
actions taken and results of any
corrective action.
Determine if there are needs or
opportunities that shall be addressed
as part of continual improvement
Continual improvement

Paired Samples Test
Paired Differences
95% Confidence
Std.
Interval of the
Std.
Mean Deviation Error
Difference
Mean
Lower Upper

t

df

Sig.
(2-tailed
)

2.90

1.18

.08

3.06

2.74

36.52

219

.000

2.51

.91

.06

2.63

2.39

40.71

219

.000

2.46

1.02

.07

2.59

2.32

35.70

219

.000

Data source- Field Survey, 2018
The significant tests of the status of companies on Improvement before and after ISO 9001
certification was shown in the table. The pair sample t -test was done. Determine and select opportunities for
improvement and implement any necessary actions to meet customer requirements and enhance customer
satisfaction , Retain documented information as evidence of the nature of the nonconformities and any
subsequent actions taken and results of any corrective action and Determine if there are needs or opportunities
that shall be addressed as part of continual improvement Continual improvement
under the heading
'Improvement' were tested between after and before ISO 9001 certification.
From the table it can be concluded:
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•
•
•

There was significant difference between the status of companies after and before ISO 9001 certification
on Determine and select opportunities for improvement and implement any necessary actions to meet
customer requirements and enhance customer satisfaction where P = 0.000 < 0.05.
There was significant difference between the status of companies after and before ISO 9001 certification
on Retain documented information as evidence of the nature of the nonconformities and any subsequent
actions taken and results of any corrective action, where P = 0.000 < 0.05.
There was significant difference between the status of companies after and before ISO 9001 certification
on Determine if there are needs or opportunities that shall be addressed as part of continual improvement
Continual improvement where P = 0.000 < 0.05.

14.1.8 Enabling and disabling factors of the implementation ISO 9001 9001
S. N.

1

2

3

4

Criteria

Context of the
organization

Leadership

Planning

Support

5

Operation

6

Performance
evaluation

7

Improvement

Enabling Factors
 Quality Control & Internal Management
 Proper implementation of organization chart and
chain of command & Recognition
 Perkiness & Managed by new team
 Safeguards the customers to get good quality
products and services
 Need and expectation , scope and QMS process
 Fruitful
 Identifies the loopholes of the management
 Better academic qualification
 Long experience of teaching and administration
 Top management commitment and involvement
 Awareness and focus & Very Nice
 Assigns roles and responsibilities to each
department head and individual and provides clarity
in the work to be conducted
 Directional and communication
 Far sightedness & Fulfillment of objectives
 Regular meeting and feedback
 Integrated Quality management goals and objectives
of Business goals / ISO 9001 Budget provision
 Determination and commitment & Well planned
 Exploitation of proper Resources
 Coordination from different sector
 Employee support and involvement & Time
 Full Support
 Hierarchical Performance
 Right planning and proper control
 Initiation for implementation
 Team work and communication
 Involvement & Very effective
 Client Satisfaction survey, analysis and evaluation
 Regular reporting for betterment
 Internal / External audits & Result Oriented
 Very good
 NC and work out on executing the NC's
 Planning to settle the weakness
 Initial training and motivation including working
environment
 Follow-up & Lots of Improvement

Disabling factors
 Lengthy paper works
 Lack of education and
understanding
 Lack of proper awareness
 High cost & budget
allocation needed
 Inflates Organization
 Less time
 Lack of middle level
management commitment
/Employees no commitment
to implements QMS

 lack of proper planning
 QMS implementations
associated with extensive
changes/ complex paper
work

 Lack of mutual
understanding
 Employee's resistance to
change
 Lack of monitoring
 Creates Functional conflicts
/Doesn't match with
existing work culture
 Not in regular basis
 Mentality of avoiding
taking responsibility and
audit processing
 Concrete improvement is
not seen

14.1.9 Roles of ISO 9001 in organizational Effectiveness
14.1.9 Frequency distribution on the Roles of ISO 9001 in organizational Effectiveness
Table no: 14.1.9 Frequency distribution on the Roles of ISO 9001 in organizational Effectiveness
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S.
N.
1

2.

3.

4.

Effectiveness Criteria
Human affiliation
Employee Satisfaction
Employee commitment
Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
Smooth functioning

No
Effective
N
%

fairly
Effective
N
%

Moderately
Effective
N
%

Highly
Effective
N
%

Very highly
Effective
N
%

24
14
11

10.9
6.4
5.0

146
183
161

64.4
83.2
73.5

50
23
48

22.7
10.5
21.8

13
7
111

5.0
3.2
50.5

98
185
109

44.5
84.1
49.5

109
28

49.5
12.7

148
81
61
18

67.3
38.2
27.7
8.2

61
111
87
87

27.7
50.5
39.5
39.5

11
25
72
115

5.0
11.4
32.7
52.3

11
34
37

5.0
15.5
16.8

148
48
59

67.3
21.8
26.8

61
138
124

27.7
62.7
56.4

Data source- Field Survey, 2018

Frequencies of the opinions of respondents are shown in the above table. The respondents were asked how
ISO 9001 helped for the organizational effectiveness. There were four effectiveness criteria: Human affiliation,
Change/Innovation, Achievement and Stability including other sub criteria. The responses were calculated in to No
Effective, fairly Effective, Moderately Effective, Highly Effective, and Very highly Effective scale.
From the table it can be described that 10.9 percent respondents saw moderately effective roles, 64.4 respondents
found highly effective roles and 22.7 percent respondents observed very highly effective roles for Employee
Satisfaction. Similarly, 6.4 percent respondents saw moderately effective roles, 83.2 respondents found highly
effective roles and 10.5 percent respondents observed very highly effective roles for Employee commitment.
Likewise, 5 percent respondents saw moderately effective roles, 73.5 respondents found highly effective roles and
21.8 percent respondents observed very highly effective roles for open communication.
Change/Innovation was the second criteria mentioned in above table including Risk taking, Creativity, and
Adaptability as the sub criteria. The above table showed that 5.0 percent respondents found moderately effective
roles, 44.5 percent respondents observed highly effective roles and 49.5 percent respondents saw very highly effective
roles for risk taking. Closely, 3.2 percent respondents saw moderately effective roles, 84.1 respondents found highly
effective roles and 12.7 percent respondents realized very highly effective roles for creativity. But 50.5 percent
respondents noticed moderately effective roles, 49.5 respondents found highly effective roles and no one observed
very highly effective roles for adaptability.
The third criteria were achievement having three sub criteria: Increased market, increased profit, Product quality,
Productivity. From the table, 67.3 percent respondents saw moderately effective roles, 27.7 respondents found highly
effective roles and 5 percent respondents observed very highly effective roles for increased market. Correspondingly,
38.2 percent respondents saw moderately effective roles, 50.5 respondents found highly effective roles and 11.4
percent respondents observed very highly effective roles for Increased Profit. Comparably, 27.7 percent respondents
got moderately effective roles, 39.5 respondents found highly effective roles and 32.7 percent respondents saw very
highly effective roles for product quality. Likewise, 8.2 percent respondents got moderately effective roles, 39.5
respondents found highly effective roles and 52.3 percent respondents saw very highly effective roles for productivity.
The last criteria listed in the above table were Stability having Efficiency, Timeliness and smooth functioning
as sub criteria. From the table, 5.0 percent respondents saw moderately effective roles, 67.3 respondents found highly
effective roles and 27.7 percent respondents observed very highly effective roles for Efficiency. Likewise, 15.5
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percent respondents saw moderately effective roles, 21.8 respondents found highly effective roles and 62.7 percent
respondents observed very highly effective roles for Timeliness. Comparably, 16.8 percent respondents got
moderately effective roles, 26.8 respondents found highly effective roles and 54.6 percent respondents saw very
highly effective roles for smooth functioning.
From the above discussion the following points can be drafted:














The
The
The
The
The
The
The
The
The
The
The
The
The

14.1.10

majority
majority
majority
majority
majority
majority
majority
majority
majority
majority
majority
majority
majority

of
of
of
of
of
of
of
of
of
of
of
of
of

the
the
the
the
the
the
the
the
the
the
the
the
the

respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents
respondents

felt
felt
felt
felt
felt
felt
felt
felt
felt
felt
felt
felt
felt

highly effective roles of ISO 9001 for Employee satisfaction.
highly effective roles of ISO 9001 for Employee commitment.
highly effective roles of ISO 9001 for Open communication
very highly effective roles of ISO 9001 for risk taking.
highly effective roles of ISO 9001 for creativity.
moderately effective roles of ISO 9001 for adaptability.
moderately effective roles of ISO 9001 for Increased market
highly effective roles of ISO 9001 for increased profit.
highly effective roles of ISO 9001 for Product quality.
very highly effective roles of ISO 9001 for Productivity.
highly effective roles of ISO 9001 for Efficiency.
very highly effective roles of ISO 9001 for Timeliness.
very highly effective roles of ISO 9001 for smooth functioning.

Mean scores of responses on the Roles of ISO 9001 in organizational Effectiveness

Table no: 14.1.10 Mean scores of responses on the Roles of ISO 9001 in organizational Effectiveness
S. N.
1

2.

3.

4.

Criteria
Human affiliation
Employee Satisfaction
Employee commitment
Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
Smooth functioning

Mean

Std. Deviation

4.12
4.04
4.17

.569
.409
.491

4.44
4.10
3.50

.605
.388
.501

3.38
3.73
4.05
4.44

.580
.652
.778
.642

4.23
4.47
4.40

.526
.749
.760

Data source- Field Survey, 2018
Above table shows the mean scores of responses on the roles of ISO 9001 for organizational effectiveness. The
mean scores on the roles of ISO 9001 for Employee commitment, Open communication, and Employee Satisfaction
were 4.12, 4.04, and 4.17 respectively. Uniformly, the mean scores on the roles of ISO 9001 for Risk taking,
Creativity and Adaptability were 4.44, 4.10 and 3.50 respectively. Bye the same token the mean scores on the roles
of ISO 9001 for increased market, increased profit, Product quality and Productivity were 3.38, 3.73, 4.05 and 4.44
respectively. Likewise, the mean scores on the roles of ISO 9001 for Efficiency, Timeliness and smooth functioning
were 4.23, 4.47, and 4.40 respectively.
From the above discussion it can be drawn the conclusion that:
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 The roles of ISO 9001 were more for open communication than employee commitment than employee
satisfaction.
 The roles of ISO 9001 were more for risk taking than creativity than adaptability.
 The roles of ISO 9001 were more for Productivity than Product quality than increased profit than increased
market.
 The roles of ISO 9001 were more for Timeliness than smooth functioning than Efficiency
14.1.11

significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness among

the education level of respondents
Table no: 14.1.11 significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness
among the education level of respondents

S .N.
1

2.

3.

4.

Criteria
Human affiliation
Employee Satisfaction
Employee commitment
Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
Smooth functioning

ANOVA
Sum of Squares

df

Mean Square

F

Sig.

.731
.446
.747

3
3
3

.244
.149
.249

.749
.887
1.034

.524
.449
.378

3.550
.148
.971

3
3
3

1.183
.049
.324

3.339
.324
1.294

.020
.808
.277

.554
.122
.084
1.546

3
3
3
3

.185
.041
.028
.515

.546
.095
.046
1.255

.652
.963
.987
.291

.420
1.217
.522

3
3
3

.140
.406
.174

.502
.720
.298

.681
.541
.827

Data source- Field Survey, 2018
This table shows the significant difference among the educational level of respondents and roles of ISO 9001
for organizational effectiveness. Above table showed that there was significant difference among the level of
education and the roles of ISO 9001 for organizational effectiveness having P = 0.021< 0.05 for risk taking under
change and innovation criteria. But there was no significant difference among the level of education and the roles
of ISO 9001 on organizational effectiveness for other criteria : Employee Satisfaction, Employee commitment ,
Open communication, Creativity , Adaptability, Increased market, Increased profit , Product quality, Productivity,
Efficiency, Timeliness and Smooth functioning having P = 0.524 > 0.05, P = 0.449 > 0.05, P = 0.37 > 0.05, P
= 0.808 > 0.05, P = 0.277 > 0.05, P = 0.652 > 0.05, P = 0.963 > 0.05, P = 0.987 > 0.05, P = 0.291 > 0.05,
P = 0.681 > 0.05, P = 0.541 > 0.05 and P = 0.827 > 0.05 respectively.
From the above discussion it can be concluded that:
 There was significant difference among the level of education and the roles of ISO 9001 for
effectiveness for risk taking under change and innovation criteria.
 There was no significant difference among the level of education and the roles of ISO 9001 for
effectiveness for Employee Satisfaction under human affiliation criteria.
 There was no significant difference among the level of education and the roles of ISO 9001 for
effectiveness for Open communication under human affiliation criteria.
 There was no significant difference among the level of education and the roles of ISO 9001 for
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organizational
organizational
organizational
organizational

effectiveness for Employee commitment under human affiliation criteria.
 There was no significant difference among the level of education and the roles
effectiveness for Creativity under change and innovation criteria.
 There was no significant difference among the level of education and the roles
effectiveness for Adaptability under change and innovation criteria.
 There was no significant difference among the level of education and the roles
effectiveness for increased market under Achievement criteria.
 There was no significant difference among the level of education and the roles
effectiveness for increased profit under Achievement criteria.
 There was no significant difference among the level of education and the roles
effectiveness for product quality under Achievement criteria.
 There was no significant difference among the level of education and the roles
effectiveness for productivity under Achievement criteria.
 There was no significant difference among the level of education and the roles
effectiveness for Efficiency under Stability criteria.
 There was no significant difference among the level of education and the roles
effectiveness for Timeliness under Stability criteria.
 There was no significant difference among the level of education and the roles
effectiveness for smooth functioning under Stability criteria.
14.1.12

of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational
of ISO 9001 for organizational

significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness among

the working experiences of respondents
Table no: 14.1.12 significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness
among the working experiences of respondents

S .N.
1

2.

3.

4.

Criteria
Human affiliation
Employee Satisfaction
Employee commitment
Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
Smooth functioning

ANOVA
Sum of Squares

df

Mean Square

F

Sig.

.576
.553
1.530

4
4
4

.144
.138
.383

.440
.823
1.605

.779
.512
.174

1.075
.451
.307

4
4
4

.269
.113
.077

.731
.746
.301

.572
.562
.877

.265
.503
.388
.184

4
4
4
4

.066
.126
.097
.046

.194
.291
.158
.110

.941
.883
.959
.979

.185
1.159
.703

4
4
4

.046
.290
.176

.164
.512
.300

.956
.727
.878

Data source- Field Survey, 2018

Above table showed that there was no significant difference among the working experiences and the roles of
ISO 9001 on organizational effectiveness for other criteria : Employee Satisfaction, Employee commitment, Open
communication, Risk taking, Creativity, Adaptability, Increased market, Increased profit, Product quality,
Productivity, Efficiency, Timeliness and Smooth functioning having P = 0.779 > 0.05, P = 0.512 > 0.05, P = 0.174
> 0.05, P = 0.572 > 0.05, P = 0.562 > 0.05, P = 0.877 > 0.05, P = 0.941 > 0.05, P = 0.883 > 0.05, P = 0.959
> 0.05, P = 0.979 > 0.05, P = 0.956 > 0.05, P = 0.727 > 0.05 and P = 0.878 > 0.05 respectively.
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From the above discussion, It can be drawn the conclusion that
 There was significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Employee Satisfaction under human affiliation criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Open communication under human affiliation criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Employee commitment under human affiliation criteria.
 There was significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for risk taking under change and innovation criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Creativity under change and innovation criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Adaptability under change and innovation criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for increased market under Achievement criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for increased profit under Achievement criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for product quality under Achievement criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for productivity under Achievement criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Efficiency under Stability criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for Timeliness under Stability criteria.
 There was no significant difference among the working experiences and the roles of ISO 9001 for organizational
effectiveness for smooth functioning under Stability criteria.
14.1.13

significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness among

the working departments of respondents
Table no 14.1.13 significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness
among the working departments of respondents

S .N.
1

2.

3.

4.

Criteria
Human affiliation
Employee Satisfaction
Employee commitment
Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
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ANOVA
Sum of Squares

df

Mean Square

F

Sig.

.445
.347
1.791

5
5
5

.089
.069
.358

.270
.409
1.504

.929
.842
.190

.802
.396
.535

5
5
5

.160
.079
.107

.433
.520
.420

.825
.761
.834

1.189
1.806
1.824
.200

5
5
5
5

.238
.361
.365
.040

.702
.846
.598
.095

.622
.519
.702
.993

.101
1.144

5
5

.020
.229

.071
.402

.996
.847

S .N.

Criteria
Smooth functioning

ANOVA
Sum of Squares
3.237

df
5

Mean Square
.647

F
1.123

Sig.
.349

Data source- Field Survey, 2018

Above table showed that there was no significant difference among the working departments and the roles of
ISO 9001 on organizational effectiveness for other criteria : Employee Satisfaction, Employee commitment , Open
communication, Risk taking, Creativity, Adaptability, Increased market, Increased profit, Product quality,
Productivity, Efficiency, Timeliness and Smooth functioning having P = 0.929 > 0.05, P = 0.842 > 0.05, P = 0.190
> 0.05, P = 0.825 > 0.05, P = 0.761 > 0.05, P = 0.834 > 0.05, P = 0.622 > 0.05, P = 0.519 > 0.05, P = 0.702
> 0.05, P = 0.993 > 0.05, P = 0.996 > 0.05, P = 0.847 > 0.05 and P = 0.349 > 0.05 respectively.
From the discussion it can be finalized that:
 There was significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Employee Satisfaction under human affiliation criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Open communication under human affiliation criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Employee commitment under human affiliation criteria.
 There was significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for risk taking under change and innovation criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Creativity under change and innovation criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Adaptability under change and innovation criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for increased market under Achievement criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for increased profit under Achievement criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for product quality under Achievement criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for productivity under Achievement criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Efficiency under Stability criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for Timeliness under Stability criteria.
 There was no significant difference among the working departments and the roles of ISO 9001 for organizational
effectiveness for smooth functioning under Stability criteria.
14.1.14

significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness among

the service sector of companies
Table no: 14.1.14 significant differences of responses on the Roles of ISO 9001 in organizational Effectiveness
among the among the service sector of companies

S .N.
1

Criteria
Human affiliation
Employee Satisfaction
Employee commitment

ANOVA
Sum of Squares

df

Mean Square

F

Sig.

2.169
1.491

6
6

.362
.248

1.120
1.506

.352
.178
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2.

3.

4.

Open communication
Change/Innovation
Risk taking
Creativity
Adaptability
Achievement
Increased market
Increased profit
Product quality
Productivity
Stability
Efficiency
Timeliness
Smooth functioning

1.137

6

.189

.782

.585

1.926
.779
2.004

6
6
6

.321
.130
.334

.875
.858
1.342

.514
.527
.240

3.621
.625
1.159
2.150

6
6
6
6

.604
.104
.193
.358

1.835
.240
.314
.866

.094
.963
.930
.520

1.031
1.376
2.474

6
6
6

.172
.229
.412

.614
.402
.708

.719
.877
.644

Data source- Field Survey, 2018

Above table showed that there was no significant difference among the service sector and the roles of ISO 9001
on organizational effectiveness for other criteria : Employee Satisfaction, Employee commitment , Open
communication, Risk taking, Creativity , Adaptability, Increased market, Increased profit , Product quality,
Productivity, Efficiency, Timeliness and Smooth functioning having P = 0.352 > 0.05, P = 0.178 > 0.05, P = 0.585
> 0.05, P = 0.514 > 0.05, P = 0.527 > 0.05, P = 0.240 > 0.05, P = 0.094 > 0.05, P = 0.963 > 0.05, P = 0.930
> 0.05, P = 0.520 > 0.05, P = 0.719 > 0.05, P = 0.877 > 0.05 and P = 0.644 > 0.05 respectively.

15. Summary
The following objectives were addressed in the study
 To assess the performance of company before certification
 To determine the performance of ISO 9001 certification on the performance of the company: Operation,
personnel and market in Nepal.
 To identify the enabling and disabling factors of ISO certification
 To analyze the effectiveness of ISO 9001 in the service sector.
To achieve the above mentioned objectives, a questionnaire was developed based on the above research
objectives. A quantitative data was collected from field survey and interviews for non-teaching staffs were also used
for data collection. Quantitative data was analyzed using a variety of statistical tools like mean, standard deviation,
t-test, ANOVAs and other descriptive analysis. Similarly, qualitative data from interviews was analyzed using
qualitative data analysis techniques and results from both were discussed in previous chapter. The use of both
qualitative and quantitative data was aimed to get greater insight of the problem and capitalize the strength of both
types of approaches in research. This chapter discusses the findings and conclusions in forthcoming sections.

16. Qualitative Analysis
16.1 Analysis of Interview
There were 15 interviews taken for the study. Semi structured interviews were taken with nineteen questions
for Management Representative/top management of the organization. The result of the interview were discussed in
below.
16.1.1

Significant different between the status of companies before and after ISO 9001 certification on
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Performance Evaluation
Table no 16.1.1 Paired sample t test between the status of companies before and after ISO 9001 certification
on Performance Evaluation.

S.
N.

Status of Companies

1
2
3

Performance evaluation
Internal audit
Management review

Mean
2.28
2.79
2.56

Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std.
Std. Error
Difference
Deviation
Mean
Lower
Upper
1.04
.07
2.42
2.14
1.33
.09
2.97
2.61
1.19
.08
2.72
2.40

t

df

Sig.
(2tailed)

32.53
31.17
31.89

219
219
219

.000
.000
.000

Data source- Field Survey, 2018

The significant tests of the status of companies before and after ISO 9001 certification was shown in the table.
The pair sample t -test was done. Performance evaluation, Internal Audit, and Management review under the heading
'Performance Evaluation' were tested between after and before ISO 9001 certification. From the table it can be
concluded:
 There was significant difference between the status of companies after and before ISO 9001 certification on
Performance evaluation where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Internal audit where P = 0.000 < 0.05.
 There was significant difference between the status of companies after and before ISO 9001 certification on
Management review where P = 0.000 < 0.05.

17. Conclusion
This study assessed the status of the companies before ISO 9001 certification and after ISO 9001 certification.
It also carried out the significant change between after and before ISO 9001 certification. The conclusion of the
study can be summarized in this away.
Firstly, the study tried to assess the status of the service sector companies in Nepal. The majority of the companies
had moderately effective status on the Context of organizations and its sub standards determined by ISO 9001.
Similarly, the companies had moderately effective status on Leadership and Process and its sub standards before
ISO certification. But the companies had fairly effective status on planning and operation and its substandard before
ISO 9001 certification. The companies before ISO certification had not effective status on Management Review.
Likewise, the status of companies before ISO 9001 certification on performance Evaluation and Continual
Improvement was seemed fairly effective
Secondly, the status of companies after ISO 9001 certification also measured on the study. The study found
that the status of companies after ISO 9001 certification was very highly effective under 'Context of Organization',
'Planning', 'Support (Process & resources: Man, Machine, Method, material & Technology)', 'Operation', 'Performance
Evaluation' and 'Continual Improvement'. But the status of companies after ISO certification was highly effective
under 'leadership and its sub-standards'.
Thirdly, the mean scores were calculated more on the status of effectiveness of the service sectors companies
in Nepal after ISO 9001 certification than before certification.
Fourthly, There was no significant difference between the status of companies after and before ISO 9001
certification on establish, implement and maintain a design and development process but there was significant
difference between the status of companies after and before ISO 9001 certification on all others standards.
In next, Teamwork, Publicity, Brand promotion, Accountability, Customer satisfaction, Documented information,
Document management system, Internal Audit, Regular review Meeting, Complain handling and management,
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Effective customer and internal communication, Internal control system, Input – process - output analysis, Proper
defining of roles and responsibilities, a measurable quality objectives, risk based thinking assessment and treatment
and Plan- Do - Check-Act cycle etc. were taken as the enabling factors in the implementation of ISO. Similarly,
Intensive record keeping, Documentation, Motivation, Leadership absence to provide resources, Lack of documented
information, Lack of Competent people, Unfamiliar words and standards, Lack of trainings and Lack of knowledge
and benefits of ISO 9001 etc. were taken as disabling factors on implementation of ISO.
The study concluded that very highly effective roles of ISO were assessed for employee satisfaction, for employee
commitment, for open communication, for risk taking, for productivity, for increased profit, for efficiency, for
timeliness, for smooth functioning. Similarly, the highly effective roles of ISO 9001 were assed for creativity and
product quality. But moderately effective roles of ISO 9001 were assessed for adaptability and for increased market.

18. Recommendations
Important recommendation can be made on the basis of findings of this study for different stakeholders. These
recommendations are follows.
1. The status of service sector companies was more effective after ISO 9001 certification than before ISO 9001
certification. So, to achieve highly effectiveness on the status of companies' ISO 9001 certification may be the
main process.
2. The status of companies on leadership was assed just in highly effective criteria it should be better for enhancing
the status who had already certified.
3. The costs were felt more expensive so Certification Body (CB) should be aware on this matter.
4. Some of the disabling factors were listed in the study so for effective implementation of ISO 9001 the disabling
factors should be omitted.

19. Scope for further Research
1. It will be of particular interest if this study is replicated on a different sample particularly in other sector of
companies i.e. manufactures, trading, hospital and health care, construction, and food etc. Thus prospective study
may investigate, verify and generalize the result of the study.
2. Similar study can also be conducted for other ISO 9001 standards of qualities.
3. Further study can be useful to test these hypothesis generated through qualitative data in this study and see if
these variable are really significant in determining same factors.
4. Further study can be done in large sample size to verify the result.
5. Further research can be useful by identifying others demographic variables like as: gender, location, trainings,
level of leadership, experiences etc.
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Abstract
Access, equity, resources, and quality are the foundation of education status of nations. Quality is the raising
and the most concerning issues on globally because quality enhanced the competitiveness abilities which create
and develop the employment opportunities obviously. Curricula, sufficient and qualitative resources (i.e.
infrastructures, human resources, environment, knowledge etc.), research based teaching learning activities,
assessment system, teacher students' ratio and their passion on learning, instructional materials, life skilled based
outcomes etc are the components quality education.
The queries are elevating everywhere on the ground of educational stadium. What are the situations of
educational organization in Nepal after pandemic situations? Can they provide quality as usual? Are they ready
to improve? What are the perceptions of educational leaders, educational implementers, and stakeholders on
qualities will be proven by educational organization? So, the study was carried out to find the understanding of
qualities on education organization in Nepal after pandemic situation.
The study was guided on the post positivism philosophical overviews. Descriptive survey research paradigm
was followed and deductive approach was used in the study. This study carried out mixed methods both quantitative
and qualitative. The research was purposive so the respondents were taken from the educational sector involving
in educational development and quality assurance campaign from Bagmati Province of Nepal using stratified
random sampling for selecting the top leaders from different Organization i.e. School, College, University, social
institution, local level authorities and campaign group. Primary as well as secondary data were used for the study.
The opinions of sixty respondents were collected using questionnaires and ten responses were collected through
scheduled interview. Validity and reliability of the research instruments were well maintained. The data was
processed and analyzed through the SPSS package. Descriptive analysis, mean scores, t - test and ANOVA
statistical tools were used for analyzing the data.
The research indentified the different indictors for quality enrichment. The study stated different qualities
indicators under twelve headings they are: infrastructures, facilities ( sports & academics), educational development
planning, instructional pedagogy, teachers and staffs, physical environment of institutions, public relations,
classroom management, students and their achievements, resources of organization (science, math, art & craft, ICT
labs), dress & discipline and yearly conducted program by the organizations.
Unfortunately, some private educational organizations were tortured due to pandemic situation. They have the
great challenges to maintain the quality status because of financial crisis.
The leaders of private school and colleges had a commitment of maintaining quality instead of their challenges.
Majority of the respondents suggested for using student centered project works and instructional teaching methods.
They also emphasized on remote leanings.
The main findings of the study are the identification of the qualities understanding levels on educational
organization in Nepal. Educational top leaders recommended different methodology and they added some new
features in resources like as educational software and its management. There is no significant difference among
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the distinct area of educational leaders in the sense of perceptions of quality moment. Thereby, the study found
the same conceptions on educational qualities management after pandemic situation.
Keywords: Educational Quality, Quality indicators, Understanding

1. Introduction
1.1

Quality Education

Education is the most powerful weapon we can use to change the world and for self-enlightenment. This is
so because quality education equips one with capability to interpret things rightly and applying the gathered
information in real life scenarios (Thangeda, Baratiseng, & Mompati, 2016). Quality refers the standard of something
when it is compared to other things like it, how good or bad something is. There is no single definition for quality
in Education and there is no universal consensus on what is the appropriate strategy to assure and manage quality
in education. These two words, “quality” and “education” are commonly and carelessly used in every day discussion
– especially among leaders and business men and women. Every leader promises to provide the populace with quality
education. Many of such promises have come and gone without any remarkable impact on the quality of education
provided to the populace (Eze, 2009).
There is a global consensus that quality education is not an easy concept to define. Quality, in general, means
different things to different individuals both locally and globally. It is a complex concept to define. The concept
of ‘quality’ in education conjures up many metaphors. What is quality in education? What are the most important
aspects of quality and how can they be measured? These questions have been raised for a long time and are still
widely debated. Many definitions of quality in education exist, testifying to the complexity and multifaceted nature
of the concept. The terms efficiency, effectiveness, equity and quality have often been used synonymously (Adams,
1993). Quality can be defined in terms of excellence, perfection, value for money, fitness to purpose.
Quality education includes:
 Learners who are healthy, well-nourished and ready to participate and learn, and supported in learning by their
families and communities;
 Environments that are healthy, safe, protective and gender-sensitive, and provide adequate resources and
facilities;
 Content that is reflected in relevant curricula and materials for the acquisition of basic skills, especially in
the areas of literacy, numeracy and skills for life, and knowledge in such areas as gender, health, nutrition,
HIV/AIDS prevention and peace.
 Processes through which trained teachers use child-centered teaching approaches in well-managed classrooms
and schools and skilful assessment to facilitate learning and reduce disparities.
 Outcomes that encompass knowledge, skills and attitudes, and are linked to national goals for education and
positive participation in society (UNICEF, 2000).
In another UNESCO (2014) policy document ‘Quality Education’, a quality education is defined broadly as one
that ‘satisfies basic learning needs’ and more importantly ‘enriches the lives of children’. Quality is at the heart
of education and what takes place in classrooms and other learning environments is fundamentally important to
the future well-being of children, young people and adults. A quality education is one that satisfies basic learning
needs and enriches the lives of learners and their overall experience of living (UNESCO, 2014). Recent education
policy research also reflects a rapidly changing world. This is largely due to powerful forces of globalization, global
competiveness, and the spectacular growth of knowledge, generated by information communication technologies
(ITCs) (Zajda, 2014). Quality is fulfilling & exceeding customer’s needs, Quality is everyone’s job and quality is
continuous improvement. Quality is recognition and reward. Quality is leadership, teamwork, measurement and
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systematic problem solving. (Brucaj, 2014).
It was identified five key dimensions of quality:- effectiveness, efficiency, equality, relevance and sustainability.
These five dimensions can serve as a basis for analyzing the quality of educational innovations aimed any aspect
of the education system (e.g. policy changes, national administration, local administration, classroom interventions).
(Barrett, Chawla-Duggan, Lowe, Nikel, & Ukpo, 2006)
1.2

Pandemic Situation of Nepal

On 25 April 2015, Nepal was hit by the strongest earthquake after 80 years. The death toll reached 9,000. Over
35,000 classrooms were mostly or entirely damaged, leaving more than one million children lacking access to safe
permanent places to learn. As the county was mobilizing response to the immediate needs after the earthquakes,
it was hit again by a severe fuel and commodity crisis that has significantly undermined post-earthquake
reconstruction and is likely to lead to a decline in the country’s economic growth rate for the first time since the
1980s (NIRT, 2016). Similarly, From the last march the schools and colleges were also influenced due to COVID-19
pandemic situation. The global COVID-19 pandemic has led to unprecedented levels of disruption to education,
impacting over 90% of the world’s student population: 1.54 billion children, including 743 million girls. In Nepal,
all educational institutions have also been closed for a long time due to the COVID-19 pandemic. The COVID-19
pandemic has created the largest disruption of education systems in history, affecting nearly 1.6 billion learners
in more than 190 countries and all continents. Closures of schools and other learning spaces have impacted 94
per cent of the world’s student population, up to 99 per cent in low and lower-middle income countries. The crisis
is exacerbating pre-existing education disparities by reducing the opportunities for many of the most vulnerable
children, youth, and adults – those living in poor or rural areas, girls, refugees, persons with disabilities and forcibly
displaced persons – to continue their learning. Learning losses also threaten to extend beyond this generation and
erase decades of progress, not least in support of girls and young women’s educational access and retention. Some
23.8 million additional children and youth (from pre-primary to tertiary) may drop out or not have access to school
next year due to the pandemic’s economic impact alone (UN, 2020, August ).
The first case of COVID-19 was formally identified on January 25, 2020 when a 32-year Nepali student
returning from the city of Wuhan, China was tested positive. After the appeal of Tribhuvan International Airport,
the Nepalese Civil Aviation Authority formally set up a desk with thermal scanners at the airport (Gahatraj, 2020).
As the consequence of the lockdowns, schools and universities in Nepal have been temporarily closed for nearly
two months now. As of the second week of May 2020, UNESCO (2020) estimates that nearly nine million
(8,796,624) students in Nepal are affected due to school/university closures in response to the pandemic. Out of
this number, 958, 127 (11%) are in pre-primary, 2,466,570 (28%) are in primary, 3,463,763 (39%) are in secondary
and 404,718 (5%) are in tertiary education. Because of the compulsory closure of schools and universities for
a considerable period of time, the education system has changed dramatically, with the distinctive rise of e-learning
whereby teaching and learning is undertaken remotely and on digital platforms. However, there are many challenges
around equitable access to e-learning (Dawadi, Giri, & Simkhada, 2020).
Various countries have adopted a range of measures to respond to the pandemic depending on their available
resources. For instance, counties which are technologically advanced, such as Italy, France, Germany, Australia,
the UK, and the US, have adopted distance learning as a means to compensating for the loss. They quickly enhanced
their e-learning platforms (Moodle, LMS, cloud systems, etc.) to create common distance learning centre portals
and provided students access to e-content and repository through mobile devices. In these countries, all stakeholders,
institutions, teachers, publishers, and parents have joined hands together to create digital resources (e.g., textbooks
and learning materials) so that they could be delivered through virtual classrooms (Azzi-Huck & Shmis, 2020).
Furthermore, the two most populous countries on the planet, China and India, have both established national
e-learning portals with access to the national repository of learning resources for parents, teachers, students, and
education administrators. India has provided access to thousands of complete courses in multiple languages. China,
on the other hand, has mobilized all provincial and national online platforms and telecom service providers, upgraded
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the bandwidth of major digital platforms, and mobilized the society-wide resources, both human and material, to
“ensure learning is undisrupted when classes are disrupted”. In addition, China has adapted flexible online teaching
methodologies to facilitate learning. Furthermore, it has strengthened online security through the collaboration of
all service providers and created a provision of psycho-social support for ensuring 100 % online learning (Azzi-Huck
& Shmis, 2020).

2. Statement of the problem
The pandemic has had serious impacts on students’ learning and well-being, and that it potentially widens the
gaps between advantaged and disadvantaged children in their equitable access to quality education. Furthermore,
the findings suggest that Nepal has formulated a number of ICT and education related policies since 2000; however,
the challenges it is experiencing in the advent of Covid-19 are mainly due to its faulty implementation strategies
and inability to implement those policies. (Dawadi, Giri, & Simkhada, 2020). The provision of quality comes along
with challenges of shortage of resources as financial instability, cost, time and devotion. In addition the main problem
may be the awareness of what are the necessities of offering brand standard of quality education.Due to Pandemic
situation lots of educational institutions wereclosed. Students were being tried to join online class where the network
facilities can be used. The most of students were influenced by this pandemic situation. Teachers, professors,
academic staffs were losing their jobs. Keeping this situation in the mind of the researcher tried to find the quality
indicators for educational organizations. The researchers, educationist, parents, government authorities and other
related stake holders were thinking that quality can be provided by educational organization or not. So, the study
about the quality due to Pandemic situation under the heading 'Understanding of Quality on Educational
Organizations in Nepal after Pandemic Situation' was carried out.

3. Research Questions
To find the quality indicators of educational organization and to assess the status of quality in Pandemic situation
the researcher raised the following research questions:
a.
b.
c.
d.

What are the quality educational indicators for Nepalese Educational Organizations?
Can Educational Organization provide the same quality that have already provided by them?
What activities may be followed in pandemic situation to maintain quality?
What is the status of educational organizations in Nepal in the advent of Covid - 19?

4. Research Objectives
This study was carried out the following specific objectives. The objective of the study were :
a. to list out the quality education indicators for Nepalese Educational Organizations
b. to perceive the activities that can be followed in pandemic situationfor retaining quality
c. to assess the status of educational organizations in Nepal in the advent of Covid - 19

5. Significance of the study
UNDP has recently estimated that 86% of children from low human development countries are not receiving
education due to the COVID-19 pandemic. In parallel Nepalese students who were in rural areas or not networkable
areas are not receiving education. Nepalese Educational Organization (Private and Public) both were trying to provide
quality education from their side. Quality education always be hot topics in the discussion of education in Nepal.
So, It was required to find the indicators of quality educational organizations as like as to retain the quality may
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be another challenge to retain the quality as prvious. Thus, this study can help the educators, school leaders,
government authorities, college leaders and campaign group to plan the quality educational strategies and their
implementations. It helps us as follows:
a.
b.
c.
d.
e.

Local level Authorities can make ideal school maintain the qualities.
Educational organizations to make guidelines of quality indicators formulating ideal school.
It helps to campaign group of teachers to advocate about the status of teachers jobs.
Distinct Stake holders can perceive the status of educational organization in Pandemic Situation.
Further research can be carried in distinct research gaps like as, cause of financial crisis, qualities indicators
for school and college separately etc.

6. Research Hypothesis
The following hypotheses were formulated for the study:
a.
b.
c.
d.

There
There
There
There

is
is
is
is

no
no
no
no

significant
significant
significant
significant

difference
difference
difference
difference

between male and female on quality education indicators.
among the educational qualification on quality education indicators.
among the working area on quality education indicators.
among the distinct years of experience on quality education indicators.

7. Theoretical Framework
Different theories and models were reviewed for the study. Basically, this study depends on the quality education
model suggested by UNICEF (2000). UNICEF suggested that Quality Learners, Quality Environment, Quality
Content, Quality Process and Quality Outcomesare the pillars of quality education (UNICEF, 2000). A study of
Barrett, Chawla-Duggan, Lowe, Nikel, & Ukpo identified five key dimensions of quality education:effectiveness,
efficiency, equality, relevance and sustainability (Barrett, Chawla-Duggan, Lowe, Nikel, & Ukpo, 2006). It was also
set in mind on the research process.

8. Conceptual Framework
The study developed the following conceptual framework.
Quality Education
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9. Limitation of the study
The study had the following limitations:
a.
b.
c.
d.

The sample size is small and respondents selected from Bagmati Province of Nepal only.
The quality indicators may be more. Researchers and experts views were tested.
Qualitative analysis is so short.
Respondents were selected from educational related area.

10. Materials & Methods
10.1 Research Design
“Educational research is essentially concerned with exploring and understanding social phenomenal which are
educational in nature, mainly pertaining to formalized and/or spontaneously occurring social, cultural, psychological
processes which could be termed as education. In doing so, it deals with educational questions that can be
investigated in a satisfactory manner and the methods which enable such satisfactory investigation and the utility
of results emanating form such investigation” (Dash, 1993). This research is in post positivist philosophical
worldviews. A research design is taken as the main plan of a research study. Deductive approach tests the validity
of assumptions or theories or hypotheses but inductive approach contributes to the emergence of new theories and
generalizations. A deductive approach tests the hypothesis and adopted theory. This study depends on deductive
approaches to find the quality education indicators. The non-experimental researches rely on correlations, surveys
or case studies, and cannot demonstrate a true cause-and-effect relationship. This stud carried out non experimental
research design. Johnson & Onwuegbuzie (2004) described mixed methods as combinations of qualitative and
quantitative techniques, methods and approaches (Johnson & Onwuegbuzie, 2004). This study carried both
quantitative and qualitative approaches. So, it can be said mixed methods. In this study the researcher used mixed
methods where both quantitative data i.e. opinions of top leaders were collected by questionnaire and analyzed by
the quantitative data and qualitative data i.e. interviews from school college top leaders were collected simultaneously
and both types of data was adopted to address the research hypothesis. The results from both types of data were
analyzed.
10.2 Sample Design and Sample size
This is purposive study. So, it took Purposive sampling technique to select research area. Bagmati Province of
Nepal is selected for the study area. It tried to find out the quality educational indicators in Nepalese organizations.
The data were collected from top leaders of different working areas like as : Freelancer, Schools, Colleges, Social
organizations, Local level Authorities, Campaign groups. The distribution of sample can be shown in the table.
Table no. 1: Distribution of sample size

S.N.
1
2
3
4
5
6

Working Area
Freelancers
Schools
College
Social Organizations
Local Level Authorities
Campaign group
Total

No. of Sample
9
14
12
10
8
7
60

Stratified random sampling was opted because it gives representation to different strata along with minimizing
sampling error. John W. Best & James V. Khan described the uses of stratified random sampling method like this:
"This process gives the researcher a more representative sample than one selected from the entire community. In
addition to , or instead of , socioeconomic status, such characteristic as age , gender, extend of formal education,
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ethnic origin, religious or political affiliation, or rural urban residence might provide a basis for choosing a stratified
sample"(Best & Khan, 2009, p. 18). This study used stratified random sampling methods.
Initially, additional 10% of 60 sample size was planned for qualitative study and qualitative data was also
collected from six top leaders of schools and colleges both public and private representative was highly concerned
for in-depth interview on the basis of saturation of information in the field.
10.3

Data Sources

For the study, primary as well as secondary data were used. The information was collected directly from the
respondents of different areas by using questionnaires. The status of organizations were collected from direct
interview with key informants at field level was carried out. Semi structured open-ended questions were used for
interview. The responses were reported through note taking. Document review, web search and study of recent
articles were taken as secondary data.
10.4

Research Instruments

A questionnaire was used for the study having 13 main questions including sub questions. Likert Scale was
used. Open questions were provided to gain distinct opinions. Similarly, Semi structured Depth interview was used
having six important questions and four informative questions.
10.5

Variables of the study

Variables are the key elements of research. This is taken as the image or perception or concept that can be
measured. The study related variables were placed as follows:
Demographic Variables: Age, Gender, Qualifications, Working area, Experiences
Dependent Variables: Quality Education
Independent Variables: Quality Education indicators and Pandemic situations
10.6

Validity and Reliability

The research instrument questionnaire was translated into Nepali and Nepali version was again translated into
English. If the English translation was correct and gave the same meaning as the original, it was considered as
valid, if some deviation, the researcher had discussed with the translator and found the cause and improved the
instruments before data collection. Panel of Expert was taken for suggestions and feedback that secured content
validity. Reliability of instruments was measured using alpha value.

11. Data Analysis and Interpretation
11.1

Distribution of Respondents

11.1.1 Gender wise distribution of respondents
Table 2 : Gender wise distribution of respondents

S. N.
1
2

Gender
Male
Female
Total

Frequency
35
25
60

Percent
58.3
41.7
100.0

Source: Field Survey, 2020

From the table 35 or 58.3 percent respondents were male and 25 or 41.7 percent respondents were female.
Majority respondents were male.
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11.1.2 Age wise distribution of respondents
Table 3 : Age wise distribution of respondents

S. N.
1
2
3
4

Age group
18-29
30-49
50-64
65 and over age
Total

Frequency
6
29
25

Percent
10.0
48.3
41.7

60

100.0

Source: Field Survey, 2020

10 percent respondents were selected from the age group of 18 - 29, 48.3 percent respondents presented their
view under 30- 49 age group and 41.7 percent respondents were taken part in the study from the 50- 64 age group.
No one was in the age of 65 and over age group. The majority respondents were in the middle age group 3049 which seemed courageous, laborious, enthusiastic and creative too.
11.1.3 Education status of respondents
Table 4 : Educational Status of respondents

S. N.
1
2
3

Educational qualification
Bachelor
Master
M. Phil / PhD
Total

Frequency
17
32
11
60

Percent
28.3
53.3
18.3
100.0

Source: Field Survey, 2020
28.3 percent respondents completed bachelor degrees, 53.3 percent respondents secured master degrees and 18.3
percent respondents got M. Phil or PhD degree. The majority respondents had master degree qualification in their
own field.
11.1.4 Working areas of respondents
Table 5 : Working areas of respondents

S. N.
1
2
3
4
5
6

Working Area
Freelancers
Schools
College
Social Organizations
Local Level Authorities
Campaign group
Total

Frequency
9
14
12
10
8
7
60

Percent
15.0
23.3
20.0
16.7
13.3
11.7
100.0

Source: Field Survey, 2020

The study
Organizations,
from schools,
authorities and

took respondents from distinct working area. The top leaders from Schools, Colleges, Social
Local level Authorities and Campaign group were selected for the study. Among them 23.3 percent
20 percent from college, 16.7 percent from Social Organizations, 13.3 percent from Local level
11.7 percent from Campaign group. The majority respondents were taken from the school top leaders.

11.1.5 Experiences of respondents on their working area
Table 6 : Gender wise distribution of respondents

S. N.
1
2
3

Years of experience
Less than 5 years
5-10 years
10-15 years

Frequency

Percent

9
26

15.0
43.3
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4
5

15-20 years
More than twenty years
Total

20
5
60

33.3
8.3
100.0

Source: Field Survey, 2020

On the study, respondents had different years of experiences in education and relevant area. It was categorized
in to five groups less than five years, 5-10 years, 10- 15 years, 15-20 years and more than twenty years. No
respondent had less than five years experience, 15 percent respondents had 5 -10 years experience, 43.3 percent
respondents had 10- 15 years experience, 33.3 percent respondents had 15- 20 years experience and 8.3 percent
respondents had more than twenty years experiences. The majority respondents had 10- 15 years experiences in
educational area.
11.2

Quality indicators of educational Organizations

11.2.1 Quality indicators of educational Organizations under Physical Development
Table 7: Quality indicators of educational Organizations under Physical Development

Physical Development ( Infrastructures)
S. N.

Indicators

N

Minimum

Maximum

Mean

Std.
Deviation

1

Appropriate Classroom size according to
the number of students
Appropriate number of window and
ventilation
Use andplacement of boards and
Multimedia instrument
Compounded schools area with ground
Management of separate toilets for girls,
boys and Staffs
Management of drinking clean water
and taps according to the age of the
student
Management of electricity, telephone
and internet facilities
Clean and sanitized canteen
Management of library and e-library
Management of transportation facilities
Availability of school nurse and first
aid room
Management of furniture according to
their age, class and necessities

60

3.00

5.00

4.03

0.45

60

3.00

5.00

4.05

0.50

60

2.00

5.00

60

2.00

5.00

3.77
3.70

0.59
0.72

60

2.00

5.00

3.40

0.67

60

3.00

5.00

4.20

0.61

60

3.00

5.00

60
60
60

3.00
3.00
2.00

5.00
5.00
5.00

4.20
3.97
3.98
3.67

0.58
0.58
0.57
0.91

60

3.00

5.00

3.58

0.74

60

3.00

5.00

3.95

0.59

2
3
4
5
6
7
8
9
10
11
12

Source: Field Survey, 2020

Above table shows that twelve indicators were adjusted in to Physical development ( Infrastructure). Appropriate
Classroom size according to the number of students, Appropriate number of window and ventilation, Use and
placement of boards and Multimedia instrument, Compounded schools area with ground, Management of separate
toilets for girls, boys and Staffs, Management of drinking clean water and taps according to the age of the student,
Management of electricity, telephone and internet facilities, Clean and sanitized canteen, Management of library and
e-library, Management of transportation facilities, Availability of school nurse and first aid room and Managemen
of furniture according to their age, class and necessities secured mean scores 4.03, 4.05, 3.77,3.70 ,3.40, 4.20, 4.20,
3.97, 3.98, 3.67, 3.58 and 3.95 respectively. It showed that above mention indicators were quality education under
Physical development.
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11.2.2 Quality indicators of educational Organizations under Educational Materials & Sports Facilities
Table 8: Quality indicators of educational Organizations under Educational Materials & Sports Facilities

Educational Materials & Sports Facilities
S.N.

Quality Indicators

N

Minimum

Maximum

Mean

Std. Deviation

1

Availability of sports area and
sports materials

60

3.00

5.00

3.93

0.58

2

Observation and participation
status of students rather inter
schools game

60

2.00

5.00

3.73

0.86

3

Availability of sports coach
and use of sports routine

60

2.00

5.00

3.82

0.77

4

Availability of educational
materials

60

3.00

5.00

4.52

0.62

5

Availability of text books and
other reference materials

60

3.00

5.00

3.98

0.70

Source: Field Survey, 2020

The second important aspects of quality indicators of educational organizations are Educational Materials & Sports
Facilities. Availability of sports area and sports materials, Observation and participation status of students rather
inter schools game, Availability of sports coach and use of sports routine, Availability of education materials,
Availability of text books and other reference materials were listed under the heading those secured mean scores
3.93, 3.73, 3.82, 4.52 and 3.98 respectively. It can be concluded that all the indicators scored mean more than
3(60%) all the indicators can be placed as the quality indicators of educational organizations.
11.2.3 Quality indicators of educational Organizations under School Improvement Plan and Implementation
Table 9: Quality indicators of educational Organizations under School Improvement Plan and Implementation

School Improvement Plan and Implementation
S. N.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Regular and Classroom
observation/supervision
Status of planning and
implementation of plans
Days of school opened according
to calendar
Participation of schools in
distinct level of seminars
Orientation Programs for new
comers and new issues
Organized leadership development
program for stakes holder
Complain and conflict
management
Leave Management
Communication among stake
holders
Partnership among stakeholders
Formations of department and
unit and their activity
Publication of school
Nutrition food management
Number of getting Prize and
Medal and their Management

N

Minimum

Maximum

Mean

Std.
Deviation

60

2.00

5.00

4.13

0.65

60

3.00

5.00

4.02

0.50

60

2.00

5.00

3.48

0.85

60

2.00

5.00

3.85

0.84

60

2.00

5.00

3.83

0.78

60

2.00

5.00

3.87

0.85

60

2.00

5.00

3.08

0.87

60

3.00

5.00

3.87

0.68

60

2.00

5.00

3.78

0.74

60

2.00

5.00

3.75

0.79

60

2.00

5.00

3.73

0.78

60
60

2.00
2.00

5.00
5.00

3.10
3.12

0.82
0.83

60

2.00

5.00

3.72

0.83

Source: Field Survey, 2020
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From the table, fourteen quality indicators were provided to the respondents to put their opinions and the data
was calculated. Among them, Regular and Classroom observation/ supervision and Status of planning and
implementation of plans secured mean scores more than four i.e. 4.13 and 4.02. Other remaining indicators: Days
of school opened according to calendar, Participation of schools in distinct level of seminars, Orientation Programs
for new comers and new issues, Organized leadership development program for stakes holder, Leave Management,
Complain and conflict management, Communication among stake holders, Partnership among stakeholders,
Formations of department and unit and their activity, Publication of school, Nutrition food management and Number
of getting Prize and Medal and their Management secured mean scores 3.48, 3.85, 3.83, 3.87, 3.08, 3.87, 3.78,
3.75, 3.73, 3.10, 3.12 and 3.72 respectively. It can be drawn the conclusion that above mentions indictors can be
placed in quality indicators.
11.2.4 Quality indicators of educational Organizations under Instructional Methods and Strategies
Table 10 : Quality indicators of educational Organizations under Instructional Methods and Strategies

Instructional Methods and Strategies
S.N.

Indicators

Use of Constructive and innovative
cooperation teaching and learning strategies
2
Use of teaching materials and reference
Use of practical and observation in
3
teaching learning activities
Discussion
on contemporary issues and
4
challenges
Use
of
technology
in teaching learning
5
activities
6
Conducting remote classes
Source: Field Survey, 2020
1

N

Minimum

Maximum

Mean

Std.
Deviation

60

3.00

5.00

3.85

.71

60

3.00

5.00

4.47

.77

60

2.00

5.00

3.12

.85

60

2.00

5.00

3.78

.74

60

2.00

5.00

3.82

.77

60

3.00

5.00

3.97

.52

Above table showed that Use of Constructive and innovative cooperation teaching and learning strategies, Use
of teaching materials and reference, Use of practical and observation in teaching learning activities, Discussion on
contemporary issues and challenges, Use of technology in teaching learning activities and Conducting remote classes
had 3.85, 4.47, 3.12, 3.78, 3.82 and 3.97 mean scores. From above discussion all the indicators mention in above
table were taken as quality indicators for educational organizations.
11.2.5 Quality indicators of educational Organizations under Teachers and Staffs
Table 11 : Quality indicators of educational Organizations under Teachers and Staffs

Teachers and Staffs
S.N.
1
2
3
4
5

Attendance of teachers
Cooperation among teachers and staffs
Availability of qualified
teachers/instructors
Use of technology in administration work
Recording, Review and Reporting of
students
progress and activities

N

Minimum

Maximum

Mean

60
60

2.00
3.00

5.00
5.00

3.80
3.88

Std.
Deviation
.71
.80

60

3.00

5.00

4.25

.77

60

3.00

5.00

4.32

.77

60

3.00

5.00

4.48

.75

Source: Field Survey, 2020

From the table Attendance of teachers, Cooperation among teachers and staffs, Availability of qualified
teachers/instructors, Use of technology in administration work, Recording, Review and Reporting of students
progress and activities secured mean scores 3.80, 3.88, 4.25, 4.32 and 4.48 respectively. Thus, above indicators
can be concluded under the heading Teachers and Staffs for educational organizations.
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11.2.6 Quality indicators of educational Organizations under School and College Environment
Table 12: Quality indicators of educational Organizations under School and College Environment

School and College Environment
S.N.

Indicators

N

Minimum

Maximum

Mean

1
2
3
4

Sufficient greenery and flowering
Safety and security
Cooperative and helpful environment
Availability of resources

60
60
60
60

3.00
3.00
3.00
3.00

5.00
5.00
5.00
5.00

4.23
3.78
3.80
4.10

Std.
Deviation
.65
.64
.61
.82

Source: Field Survey, 2020

From the above table four indicators Sufficient greenery and flowering, Safety and security, Cooperative and
helpful environment, Availability of resources were placed under the heading School and College Environment which
secured 4.23, 3.78, 3.80 and 4.10 mean scores. It can be concluded that they are the quality indicators for educational
organizations.
11.2.7 Quality indicators of educational Organizations under Public Relation
Table 13: Quality indicators of educational Organizations under Public Relation

Public Relation
S. N.

Indicators

N

Minimum

Maximum

Mean

Std.
Deviation

1

Greetings, welcome and cultural work

60

3.00

5.00

4.22

.61

2

Proportion formation of SMC, PTA and
other committee

60

3.00

5.00

4.58

.65

3

Number of meetings and quality agenda

60

3.00

5.00

4.23

.62

Source: Field Survey, 2020

Above table showed that Greetings, welcome and cultural work, Proportion formation of SMC, PTA and other
committee, Number of meetings and quality agenda secured more 4.22, 4.58 and 4.23 respectively which is more
than four mean scores. Thus, above mention indicators can be placed as quality indicators for educational
organizations.
11.2.8 Quality indicators of educational Organizations under Public Relation
Table 14 : Quality indicators of educational Organizations under Public Relation

Classroom Management
S. N.

Indicators

N

Minimum

Maximum

Mean

Std. Deviation

1

Management of learning materials

60

3.00

5.00

4.17

.62

2

Access of students on learning materials

60

3.00

5.00

3.62

.78

3

Management of indoor and outdoor
learning environment

60

3.00

5.00

4.15

.55

Source: Field Survey, 2020
Classroom management be the important aspects of quality education. So, Management of learning materials,
Access of students on learning materials and Management of indoor and outdoor learning environment were placed
under the classroom management those secured 4.17, 3.62 and 4.15 mean scores. It can be drawn the conclusion
that all indicators under classroom management be quality indicators for Nepalese educational organizations.
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11.2.9 Quality indicators of educational Organizations under Students
Table 15: Quality indicators of educational Organizations under Students

Students
S. N.

Indicators

N

Minimum

Maximum

Mean

1
2
3
4
5
6

Increasing of number of students
Regularity of students
low dropout rate
high class upgrade rate
Follow time plan
No conflict among the students

60
60
60
60
60
60

2.00
3.00
2.00
3.00
3.00
3.00

5.00
5.00
5.00
5.00
5.00
5.00

3.05
4.20
3.00
4.18
4.17
4.20

Std.
Deviation
.93
.66
.78
.62
.64
.61

Source: Field Survey, 2020

Students were the main pillars of educational organizations. Students were taken as customer and their
satisfactions can be said as customer satisfaction. Customer satisfaction is the quality outputs. On the above table
Increasing of number of students, Regularity of students, low dropout rate, high class upgrade rate, Follow time
plan and No conflict among the students were taken as the indicators under the heading 'Students' those secured
mean value 3.05, 4.20, 3.00, 4.18, 4.17 and 4.20 respectively. All the indictors secured more than 3.00 mean scores.
Thus all six indictors mention above were taken as quality indicators for Nepalese Educational organizations.
11.2.10

Quality indicators of educational Organizations under Uniform and Discipline
Table 16: Quality indicators of educational Organizations under Uniform and Discipline

Uniform and Discipline
S. N.
Management of teachers and staffs dress
and
their uses
Management of students dress and their
2
uses
Source: Field Survey, 2020
1

N

Minimum

Maximum

Mean

Std. Deviation

60

2.00

5.00

3.15

.97

60

2.00

5.00

3.18

1.00

Teachers and students uniform and their uses were shown in the table where Management of teachers and staffs
dress and their uses secured 3.15 mean scores and Management of students dress and their uses secured 3.18 mean
scores. It showed that both two indicators can be placed as quality indicators for Nepalese educational organizations.

11.2.11

Quality indicators of educational Organizations under annually Organized program by Organizations

Table 17 : Quality indicators of educational Organizations under Students annually Organized program by Organizations

Annually Organized program by Organizations
S. N.
N
Minimum Maximum
1
Different exhibitions
60
3.00
5.00
2
Different ceremonies
60
3.00
5.00
3
Sports week
60
3.00
5.00
4
Co-curricular activities
60
2.00
5.00
5
Stake holders assembly
60
3.00
5.00
Source: Field Survey, 2020

Mean
4.22
4.17
4.22
3.72
4.23

Std. Deviation
.64
.62
.61
.92
.53

Activities should be done in live organizations. Educational organizations conducted distinguish activities and
program in one year. Above table listed five types of activities conducted by organizations. They are : Different
exhibitions , Different ceremonies, Sports week, Co-curricular activities and Stake holders assembly which secured
4.22, 4.17, 4.22, 3.72 and 4.23 . It can be concluded that above five indicators can be placed as quality indicators
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under the heading annually organized program by organizations.
11.3 Suggested some activities to maintain quality in Pandemic Situation
Table 18 : Suggested some activities to maintain quality in Pandemic Situation

suggested some activities to maintain quality in Pandemic Situation
S. N.

N

1
2
3
4

60
60
60
60

2.00
2.00
2.00
3.00

5.00
5.00
5.00
5.00

4.08
4.38
3.23
4.02

Std.
Deviation
.77
.88
.83
.34

60

3.00

5.00

4.25

.70

60

3.00

5.00

4.18

.62

Using ICT while teaching learning activities
Conducting remote classes
Teachers visiting in student areas
Assess to reach students and parents
Design
and provide project works by
5
distance learning
6
Educational software and its uses
Source: Field Survey, 2020

Minimum Maximum

Mean

From the table respondents suggested some activities to retain the quality in this pandemic situation. major
activities were shown in the table Using ICT while teaching learning activities, Conducting remote classes, Teachers
visiting in student areas, Assess to reach students and parents, Design and provide project works by distance learning
and Educational software and its uses were listed in the table those secured 4.08, 4.38, 3.23, 4.02, 4.25 and 4.18
mean scores respectively. It can be drawn the conclusion that our educational organization can be used following
activities to retain the quality :
a.
b.
c.
d.
e.
f.
11.4

Using ICT while teaching learning activities
Conducting remote classes,
Teachers visiting in student areas
Assess to reach students and parents
Design and provide students centered project works by distance learning
Educational software and its uses.
Quality awareness in Pandemic Situation
Table 19: Quality awareness in Pandemic Situation

Alternatives
Yes
No
Total

Frequency
36
24
60

Percent
60.0
40.0
100.0

Source: Field Survey, 2020

The respondents were asked whether they can provide same quality standards after pandemic situation. Among
the respondents 60 percent top leaders said 'yes' and 40 percent said ' no'. It showed that the understanding of
quality standards may not be changed. The majority of top leaders gave commitment on quality standards after
pandemic situation.
11.5

Reasons of decreasing quality after Pandemic Situation
Table 20: Reasons of decreasing quality after Pandemic Situation

S .N.
1
2
3
4

Reasons heading
Economic Crisis
Scarcity of human resources
Trainings and facilitation
Number of students

Number
8
3
2
3

Percent
33.33
12.50
8.33
12.50
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5
6
7

Government policy
Taxes of government
Others
Total

2
3
3
24

8.33
12.50
12.50
100.00

Source: Field Survey, 2020

Forty percent respondents disagreed on retaining the quality previously. So the researcher tried to find the reasons.
From the open ended questions 33.3 percent respondents showed the financial crisis is the main problems for
retaining quality, Scarcity of human resources, Number of students, Taxes of government and Others were indicated
as the problems by 12.5 percent each respondents for retaining qualities after pandemic situations. Similarly,
Trainings and facilitation and Government policy also showed in the problems list by 8.33 percent each respondents.
It can be inferred that financial crisis may be the main reasons of inability for retaining quality on educational
organization in Nepal after pandemic situation.
11.6

Status of Schools & colleges in Pandemic situation
Table 21: Status of Schools & colleges in Pandemic situation

S.N

1

2

3

Interview
no.1

Interview no.
2

Interview
no.3

Interview
no. 4

Interview
no. 5

Interview
no. 6

No

No

Yes but
half

No

Yes

Not fix

No

No

Little

No

Little

Due of
previous
years

Yes (public
educational
institution)

Yes (public
educational
institution)

No

No

No

No

Regular
(public
educational
institution)

Remaining
3 months

Not paid
before 3
months

Unsatisfact
ory

Not paid
from 3
months

Engaged in
training from
online

Online
classes

Partially
participant

Online
teaching
partially

Online
teaching

Partially
engaged

Partially
participant

Partially
participant

Partially
participant

Partially
Participant

Issues
Parents
willingness
in payment
fees
Getting fees
from
students
Getting
subsidy from
government
level

4

Teachers
payment

5

Engagement
of teachers

6

Engagement
of students

Fully &
regularly
(public
educational
institution)
Assessing
students and
parents
Partially
engaged in
remote
classes

Source: Field Survey, 2020

Semi structured depth interviews were used to the top leaders of School and College. They were asked six major
questions which were tabulated as the summary of interview in above. The Public organizations (School & college)
were not being faced financial problems because government provide them subsidy. There teachers and students
were partially engaged in teaching learning activities. Other private based educational organizations were facing the
problems of financial crisis because parents had no willingness to pay the fees. There teachers and students were
partially engaged in teaching learning process through distance learning i.e. online classes, radio classes, Television
classes etc. From the above discussion the following points can be deduced as the status of schools & colleges.
a. Parents had no willingness for payment fees to school.
b. Schools hadn't got sufficient fees and amount from students.
c. Only Public School and colleges were provided subsidy by Nepalese Government.
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d. Public Schools' and colleges' teachers were provided salary full and regularly but private sectors couldn't pay
full salary regularly.
e. The most of the teachers and staffs were engaging in teaching learning activities partially.
a. Partial students were being engaged in learning activities through any kind of teaching media.
11.7

Significant difference between male and female on quality indicator between male and female.
Table 22 : Significant difference between male and female on quality indicator between male and female.

ANOVA
Area

Indicators

Appropriate Classroom size according to the number
of students
Appropriate number of window and ventilation
Use and placement of boards and Multimedia
instrument
Compounded schools area with ground
Management of separate toilets for girls, boys and
Staffs
Physical
Management of drinking clean water and taps
Development
according to the age of the student
(Infrastructures)
Management of electricity, telephone and internet
facilities
Clean and sanitized canteen
Management of library and e-library
Management of transportation facilities
Availability of school nurse and first aid room
Management of furniture according to their age,
class and necessities
Availability of sports area and sports materials
Observation and participation status of students
rather inter schools game
Educational
Availability of sports coach and use of sports
Materials &
Sports Facilities routine
Availability of education materials
Availability of text books and other reference
materials
Regular and Classroom observation/ supervision
Status of planning and implementation of plans
Days of school opened according to calendar
Participation of schools in distinct level of seminars
Orientation Programs for new comers and new
issues
Organized leadership development program for
School
stakes holder
Improvement
Complain and conflict management
Plan and
Implementati
Leave Management
on
Communication among stake holders
Partnership among stakeholders
Formations of department and unit and their activity
Publication of school
Nutrition food management
Number of getting Prize and Medal and their
Management
Use of Constructive and innovative cooperation
teaching and learning strategies
Instructional
Use of teaching materials and reference
Methods and
Strategies
Use of practical and observation in teaching
learning activities

Sum of
Squares

df

Mean
Square

F

Sig.

.093

1

.093

.457

.502

.210

1

.210

.832

.365

.093

1

.093

.262

.611

.154

1

.154

.294

.590

.069

1

.069

.151

.699

.274

1

.274

.746

.391

.069

1

.069

.204

.653

.048
.400
.762
.012

1
1
1
1

.048
.400
.762
.012

.139
1.250
.910
.021

.711
.268
.344
.885

.724

1

.724

2.087

.154

.030

1

.030

.090

.766

.122

1

.122

.162

.689

.172

1

.172

.286

.595

1.658

1

1.658

4.508

.038

.023

1

.023

.047

.830

1.288
.023
.583
.210

1
1
1
1

1.288
.023
.583
.210

3.158
.090
.798
.294

.081
.765
.375
.590

.002

1

.002

.003

.956

.762

1

.762

1.048

.310

.298
.922
.172
.107
.190
.017
.000

1
1
1
1
1
1
1

.298
.922
.172
.107
.190
.017
.000

.390
2.056
.311
.167
.311
.025
.001

.535
.157
.579
.684
.579
.874
.979

.000

1

.000

.001

.979

.004

1

.004

.008

.927

.008

1

.008

.013

.911

.298

1

.298

.412

.523

1177

Teachers and
Staffs

School
and College
Environment

Public
Relation

Classroom
Management

9.
Student s

Dress

Annually
Organized
programs by
Organizations

Discussion on contemporary issues and challenges
Use of technology in teaching learning activities
Conducting remote classes
Attendance of teachers
Cooperation among teachers and staffs
Availability of qualified teachers/instructors
Use of technology in administration work
Recording, Review and Reporting of students
progress and activities
Sufficient greenery and flowering
Safety and security
Cooperative and helpful environment
Availability of resources
Greetings, welcome and cultural work
Proportion formation of SMC, PTA and other
committee
Number of meetings and quality agenda
Management of learning materials
Access of students on learning materials
Management of indoor and outdoor learning
environment
Increasing of number of students
Regularity of students
low dropout rate
high class upgrade rate
Follow time plan
No conflict among the students
Management of teachers and staffs dress and their
uses
Management of students dress and their uses
Different exhibitions
Different ceremonies
Sports week
Co-curricular activities
Stake holders assembly

.458
.400
.048
.274
.298
.519
.000

1
1
1
1
1
1
1

.458
.400
.048
.274
.298
.519
.000

.837
.672
.174
.542
.456
.866
.001

.364
.416
.678
.464
.502
.356
.978

.058

1

.058

.101

.751

.230
.023
.069
.017
.012

1
1
1
1
1

.230
.023
.069
.017
.012

.546
.056
.185
.025
.031

.463
.814
.669
.874
.861

.138

1

.138

.327

.570

.688
.322
.400

1
1
1

.688
.322
.400

1.809
.848
.649

.184
.361
.424

.107

1

.107

.354

.554

1.890
.069
.069
.458
.093
.274

1
1
1
1
1
1

1.890
.069
.069
.458
.093
.274

2.239
.156
.111
1.178
.223
.746

.140
.695
.741
.282
.638
.391

.519

1

.519

.546

.463

.138
1.338
1.830
2.012
.298
.688

1
1
1
1
1
1

.138
1.338
1.830
2.012
.298
.688

.136
3.396
5.178
5.785
.346
2.486

.714
.070
.027
.019
.559
.120

Source: Field Survey, 2020

Above table showed that there is significant difference on the quality indicators; Availability of education
materials, Different ceremonies, Sports week having P value is 0.038, 0.027 and 0.019 < 0.05 between male and
female. But there is no significant difference between males' and females' perception on other remaining quality
indicators of Nepalese educational organization having P > 0.05.
11.8

Significant difference among educational status of respondents.
Table 23: Significant difference among educational status of respondents.

Area

Physical
Developm
ent
(Infrastruc
tures)

ANOVA
Sum of
Indicators
Squares
Appropriate Classroom size according to the number
.858
of students
Appropriate number of window and ventilation
.272
Use and placement of boards and Multimedia
.099
instrument
Compounded schools area with ground
2.082
Management of separate toilets for girls, boys and
Staffs
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2.029

df

Mean
Square

F

Sig.

2

.429

2.207

.119

2

.136

.533

.590

2

.049

.136

.873

2

1.041

2.080

.134

2

1.014

2.373

.102

Management of drinking clean water and taps
according to the age of the student
Management of electricity, telephone and internet
facilities
Clean and sanitized canteen
Management of library and e-library
Management of transportation facilities
Availability of school nurse and first aid room
Management of furniture according to their age, class
and necessities
Availability of sports area and sports materials
Education Observation and participation status of students rather
inter schools game
al
Materials Availability of sports coach and use of sports routine
& Sports Availability of education materials
Facilities
Availability of text books and other reference
materials
Regular and Classroom observation/ supervision
Status of planning and implementation of plans
Days of school opened according to calendar
Participation of schools in distinct level of seminars
Orientation Programs for new comers and new issues
Organized leadership development program for stakes
School
Improvem holder
Complain and conflict management
ent Plan
and
Leave Management
Implemen Communication among stake holders
tation
Partnership among stakeholders
Formations of department and unit and their activity
Publication of school
Nutrition food management
Number of getting Prize and Medal and their
Management
Use of Constructive and innovative cooperation
teaching and learning strategies
Instructio Use of teaching materials and reference
nal
Use of practical and observation in teaching learning
Methods
activities
and
Discussion
on contemporary issues and challenges
Strategies
Use of technology in teaching learning activities
Conducting remote classes
Attendance of teachers
Cooperation among teachers and staffs
Teachers
Availability of qualified teachers/instructors
and Staffs Use of technology in administration work
Recording, Review and Reporting of students
progress and activities
School
Sufficient greenery and flowering
and
Safety and security
College
Environm Cooperative and helpful environment
Availability of resources
ent
Greetings, welcome and cultural work
Public
Proportion formation of SMC, PTA and other
Relation
committee
Number of meetings and quality agenda
Management of learning materials
Classroom
Access of students on learning materials
Managem
Management of indoor and outdoor learning
ent
environment

.163

2

.082

.217

.805

.215

2

.108

.317

.730

1.247
.015
1.020
.402

2
2
2
2

.623
.007
.510
.201

1.901
.022
.601
.356

.159
.978
.551
.702

.882

2

.441

1.259

.292

.222

2

.111

.324

.724

3.496

2

1.748

2.476

.093

2.037
1.008

2
2

1.019
.504

1.762
1.307

.181
.279

.892

2

.446

.905

.410

.422
.164
.556
1.263
.523

2
2
2
2
2

.211
.082
.278
.631
.262

.491
.316
.373
.891
.416

.615
.730
.690
.416
.661

1.735

2

.868

1.201

.309

.131
.137
.019
.263
.099
.124
2.723

2
2
2
2
2
2
2

.065
.069
.010
.131
.049
.062
1.361

.084
.146
.017
.202
.079
.090
2.071

.920
.865
.983
.817
.924
.914
.135

2.597

2

1.298

1.969

.149

2.396

2

1.198

2.506

.091

2.042

2

1.021

1.770

.180

.864

2

.432

.596

.554

.656
.326
.291
.581
1.392
.129
4.798

2
2
2
2
2
2
2

.328
.163
.145
.291
.696
.064
2.399

.593
.268
.530
.571
1.078
.105
4.530

.556
.766
.592
.568
.347
.901
.015

3.173

2

1.587

3.034

.056

.099
.929
.286
.324
2.052

2
2
2
2
2

.049
.465
.143
.162
1.026

.114
1.139
.383
.237
2.904

.892
.327
.683
.790
.063

1.010

2

.505

1.221

.302

1.447
.287
.522

2
2
2

.724
.144
.261

1.938
.371
.417

.153
.692
.661

.030

2

.015

.049

.952

Source: Field Survey, 2020
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Above table showed that there was significant difference among the educational status on the quality indicator
Use of technology in administration work having P = 0.015 < 0.05. There was no significant difference among
the level of education on the quality indicators of educational organization in Nepal.
11.9

Significant difference among working area of respondents.
Table 24 : Significant difference among working area of respondents.

ANOVA
Sum of
Area
Indicators
Squares
Appropriate Classroom size according to the number
1.402
of students
Appropriate number of window and ventilation
1.923
Use and placement of boards and Multimedia
2.596
instrument
Compounded schools area with ground
3.386
Management of separate toilets for girls, boys and
Physic
6.796
Staffs
al
Developme Management of drinking clean water and taps
2.260
according to the age of the student
nt
(Infrastruct Management of electricity, telephone and internet
1.896
ures)
facilities
Clean and sanitized canteen
.535
Management of library and e-library
1.006
Management of transportation facilities
2.586
Availability of school nurse and first aid room
4.715
Management of furniture according to their age,
.462
class and necessities
Availability of sports area and sports materials
1.144
Observation and participation status of students
3.450
Educationa rather inter schools game
l Materials Availability of sports coach and use of sports
2.940
& Sports
routine
Facilities
Availability of education materials
2.910
Availability of text books and other reference
2.922
materials
Regular and Classroom observation/ supervision
1.881
Status of planning and implementation of plans
.249
Days of school opened according to calendar
3.921
Participation of schools in distinct level of seminars
3.504
Orientation Programs for new comers and new
1.993
issues
Organized leadership development program for
School
.992
Improveme stakes holder
nt Plan
Complain and conflict management
3.443
and
2.099
Implement Leave Management
ation
Communication among stake holders
1.627
Partnership among stakeholders
2.155
Formations of department and unit and their activity
1.272
Publication of school
1.651
Nutrition food management
1.310
Number of getting Prize and Medal and their
2.287
Management
Use of Constructive and innovative cooperation
.619
Instruction teaching and learning strategies
al Methods Use of teaching materials and reference
1.015
and
Use of practical and observation in teaching learning
Strategies
.496
activities
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df

Mean
Square

F

Sig.

5

.280

1.438

.226

5

.385

1.606

.174

5

.519

1.546

.191

5

.677

1.344

.260

5

1.359

3.744

.006

5

.452

1.262

.294

5

.379

1.156

.343

5
5
5
5

.107
.201
.517
.943

.298
.605
.597
1.827

.912
.697
.702
.123

5

.092

.245

.941

5

.229

.665

.652

5

.690

.925

.472

5

.588

.991

.432

5

.582

1.566

.185

5

.584

1.211

.317

5
5
5
5

.376
.050
.784
.701

.881
.183
1.084
.992

.500
.968
.380
.431

5

.399

.627

.680

5

.198

.255

.935

5
5
5
5
5
5
5

.689
.420
.325
.431
.254
.330
.262

.904
.913
.575
.663
.399
.472
.364

.485
.480
.719
.653
.848
.795
.871

5

.457

.652

.661

5

.124

.230

.948

5

.203

.323

.897

5

.099

.128

.985

Teachers
and Staffs

School
and
College
Enviro
nment
Public
Relation

Classroom
Manageme
nt

9.
Student s

Dress

Discussion on contemporary issues and challenges
Use of technology in teaching learning activities
Conducting remote classes
Attendance of teachers
Cooperation among teachers and staffs
Availability of qualified teachers/instructors
Use of technology in administration work
Recording, Review and Reporting of students
progress and activities
Sufficient greenery and flowering
Safety and security
Cooperative and helpful environment

3.633
2.240
.931
3.148
1.355
2.047
7.071

5
5
5
5
5
5
5

.727
.448
.186
.630
.271
.409
1.414

1.374
.739
.670
1.285
.397
.666
2.736

.249
.598
.648
.284
.849
.651
.028

8.935

5

1.787

4.013

.004

2.971
.897
1.150

5
5
5

.594
.179
.230

1.474
.416
.608

.213
.836
.694

Availability of resources
Greetings, welcome and cultural work
Proportion formation of SMC, PTA and other
committee
Number of meetings and quality agenda
Management of learning materials
Access of students on learning materials
Management of indoor and outdoor learning
environment
Increasing of number of students
Regularity of students
low dropout rate
high class upgrade rate
Follow time plan
No conflict among the students
Management of teachers and staffs dress and their
uses
Management of students dress and their uses
Different exhibitions
Different ceremonies
Sports week

1.438

5

.288

.409

.840

2.909

5

.582

1.630

.168

3.348

5

.670

1.703

.150

3.099
.297
2.881

5
5
5

.620
.059
.576

1.705
.145
.934

.149
.981
.466

.363

5

.073

.227

.949

1.884
.135
1.126
.718
.727
.388

5
5
5
5
5
5

.377
.027
.225
.144
.145
.078

.415
.057
.349
.348
.333
.198

.836
.998
.881
.881
.891
.962

1.976

5

.395

.398

.848

3.395
1.180
1.267
.772

5
5
5
5

.679
.236
.253
.154

.660
.554
.649
.389

.656
.735
.663
.854

7.138
3.738

5
5

1.428
.748

1.791
3.107

.130
.015

Annually
Organized
programs
by
Organizatio Co-curricular activities
ns
Stake holders' assembly
Source: Field Survey, 2020

From the above table it can be discussed that there was significant difference among the working area of
respondents on the quality indicators: Use of technology in administration work, Recording, Review and Reporting
of students' progress and activities and Stake holders' assembly securing P value 0.006 < 0.05, 0.028 < 0.05, 0.004
<0.05 and 0.015 < 0.05 respectively. But there was no significant difference on other indicators expect above
mentioned among the working area of respondents by showing P value is greater than 0.05.

11.10

Significant difference among working experiences of respondents.
Table 25 : Significant difference among working experience of respondents.

Area
Physical
Development
(Infrastructures
)

Indicators
Appropriate Classroom size according to the
number of students
Appropriate number of window and ventilation
Use and placement of boards and Multimedia
instrument

ANOVA
Sum of
Squares

df

Mean
Square

F

Sig.

1.041

3

.347

1.783

.161

1.996

3

.665

2.899

.043

.556

3

.185

.514

.674
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Compounded schools area with ground
Management of separate toilets for girls, boys
and Staffs
Management of drinking clean water and taps
according to the age of the student
Management of electricity, telephone and
internet facilities
Clean and sanitized canteen
Management of library and e-library
Management of transportation facilities
Availability of school nurse and first aid room
Management of furniture according to their age,
class and necessities
Availability of sports area and sports materials
Observation and participation status of students
rather inter schools game
Educational
Availability of sports coach and use of sports
Materials &
routine
Sports
Facilities
Availability of education materials
Availability of text books and other reference
materials
Regular and Classroom observation/ supervision
Status of planning and implementation of plans
Days of school opened according to calendar
Participation of schools in distinct level of
seminars
Orientation Programs for new comers and new
issues
Organized leadership development program for
School
stakes holder
Improvement
Complain and conflict management
Plan and
Implementation Leave Management
Communication among stake holders
Partnership among stakeholders
Formations of department and unit and their
activity
Publication of school
Nutrition food management
Number of getting Prize and Medal and their
Management
Use of Constructive and innovative cooperation
teaching and learning strategies
Use of teaching materials and reference
Use of practical and observation in teaching
Instructional
learning activities
Methods and
Strategies
Discussion on contemporary issues and
challenges
Use of technology in teaching learning activities
Conducting remote classes
Attendance of teachers
Cooperation among teachers and staffs
Availability of qualified teachers/instructors
Teachers and
Staffs
Use of technology in administration work
Recording, Review and Reporting of students
progress and activities
Sufficient greenery and flowering
School and
Safety and security
College
Cooperative and helpful environment
Environment
Availability of resources
Greetings, welcome and cultural work
Public
Relation
Proportion formation of SMC, PTA and other

1182

2.176

3

.725

1.429

.244

3.300

3

1.100

2.666

.056

.215

3

.072

.188

.904

.724

3

.241

.716

.547

2.416
.666
2.073
.950

3
3
3
3

.805
.222
.691
.317

2.575
.679
.819
.560

.063
.569
.489
.643

.200

3

.067

.180

.909

.129

3

.043

.123

.946

2.039

3

.680

.913

.441

1.116

3

.372

.615

.608

.522

3

.174

.434

.730

1.383

3

.461

.935

.430

.345
.448
.322

3
3
3

.115
.149
.107

.262
.576
.141

.853
.633
.935

.176

3

.059

.079

.971

.962

3

.321

.508

.678

2.732

3

.911

1.268

.294

5.760
3.699
.868
.785

3
3
3
3

1.920
1.233
.289
.262

2.769
2.972
.517
.402

.050
.039
.672
.752

2.118

3

.706

1.176

.327

.850
1.333

3
3

.283
.444

.412
.640

.745
.592

1.893

3

.631

.923

.436

.396

3

.132

.253

.859

.283

3

.094

.153

.928

1.345

3

.448

.615

.608

1.174

3

.391

.707

.552

.574
.083
1.006
.306
.515
.829

3
3
3
3
3
3

.191
.028
.335
.102
.172
.276

.311
.098
.657
.151
.277
.453

.817
.961
.582
.929
.842
.716

.778

3

.259

.451

.718

1.279
.312
.123

3
3
3

.426
.104
.041

1.018
.244
.107

.391
.865
.956

5.212

3

1.737

2.845

.046

.406
4.233

3
3

.135
1.411

.348
3.883

.791
.014

Classroom
Management

9.
Student s

Dress

Annually
Organized
programs by
Organizations

committee
Number of meetings and quality agenda
Management of learning materials
Access of students on learning materials
Management of indoor and outdoor learning
environment
Increasing of number of students
Regularity of students
low dropout rate
high class upgrade rate
Follow time plan
No conflict among the students
Management of teachers and staffs dress and
their uses
Management of students dress and their uses
Different exhibitions
Different ceremonies
Sports week
Co-curricular activities
Stake holders assembly

.179
.374
1.683

3
3
3

.060
.125
.561

.148
.318
.911

.930
.812
.442

1.254

3

.418

1.427

.244

3.246
1.476
3.685
.293
.979
1.132

3
3
3
3
3
3

1.082
.492
1.228
.098
.326
.377

1.273
1.143
2.128
.241
.783
1.032

.293
.340
.107
.867
.509
.385

2.960

3

.987

1.049

.378

1.996
.162
.139
1.226

3
3
3
3

.665
.054
.046
.409

.654
.126
.117
1.092

.584
.944
.950
.360

2.115

3

.705

.821

.488

.289

3

.096

.328

.805

Source: Field Survey, 2020

Above table showed that there was significant difference on the quality indicators: appropriate number of window
and ventilation ( P = 0.043 < 0.05), Leave Management ( P = 0.043 < 0.05), Availability of resources ( P = 0.043
< 0.05), and Proportion formation of SMC, PTA and other committee ( P = 0.043 < 0.05) among the working
experiences of respondents. In opposition there was no significant difference among the working experiences of
respondents.

12. Findings
I.

This study found the distinct quality indicators for Nepalese educational organizations. They are as
follows:
a. Physical Development (Infrastructures)
1. Appropriate Classroom size according to the number of students
2. Appropriate number of window and ventilation
3. Use and placement of boards and Multimedia instrument
4. Compounded schools area with ground
5. Management of separate toilets for girls, boys and Staffs
6. Management of drinking clean water and taps according to the age of the student
7. Management of electricity, telephone and internet facilities
8. Clean and sanitized canteen
9. Management of library and e-library
10. Management of transportation facilities
11. Availability of school nurse and first aid room
12. Management of furniture according to their age, class and necessities
b. Educational and sports Materials
1. Availability of sports area and sports materials
2. Observation and participation status of students rather inter schools game
3. Availability of sports coach and use of sports routine
4. Availability of education materials
5. Availability of text books and other reference materials
c. School Improvement Plan and Implementation
1. Regular and Classroom observation/ supervision
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d.

e.

f.

g.

h.

i.

j.

k.

2. Status of planning and implementation of plans
3. Days of school opened according to calendar
4. Participation of schools in distinct level of seminars
5. Orientation Programs for new comers and new issues
6. Organized leadership development program for stakes holder
7. Complain and conflict management
8. Leave Management
9. Communication among stake holders
10. Partnership among stakeholders
11. Formations of department and unit and their activity
12. Publication of school
13. Nutrition food management
14. Number of getting Prize and Medal and their Management
Instructional Methods and Strategies
1. Use of Constructive and innovative cooperation teaching and learning strategies
2. Use of teaching materials and reference
3. Use of practical and observation in teaching learning activities
4. Discussion on contemporary issues and challenges
5. Use of technology in teaching learning activities
6. Conducting remote classes
Teachers and Staffs
1. Attendance of teachers
2. Cooperation among teachers and staffs
3. Availability of qualified teachers/instructors
4. Use of technology in administration work
5. Recording, Review and Reporting of students progress and activities
School and college environment
1. Sufficient greenery and flowering
2. Safety and security
3. Cooperative and helpful environment
4. Availability of resources
Public Relation
1. Greetings, welcome and cultural work
2. Proportion formation of SMC, PTA and other committee
3. Number of meetings and quality agenda
Classroom Management
1. Management of learning materials
2. Access of students on learning materials
3. Management of indoor and outdoor learning environment
Students
1. Increasing of number of students
2. Regularity of students
3. low dropout rate
4. high class upgrade rate
5. Follow time plan
6. No conflict among the students
Dress
1. Management of teachers and staffs dress and their uses
2. Management of students dress and their uses
Annually Organized programs by Organizations
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1. Different exhibitions
2. Different ceremonies
3. Sports week
4. Co-curricular activities
5. Stake holders assembly
II. Nepalese educational organization can be used following activities to retain the quality in pandemic
situation :
1. Using ICT while teaching learning activities
2. Conducting remote classes,
3. Teachers visiting in student areas
4. Assess to reach students and parents
5. Design and provide students centered project works by distance learning
6. Educational software and its uses.
III. The majority top leaders had confident for retaining on quality standards after pandemic situation.
IV. Financial crisis may be the main reasons of inability for retaining quality on educational organization in
Nepal after pandemic situation.
V. The present situation / status of Nepalese schools colleges are :
1. Parents had no willingness for payment fees to school.
2. Schools hadn't got sufficient fees and amount from students.
3. Only Public School and colleges were provided subsidy by Nepalese Government.
4. Public Schools' and colleges' teachers were provided salary full and regularly but private sectors
couldn't pay full salary regularly.
5. The most of the teachers and staffs were engaging in teaching learning activities partially.
6. Partial students were being engaged in learning activities through any kind of teaching media.
VI. There was significant difference on the quality indicators; Availability of education materials, Different
ceremonies, Sports week between male and female. But there is no significant difference between male
and females' perception on other remaining quality indicators of Nepalese educational organization.
VII. There was significant difference among the educational status on the quality indicator Use of technology
in administration work. There was no significant difference among the level of education on the quality
indicators of educational organization in Nepal.
VIII. There was significant difference among the working area of respondents on the quality indicators: Use
of technology in administration work, Recording, Review and Reporting of students' progress and
activities and Stake holders' assembly. But there was no significant difference on other indicators expect
above mentioned among the working area of respondents.
IX. There was significant difference on the quality indicators: appropriate number of window and ventilation,
Leave Management, Availability of resources, and Proportion formation of SMC, PTA and other
committee among the working experiences of respondents. In opposition there was no significant
difference among the working experiences of respondents.

13. Conclusion
Quality educations obviously increased competitive capabilities in to individual. So, education and quality can
be taken as the two sides of a coin. Nation, community and individuals' growth and development depends on their
quality knowledge, skills and attitudes which can be introduced as a byproduct of quality education. What are the
quality indicators for Nepalese educational organizations? Can educational organization provide same quality that
have already provided by them? What the activities may be followed in pandemic situation to maintain quality?
and What is the status of educational organizations in Nepal in the advent of Covid - 19 ? were the research questions
on the study.This study set the objectives : to list out the quality education indicators for Nepalese Educational
Organizations, to perceive the activities that can be followed in pandemic situation for retaining quality and to assess
the status of educational organizations in Nepal in the advent of Covid - 19.
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The study was guided on the post positivism philosophical overviews. Descriptive survey research paradigm
was followed and deductive approach was used in the study. This study carried out mixed methods both quantitative
and qualitative. The research was purposive so the respondents were taken from the educational sector involving
in educational development and quality assurance campaign from Bagmati Province of Nepal using stratified random
sampling for selecting the top leaders from different Organization i.e. School, College, University, social institution,
local level authorities and campaign group. Primary as well as secondary data were used for the study. The opinions
of sixty respondents were collected using questionnaires and ten responses were collected through scheduled
interview. Validity and reliability of the research instruments were well maintained. The data was processed and
analyzed through the SPSS package. Descriptive analysis, mean scores and ANOVA statistical tools were used for
analyzing the data.
The research indentified the different indictors for quality enrichment. The study stated different qualities
indicators under twelve headings they are: infrastructures, facilities ( sports & academics), educational development
planning, instructional pedagogy, teachers and staffs, physical environment of institutions, public relations,
classroom management, students and their achievements, resources of organization ( science, math, art & craft, ICT
labs), dress & discipline and yearly conducted program by the organizations.
Unfortunately, some private educational organizations were tortured due to pandemic situation. They have the
great challenges to maintain the quality status because of financial crisis. The leaders of private school and colleges
had a commitment of maintaining quality instead of their challenges. Majority of the respondents suggested for using
student centered project works and instructional teaching methods. They also emphasized on remote leanings.
The main findings of the study are the identification of the qualities understanding levels on educational
organization in Nepal. Educational top leaders suggested different methodology and they added some new features
in resources like as educational software and its management. There is no significant difference among the distinct
area of educational leaders in the sense of perceptions of quality moment. Thereby, the study found the same
conceptions on educational qualities management after pandemic situation.

Recommendations
Important recommendation can be made on the basis of findings of this study for different stakeholders.
The study dispensed the following recommendations:
1.
2.

3.
4.

5.

Nepalese educational organizations can use above mentioned quality indicators to enhance their quality.
Different Levels of government tried to improve public education. To improve the education system
educational organization should be capable. Above mentioned indicators should be concerned to make
policy, plan, curriculum, text books and other materials.
Teachers and staffs of educational organizations were bound to discontinue their job because of salary
provision. Government should be aware on their cases.
There was huge stratification between public and private sectors human resources, i.e. someone got
salary regularly and someone couldn't get. This type of discrimination developed outrage on people
and communities. So, It should be solved asp.
Nepalese educational organizations hadn't aware on development of technology and use them in
teaching learning activities. Modern educational software, applications, Information and communication
technology should be used that helps the students in pandemic situation.

Scope for further Research
1.

It will be of particular interest if this study is replicated on a different sample particularly in other
places of research area.
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2.
3.
4.
5.

The sample size is so small. Further study can be carried out with huge sample size to verify the
results.
Opinions of parents, investors can be taken in another study.
Similar study can also be conducted on the basis of ISO 21001 standards requirements of qualities.
Further study can be useful by identifying others demographic variables like as: location, trainings,
level of leadership, etc.
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Abstract
The first higher educational institute in Nepal is Tri Chandra Campus, which was established in the year 1918
and which was accessible to a handful people till the establishment of Tribhuvan University in the year 1959.
Regarding The Higher Educational Institute (HEI) in Nepal has diversified by different aspects. Universities of
Nepal is offering different program as well the Institutions are awarding certificate in the specific field of health
science. Similarly, there is diversity in the colleges also as constituent colleges, Community colleges and private
college. All together there are 11 universities, 4 award giving institution and 1407 colleges exist throughout the
nation.
University Grant Commission Nepal (UGC-Nepal) was established after the Multi University Concept was
introduced in Nepal. Regarding the function of UGC, it is responsible for allocation and disbursement of grants
to the universities and their campuses. In the same way it regulates the activities of universities. i.e. maintenance
of standard of teaching, examination and research activities in universities. Similarly, it is working on formulating
policies and program for universities of Nepal. Regarding the governing the Higher education in the country there
are different concerns; they are: regulations, governance, excellence, funding and quality. This paper will focus
on quality assurance aspect for governing the HEIs of Nepal.
The University Grants Commission (UGC), Nepal has launched the Quality Assurance and Accreditation (QAA)
programme, as an important aspect of reform in higher education in Nepal. Accordingly, a “Quality Assurance
and Accreditation Committee” (QAAC) was formed in 2003 (2060) for the development and implementation of
QAA activities in higher education in Nepal. The QAA Division in UGC was established to facilitate QAAC
and to perform regular activities related to QAA. According to UGC Nepal “Accreditation is the process by which
an authorized body evaluates the quality of a higher education institution (HEI) as a whole or of a specific
educational programme in order to formally recognize it as having met certain predetermined minimal criteria or
standards. Till date 33 HEI’s were accredited whereas 325 HEI’s received LOI from UGC.
The QAA provides opportunities for institutions and their programs to assess their performance and their
weaknesses. QAA is also a process of brand building along with development of a database of higher education.
With intra and inter-institutional interaction QAA initiates and innovates the modern methods of pedagogy.
Keywords: Higher education, Quality Assurance, Accreditation, University
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Abstract
Quality Management System has determined process, methodology for quality improvement and consistency over
quality. Due to price competition manufactures needs to reduce cost of production without compromising with
quality. Continual improvement is one of basic principal of ‘Quality Management System’, so we need to improve
quality continuously. This study will focus over quality improvement process by considering reduction of cost.
Various Methods can be utilized to optimize cost of product without affecting quality. The objective is to
demonstrate the method of developing process of quality improvement by considering cost reduction and to apply
this method to prevention, inspection, external failure. During the manufacturing process the failure cost prevention
of cost and defects rates has been analyze and measured quality improvement by cost reduction.
Keywords: ISO 13485, TQM, RCI, Six Sigma, Lean Manufacturing

1. Introduction
The author presents Consisting and improvement over quality in competitive business environment. The
methodology is described with examples of the results. The Value Creation System has been demonstrated to improve
the quality of Intraocular Lenses by reducing costs and increasing productivity.
Quality issue rightly concerns every stakeholder in Intraocular Lenses value chain from manufacturers and
regulators to payers, doctors and patients. Now in competitive market it’s a big challenge with the manufacturers
to minimize cost of production by consisting over quality. More well as manufacturers needs to improve quality
of products to make superior than competitors. This study is focused how manufacturers could minimize cost of
production of Intra Ocular Lenses and improve quality by implementation of ISO Standards and other management
system.
‘International Organization for Standardization’ has set ISO 13485 in 2003 for Medical Devices. This standard
supersedes earlier documents such as EN 46001 (1993 and 1996) and EN 46002 (1996) and ISO 13488. The current
ISO 13485:2016 editions was published on 1 March 2016 and it covers all types of medical devices including
Intraocular Lenses. In 2006 a separate Standard ISO 11979 has been set for Intraocular Lenses. Now ISO 11979:2018
has been issued. This document defines technical terms applicable to intraocular lenses, and to the methods used
to evaluate them. These standards guides, directs to consisting over quality and continual improvement.
Other Management systems like Total Quality Management (TQM), Rapid Cycle Improvement (RCI), Six Sigma
and Lean Manufacturing are also useful system to improve quality and reduce cost of production.
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2. Statement of the Problem
The adaptation of the ‘Medical Device Quality Management System’ ISO 13485:2016, Total Quality Management
(TQM), Rapid Cycle Improvement (RCI), Six Sigma and Lean Manufacturing management system helps medical
device manufacturer to improve quality and reduce cost of the products. There is gap with some of medical device
manufacturer to implement the above said standards and management tools to improve quality of product and reduce
cost of production.

3. Objective of the study
General Objective: To broadcasting the effectiveness of ISO 13485, TQM, RCI, Six Sigma and Lean Manufacturing
in reference to Medical Device Manufacturers in terms of Quality Improvement and cost reduction.

4. Process of Quality Improvement and cost reduction
Intraocular Lenses are implantable medical devices, so manufacturer needs to improve quality day by day to make
its more efficient and keep them as superior than competitors. The Intraocular Lens Industry needs to focus on
quality and reliability throughout product design, manufacturing and marketing. The Following ISO Standards and
management systems can be used for quality improvement as well as these system help to reduce cost of production
by efficient management.
4.1 ISO 13485
A medical device is "an instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or
other similar or related article, including a component part, or accessory which is recognized in the official National
Formulary, or the United States Pharmacopoeia, or any supplement to them, intended for use in the diagnosis of
disease or other conditions, or in the cure, mitigation, treatment, or prevention of disease, in man or other animals,
or intended to affect the structure or any function of the body of man or other animals, and which does not achieve
any of its primary intended purposes through chemical action within or on the body of man or other animals and
which is not dependent upon being metabolized for the achievement of any of its primary intended purposes”
ISO 13485, ISO International Standards ensure that products and services are safe, reliable and of good quality
of medical devices, it is published by ISO, the International Organization for Standardization. To ensure the quality
of devices, a standard ISO 13485 is established relating to quality management systems in the field of Medical
Devices, including IVD (In Vitro Diagnostics). ISO 13485 have become global standard for those who manufacture
medical devices, as they endow with a proven guideline for maintaining assurance and managing risk. ISO 13485
“specifies requirements for a quality management system where an organization needs to demonstrate its ability
to provide medical devices and related services that consistently meet customer requirements and regulatory
requirements applicable to medical devices and related services”. ISO 13485 solves two concerns for medical device
manufacturers: Supplying customers and end-users with safe medical products and superior patient outcomes. The
standard is used by an organization for the design, development, production, and installation and servicing of medical
devices. ISO 13485 is also used by internal and external parties, including certification bodies, to assess the
organization’s ability for meeting the customer and regulatory requirements. Its primary objective is to facilitate
harmonized medical device regulatory requirements.
Basically, ISO 13485 is like a quality management system for organizations involved in design, production,
installation, and servicing of medical devices, with some other important requirements for good measure. The ISO
13485 framework also forms the basis for auditing these same organizations, for both internal and external audits.
Figure 1: ‘Requirements of ISO 13485:2016’ refers its requirements.
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Figure 1: Requirements of ‘ISO 13485:2016’

4.1.1 Total Quality Management (TQM)
Total Quality Management (TQM) management system was developed in 1950s. The term ‘Total’ is self
explanatory, it means the all terms of entire organization, all department and functions is involved in this system.
The ‘system’ refers to managerial and technological methods to achieve quality requirements and business objectives
throughout an entire organization.
TQM is a management system for a customer-focused organization that involves all employees in continual
improvement. It uses strategy, data, and effective communications to integrate the quality discipline into the culture
and activities of the organization. Many of these concepts are present in modern quality management systems, the
successor to TQM. Here are the 8 principles of total quality management. Organizational beliefs and habits set
policies and processes to develop a culture capable or designing and delivering products and services that will exceed
customer, regulatory, business and societal needs.
Figure 2: ‘Principles of Total Quality Management’ refers its major 8 principles and those are described below.

Figure 2: Principles of ‘Total Quality Management’

 Focus on Customer: The customer ultimately
determines the level of quality. Organization does to
foster quality improvement training employees,
integrating quality into the design process, or
upgrading computers or software.
 Employee involvement: All employees participate in
working toward common goals. Total employee
commitment can only be obtained after fear has been
driven from the workplace, when empowerment has
occurred, and when management has provided the
proper environment. High-performance work systems
integrate continuous improvement efforts with normal
business operations. Self-managed work team are one
form of empowerment.
 Process-centered: A fundamental part of TQM is a
focus on process thinking. A process is a series of
steps that take inputs from suppliers (internal or
external) and transforms them into outputs that are
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delivered to customers (internal or external). The steps required to carry out the process are defined, and
performance measures are continuously monitored in order to detect unexpected variation.
Integrated system: Although an organization may consist of many different functional specialties often organized
into vertically structured departments, it is the horizontal processes interconnecting these functions that are the
focus of TQM.
Strategic and systematic approach: A critical part of the management of quality is the strategic and systematic
approach to achieving an organization’s vision, mission, and goals. This process, called strategic planning or
strategic management, includes the formulation of a strategic plan that integrates quality as a core component.
Continual improvement: A large aspect of TQM is continual process improvement. Continual improvement
drives an organization to be both analytical and creative in finding ways to become more competitive and more
effective at meeting stakeholder expectations.
Decision making based on Facts: In order to know how well an organization is performing, data on performance
measures are necessary. TQM requires that an organization continually collect and analyze data in order to
improve decision making accuracy, achieve consensus, and allow prediction based on past history.
Communication: During times of organizational change, as well as part of day-to-day operation, effective
communications plays a large part in maintaining morale and in motivating employees at all levels.
Communications involve strategies, method, and timeliness.

4.1.2 Rapid-Cycle Improvement (RCI)
Rapid-cycle improvement is a "quality improvement method that identifies, implements and measures changes
made to improve a process or a system." Rapid-cycle improvement implies that changes are made and tested over
periods.Commonly used rapid-cycle improvement strategy is the Plan-Do-Study-Act (PDSA) cycle. The PDSA cycle
is a four-stage rapid-cycle quality improvement strategy. Figure 3: ‘PDCA Cycle’ refers its components and those
are described below.
 Plan: Identify an opportunity to improve in quality and
opportunity to cut down cost of product. Plan thoroughly
and identify how it can be implemented.
 Do: Carry out the plan on a small number and collect
data, observations, opportunities, threats etc.
 Study: Observe and learn from the Consequences. Study
the events, outcomes, data, opportunity and threats by
implementing the plan.
 Act: Determine what modifications should be made to
the test or plan. Implement outcomes of the study to
improve quality and reduce cost of the product.
4.1.3

Six Sigma

A Six Sigma defect is defined as anything outside of
customer specifications. A Six Sigma opportunity is then
the total quantity of chances for a defect. The fundamental
objective of the Six Sigma methodology is the
Figure 3: ‘PDCA Cycle
implementation of a measurement-based strategy that
focuses on process improvement and variation reduction through the application of Six Sigma improvement projects.
This is accomplished through the use of two Six Sigma sub-methodologies: DMAIC and DMADV.
 The Six Sigma DMAIC process (define, measure, analyze, improve, control) is an improvement system for
existing processes falling below specification and looking for incremental improvement.
 The Six Sigma DMADV process (define, measure, analyze, design, verify) is an improvement system used
to develop new processes or products at Six Sigma quality levels. It can also be employed if a current process
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requires more than just incremental improvement.
4.1.4 Lean Manufacturing
Lean manufacturing is a methodology that focuses on minimizing waste within manufacturing systems while
simultaneously maximizing productivity. Wastes is seen as anything that customers do not believe adds value and
are not willing to pay for. Some of the benefits of lean manufacturing can include reduced lead times, reduced
operating costs and improved product quality. Lean manufacturing, also known as lean production, or lean, is a
practice that organizations from numerous fields can enable.
Lean manufacturing includes a set of principles that lean thinkers use to achieve improvements in productivity,
quality, and lead-time by eliminating waste through kaizen. Kaizen is a Japanese word that essentially means "change
for the better" or "good change." Using a problem-solving process at every level of an organization, everyone works
toward the goals identified by the organization. This means working toward providing the customer with a defect-free
product or service when it is needed and in the right quantity.
The problem-solving process for lean involves:
a. Problem description and definition
b. Root cause analysis
c. Countermeasures
d. Implementation plan
e. Results
f. Follow up and future steps
This problem-solving process is the means by which executives identify goals and high-level plans to reach those
goals. It also the means by which supervisors and engineers work with front-line personnel to improve processes.
A problem is defined as the gap between the current condition and the target condition or standard. It is everyone’s
job to solve problems by identifying problems, identifying the critical causes, and identifying and implementing
countermeasures.
As lean organizations work to improve processes, they identify and eliminate waste and sources of waste. Wastes
are activities that consume resources but do not add value in the eyes of the customer. Taichi Ohno, former Toyota
chief engineer, identified seven wastes of manufacturing:








Overproduction
Transportation
Unnecessary inventory
Inappropriate processing
Waiting
Excess motion
Defects

Applying Lean In Medical Device manufacturing organization, an organization can use lean strategies to develop
a competitive advantage in the following ways:
i. It can use lean strategies for developing products faster. Most people think of lean as a manufacturing
methodology only. However, it was also Toyota’s lean product development process that provided it with
an advantage in the automobile market. This same thinking can provide medical device companies with
the ability to beat its competitors to market with products that better meet the needs of its customers.
ii. It can utilize lean strategies for faster delivery times within its operations. If a medical device manufacturer
can shorten its internal production lead times, two key benefits will result: 1) Without the need for excessive
inventory, a company can invest more money into development or into acquisitions. 2) It can be much
more agile in responding to customer needs by offering a wider variety of products and even the possibility
of mass customization.
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iii. Lean strategies can help a medical device company’s supply chain. Most medical device companies are
not vertically integrated, but lean supply chain methodologies can be used to shorten supply chain lead
times and ensure better quality. Rather than taking the traditional role of an adversary, lean organizations
treat their suppliers as an extension of their companies. They do this by challenging them and providing
them with assistance through lean supplier development programs.
iv. It can utilize lean strategies to develop a more reliable, higher-quality product. While most people don’t
associate lean with quality, this is a misunderstanding. Lean is about improving quality as well as
delivery/lead-time and cost. By creating a problem-solving mentality within an organization and developing
strategies for improving product quality, an organization can produce high-quality products without the cost
of added inspection. Instead of increasing the number of inspection stations, a lean medical device
manufacturer would utilize true root cause analysis problem-solving to eliminate the causes of defects.
lean strategies enable companies to develop and deliver high-quality products and services faster and with less
waste. Lean thinking can be effective in any industry. For the medical device field in particular, it can provide
significant competitive advantages in the areas of development, production, and supply chain.

Conclusion
Intraocular Lenses are medical devices, so we can improve quality of products and reduce cost of production
by proper implementing ISO 13485, Total Quality Management (TQM), Rapid Cycle Improvement (RCI), Six Sigma
and Lean Manufacturing. These tools help the organization to reduce cost of production and improve quality. This
will help Medical Device Manufacturers make their product better and better quality, reduce cost of production,
resulting sustainability, capability of medical device manufacturers shall be increased.
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Abstract
The healthcare system is under tremendous pressure in the context of the development of coronavirus infection
COVID-19. And therefore, a special role is played by the quality management system that ensures the quality
of the services provided.
Using the example of the Medical Hospital «Neftyanik», we will examine how the presence of the QMS affects
the problems of the health care system common in a pandemic.
Today the Medical Hospital «Neftyanik» is a leading multidisciplinary clinic in the Tyumen region. Considering
the impact of the QMS on its activities, it should be noted that an important problem in the healthcare system
is the imbalance of the financial support system, which consists of many elements (sources and channels of
financing) and has developed over many years. Changes in staffing, the reduction of some groups of expenses
and the emergence of new ones, the appearance of shortfalls in income (due to the reduction in the volume of
planned medical care, etc.) do not contribute to the effective work of medical institutions. At the same time, the
quality management system implemented in the Medical Hospital «Neftyanik» under the supervision of the ICS
«All-Russian Register» allows timely response to changing operating conditions and stabilizing the institution.
The next important problem was that a temporary reduction in planned hospitalization and other medical services
in the future could turn into even greater demand for them due to the predicted increase in exacerbations. In
such conditions, the QMS will help prevent adverse outcomes for patients, improve quality, including safety in
the provision of medical care.
Effective personnel management of the Medical Hospital «Neftyanik» and the use of telemedicine consultations
make it possible to provide medical care, excluding direct contact between medical workers and patients, as well
as patients among themselves.
In general, we can say with confidence that the successful management of the organization and its functioning
in the context of the coronavirus pandemic is ensured through its systematic and transparent management. This
requires a QMS focused on continuous improvement of activities, taking into account the needs of all interested
parties.
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Introduction
Mission medical hospital «Neftyanik» - ensuring the need of the population for accessible and high-quality
specialized, including high-tech medical care in the Tyumen region in pandemic conditions COVID-19.
Since 2016, the Medical Hospital “Neftyanik” has developed, introduced and certified a quality management
system for compliance with the requirements of the international standard ISO 9001.
Since 2012, on the basis of the provisions of Decree of the President of the Russian Federation of 07.05.2012
No. 598 "On Improving State Health Policy" in the Medical Hospital “Neftyanik”, work has begun on adapting
and introducing the principles of corporate social responsibility into the activities of a medical organization.
Two fundamental practices are envisaged for the implementation of state policy and within the limits and criteria
of social responsibility:
 adapting the principles of
corporate social responsibility
to the activities of a medical
organization in a pandemic
COVID-19
 Improving its performance in
ensuring
the
appropriate
quality of health services in
pandemic settings COVID-19
 To demonstrate its social
Fig. 1. Distribution of the budget of the region
commitment
and
responsibility, the medical organization is based on:
 HIGH SOCIAL ORIENTATION Governments of the Tyumen region
 HIGH LEVEL OF PROVISION OF A WIDE RANGE OF MEDICAL SERVICES TO THE POPULATION
 ESTABLISHED ORGANIZATIONAL MODEL FOR SPECIALIZED MEDICAL CARE
The activities of the Medical Hospital “Neftyanik” are focused on the observance, adapted to its activities, of
the principles of the CSR for the fate of a person, which is completely dependent only on the competence of doctors
and medical personnel of the organization.
Constantly improving its activities in the field of health preservation and disease prevention, the Medical Hospital
“Neftyanik” has intensified visiting forms of work with the aim of approaching specialized medical care to the
population of remote territories of the region, thereby:

Fig. 2. Number of departures increased by 2 times

Fig. 3. The number of patients examined increased by 82%

The percentage of functional studies conducted was 57%, which is 374 studies in the quantitative composition.
Human development and training in the workplace is the main task that is solved annually by the management
of the Medical Hospital “Neftyanik”, by assisting in the training of its employees and improving their professional
development.
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Senior management constantly reviews the level of competence required for the efficient and efficient operation
of the Medical Hospital “Neftyanik”, conducts an analysis of the actual and expected need for competence, the
analysis is carried out taking into account:





future requirements related to strategic and operational plans and objectives;
the expected need for the use of human resources;
changes in Medical Hospital “Neftyanik” processes, facilities and equipment;
Legislative and other mandatory requirements and standards affecting Medical Hospital “Neftyanik” and its
stakeholders.

Since September 1, 2019, on the basis of the Medical Hospital “Neftyanik”, a quality bureau has been created
and successfully operates, created with the help and assistance of the All-Russian Register SDS. The Quality Bureau
provides the following training:
 thematic,
 certified,
 professional retraining of specialists in all medical specialties.
Medical Information System “Patient” is an innovation in the work of the Medical Hospital “Neftyanik”.
MIS "Patient" is a system that organizes the processes of collecting, storing and processing information in medical
organizations, designed for the integrated automation of the work of medical organizations.
Medical information system "Patient" is an innovation in the work of the Centre. MIS "Patient" - a system that
manages a collection, storage and processing of information in medical organizations, designed for complex
automation of medical organizations.
Standard developed using the following
methods to determine the quality:







measurement
registration
organoleptic
calculated
expert
sociological

The main problems that are supposed to be
solved in assessing the quality under MIS
"Patient":
 planning of level of quality;
 control of values of quality in the process
Fig. 4. Medical Information System “Patient”
of developing and testing
 supervision of operation a given level of quality
 guidance of the development of documents for quality assessment
We assume that the use of this standardized approach in the operation of QMS in medical organizations will
improve the quality of medical services provided and the effectiveness of quality management in general in similar
healthcare organizations.

Conclusion
Those medical organizations that have developed, implemented and certified quality management systems,
integrated quality management systems are much faster, more efficient, and most importantly, have clearly developed
standard operating procedures for working in pandemic conditions. COVID-19.
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Abstract
The company was manufacturing sausage for the local and overseas market. For the food industry, apart from
the taste of product, the colour of food was equally important for the customer to choose the product. When
food product appeared in the package, customer would like the colour to be acceptable. For Sausage Industry,
the acceptable colour of sausage should be golden-brown colour. Customers would not purchase sausages that
were not in golden-brown colour. The Company experienced the problem of colour of finished sausage with
a daily rejected rate of 18% due to non-golden-brown colour. As The Company daily production was 600 kg.
and it translated into daily rejection of 108 kg. Hence, the company needed desperately to tackle this problem.
The improvement team had been formed to tackled this problem by reducing daily reject rate to at least 9%
or 54 kgs. The Six Sigma Methodology of DMAIC (Define-Measure-Analyze-Improve-Control) was deployed to
tackle this problem. Several tools such as Process Flow, SIPOC (Supplier-Input-Process-Output-Customer), Cause
and Effect Diagram, Regression, Hypothesis Testing, Design of Experiment and Control Chart had been employed
to solve this problem. The root cause came from the cooking process where temperature of cooking and the time
for cooking were two major factors. With the correct setting from the Design of Experiment analysis, the team
was able to produce more golden-brown sausages. Hence, the target was not only achieved but also exceeded
with the daily rejection rate of 4% or 24 kg. This had resulted in significant cost savings for The Company.
Keywords: Sausage Process, Golden-brown, Six Sigma Methodology, Regression, Design of Experiment.

1. Introduction
The Company was processing meats and cold cuts that are characterized by their fruity, middle eastern and
Mediterranean flavors and were well sought-after for their exquisite and exotic variety and texture. With the
expansion of business, the Company had moved to new premise with newer equipment all air flown from Europe.
As new equipment that was not familiar to the workers, key personnel leaving and inferior of raw materials supplied
led to lots of painful time and key personnel involvement throughout the first year of production.

2. Background of The Problem
For the food industry, apart from the taste of product, the colour of food was equally important for the customer
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Accepted - Color in Golden
Brown

Rejected - Color too light

to choose the product. When food product
appeared in the package, customer would like the
colour to be acceptable. For Sausage Industry, the
acceptable colour of sausage should be
golden-brown colour as shown in Figure 1. Any
color that differed from that would be rejected. It
would be either too dark or too light.
Lots of sausages had been disposed daily due
to this and it could incur a wastage of up to 18%
in every production run. The loss translated into
higher food cost. This would then have a greater
impact on the profit.

Figure 1: Accepted Versus Rejected Sausages
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Pareto Chart of Product Types

The Company produced 5 major types of
sausages that were popular among the customers as
shown in Fig. 2 below. The number of kilogram of
each type of sausage reject was collected over 2
months period and plotted in Pareto Diagram in
Figure 2. From the 5 types of sausages, Chicken
Cheesy Sausage contributed the most reject as much
as 39.2% amounting to 4771 kgs over 2 months. As
such, the Company decided to focus on cutting reject
in this product.

1557
12.8
100.0

Figure 2: Sausages Pareto Chart

3.2

Project scope

The scope of this project focused on reducing the number of kilograms of reject on Chicken Cheesy Sausages
which happened to be the most popular product.
3.3 Problem Statement
The Company produced 600kg daily and had a rejection of 18% each production run which approximately 108kg
rejects.
3.4 Goal Statement
To reduce rejects by half and aim to have the rejection rate drop to 9% which was approximately 54kg per
production run.
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3.5

Primary Metric

The Primary Matric was to have even colour throughout the sausage production line. Once the colour issue had
been solved, this would esthetically look good on the sausages.
3.6

Secondary Metric
The Secondary Metric was to regain back regular customer that the Company lost once this had been improved

3.7

SIPOC (Supplier-Input-Process-Output-Customer) Flow

The SIPOC Model with reference to the project was shown in Figure 3. The suppliers would be the ingredients.
For input, it would be the various raw material. The process would be sausage making process. The output would
be the Chicken Cheesy Sausages.
Supplier

Inputs

Process

Output

Customers

Supply of Meats

Raw Materials

Thawing of Raw Meats

Chicken Cheesy Sausag

Supermarkets

Supply of Seasonings

Seasoning Powder

Mincing

Hotels

Supply of Sausages casings

Cellulose & Natural casings

Bowl Chopping

Restaurants

Supply of Cartons Boxes

Printed carton boxes

Filling

Deli Shop

Cooking

Smoking

Showering

Peeling

Packing

Storing

Delivering

Figure 3: SIPOC Flow

4. Measure Phase
4.1

Process Flow Chart

The Process Flow Chart was drawn to indicate the process flow where the possible root causes might be found
as shown in Figure 4. After brainstorming, the Company Project Team decided to focus on process of cooking.
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Figure 4: Process Flow Chart

4.2 Cpk Study of the Weight of Current Good Sausage
The Company set the criteria for the weight of good sausage with Lower Specification Limit (LSL) = 520 kgs
and Upper Specification Limit (USL) = 600 kgs. 7 batches of production were collected as shown below:
The Cpk values was calculated as shown in Figure 5 below.
No.
1
3
4
5
6
7

Good Sausage (Before)
489
478
498
499
488
497
496

Process Capability Report for Good Sausage
LSL

USL
Overall
Within

Process Data
LSL
520
Target
*
USL
600
Sample Mean 492.143
Sample N
7
StDev(Overall) 7.60326
StDev(Within) 7.83097

Overall Capability
Pp
1.75
PPL
-1.22
PPU 4.73
Ppk -1.22
Cpm
*
Potential (Within) Capability
Cp
1.70
CPL
-1.19
CPU 4.59
Cpk -1.19

480

500

Performance
Observed Expected Overall
PPM < LSL 1000000.00
999875.77
PPM > USL
0.00
0.00
PPM Total 1000000.00
999875.77

520

540

560

580

600

Expected Within
999812.66
0.00
999812.66

Figure 5: Cpk For Good Sausage Graph

The Cpk value was as low as -1.19. Hence, it was important for us to improve this process.
4.3

Cause-and-effect Diagram

The Company Team gathered several process people who were very experience in this field to huddle and
scrutinize the process in depth. After rounds of brainstorming and discussion each process in detailed, incorrect
cooking temperature and time settings under Machine had been identified as the main possibility of causing the
colour variations. Therefore, the Company Team would focus on 2 factors – Cooking Temperature and Cooking
Duration as shown in Figure 6.
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Figure 6 : Cause-and-effect Diagram

4.4

Failure Mode and Effect Analysis

To further study the possible root cause of uneven sausage colour, a Failure Mode and Effect Analysis was
deployed to look into these causes as shown in Figure 7 with elaborations from below :
Sausages Uneven Colour
Process /
Failure Mode
Requirement

Failure Effect

Receiving
Wood chips

Wrong
supplies

Inconsistent
quality

2

Insufficient
cooling time

Operator
ends the
showering
machine
earlier

3

Hanged
compactly on
cooking
trolley

4

Receiving
unstable raw
materials

No

1

5

6

Cooking
temperature
and duration

Manpower

Current Controls

Detection
(1-10)

R
P
N

6

Only QA is tasked
to receive this item

2

84

4

128

Severity Cause(s) of Occurance
(1-10) failure mode
(1-10)

7

Unclear
specification

Sausages will
still be hot for
packing

8

Untrained
personnel

4

On job training
given for 1 week to
newly joined
associates

Rushing to
complete
task

Sausages will
cooked
unevenly

8

Short of
manpower

6

Production planner
to monitor daily
production

2

96

Inferior
supplies

Susbstandard
quality

9

Cheaper
alternatives

5

Purchaser been
buying from only
selective regular
vendors

2

90

Sausages
aesthetic
appearance and
taste will be
compromised

8

Wrong
configuration
settings on
products

7

6

336

Taste is
unpalatable

7

Too long in
oven

6

6

252

7

Unfamiliar
with products
process

4

196

Wrong
settings

Newly joined
operators

Human error

Control Chart

7

On job training
given for 1 week to
newly joined
associates

Figure 7: Failure Mode and Effect Analysis
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1) Wood chips were imported from Europe to be used to enhanced the sausages with a smoky aroma. By
receiving a poor quality of wood chips could be detrimental to the sausages.
2) Insufficient cooling time would not provide enough time for the sausages to cool down hence would trap
heat inside the packaging which could result in poor quality of sausages.
3) By hanging the sausages close to one another on the trolley, heat would not be able to be evenly distributed
to all sausages inside the cooking chamber.
4) Receiving substandard raw materials could influence greatly on the sausage outcome.
5) Cooking the sausages at a wrong temperature and time could further cause the sausages to be either under
cooked or over cooked which could be reflected on the surface of the sausages.
The Team concluded that Cooking Temperature and Time could be the possible root causes of the problem.

5. Analyze Phase
5.1

Regression on Temperature and Time

To find out whether temperature was a factor for causing the rejects, the Company Team used 100 kg of Chicken
meat for experimenting with various temperatures with fixed Cooking Time of 110 minutes and data were collected
as shown in Table 1 below.
Table 1: Various Temperature vs
Rejects

Fitted Line Plot

Rejects (kg) = - 2762 + 46.51 Temperature
- 0.1944 Temperature^2
21

Rejects (kg)

20

116

17.2

19

119

20.3

122

18.3

125

14.4

Rejects (kg)

Temperature

S
R-Sq
R-Sq(adj)

0.715542
97.2%
91.5%

18
17
16
15
14
115.0

117.5

120.0

122.5

125.0

Temperature

Figure 8 : Regression on Temperature
Regression analysis on various temperature against reject was plotted as shown above Figure 8. It formed a
curve with R-squared value of 97.2% indicating that temperature was a factor for causing the rejects.
To find out whether time was a factor for causing the rejects, the Company Team used 100 kg of Chicken
meat for experimenting with various time with fix temperature to be 125 Degree C for rejects and data were collected
as shown in Table 2 below.
Table 2: Various Time vs Rejects

Fitted Line Plot

Rejects (kg) = - 160.5 + 1.612 Time

Time

Rejects (kg)

104

6.8

107

12.5

111

18.3

115

24.8

S
R-Sq
R-Sq(adj)

25

0.453151
99.8%
99.7%

Rejects (kg)

20

15

10

5
105.0

107.5

110.0

112.5

115.0

Time

Figure 9 : Regression on Time
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Regression analysis on various time against reject was plotted as shown in Fig 9. It formed a straight line with
R-squared value of 99.8% indicating that time was a possible factor for causing the rejects.
Based on above experimental findings, the Company Team selected these two factors because of the high R
square for the future DOE experiment purposes. The team decided to conduct 2x2 Design of Experiment to confirm
these two factors.

6. Improve Phase
6.1 Design of Experiment (DOE)
6.1.1 Process Parameters
Based on the results in the Analyze Phase, two factors, namely, Temperature and Time were chosen to do the
experiment. The Team set the Temperature with Low Level (-) = 1100C and High Level (+) = 1300C whilst Time
was set at Low Level (-) = 100 minutes and High Level (+) = 120 minutes.
Table 3 : Design of Experiment Setup

6.2.1 Generation of Data
In the Improve phrase, a 22 DOE was designed
to conduct experiment for the Temperature and Time
as shown in Table 3.

DOE

Low

High

Temperature (Degree C)

110

130

Time (Minutes)

100

120

6.2.2 Collection of Data
In these experiments, in order to cut cost, the Team used 100 kgs of Chicken meats per experiment. Total 8
experiment runs were conducted in this DOE with replication and results were collected as shown in Table 4.
Table 4 : Results of Design of Experiment

S/N
1
2
3
4
Replication
1
2
3
4

Time
(Minutes)
x2
100 (-)
100 (-)
120 (+)
120 (+)

Temperature
(Degree C)
x1
120 (-)
130 (+)
120 (-)
130 (+)

Test Run
Sequence
3
1
2
4
2
4
1
3

120
130
120
130

(-)
(+)
(-)
(+)

100
100
120
120

+
+

Reject
(Kg)
yi
15.8
4.1
9.7
14.9

+
+

16.5
3.8
9.2
14.2

x1x2

(-)
(-)
(+)
(+)

6.2.3 Analysis of Data
In Figure 10, the DOE results had shown that both Temperature, Time and their interaction had the most
significant effects on rejects with p value less than 0.05 which indicated they were 95% significant.
Coded Coefficients
Term
Effect
Constant
Blocks
Temperature
- 3.250
Time
1.650
Temperature
6.050
* Time

Model Summary
Coef
12.325
0.050
-1.625
0.825

SE Coef
0.235
0.235
0.235
0.235

T-Value
52.55
0.21
-6.93
3.52

P-Value
0.000
0.845
0.006
0.039

VIF

3.025

0.235

12.90

0.001

1

Figure 10 : Design of Experiment Analysis
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1
1
1

S
0.663

R-sq
98.7%

6.2.4 Interpretation of Data
Both Figure 11 and 12 showed the graphs for the main effect plot and their interaction plot respectively.
Temperature gave negative effect value and Time gave positive effect value. Hence, to optimize the rejects, the
Team decided to increase the Temperature and decrease the time. R2 is at 98.7% suggesting that the relationship
between Temperature, Time and rejects was strong thereby proving that this DOE was successful.
Main Effects Plot for Reject

Interaction Plot for Reject

Fitted Means

Temperature

13

Fitted Means

Time

Temperature * Time

17.5

Time
100
120

15.0

Mean of Reject

Mean of Reject

12

11

12.5

10.0

7.5
10
5.0
110

9
110

130

100

130

Temperature

120

Figure 11 : Main Effect Plot

Figure 12 : Interaction Plot

6.2.5 Optimization of the Experiment

Table 5 : Response Surface Methodology Table

In order to optimize the rejects, the Team decided to reduce the
rejects as low as possible. By using Response Surface Methodology,
the Team got the following result:
From Table 5, the Team decided to choose Temperature = 1320C
and Time = 96 minutes as they gave the lowest reject to run in the
production.

Temperature
130
130
131
131
132
132

Time
100
99
98
96
96
95

Reject
4.0
3.5
2.2
1.1
0.3
-0.3

Table 7: Rejects after Implementation

6.2.6 Verification of Data
The Team went to implement those settings in the normal
production of 600 kgs of Chicken meat as per normal daily
production. Data were collected over 6 days as shown in Table 7.
We could see that the loss dropped from average of 108 kgs to
average of 24 kgs. That was 4% of rejects.

No.
1
2
3
4
5
6
Mean =

After
23.9
24.4
23.7
23.8
24.1
24.3
24.0

%
3.98
4.07
3.95
3.97
4.02
4.05
4.0

6.3 Hypothesis Testing Before and After Improvement
In order to confirm that there was an improvement of rejects before and after implementing the new settings,
the Team used hypothesis testing of t-test as shown below:
H0: μ
H1: μ

before
before

– μ
– μ

after
after

= 0
> 0

Data of improvement had been collected and put side by side with the data before improvement as shown in
Table 8 below:
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Table 8 : Loss Before and After Improvement
Before Improvement
111
122
102
101
112
103

After Improvement
23.9
24.4
23.7
23.8
24.1
24.3

Mean Loss before improvement = 108.3 kgs,
Mean Loss after improvement = 24 kgs.
Using t-test, the following results were obtained:
T-Val
ue
25.47

DF
10

P-Val
ue
0.000

As p-value is less than 0.05, we rejected the null hypothesis and hence accepted the alternative hypothesis that
the loss in Improved Phase was less than the loss before Improve Phase at 95% significant level.
6.4 Cpk Study of the Weight of Improved Good Sausage
The Company set criteria for the weight of good sausage with Lower Specification Limit (LSL) = 520 kgs and
Upper Specification Limit (USL) = 600 kgs. After improvement, 6 batches of production were collected as shown
Table 9 below:
Table 9 : Weight of Good Sausage After Improvement

No.
1
2
3
4
5
6

Improved Good Sausage
576.1
575.6
576.3
576.2
575.9
575.7

The Cpk value was shown in Figure 13 below:
Process Capability Report for Improved Good Sausage
LSL

USL
Overall
Within

Process Data
LSL
520
Target
*
USL
600
Sample Mean
575.967
Sample N
6
StDev(Overall) 0.280476
StDev(Within) 0.319149

Overall Capability
Pp
47.54
PPL
66.51
PPU 28.56
Ppk 28.56
Cpm
*
Potential (Within) Capability
Cp
41.78
CPL 58.45
CPU 25.10
Cpk 25.10

520.0 530.4 540.8 551.2 561.6 572.0 582.4 592.8

PPM < LSL
PPM > USL
PPM Total

Observed
0.00
0.00
0.00

Performance
Expected Overall
0.00
0.00
0.00

Expected Within
0.00
0.00
0.00

Figure 13 : Cpk for Improved Good Sausage

The Cpk value had increased to 25.1 which showed tremendous improvement.
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6.6

Revised FMEA plot

As shown in Figure 14, the FMEA had been revised after improvement. The RPN value had dropped to 32
and 42 respectively. With the correct Cooking temperature and time, the sausages aesthetically appearance looked
appealing and the taste enhanced. The correct configuration on the products had made the sausage to be golden-brown
which was the right colour of the sausages.
Sausages Uneven Colour
Current Controls

Detection
(1-10)

R
P
N

6

Only QA is tasked
to receive this item

2

84

Untrained
personnel

4

On job training
given for 1 week to
newly joined
associates

4

128

8

Short of
manpower

6

Production planner
to monitor daily
production

2

96

Susbstandard
quality

9

Cheaper
alternatives

5

Purchaser been
buying from only
selective regular
vendors

2

90

Sausages
aesthetic
appearance and
taste enhanced

8

Right
configuration
settings on
products

2

2

32

Sausages is
flavourful

7

2

42

Human error

7

4

196

Process /
Failure Mode
Requirement

Failure Effect

1

Receiving
Wood chips

Wrong
supplies

Inconsistent
quality

7

Unclear
specification

2

Insufficient
cooling time

Operator
ends the
showering
machine
earlier

Sausages will
still be hot for
packing

8

3

Hanged
compactly on
cooking
trolley

Rushing to
complete
task

Sausages will
cooked
unevenly

4

Receiving
unstable raw
materials

Inferior
supplies

No

5

6

Cooking
temperature
and duration

Correct
settings

Newly joined
operators

Manpower

Severity Cause(s) of Occurance
(1-10) failure mode
(1-10)

Control Chart
3

Unfamiliar
with products
process

On job training
given for 1 week to
newly joined
associates

7

Figure 14: Revised FMEA

7. Control Phase
7.1

Reject of Good Sausage Monitoring – IM-R Control Chart

The individual variable control chart (I-MR) was plot in Figure 15 for 20 days data with the new settings of
temperature and time. All the points were fall within the control limit. It indicated that the process was stable.
I-MR Chart of Rejects in Kgs
UCL=7.284
Individual Value

7

_
X=5.94

6

5
LCL=4.596
1

3

5

7

9

11

13

15

17

19

Observation
UCL=1.651

Moving Range

1.6
1.2
0.8

__
MR=0.505

0.4

LCL=0

0.0
1

3

5

7

9

11
Observation

13

15

17

19

Figure 15: I-MR Control Chart
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8. Conclusion
8.1

Achievement

Chart of Rejects in Kgs
120

100

Rejects in Kgs

The target was not only achieved but it
also exceeded with the weights of reject of
sausages reduced from average of 108.5
kgs per production to just 24 kgs. That was
an improvement of 78% in daily production
as shown in Figure 16. This led to
tremendous cost saving to the Company.
The Company Team was so excited that
they planned to do another improvement
project by using Six Sigma Methodology
on other sausage products.

80

Save
78%

60

40

20

0

Before Improvement

After Improvement

Type

Figure 16: Percentage Saving
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Applying Convolutional Neural Networks
to the Shoe Industry for Image Recognition
Chiu, Jing-Er and Wang,Yi-Jen
MS in Logistic & Supply Chain Management Department of Industrial Engineering and Management,
National Yunlin University of Science and Technology
* chiuje@yuntech.edu.tw

Abstract
Product tags are descriptors assigned to specific products to organize, document and track their progress. The
product tag contains keywords or key phrases for each respective product, which are stored in a computer. There
are a lot of product information in this tag. Therefore, the tag is an important part of the product. If the
manufacturer does not check whether the information on the label is consistent with the product information during
the incoming inspection or manufacturing process, it will cause problems such as incorrect labeling and even
product return. Sports shoes are a must-have for everyone, and some people even have several pairs of shoes,
so the shoe industry has a huge market. Image recognition has been widely used in the high-tech and automotive
industries. In the traditional footwear industry that relies heavily on manpower, it has also begun to think about
the importance of smart manufacturing.
This study focus on inspection and recognition of shoe tag. We will apply the optical character recognition
(OCR) text recognition system to shoe tag. It is expected that the OCR text recognition system can help check
and confirm during shoe manufacturing, and to avoid label errors.
Keyword: Image recognition, Optical Character Recognition (OCR), shoe label recognition
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Exploration of the Service Quality with the Applied Procedure via Quality
Technique- A Case Study of Consumer Electronics Industry
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Abstract
With the development and evolution of consumer behavior, it possesses the magnitude of maintenance service
market, especially in the after-sales service field for consuming electronic products. The trend of market transforms
competition from the front-end to after-sales services. Therefore, this paper takes a case study of consumer
electronics industry and mainly aims at the core to focus on the service quality to create customer satisfaction
due to the shirking front-end sales. The enterprise can be able to maintain and enhance its brand imagine to increase
customer loyalty by improving customer satisfaction through after-sales services of quality.
The service center primarily is the research subject respectively divided by consumers and maintenance issues
via questionnaires. Furthermore, it would perform the correlation among service quality, customer satisfaction and
customer loyalty to separate into internal and external analysis. The FMEA model is applied in the internal team
discussion including service improvement and analysis. For the external analysis, reliability analysis, prescriptive
statistical analysis, difference analysis, and regression analysis are performed the analysis result after the
questionnaires were collected and conducted. However, the classified five aspects of service quality and the three
aspects of customer satisfaction are suggested to strengthen the needs of major customers and improve customer
royalty.
Keywords: Service Quality, Customer Satisfaction, Customer Loyalty, After-sales service, Failure Mode and Effect
Analysis (FMEA).

1. Introduction
It’s for a long time people have been accustomed to purchasing related equipment directly from local retail stores
in the aspect of consumer behavior and the same is true for maintenance. However, the growth of e-commerce
sales with the popularity of the internet has led to revolution of shopping habits, and multiple consumption channels
are getting formed via different patterns and modes. Although the defective product can be repaired through the
original purchased pipeline, it will take much time resulting in the repair information obtained indirectly from the
repair service center opposite to the current consumption habits.
The case study is a company of printer industry sales with a chain channel of twelve directly-operated stores.
It can strengthen professional maintenance and provide direct service and home repair to customers. Besides, even
logistical pick-up, delivery and backup services can be made so that the products still can be available due to failure
and repair problems. Eventually, the issues of service quality, customer loyalty and customer satisfaction are the
primary prerequisites that cannot be ignored. From the previous separated model of sales and service, the company
has created a different one in the market. So it occurs companies established to operate the back-end services
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independently with fully following original factory’s specifications. Similarly, other printer manufacturers have to
adopt the direct maintenance authorization contracts with outsourcing companies in various regions. But it is
unavoidable that the companies with authorized brand are often unable to be completely regulated by the original
manufacturer that causes damage to consumers' rights. This paper mainly focuses on the independent subsidiary
of the original brand that consumers can go directly to the service centers in various regions and possess the same
maintenance service as the original factory providing consumers with convenient and effective service.
The business operation procedure is to pull the maintenance hidden in the back-end of sales to the front-end
straightly facing the customer with reverse logistics way. It also can provide a service that can be directly sent
to the front line by customers for repair as to raise service efficiency. The back-end maintenance of information
products is a labor-intensive industry depending on human testing and judgment to ensure internal and external
maintenance or quotation. Providing high quality and appropriate maintenance services is an important factor for
the long-term operation even the key to the success as the main business project.
This research mainly aims at the core of the relationship among the quality of maintenance service, the impact
on customer satisfaction and the customer loyalty. In addition to formulating standard service procedures, the market
survey simultaneously is conducting for the customer satisfaction by the outsourcing method as a basis for checking
the implementation of the service process and customer satisfaction. Furthermore, the purpose of this research is
summarized as it follows:
1. The impact of the product quality on customer satisfaction.
2. The influence of printer service industry service quality on customer satisfaction.
3. The affects between customer satisfaction and customer loyalty

2. Literature reviews
2.1

Product Quality

Traditionally, there are many different definitions of quality, and quality is no longer just to meet the needs
of consumers. Even so, the definition of quality is still expressed separately due to the background of the experts.
Therefore, if only one level is used to discuss the definition of quality, the definition of quality is inappropriate.
Ishikawa (1985) proposes the viewpoints as it follows:
1. Quality is customer-oriented and must be able to meet consumers’ needs rather than national standards.
2. Quality includes work quality, service quality, information quality, and process quality.
3. Price must be considered with high product quality, but customers will not be satisfied with too high price.
Juran (1974) determines quality by applicability. Applicability means that the product or service can satisfy the
user’s process from these four quality perspectives as the followings:
1.
2.
3.
4.

Quality of design
Quality of conformance
Availability
Customer service.

Feigenbaum (1983) thinks quality is the sum of the cost paid to achieve and maintain a certain quality level
even the specific level. Total quality control is an effective system that integrates the quality development, quality
maintenance, and quality improvement efforts of an organization. Production and service can satisfy customers at
the most economical level. Shewhart (1980) regards the importance of "variation" in every process of the production,
but it can be solved by using simple statistical tools such as sampling and probabilistic analysis. He proposed to
use the design of control charts widely performed by Deming and others in the field of quality improvement.
Deming (1982) takes the roots of the system problems into account. It should be uprooted by team’s efforts
to achieve the goal. Through cross-departmental functions to solve existing system problems is led to the
team-oriented approach
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The fourteen points he proposes are straightforward and attend to be the direction of thinking.
2.2

Failure Mode and Effect Analysis (FMEA)

The failure mode has been widely used since early 1950s. This is originally used as an evaluation method during
design and development, systematically predicting possible failures and malfunctions in the system. The next steps
are to analyze the main reasons for the possible impact of these situations, evaluate the impact and select the orders
of key priorities. In the final step, the discussion and actions are provided under the control the implementation
of follow-up corrective measurement so as to reduce risks for the predicted failures. The series procedures are present
with logical and systematic concepts. The purpose of the implementation of FMEA is to evaluate the potential failure
modes in a system or process, and it is achieved to reduce or improve the affected parts towards the target under
the corrective cycle. Ono (1998) thinks some purposes as the followings:
(1) When entering the development and design of new products, the issues that affect quality control, reliability,
maintainability, safety, and the environment or publicity must be provided.
(2) It is expected to shorten time and reduce costs, and problems can be pointed out in advance and corrective
actions can be reviewed.
(3) The primary factors affecting product life should be present and reviewed in the process of design.
(4) Point out the operational problems from the users’ perspectives.
(5) The new products possess the stable manufacturing as soon as possible after mass production.
(6) Shorten the assembly time or evaluate the improvement effect of the assembly process.
(7) Improve the reliability and maintainability of manufacturing equipment.
(8) Point out the negligence of personnel during operation and prevent it.
2.3

Customer Satisfaction

The definition of customer satisfaction depends on the product performance expected by the customer after
purchasing. Generally speaking, satisfaction is feeling of pleasure and disappointment from product performance
unexpected. Andersonand Sullivan (1993) defines customer satisfaction as "customer satisfaction can be regarded
as the result of consumers evaluating the quality of products after purchase according to their expectations of products
before purchasing". Howard and Sheth (1969) regards that the so-called customer satisfaction refers to consumers'
perception of whether they have the sacrifice of money and time for purchasing a certain product and whether the
compensation is appropriate. Churchill and Surpenant (1982) define customer satisfaction as a response to the
difference between the actual performance of the product before and after purchasing and using and purchasing
the product later. The claim that customer satisfaction is the result of purchasing and using as the perception and
experience of the purchaser by comparing with the expected reward and input cost. Engel, Blackwell and Miniard
(1995) define customer satisfaction that they will evaluate the consistency between the product performance and
the letter before purchase when customers use a product and be satisfied with the high consistency. Peter and Olson
(1987) regard that customer satisfaction is the process by fulfilled or advanced expectations. Kotler (1996) stands
the viewpoints that customer satisfaction is the product performance (functional characteristics) combined with
customers perceive and personal perceptual expectations.
2.4

Customer Loyalty

Customer loyalty is a voluntary decision made by customers to continue patronizing a specific company for a
long time. Oliver (1999) defines customer loyalty as "the influence of external environmental factors and sales
conversion has a deep impact on repeated purchasing or patronage of a preferred brand." Sirdeshmukh, Singh and
Sabol (2002) think that customer loyalty means "customers may want to maintain a relationship with an existing
company, and therefore may intend to take a variety of the same actions including increasing the use of a service
provider’s products and praising the company. With higher the customer loyalty, the more stable the company’s
market sharing is. The lower the sensitivity of customers to other products or services occurs, it can’t affect the
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behavior of existing customers who want to transfer products or services. Oliver (1999) deeply researches on the
field of customer loyalty and clarifies his viewpoints on customer loyalty in detail. Customer loyalty is “consumers
have a high level of commitment to repurchase the goods or services they like in repetitive brand purchases not
been affected by the conversion of any circumstance.” In the definition, Oliver (1999) once emphasizes that customer
loyalty should include two dimensions as consumer heart factors and behavior.

3. Illustration of a case study
Based on the customer's viewpoint, this
research mainly discusses the relationship
between
the
service
quality,
customer
satisfaction, and customer loyalty. The research
structure has been established, and the
framework diagram of this research structure is
proposed in Figure 1. Parasuraman, et al. (1991)
suggest that the quality of service will affect
consumers’ intension to consume again, and
further discuss the relationship between service
quality, customer satisfaction and customer
loyalty using empirical data. The items are
shown is Table 1.

Figure 1. The Structure of Research

Table 1. The Dimensions in Each Item

Research Dimension

Service Quality

Parts of the questionnaires
Customer, Gender, Age, Marriage, Occupation, Education Level, Average Monthly
Income.
Tangibility, Reliability, Reactivity, Authenticity, Care.

Customer Satisfaction

Environment, Price, Profession.

Customer Royalty

Recommendation, Repurchase Intention.

Basic Information

It is mainly employed whether consumers are satisfied with the "product quality" and measure "customer
satisfaction" to explore whether it will affect the "customer loyalty" and "repurchase intention". Literature discussion
and research framework to influence variables on the relationship among service quality, customer satisfaction, and
customer loyalty, are present and provide the following hypotheses:
H1: Service quality has a significant impact on customer satisfaction
H2: Customer satisfaction has a significant impact on customer loyalty
H3: Service quality has a significant impact on customer loyalty

4. The implementation of the research procedure
The maintenance quality and customer satisfaction perform a positive and significant impact on customer loyalty
after being verified by empirical experiments. When the company presents the better service quality, the customer
satisfaction is better. The research found that consumers' perception of service quality also positively affects customer
satisfaction. When the service quality and customer satisfaction are better simultaneously, the more customers can
visit again, and the loyalty of customers will increase. The analysis results are shown in Table 2.
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Table 2. Hypothesis Verification and Analysis Results

Hypothesis

4.1

Results

H1

Service quality has a significant impact on customer satisfaction

Valid

H2

Customer satisfaction has a significant impact on customer loyalty

Valid

H3

Service quality has a significant impact on customer loyalty

Valid

The impact of service quality on customer satisfaction

service quality that affects customer satisfaction has a positive and significant impact especially after the
satisfaction survey. It is found that the quality of service is considered extremely important by the customer. When
the maintenance quality of the printer is improved, the relative recognition of the customer satisfaction will increase.
4.2

The impact of customer satisfaction on customer loyalty

When customer satisfaction has a positive and significant impact on customer loyalty, it means that when
customer satisfaction improves, customer loyalty will also increase relatively. The service station takes prompt and
correct responses to customer complaints and the appropriate solution is adopted. Customers are highly willing to
return to consume by increasing customer loyalty.
4.3

The impact of service quality on customer loyalty

Service quality has a positive and significant impact on customer loyalty, and it can be shown that when the
service quality of printer maintenance improves, customer loyalty will increase relatively. When the service station
can realize the needs of customers and maintain interaction, customers will increase their recognition and continue
to return to the service station for consumption, and recommend to others.
4.4

Impact of FMEA on maintenance quality service

Based on the data obtained from the phone survey of customer service satisfaction, an improvement team was
established employing FMEA. The actual improvement methods proposed for the maintenance quality and the service
process improvement. After implementation, it is expected that the company will continue to improve the internal
mechanism, and continue to improve the process based on the answers obtained in the phone survey in order to
achieve the service required by the customers.

5. Discussion and conclusion
According to the results of research, a preliminary framework has been established for the correlation and
influence of service quality, customer satisfaction, and customer loyalty in this case. In addition to the analysis
results and discussion, it is also recommended to analyze the reasons from the failure mode and the satisfaction
survey via phone. The above kinds of analysis can be used effectively as to enhance service quality for practical
management and suggestions in the future research. FMEA is applied to classify customers’ expectations, and then
achieves the goal that can strengthen the needs of the main customers and increase customer loyalty. Therefore,
five dimensions of service quality and the three dimensions of customer satisfaction are present and provided as
the following suggestions
Tangibility
The quality of the service station itself will depend on the brand itself as well as the importance to solve any
urgent event. The impression from the customer entering the service station is like the environment and the waiting
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area with the related facilities arranged neatly and the surrounding items been clean. The clothing, appearance and
cordial attitude of the staff can make the customers feel good even exceed expectations.
Reliability
Customers expect the printer can be repaired on time. The service station also is constantly making effort toward
this direction, but it cannot meet the target thoroughly. Repair service is a professional technology and is also an
important indicator of service quality. The professional skills of maintenance service technicians must be upgraded.
In addition to achieving the professional level even exceed customers’ expectations.
Reactivity
Due to policy changes, labor holidays has increased and many customers only send machines for repairs on holidays.
the personnel at the maintenance station cannot serve customers on holidays, and the immediate response to the
customer’s service is getting worse. In this case, the logistics service provided by the service station should be
more convenient for delivery exceeding customers’ expectations during holidays.
Authenticity
Service stations hope the volume of products sent by customers for repair will increase, but they often ignore the
problem of sufficient materials. In addition to strengthening the professional skills of maintenance, service stations
must pay attention to the delivery on time due to lack of materials during the maintenance process. It happens
such as this situation that caused the customer to wait for no products to use. The service station should let the
customer can borrow one without interruption, and achieve the guarantee to the customer.
Care
The users of printers are distributed with different education levels and occupations. As long as the service is slightly
bad, it will be widely spread. It is recommended that the service station should stand in the position of the customers
based on the interests of customers.
Environment
In addition to the original service station that makes customers feel at home, many other self-operated stations are
just small shops and pay little attention to the appearance and the environment. It is recommended that the service
stations continue to be maintained to make customers feel comfortable.
Price
When service stations exist in great numbers and are available everywhere, price varies greatly. As the time and
personal concepts change, low-price strategies are not necessarily for a customer-oriented choice. Instead, they should
bring service and quality to consumers.
Profession
The maintenance service station instructs the maintenance personnel on how to repair, which leads to wrong
judgments of the problem. It is recommended that the maintenance service station should continue to conduct
professional education and training and certification, so that consumers can understand that professional judgment
is more important than some unprofessional online information.
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Abstract
Taiwan's vegetarian industry is booming, the supply of raw materials from the vegetarian industry is becoming
increasingly diverse, and it is relatively important to improve the quality of services that vegetarian raw material
suppliers provide to the vegetarian industry.
This study will mainly explore the quality of service of suppliers in the vegetarian industry in Taiwan, through
SERVQUAL service quality scale and Kano two-dimensional quality model analysis as the basic model, and then
to the Quality Function Deployment (QFD) of the raw materials suppliers to obtain the quality of service needs
to improve the quality elements.
Keywords: service quality, vegetarian industry, Kano two-dimensional quality model, I-S model, PZB,
SERVQUAL scale of service quality, QFD.

1. Introduction
In recent years, the global attention to health issues, coupled with the economic growth brought about by the
rich eating habits, resulting in a considerable number of metabolism and other chronic diseases caused by
overnutrition, and thus began to rise environmentally friendly and healthy food trends, under the influence of the
global vegetarian food and beverage population is gradually increasing, John (2020) called 2019 is the year of
vegetarianism, according to a survey that number of people choosing a vegetarian diet in the United States was
growing between 2015 and 2019.
Taiwan's vegetarian catering population is also gradually rising under the influence of health issues and religious
beliefs, according to the Taiwan Food Consumption Survey Statistical Yearbook (Food Industry Research and
Development Institute, 2015) survey statistics about Taiwan's total vegetarian food and beverage population accounted
for 9.8%, the reason for choice of vegetarian food by health care accounted for 5.7%.
According to the Ministry of Finance’s Public Finance Statistics Database - Number of for-profit businesses and
sales data, Taiwan's food industry and meal contracting service industry a total of 122,160 (Ministry of Finance’s
Public Finance Statistics Database, 2020), There are about 6,000 vegetarian restaurants in Taiwan, 4.9% of restaurants
in Taiwan (Business Today, 2019), according to the Taiwan Vegetarian Association website announced that 119
companies vegetarian suppliers in Taiwan (Taiwan Vegetarian Association, 2020).
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At present, most of the research literature mainly focuses on vegetarian culture, vegetarian eating behavior,
vegetarian catering management (Liang, 2011, Lin, 2013, Tsai, 2015), the study on vegetarian suppliers and quality
of service is less mentioned, only a few such as Chen and Pai (2014) that pointed out that vegetarian suppliers
to improve service quality is the most important issue.
Therefore, there are still many part of vegetarian suppliers service demand need to study, and we hope to explore
the relationship between the service quality of the suppliers of the vegetarian industry in Taiwan and the satisfaction
of demand purchasing through this study, in addition to improving the service quality of the supply chain related
to the vegetarian industry, and hope to provide more information on the needs of the industry as a reference for
the future development of vegetarian suppliers.

2. Research methods
2.1 Research architecture
This study begins with the following steps, first understanding industrial issues, determining research topics,
establishing research background, motivation, confirming research purposes, research scope and limitations, research
methods and content, collecting relevant literature and information on important and satisfaction, PZB quality of
service model, Kano model, Quality Function Deployment (QFD) and other relevant literature and information, and
then conducting questionnaire design process.
This questionnaire of study is uses the "SERVQUAL scale", the content of the questionnaire mainly refers to
the relevant theory, literature and empirical research and through the expert interview after the design questionnaire,
the questionnaire design to complete the pre-test questionnaire process, to Cronbach's α value is 0.7 as the standard
basis for whether to amend the questionnaire, the pre-test questionnaire process after the completion of the formal
questionnaire survey for the subject.
This study takes an Example of A Company in Taiwan as the research object, conducts the important
degree-satisfaction questionnaire and Kano two-dimensional quality questionnaire, and the data obtained from the
questionnaire are analyzed by SPSS analysis and statistics software, and the results of the important
degree-satisfaction analysis are obtained through the following modes: 1. The important degree-satisfaction
questionnaire is obtained. 2. Kano two-dimensional quality questionnaire to obtain the customer has and does not
have the demand category. 3. QFD puts forward the order of service quality improvement, and finally, after
cross-analysis, the paper puts forward some suggestions for improving service quality.
2.2 PZB quality of service model and SERVQUAL scale
The PZB quality of service model is mainly Parasuraman, Zeithaml and Berry in 1985 (Parasuraman et al., 1985)
proposed five gaps in service quality concept model, operators need to meet customer expectations of service quality
and demand gap, referred to as PZB model.
Parasuraman et al. (1988) According to the above-mentioned PZB model of the quality of service attributes after
redefining the five components of improved integration, called the SERVQUAL scale, the current scale is recognized
by the academic community and the industry, this study also used this scale as a quality of service evaluation.
2.3 Kano model
Kano model is mainly analyzed by Kano et al. (1984) on the correspondence between subjective and objective
aspects of quality. This pattern uses the available or does not available to determine the category of quality attributes,
divided into the following five components: Attractive Quality, One-dimensional Quality, Must-be Quality, Indifferent
Quality, Reverse Quality.
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2.4 Quality improvement index
The Quality improvement index is an improvement index proposed by Matzler et al. (1998), which refers to
the survey results of Kano's model, and presents the quality improvement indicator formula for the classification
characteristics of quality factors, which is divided into the formula for satisfaction increasing indicators and reducing
the formula for dissatisfied indicators, such as formulas (2-1) and (2-2).
increasing satisfaction index = (A+O)/(A+O+M+I)
reducing dissatisfaction index = (O+M)/(A+O+M+I)

(2-1)
(2-2)

Formula (2-1) and (2-2) in A for Attractive Quality, O for One-dimensional Quality, M for Must-be Quality,
I for Indifferent Quality, through the Quality improvement index can understand the customer for having a quality
factor may affect the satisfaction level increase or decrease and impact change, as a reference for improvement.
2.5 Importance-Satisfaction model
The importance-satisfaction model, referred to simply as I-S Model, is proposed by the Professor Yang (2003)
and is defined by classification:
1. Landscape coordinates: to indicate importance.
2. Portrait coordinates: to indicate customer satisfaction.
The two-dimensional quality model of importance-satisfaction is divided into four regions, such as Ⅰ. Excellent
Area, Ⅱ. To be improved Area, Ⅲ. Surplus Area, Ⅳ. Care-free Area, and the improvement index is used as the
judgment benchmark for improving quality, such as formula (2-3).
improvement index = (Satisfaction - Importance)/ Importance

(2-3)

2.6 QFD
The QFD is developed by Yoji and Shigeru (1987), divided into quality (Q), function (F) and deployment (D),
mainly through the establishment of House of Quality (HOQ) make the sound of customer demand (non-quantitative
demand) into customer demand with quantitative parameters to establish a series of quality transformation integration.
This study will use HOQ to analyze the quality of customer service of A Company in Taiwan and improve
the insufficient items.

3. Empirical analysis
3.1 Questionnaire reliability analysis
In this study, the quality of service questionnaire was conducted by customers in Taiwan of Company A, and
the first pre-test results of a total of 35 questionnaires were shown to show the responsiveness and assurance
composition of the dimension of importance and assurance composition of the dimension of satisfaction Cronbach’s
α values both less 0.7, after the second pre-test all dimension’s Cronbach’s α values are to reach more than 0.7,
then this study carried out a formal questionnaire process, the formal questionnaire of the various composition of
the confidence analysis Cronbach’s α values are above 0.7, indicating that the questionnaire has reliability, such
as Table 3-1.
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Table 3-1 Formal questionnaire reliability analysis

Dimension

Dimension
Code

Tangibles
Reliability
Responsiveness
Assurance
Empathy
Total

A
B
C
D
E

Importance
0.890
0.914
0.801
0.926
0.802
0.903

Cronbach’s α
Kano model
Satisfaction
(Available)
0.973
0.955
0.945
0.951
0.944
0.920
0.943
0.949
0.957
0.941
0.986
0.979

Kano model
(Not available)
0.902
0.861
0.919
0.944
0.922
0.943

3.2 Kano model analysis
After the questionnaire analysis of this study, the Kano model mass classification values of each composition
are counted and classified, such as Table 3-2.
Table 3-2 Kano model analysis

Dimension

A

B

C

D

E

Item
KNA1
KNA2
KNA3
KNA4
KNA5
KNB1
KNB2
KNB3
KNB4
KNB5
KNC1
KNC2
KNC3
KNC4
KNC5
KND1
KND2
KND3
KND4
KND5
KNE1
KNE2
KNE3
KNE4
KNE5

A
11.6%
13.4%
12.2%
7.7%
9.0%
10.3%
10.8%
11.5%
14.7%
14.1%
13.5%
9.6%
18.6%
10.9%
13.4%
21.2%
16.1%
17.3%
13.5%
17.9%
17.3%
14.8%
13.4%
13.5%
10.9%

O
21.8%
20.5%
28.8%
24.4%
27.6%
31.4%
32.1%
31.4%
25.6%
24.4%
26.3%
25.6%
24.4%
23.7%
20.5%
22.4%
17.9%
23.7%
19.2%
16.0%
17.9%
16.0%
18.6%
18.6%
23.1%

M
39.1%
39.8%
34.6%
41.6%
40.3%
35.3%
35.9%
40.4%
37.8%
42.3%
41.6%
41.0%
30.1%
39.1%
34.6%
31.4%
33.4%
30.7%
32.0%
32.7%
30.1%
31.4%
34.0%
30.1%
30.7%

I
27.5%
26.3%
24.4%
26.3%
23.0%
23.0%
21.2%
16.7%
21.8%
19.2%
18.6%
23.7%
26.9%
26.3%
31.4%
25.0%
32.6%
28.2%
35.3%
33.3%
34.6%
37.8%
33.9%
37.8%
35.3%

R
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Category
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
I
I
I
I
M
I
I

3.3 Importance-Satisfaction analysis
After the analysis of this research questionnaire, the value of importance and satisfaction will be average statistics
and sorting, through this analysis to understand the customer's importance and satisfaction with the items in this
research questionnaire, through the overall analysis after sorting, proposed solutions, according to the analysis results,
the first five customers consider important are: (D4) supplier employees have product expertise, (D5) suppliers have
guarantees of goods, (C3) suppliers will inform the commodity price changes in advance, (D2) Supplier brand has
a sense of customer trust, (D3) suppliers attach importance to customer service, customer satisfaction before the
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five are: (B4) supplier delivery time is reasonable, (D4) supplier employees have product expertise, (A4) suppliers
to provide product catalog, (C1) suppliers will inform out-of-stock goods in advance, (B1) once to solve customer
response problems, as shown in Table 3-4.
Table 3-3 Importance-Satisfaction analysis

Dimension

A

B

C

D

E

3.4

Item
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
D1
D2
D3
D4
D5
E1
E2
E3
E4
E5
Total Avg.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Importance Avg.
3.6987
3.7051
3.8077
3.7115
3.6667
3.7436
3.4936
3.6474
3.7244
3.8013
3.6603
3.8333
3.9615
4.0513
3.8718
3.9231
4.0321
4.0128
4.0577
4.0513
3.7628
3.7115
3.9359
3.8013
3.9167
3.8233

Rank
21
20
12
19
22
16
25
24
17
13
23
11
6
3
10
8
4
5
1
2
15
18
7
13
9

Satisfaction Avg.
3.8974
3.9167
3.8782
4.0385
3.8718
3.9679
3.9038
3.8397
4.1026
3.9295
3.9744
3.9487
3.9295
3.8269
3.8333
3.7821
3.8077
3.8013
4.0833
3.8782
3.8910
3.9423
3.8974
3.8846
3.9423
3.9108

Rank
14
11
18
3
19
5
12
20
1
10
4
6
9
22
21
25
23
24
2
17
15
8
13
16
7

Dissatisfied item improvement plan in Importance-Satisfaction analysis

According to Table 3-4, the top five survey questionnaires analyzing customer dissatisfaction are: (D1) suppliers
value customer response, (D3) suppliers value customer service, (D2) supplier brands have customer trust, (C4)
suppliers will provide price changes to replace goods, (C5) suppliers will provide pre-order services, after discussion
with relevant experts to propose the following improvements:
1. Set up cross-departmental task force for customer response to unify departments through the network, telephone
and customer contact and response.
2. For employees to establish pre-service training, and strengthen on-the-job training, invite manufacturers for
the development of new products for education and training to enhance staff professional knowledge.
3. Establish a pre-order service and contact window.
3.5

I-S model analysis

Based on I-S Model theory, based on the total average of importance and the total average of satisfaction scores
as X-axis and Y-axis benchmark, the chart is divided into (Ⅰ) Excellent Area, (Ⅱ) To be improved Area, (Ⅲ)
Surplus Area, (Ⅳ) Care-free Area, such as Figure 3-1.
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Figure 3-1 I-S model analysis

(Ⅱ) To be improved Area, where the customer considers high importance but low satisfaction to be the project
that needs to be improved, with a total of (14/C4) suppliers offering price changes as substitutes, (15/C5) suppliers
providing pre-order services, and (16/D1) suppliers paying attention to customer responses (17/D2) supplier brand
has a sense of customer trust, (18/D3) suppliers attach importance to customer service, (20/D5) suppliers have to
guarantee goods, (23/E3) supplier staff contact service attitude and so on seven.
3.6 (Ⅱ) To be improved Area item improvement plan in Importance-Satisfaction model analysis
Following discussions with relevant experts, the following improvement options are proposed in accordance with
Figure 3-1 (Ⅱ) To be improved Area:
1. Establish a record of the same category attributes for the substitution and application characteristics of the
goods, and provide the employees as business tools to respond to the customer's demand for substitute goods
with the same attributes.
2. Establish cross-departmental dedicated customer service units to keep in touch with customers and respond
to them and train regularly with employees.
3. For the product after-sales guarantee to establish a product resume traceability system, and with the policy
for food safety login.
4. Business and customer service departments regularly conduct service etiquette training to ensure a good service
attitude.
3.7 Quality improvement index analysis
This study is based on (2-1) and (2-2) to achieve quality improvement indicators such as Table 3-4, through
which we can understand the impact of each composition project on quality improvement.
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Table 3-4 Quality improvement index

Dimension

A

B

C

D

E

Item
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
D1
D2
D3
D4
D5
E1
E2
E3
E4
E5

1
2
3
4
5
8
9
10
11
12
14
15
16
17
18
20
21
22
23
24
26
27
28
29
30

increasing satisfaction index
0.479
0.472
0.500
0.365
0.440
0.453
0.500
0.536
0.324
0.458
0.574
0.542
0.389
0.507
0.382
0.493
0.437
0.647
0.528
0.474
0.437
0.419
0.556
0.694
0.373

reducing dissatisfaction index
0.394
0.377
0.321
0.514
0.347
0.313
0.431
0.393
0.353
0.396
0.353
0.389
0.370
0.310
0.364
0.437
0.493
0.330
0.352
0.406
0.286
0.318
0.320
0.306
0.403

This study is based on Table 3-4 quality improvement indicators to increase satisfaction indicators and reduce
dissatisfaction indicators to establish quality improvement indicators quadrant chart, set X axis to increase satisfaction
indicators, Y axis to eliminate dissatisfaction indicators, each to increase the average of satisfaction indicators and
dissatisfied indicators as the X axis, Y axis quadrant division, Figure 3-2.

Figure 3-2 Quality improvement index analysis
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The second quadrant (Ⅱ) gives priority to improving the region, while increasing satisfaction but reducing
dissatisfaction is the priority improvement project, with a total of (3/A3) suppliers providing improved packaging,
(6/B1) solving customer response issues at once, and (7/B2) supplier stocking Reasonable time, (8/B3) supplier
employee product description clear, (9/B4) supplier delivery time reasonable, (10/B5) product pricing reasonable,
(11/C1) supplier will inform out-of-stock goods and other seven items in advance.
3.8 improvement plan in Quality improvement index analysis
Following discussions with relevant experts, the following improvement options were proposed in accordance
with the second quadrant (II) of Figure 3-2, which gives priority to the improvement area:
1.
2.
3.
4.

For the packaging of goods in collaboration with manufacturers to conduct a review and improvement.
Establish employee training mechanism, regular product and customer service education.
Planning and integration for commodity purchase time, product inventory control and logistics management.
Establish a product market research system and regularly review the market positioning and pricing strategy
of the product.

3.9 QFD analysis
3.9.1 Planning quality matrix analysis
After analyzing and integrating the indicators of importance, satisfaction, absolute weight and relative weight,
this study carried out a complete planning quality matrix analysis on the items with higher than average importance
as the items required for planning quality matrix. Analysis as shown in Table 3-5.
Table 3-5 Planning quality matrix

Dimension

C

D

E

Demand
quality
C1
C2
C4
C5
D1
D2
D3
D4
D5
E2
E3

Importance

Satisfaction

3.8333
3.9615
4.0513
3.8718
3.9231
4.0321
4.0128
4.0577
4.0513
3.9359
3.9167

3.9487
3.9295
3.8269
3.8333
3.7821
3.8077
3.8013
4.0833
3.8782
3.8974
3.9423

Total relative weight
Absolute weight Relative weight

7.8632
8.2023
8.8039
8.3890
8.7010
8.8396
8.8229
7.7774
8.5960
8.2756
8.0594

0.0852
0.0888
0.0954
0.0909
0.0942
0.0957
0.0956
0.0842
0.0931
0.0896
0.0873

Relative rank

10
8
3
6
4
1
2
11
5
7
9

According to Table 3-5 analysis, where (D4) supplier employees have product expertise, (C1) suppliers will
inform out-of-stock goods in advance, (E3) supplier employees contact service attitude, (C2) suppliers will provide
out-of-stock alternative goods and other four items for customer demand quality needs to be improved.
3.9.2 Quality element development and relationship matrix
After discussion with relevant experts and reference related literature, according to the industrial characteristics
of A company and organizational management, the quality elements are divided into four major components and
10 quality elements, such as Table 3-6.
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Table 3-6 Quality deployment

Dimension
code

Dimension

Quality feature
code
F1
F2
F3
F4
G1
G2

Operations
management

F

Pricing
management

G

Service
management

H

H2
H3

Inventory
management

I

I1

H1

Quality feature item
Customer service efficiency
Regularly conduct customer satisfaction surveys
Product education and training
Provide customer service line
Market research on homogeneity products
Product price strategy design and management
Logistics and distribution operation design and
management
Product after-sales guarantee service
Customer relationship management
Instant product sales and inventory management
system

3.9.3 Quality factor assessment.
This study constructed a complete quality house according to Table 3-5 and Table 3-6, such as Table 3-7, and
established a quality factor sorting table after sorting according to quality elements, such as Table 3-8.
Table 3-7 HOQ

KANO
Dimension weight

F

G

H

I

Operations
management

Pricing
managemen

Service
management

Inventory
managem
ent

F1

F2

F3

F4

G1

G2

H1

H2

H3

I1

Planning quality matrix

Importance Absolute
weight

Relative
weight

Rank

KAC2

1

1

0

0

0

1

0

0

0

0

3

3.8333

7.8632

0.0852

10

KAC3

1

3

0

1

0

3

3

0

0

1

3

3.9615

8.2024

0.0888

8

KAC4

1

0

1

1

0

5

0

0

0

0

3

4.0513

8.8037

0.0954

3

KAC5

1

0

1

0

0

5

0

1

0

1

5

3.8718

8.3889

0.0909

6

KAD
1

1

1

3

3

3

1

1

0

1

5

0

3.9231

8.7012

0.0942

4

KAD
2

1

5

5

3

5

1

1

3

3

3

1

4.0321

8.8395

0.0957

1

D KAD
3

1

5

0

3

0

1

0

3

5

3

1

4.0128

8.8231

0.0956

2

KAD
4

0

0

0

5

0

3

0

0

0

0

0

4.0577

7.7772

0.0842

11

KAD
5

0

0

0

0

5

0

0

0

5

0

3

4.0513

8.5960

0.0931

5

KAE3

1

5

3

5

3

0

0

0

1

3

0

3.9359

8.2755

0.0896

7

KAE5

0

3

3

0

0

0

0

5

0

0

3

3.9167

8.0593

0.0873

9

C

E

Absolute weight
Relative
weight（%）
Quality feature
Rank

170. 112. 137. 95.1 144. 42.1 61.3 87.6 137. 134.2152
86 32 47 27
8
48
8
1
91
15.2 10.0 12.2 8.5% 12.9 3.8% 5.5% 7.8% 12.3
%
%
%
%
%
1

6

4

7

2

10

9

8

3

11.9%

1

5

Quality feature：Low Related＝1，Medium Related＝3，High Related＝5
KANO weight：Must-be Quality(M)＝1，One-dimensional Quality(O)＝2，Attractive Quality(A)＝4，Other＝0
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Table 3-8 The quality feature rank

Dimension

Dimension
code

Operations
management

Pricing
management
Service
management
Inventory
management

F

G

H

I

Quality
feature
code

Quality feature item

Expert
parameters
Relative
weight

Rank

F1

Customer service efficiency

15.2%

1

F2

Regularly conduct customer satisfaction surveys

10.0%

6

F3

Product education and training

12.2%

4

F4

Provide customer service line

8.5%

7

G1

Market research on homogeneity products

12.9%

2

G2

Product price strategy design and management

3.8%

10

H1

Logistics and distribution operation design and
management

5.5%

9

H2

Product after-sales guarantee service

7.8%

8

H3

Customer relationship management

12.3%

3

I1

Instant product sales and inventory management
system

11.9%

5

According to Table 3-8, it can be learned that the top three of the four major components of quality elements
are: (F1) customer service efficiency, (G1) Market research on homogeneity products, (H3) customer relationship
management operations, while the overall quality elements with "operational management", "pricing management"
and "inventory management" as the main components that need to be improved.
3.9.4 Priority to improvement by QFD analysis
This study applies the QFD, establishes the planning quality matrix, the quality element, the quality house, the
relationship matrix in order, conducts the quality function development, explores the quality service and quality
improvement strategy of company A, after the analysis results get such as Table 3-7, Table 3-8, the study after
discussing with the relevant experts the items that need to be improved priority, put forward the following
improvement plan:
1. Customer service efficiency: By establishing a dedicated customer service department or dedicated personnel,
granting cross-departmental coordination of scheduling responsibilities, and providing communication methods
such as dedicated telephone calls and e-mails that specialize in receiving customer service responses, and
establishing a system of processing time and supervision based on possible customer service project needs,
service efficiency is indeed enhanced.
2. Establish a product inspection and investigation system: strengthen the grasp of market changes in products
by establishing a special person to conduct market price and production and sales data or new product
competition survey operations for the products sold or introduced by the company.
3. Instant Product Sales and Inventory Management System: Establish an effective and real-time system that
improves customer service efficiency and understands market pulse and inventory management to reduce
customer dissatisfaction and improve overall customer satisfaction.

4. Conclusions
 The purpose of this study is mainly due to the rising food and beverage population of Taiwan, and the relevant
research on the vegetarian catering industry has also emerged from all walks of life, this study discusses the
quality and satisfaction of suppliers in Taiwan's vegetarian industry chain, and obtains the following conclusions
after analyzing the quality of service improvement data by using the questionnaire designed by "SERVQUAL
scale" through survey, collection of customer satisfaction, application of service quality PZB model, KANO
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model, quality of functional development, etc.:
1. Importance- Satisfaction Analysis: The customer considers important to be in the top three : (D4) supplier
employees have product expertise, (D5) suppliers have guarantees of goods, (C3) suppliers will inform the
commodity price changes in advance; The customer considers satisfaction to be in the top three: (B4) supplier
delivery time is reasonable, (D4) supplier employees have product expertise, (A4) suppliers to provide product
catalog; The top five are between customers who are not satisfied：(D1) suppliers value customer response,
(D3) suppliers value customer service, (D2) supplier brands have customer trust.
2. KANO model：Total of 25 quality of service items in 5 dimensions were constructed:M in 19 items,I in
6 items.
3. I-S model analysis:(Ⅱ) To be improved Area, where the customer considers high importance but low
satisfaction to be the project that needs to be improved, with a total of (14/C4) suppliers offering price changes
as substitutes, (15/C5) suppliers providing pre-order services, and (16/D1) suppliers paying attention to
customer responses.
4. Planning quality matrix analysis:The quality of customer needs needs to be improved:(D4) supplier employees
have product expertise, (C1) suppliers will inform out-of-stock goods in advance, (E3) supplier employees
contact service attitude.
5. QFD analysis: According to A company's industrial characteristics and organizational position. The 4
dimensions and 10 quality elements were analyzed: (F1) customer service efficiency, (G1) Market research
on homogeneity products, (H3) customer relationship management operations.
The above can be used as a reference project for Company A as a priority for improvement, and can also be
used as a reference for researchers in Taiwan's vegetarian industry chain.
1. Improvements are needed for high repetition rates:(11/C1) Suppliers will inform out-of-stock goods in advance:
establish an instant product sales and inventory management system, provide an effective and real-time system,
can improve customer service efficiency and grasp the market pulsation and inventory management to reduce
the shortage of scarce supply caused by customer dissatisfaction, improve overall customer satisfaction.
2. Improvements in quality factors:
2.1 (F1)Customer Service Efficiency: By establishing a dedicated customer service department or dedicated
personnel, granting cross-departmental coordination of scheduling responsibilities, and providing
communication methods such as dedicated telephone calls and e-mails that specifically receive customer
service responses, and establishing a system of processing time and supervision based on possible customer
service project needs, it does improve service efficiency.
2.2 (G1)Homogeneity product market survey: through the establishment of a dedicated personnel for the sale
or the company wants to introduce the product of the customer's group market price and production and
sales data or new product competition survey operations, and establish a regular inspection time, for the
product market changes to strengthen the grasp.
2.3. (H3) Customer Relationship Management Operations: Establish an effective and real-time system that
can improve customer service efficiency and master market pulse and inventory management to reduce
customer dissatisfaction caused by scarce supply and improve overall customer satisfaction.
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Abstract
Most customers have a large demand of the foam products and must be able to respond in a limited time.
Meanwhile, the another problem is that customers have a large mold, it takes a long time to produce and high
production costs. However, it should be done to solve this problem according to the customer's needs. The company
(Polyfoam High-Tech Co. Ltd.) has therefore studied and modified a new mold., by using the design of
experiments. The purpose of this research is to modify the original mold of the foam injection machine has a
standard size of 1300 mm. (Dimensions : 1300 mm. length x 1100 mm. wide x 100 mm. thickness ), which
is intended to be used a foam injection machine has a standard size of 1100 mm. (Dimensions : 1075 mm. length
x 840 mm. wide x 120 mm. thickness). Therefore, the modification of the mold to be used with a 1100 mm.
foam injection machine, which must consider the molds be divided two parts, the first part is the lower cushion
bottom mold (LCBM), which must be modified the both of a male and female mold. The second part is the
upper cushion bottom mold (UCBM), it is also need to be modified the both of a male and female mold. The
expectation of this mold modification is to reduce the cycle time of the foam injection machine, to increase
productivity and reduce production costs. For qualitative analysis, the several tools had been employed to solve
this problem, including the Design of experiments, and also the Polyfoam High-Tech Co., Ltd. deployed the Six
Sigma Methodology of Define-Measure-Analyze-Improve-Control to solve the problems. The results show that the
new foam injection molds could be reduced the cycle time of 70%, Productivity can be increased according to
customer needs appropriately, to reduced fuel costs of 59%, the rate of return on investment is less than 1 month.
However, data collection techniques and analysis of the results of this project can be applied to other projects
or their projects that are affiliated with Polyfoam Hi-tech Co.Ltd.
Keywords: foam Injection mold, production process, reduce cycle times, energy saving, modification
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1. Introduction
As the world’s population increase, the demand for energy and raw materials is growing at a greater pace and
has led to the greenhouse gas effect that is responsible to the global climate change. The need for new ecological
equilibrium has led to researches into the embracing of materials that are more environmentally friendly and this
has brought about greater adoption of polymers or plastic based materials in the construction (or a food package)
industry. Expanded polystyrene (EPS) represents one of such materials that have found their way into the previously
conservative construction (or building) industry. Also, the world is becoming more concerned about the environment,
and measures are being taken in every nation of the earth to reduce the impact of activities on environment. For
the building, construction and foods industries worldwide, these concerns are being addressed by the careful choice
of building materials, food packaging and in particular, the selection of insulation. However, Polyfoam Hi-Tech
Company Limited and its affiliated companies as a manufacturer and distributor of foam in Thailand, which they
are aware of the importance mentioned above as well. Therefore, the use of environmentally friendly material such
as EPS for new and improved building (or a food package) technology system will go a long way to enhance
the environmental quality. EPS is a lightweight rigid foam material that is made by the polymerization of styrene,
an oil derivative also found naturally in foods such as strawberries, nuts and beans. He blowing agent employed
is pentane which is neither a CFC nor an HCFC. Also, EPS is a versatile durable material that offers excellent
insulation properties. As the structure of EPS consists of 98% air its initial thermal properties are maintained
throughout its working life. It can be manufactured in a wide range of shapes and sizes. It is non-toxic, moisture
resistant and rot proof.

a) Details of each step show the properties of EPS processing.

b) the details of each step show the EPS processing
Figure 1.1. The principle of foam injection molds machine processing
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The principle of foam injection machine as shown in figure 1.1. The operating procedure consists of 4 steps,
which are pre-expansion, drying (optional), maturation and molding, the details of each step show the properties
of EPS processing which can be summarized as follows (http://www.irpcmarket.com) , the first step is Pre-Expansion:
the EPS was heated with steam at the temperature of around 90-100OC, it will soften and Pentane starts evaporating
to generate the pressure which causes Polystyrene beads expand 30 – 50 times of its original volume. The desired
density can be achieved, depending mainly on temperature of steam, steaming time. The second and third steps
are Aging Time (drying and maturation): After the pre-expansion, the expanded beads are gently conveyed to a
well ventilated storage silo. Pentane, the blowing agent, gradually escapes and air permeates into the cells during
aging. Optimum molding conditions can therefore vary with suitable aging time. The fourth step is Molding: After
the suitable aging time, the expanded beads are filled into a mold. At the temperature of around 100 - 110OC,
high steam pressure will make the beads expand and fuse together to achieve the required strength and the smooth
surface on the final molded products. Molding cycle time is depended on EPS grade selected, aging time, density
of the pre-expended beads and set molding condition.
Therefore, this project will focus on designing,
experiments and modifying the foam injection mold to meet the needs of the customers and to reduce the production
time as well as having lower energy costs.

2. The importance of the issue and a review of research related
2.1

Importance of the Issue

Recently, a customer came to consult with the Polyfoam Hi-Tech company's engineers to hire to produce foam,
but he has 4 molds, which are large molds, which have one cavity per one mold, to be used to produce foam
and to specify conditions for only use in a foam injection mold which have a size of 1300 mm. The width of
the mold is determined to require a machine with a size of 1300 mm. or higher, to be able to inject a given products,
because of a size of 1100 mm., a foam injection machine has a very short mold base, so it cannot be used. After
the foam has been produced in the foam injection mold machine have a size of 1300 mm., for a period of time,
the customer has required the company to reduce the cycle time of an every mold, It is should be done less than
100 sec per one shot, which the previously data, before an accepting the foam injection mold, an every mold had
more than 100 sec of one cycle shot per one production. So, the customer wants to get an reduce the cycle time
of foam injection 1 time or 1 shot., to have less than 100 sec in order to get enough production per one hour
to meet customer’s needs (an average of 800 pieces per day). However, a trials have been made to adjust the values,
but it’s have a many defects of the waste foam, such as the foam surface to be roughed, which are caused an
accelerating the excessive production time, and when to be calculated the cost of foam production with a machine
that it’s have a size of 1300 mm, it is found that it’s have a high costs, while to be considering a machine that
it has a size of 1100 mm., it is to be expected a low cost. Therefore, this issue is a problem to be studied, experiment
and modification in this project. However, Customer needs mentioned on above, in general, it is the desire to focus
on an reduce the cycle times. The cycle times are used to a foam production and cost reductions that are required
in foam production are most significant. Therefore, it should be done to considering the mold design and modification
of the mold to have the appropriate size, which there are many factors, such as the material type and size to be
required to build the mold, the time used that the mold to be installed, the time required to heat using by the
steam that must be fed in each shot, such as steam pressure, steam temperature and volumetric flow rate of steam,
water control required for cooling of the mold ; such as water temperature and volumetric flow rate, it is also
the other additives that it’s need to be used, to increase the properties of the mold, as well as to help reduce the
loss of foam products. Therefore, the review of research related to the production of foam is very important, because
it will be helped to the design decision and modify the mold to be appropriated, which must be studied. For the
details and further analysis of various factors as shown in section 2.2.
2.2 A review of research related
The importance of the problem described in Section 2.1., Foam injection is an encouraging production method
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because the ability to produce this product must be lighter, less material, and including it will require less energy
and a faster production rate, all of which are important factors for mold size. Therefore, the modification or
development of this foam injection mold is a paramount importance, in order to achieve objectives in accordance
with section 3. The Polyfoam Hi-Tech company limited research team has studied and analyzed relevant documents
to apply concepts, to create and modify new mold, as well as to have a real test, which is based on the study
of literature related to Developing and modifying the mold, it is found that there are many factors that need to
be emphasized such as Ned LeMaster (2011) found that weight reduction and sink removal are the two main reason
that chemical foaming agents are used in injection molding., when using a chemical foaming agents for weight
reduction, it is important to reduce the shot size to make short shots and use the foam to help fill the mold. For
sink removal, the foaming agent is added to help fill the part. Its addition of foaming agent alone does not remove
the sink marks, use the approach noted above of reducing pack and hold pressures and times. The general rule
of thumb for injection speed with chemical foaming agents is faster is better. Often an accumulator will be used
to accomplish this, as in the case of structural-foam molding. Faster injection allows for uniform expansion of the
foaming agent. Shaayegan V., et al., (2016) [1] studied a new insight into foaming mechanisms in injection molding
via a novel visualization mold. In addition, recent studies have demonstrated that the formation of the cellular
structure in FIM (Foam injection molding) can improve mechanical and physical properties of the foamed parts
[2]. The absence of a comprehensive understanding of bubble nucleation mechanisms, bubble dynamics, and mutual
interactions of growing bubbles and fillers not only limits any structural improvement to empirical trial and errors,
also hinders new material designs for enhancement of specific properties in products. Although extensive research
has been conducted to interpret the foaming phenomena in FIM, characterization was performed on the final structure
after the samples were stabilized [3]. Additionally, most of hypotheses or theoretical simulations were not
experimentally verified [4, 5]. In this context, the in-situ observation of foaming phenomena drew significant attention
amongst researchers [6]. Mahmoodi et al [7] conducted full shot FIM experiments using polystyrene (PS)/carbon
dioxide (CO2) system to visualize cell growth and collapse during non-isothermal mold filling. Although the
measured pressure was used for the interpretation of their data, the local pressure and visualized data could not
describe the entire foaming phenomena in the mold cavity as the pressure profile changes along the mold cavity.
Unlike most available designs, experiment a more realistic FIM process in terms of the heat transfer on the cavity
surface. Also, it reduces the probability of any thermal shock, or mechanical damage under high packing pressures.
The location of the viewing windows in the fixed plate, on the opposite side of the mold cavity, makes it possible
to perform various experiments by simply changing the mold insert, some of which includes, but is not limited
to, gas assisted FIM studies, shear/extension induced FIM, and the study of flow in various channels. Also, the
mold can be utilized to investigate other FIM technologies such as gas-counter pressure [8, 9] and mold opening
(core back) [9, 10, 11]. The designed mold can be utilized to further investigate the mechanisms of bubble
nucleation/growth, interaction between bubbles and fillers [12, 13], the effect of formed crystals on foaming [14],
weld-line studies [15], defects [16], and model verifications [17]. In low-pressure FIM, the mold cavity was partially
filled with the melt/gas mixture [18]. As a result of the review of relevant documents, this research paper focuses
on factors (or variables) that affect mold size by modifying the mold size, for example, for use with a small foam
injection machine. In order to reduce cycle times and energy costs, as well as to increase productivity. Therefore,
the objective of this work is to focus on various factors covering the needs of the customer with the objectives
outlined in Section 3. By using mold modifications, fabrication and experimentation.

3. Objective of this research
The objective of this research is to study the important variables of foam injection machine that affect the cycle
time and cost of energy and modify the mold used to produce foam, to increase production capability and to have
the mold size that appropriate.
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4. Scope of this Research
The scope of this research is to develop and modify a foam injection machine have a mold size of 1300 mm,
to be used with a foam injection machine that have a size of 1100 mm, by using the design(and modify), build
and experiment methods. Modification of the mold consists of 2 parts, the first part is LCBM and the second part
is UCBM., In addition, a design to be changed the position of the steam inlet pipe, the steam outlet pipe, the steam
and water spray pipe, the vacuum tube to suck the steam and water out of the mold has been determined., to compare
the mold working time between conventional mold and new mold, and also, It’s must be to analyzed the reduce
cycle times, costs and quantity in the production process.

5. Research Methodology
In this research, we will focus on
modifying the mold according to the
customer needs, as outlined in the
scope of section 2, However, this
research work has applied the
experimental design methods in
conjunction with the qualitative
methods [19-21]. As shown in the
principle in figure 1.2. Therefore, the
research process in this paper will
focus on solving the problem with an
applied sub-step of the six-sigma
process (DMAIC; define, measurement,
analysis, improvement and control) to a
new six-step process, consisting of
customer
needs(Cu),
define
problem(D), experiment(E), analysis
(A), improvement(I) and control(Co).
Figure 1.2 The research methodology consisted of 6 steps Cu-DEAI-Co
In addition, the operation has divided
(Modified by Thanakom S.)
the responsibilities into sub-groups
consisting of small group activity
(SGA), quality Group (QG) and engineering group (EG) by using the Cu-DEAI-Co. Including operations according
to the principles of PDCA and Continuous Improvement.

6. Experiment Setup and Materials
6.1 Experiment Setup;
The technical specifications of the mold injection machine are as follows; Steam pressure 3-4 kgf/cm2, water
pressure 3-4 kgf/cm2, compressed air pressure 6-7 kgf/cm2, vacuum pressure 40-60 cmHg and power 380 VAC.
Ram sets are 800, 600 mm long, hexagonal rod and ram head are available in sizes 20, 25, 30,35, 40 and 45
mm.
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Figure 1.3 Principles of the EPS injection mold machines

6.2 Raw Material;
EPS used products of Polimaxx-IRPC has two applications; EPS 321F, Bead size 0.63 - 1.12 mm., Molding
density range 16-25 g/L, Silo time 6-12 hr., and EPS 361F with Bead size 0.40 - 0.90 mm., molding density range
18-30 g/ L, Silo time 6-12 hr., respectively. In particular, EPS should have an aging time of at least 12 h.
6.3 Mold dimensions;
The male and female mold have dimensions of 1300 mm x 1100 mm, and the mold sink is 1300 mm x 1100
mm x 10 cm. The mold is made from the material grade 5083 which is classified as Aluminum-Magnesium (medium
strength, can be hardened because magnesia helps with strength)
6.4 Assumptions;
The experimental hypothesis consists of the operation of the foam injection machine to be stable operating
conditions and constant raw material properties.

7. Mold modification operations
Foam injection mold modification operations with the goal of reducing cycle time, reducing costs and increasing
productivity. Which has a guideline for operating the main parts as follows., The practice of modifying the mold
of a 1300 mm foam injection machine able to be used with a 1100 mm foam injection machine is considered in
accordance with the steps in section 5. Details of the modification are as follows. (1) to reduce the size of the
master frame (2) to modify the installation of water pipes at inlet and outlet (3) to coating the mold surface (4)
to coating the impact head (5) to control the timing of EPS granules that will be injected after steaming.
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Figure 1.4 Schematics of the injection mold between before and after improvement

8. Results and Discussions;
The effect of reducing the mold size and mold modification operations are as follows;
8.1 Influence on the volume of LCB and UCB
The effect of the modification of the UCB, found that the sink was modified from 1300 mm to 1100 mm,
the volume was reduced by 0.0945035 m3 (94.6 liters) and the male tub was reduced by 0.0373035 m3 (37.4 Liters),
respectively.
8.2 Influence on the cycle time and energy saving of a new mold
The experimental data under initial conditions are as follows; RO water is fed into the boiler with a volume
flow rate of 76 m3/day or 3.17 m3/h and requires coal fuel is 13,980 kg/day or 582.5 kg/h. In the case before
the improvement, UCBM; it was found that the injection 1 shot will require a period of 170.9 sec and the steam
feeder setting is 44 sec/shot, that is, the foam injection in 1 hour will be injected 21 shot, therefore, the amount
of steam that is fed into the mold per shot is 0.039 m3/shot, compared to coal use is 6.416 kg/shot (or 169.19
MJ/shot, or 14.115 ฿/shot). At the same time, LCBM; it was found that the coal consumption is 4.375 kg/shot
(or 115.37 MJ/shot, or 9.625 ฿/shot). In the case after the improvement, UCBM; it was found that the foam injection
time in one shot is 50.6 sec (reduced time of 20.3 sec.) The steam feed time is 15 sec/shot (reduced time of
29 sec), therefore, in 1 hour, there is a 71 shot (increased shot of 50 shot), therefore, the steam injection of the
mold per shot is 0.013 m3/shot, coal consumption is 2.427 kg/shot (or 64.00 MJ/shot, or 5.339 ฿/shot) (the coal
consumption is reduced by 3.989 kg/shot). At the same time, LCBM; it was found that the coal consumption is
1.926 kg/shot (or 50.79 MJ/shot, or 4.237 ฿/shot).
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Table 1.1 Comparison of energy consumption levels between LCBM and UCBM, before and after improvement.
No Items

Lower Cushion Bottom,LCB Upper Cushion Bottom;UCB
kg/shot

1 Quantitative targets

MJ/shot ฿/shot

kg/shot

MJ/shot ฿/shot

2.45

64.58

5.39

3.99

105.19

8.78

2 Energy consumption level (before improvement)

4.375

115.37

9.625

6.116

169.19

14.115

3 Energy consumption level (after improvement)

1.926

50.79

4.237

2.427

64

5.339

4 Payback period (year)

0.04

0.02

However, The experimental data under initial conditions are as follows; RO water is fed into the boiler with
a volume flow rate of 76 m3/day or 3.17 m3/h and requires coal fuel is 13,980 kg/day or 582.5 kg/h. In the case
before the improvement, found that the injection 1 shot will require a period of 170.9 sec and the steam feeder
setting is 44 sec / shot, that is, the foam injection in 1 hour will be injected 21 shot, therefore, the amount of
steam that is fed into the mold per shot is 0.039 m3/shot, compared to coal use is 6.416 kg/shot. Meanwhile, Also,
In the case after the improvement, it was found that the foam injection time in one shot is 50.6 sec (reduced time
of 20.3 sec.) The steam feed time is 15 sec / shot (reduced time of 29 sec), therefore, in 1 hour, there is a 71
shot (increased shot of 50 shot), therefore, the steam injection of the mold per shot is 0.013 m3/shot, coal
consumption is 2.427 kg/shot (reduced by 3.989 kg/shot). The adjustment of the operating time has been carried
out in a total of 20 cases, consisting of various cases as shown in figure 1.5 and 1.6. In which, the vacuum time
is the most valuable, but after the modified mold and found that it has the greatest effect on reducing cycle times
and saving energy.

Figure 1.5 The effect of mold modification on time between PRK,
Before and After in the case of UCBM.

Figure 1.6 The effect of mold modification on time between PRK,
Before and After in the case of LCBM.

In addition, during the modification of the foam injection mold and the experiment, it was found that there were
four observational issues that were most likely to occur, such as lumping, low expansion rates, shrinkage and poor
foam adhesion (poor fusion) problems. These can be corrected as follows; In the 1st case, the problems of lumping
(coagulation) is usually caused by chemicals used to coat the pellets EPS (incomplete coating), overheating in the
process of steaming the pellets EPS (over heating (excessive steam pressure/temperature)), the amount water leaking
(high level water), aged material. In the 2nd case, the problems of low expansion rates are generally caused by
steam supply, EPS input rate, steaming time. In retort time, bead size EPS (beads size), high humidity beads (high
humidity beads), shelf life of EPS beads (aged material). In the 3rd case, the problems of Shrinkage are generally
caused by overheating in the process of steaming (EPS over heating), too much temperature difference (large
temperature difference), temperature/duration overheating (mechanical damage), and In the 4th case, the problems
of poor foam adhesion (poor fusion). Generally, it is caused by the steam system (steam supply), mold (mold
problem). Must choose a mold with the appropriate steam entrance. , Pellet rest in Silo too long time (long aging
time), pellet too much expansion (over expanded beads) must control density (control density), high moisture content
in the pellet (high humidity of foamed beads-prolong aging time, drying the beads, chemicals for coating EPS
(coating problem), must adjust the amount of anti-lumping or improve the process of coating the beads (well control
coating).
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9. Conclusions
The experiment has been done in a time of 1.5 hours. It is found that the stainless steel pushrod rod has a
very high temperature, causing the jam to not be able to push all the workpieces to the bottom, causing repeated
compressions and requiring stop the machine. In order to remove the workpiece, thus increasing the waste of time.
However, the problem was resolved by removing the aluminum head of the jab using a coating (nylon tape). It
has been found that the modified mold has a lower thickness and a half weight than the original. This project
focuses on reducing steam usage area, reducing injection cycle time and operation of vacuum system to suit the
number of workpieces and mold size., because the mold is large and has a lot of mold remaining, causing the
use of steam to meet a large amount of demand, then releasing the steam, which one day requires 800 injections.
Therefore, it is causes to have to spend a lot on this part. The solution is to use the appropriate size reduction
method and can reduce working times faster than before and use less energy. Another issue, should be to make
cheaper molds, which originally used the molds1300, the working time was 3 hours but when using the 1100 molds,
it was found that only one hour would be needed. The mold of the model1300 will have a real dimension of 1305
mm x 1104 mm, while the mold of a new model is the molds1100 will have a real dimension of 1000 mm x
800 mm. Overall, it was found that time reduction from the previous standard was 150 sec, it was reduced to 70
sec. from the experiment with the 16th machine, using the s3/23 plastic pellet, the usage time is 74.5 sec. It found
that the workpiece was very good, not swollen and not cracked. In summary, In this project, the size of the master
frame and the mold sink was reduced to 38 - 47% of the original size. The results show that the new foam injection
molds could be reduced the cycle time of 70% (see in figure 1.5 and 1.6), Productivity can be increased according
to customer needs appropriately, to reduced fuel costs of 59%, the rate of return on investment is less than 1 month
(0.04 and 0.02 year). However, data collection techniques and analysis of the results of this project can be applied
to other projects or their projects that are affiliated with Polyfoam Hi-tech Co.Ltd.

Suggestions
This research should be further developed, especially for automatic control systems, which should be automated.

Acknowledgement
The authors thank the Department of Mechanical Engineering and Aero-spaces, Faculty of Engineering, King
Mongkut’s University of Technology North Bangkok, The Standards & Quality Association of Thailand (SQAT)
and Polyfoam High-Tech Co., Ltd., Providing support in this research.

References
[1]

[2]
[3]

[4]
[5]

Shaayegan V., Ameli A., Wang S., Park C. B.: Experimental observation and modeling of fiber rotation and
translation during foam injection molding of polymer composites. Composites Part A: Applied Science and
Manufacturing, 88, 67–74 (2016).
Ameli A., Wang S., Kazemi Y., Park C. B., Pötschke P.: A facile method to increase the charge storage
capability of polymer nanocomposites. Nano Energy, 15, 54–65 (2015).
Lee J. W. S., Wang J., Yoon J. D., Park C. B.: Strategies to achieve a uniform cell structure with a high
void fraction in advanced structural foam molding. Industrial and Engineering Chemistry Research, 47, 9457–
9464 (2009).
Arefmanesh A., Advani S. G., Michaelides E. E.: A numerical study of bubble growth during low pressure
structural foam molding process. Polymer Engineering and Science, 30, 1330–1337 (1990).
Ramesh N. S., Rasmussen D. H., Campbell G. A.: Numerical and experimental studies of bubble growth during

1242

[6]
[7]
[8]

[9]

[10]
[11]
[12]

[13]

[14]
[15]
[16]

[17]
[18]

[19]

[20]

[21]

the microcellular foaming process. Polymer Engineering and Science, 31, 1657–1664 (1991).
Villamizar C. A., Han C. D.: Studies on structural foam processing II. Bubble dynamics in foam injection
molding. Polymer Engineering and Science, 18, 699–710 (1978).
Mahmoodi M., Behravesh A. H., Rezavand S. A. M., Pashaei A.: Visualization of bubble dynamics in foam
injection molding. Journal of Applied Polymer Science, 116, 3346–3355 (2010).
Chen S-C., Liao W-H., Chien R-D.: Structure and mechanical properties of polystyrene foams made through
microcellular injection molding via control mechanisms of gas counter pressure and mold temperature.
International Communications in Heat and Mass Transfer, 39, 1125–1131 (2012).
Chen S-C., Hsu P-S., Hwang S-S.: The effects of gas counter pressure and mold temperature variation on
the surface quality and morphology of the microcellular polystyrene foams. Journal of Applied Polymer Science,
127, 4769–4776 (2013).
Spörrer A. N. J., Altstädt V.: Controlling morphology of injection molded structural foams by mold design
and processing parameters. Journal of Cellular Plastics, 43, 313–330 (2007).
Stumpf M., Spörrer A., Schmidt H. W., Altstädt V.: Influence of supramolecular additives on foam
morphology of injection-molded i-PP. Journal of Cellular Plastics, 47, 519–534 (2011).
Ameli A., Nofar M., Wang S., Park C. B.: Lightweight polypropylene/stainless-steel fiber composite foams
with low percolation for efficient electromagnetic interference shielding. ACS
Applied
Materials
and Interfaces, 6, 11091–11100 (2014).
Ameli A., Nofar M., Park C. B., Pötschke P., Rizvi G.: Polypropylene/carbon nanotube
nano/microcellular structures with high dielectric permittivity, low dielectric loss, and low percolation
threshold. Carbon, 71, 206–217 (2014).
Nofar M., Park C. B.: Poly (lactic acid) foaming. Progress in Polymer Science, 39, 1721–1741 (2014).
Fathi S., Behravesh A. H.: Visualization analysis of flow behavior during weld-line formation in injection
molding process. Polymer-Plastics Technology and Engineering, 47, 666–672 (2008).
Yokoi H., Masuda N., Mitsuhata H.: Visualization analysis of flow front behavior during filling process of
injection mold cavity by two-axis tracking system. Journal of Materials Processing Technology, 130–131, 328–
333 (2002).
Leung S. N., Park C. B., Xu D., Li H., Fenton R. G.: Computer simulation of bubble-growth phenomena
in foaming. Industrial and Engineering Chemistry Research, 45, 7823–7831 (2006).
Ameli A., Nofar M., Jahani D., Rizvi G., Park C. B.: Development of high void fraction polylactide composite
foams using injection molding: Crystallization and foaming behaviors. Chemical Engineering Journal, 262,
78–87 (2015).
T. Soontornchainacksaeng, U.Meeprasertsagool, S. Puripanyapinun, D. Charoensuk, Improvement the Error
of Automatic Weighing System for the Plastic Sheets Production, Proceedings of the fourteenth ANQ
Congress, Vladivostok September 21-22, 2016., p 1-8. (2016)
U. Meeprasertsagool, T. Soontornchainacksaeng, S. Puripanyapinun, D. Charoensuk, Machine improvement
to minimize the dark spots defect of PVC sheets : Case Studies in Cotco Plastics Co., Ltd., ANQ Congress
2015,Taipei., p.1-18. (2015).
U. Meeprasertsagool, T. Soontornchainacksaeng, S. Puripanyapinun, D. Charoensuk, (2014), Improvements
Machine to Minimize the Thickness Loss of the Leather, ANQ Congress 2014, Singapore p.1-8., (2014).

1243

1244

14
USA
01

ANQ-031

1245

USA-01 I ANQ-031

Longing to Trust My Data: The Mess Created by Big Data
Gregory H. Watson, PhD., EUR. Ing.

Abstract
The global growth of data is accelerating and doubling every two years. By 2025 it is estimated that there
will be 175 Zettabytes of data which represents a 61% compound annual growth rate (CAGR) over the coming
five years. By 2025 approximately half of this data will reside in those systems that are connected through the
Internet of Things (IoT) and the rest will be on private servers connected through the Cloud. Much of this data
is unstructured, gathered across the various transactions occurring on Internet sessions or captured by real-time
data loggers that monitor operational streams or web-based behaviors. Organizations are presented with unique
problems as a result of this massive data avalanche. Much of the data is untrustworthy and has little redeeming
business value. However, locating the valuable data bits is more difficult than a search for the proverbial needle
in a haystack. This presentation described the conundrum that is faced by one company that operates in a global
market where sales are through remote kiosks and production occurs through a network of chemical operations
that are controlled by internal programmable logic controllers (PLCs). Big data analytics seeks to identify interesting
rational sub-groups in the through sorting and screening algorithms that apply rule-based and pattern recognition
algorithms to attempt to connect the real-world demand statistics with its real-time production capability and create
optimized supply chain management systems for its distribution network. This challenge is not unique to one
company as many large corporations will be trying to create similar operational capabilities. This paper describes
how one company created a path to increase its capability in business analytics by bridging a journey from the
“small data analytics” of quality systems to the “Big Data” world of collaborative analytics.
Keywords: fBusiness Analytics, Quality 4.0, Big Data, Total Quality Management, Artificial Intelligence, Machine
Learning, Deep Learning, Adaptive Feedback, Collaborative Analytics
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Abstract
The article focuses on the overall study of the social responsibility of small and medium-sized enterprises (SMEs)
in the context of Vietnam's deep integration into international economy and digital era. It provides in-depth
perspectives of the competitive advantages of SMEs as well as challenges they face in their business operation.
In addition, we need to consider which factors of social responsibility will have the strongest and most profound
impact on SMEs, how they will affect business and production activities of enterprises, and which factors would
serve as competitive advantages of these enterprises to compete with domestic, FDI and global companies. At
the same time, the existing limitations of social responsibility of SMEs need to have solutions to integrate
internationally, develop sustainably and adapt to the digital era in the 21st century.
Therefore, the study of improving social responsibility for Vietnamese SMEs is an extremely urgent job which
has both scientific significance and practical value for the current socio-economic development.
Keywords: Social responsibility, SMEs.
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How to build a happy school:
Practical solutions to improve education quality management
Nguyen Thanh Tung
Knowledge Management Institute (Kmi)
International College Tue Duc VABIS – Vietnam, kmivietnam@gmail.com

Abstract
In April 2019, the Ministry of Education and Training of Vietnam declared a plan to build “A happy school”
to improve the capacity of teachers’ pedagogical and ethical behavior for a happy school. In this plan, the Ministry
of Education and Training of Vietnam outlined three core elements to build “A happy school” being Love, Safety
and Respect. This is also the self-demand, the driving force for teachers and staffs in the school to implement.
Not only the transmitting of knowledge and training skills for students but also the educational engagement in
creating “A happy school” are focused. In education sector, also known as the “happy ecosystem”, the people
playing the key role are administrators, teachers, parents and, substantially, students, the subjects that are most
concerned.
Every human being aspires to true happiness. For that reason, people, starting from birth and throughout life,
continuously pursue this down to the end and long for happiness to be embedded within them. Schools can promote
happiness as “A happy school”, through the key ensuring elements including well-being, health, and achievement
as well as success in future life and work. In “a happy school”, students are the most important subject; however,
teachers, administrators, school staffs and parents all equally need to rejoice in the educational process. Thus, a
happy school must be an “ecosystem” in which all members feel happy.
This report presents the application of the happy school framework, with the model established by UNICEF,
to improve education quality management in Vietnam. The framework was developed following consultation with
school-level stakeholders, and the criteria were structured under three broad themes: 1) People: referring to social
relationships between the members of the school community; 2) Process: referring to teaching and learning methods,
and 3): Place: referring to contextual factors.
Keywords: Happy school, happy ecosystems, school community relations, respect for differences and diversity, educating
on social feelings.

INTRODUCTION
From the school year of 2019-2020, "happy school" has become a familiar and important keyword for the
Education sector. The model of "happy school" is inspired by the UNESCO (the United Nations Educational
Scientific and Cultural Organization) Happy School Framework, introduced in 2016. Accordingly, after researching,
UNESCO identified 22 criteria to create what the organization believes to be a Happy School. These 22 criteria
revolve around the ‘3 P's’. The first P stands for People (Human), involving friendships and relationships in school
community, positive teacher attitudes, respect for individual distinctiveness and diversity, activity and cooperation
among school members, teachers' working conditions, skills and competencies of teachers. The second P is Process
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(Systematic process), including factors such as fair and reasonable workload, collaborative and teamwork spirit,
engaging teaching and learning methods, freedom in education, creativity, etc. These are processes, policies and
activities designed to operate the school in a reasonable manner. The third P refers to Place (Environment),
comprising safe and friendly learning environment, green space, etc.
This discussion will go in-depth into the practical solution of building a Happy School that Tue Duc Green
School System has been implementing since 2016, with a limited focus onto the subject of the first ‘P’ element
and also the most complicated – People.
What makes a school an unhappy one?
According to UNESCO’s researching, there are 5 core factors that make students and teachers unhappy at school:

This is considered to be related to issues such as fear and anxiety, loneliness and low
self-esteem.

Excessive amount of assignments and pressure from exams, rankings, stress from exams
and grades - such required conditions lead to overextended learning that unbalances
learning and playing periods, as well as false emphasis on memorization rather than
understanding, aimed at higher grades on exams. Several teachers also believe that the
great workload and stress come from concentrating on standards, benchmarks and
learning results, not on creativity, practical application, personality and merit
development.

For instance, a feeling of tension, carelessness and restraint, lack of smile, lack of
confidence and harmony in the school community.

Being too strict, unfair, not encouraging, not sincere, reluctant to distinctiveness and
distinctive thoughts, old-fashioned teaching and learning methods (passive learning and
memorizing), etc. Researches have shown that the above mentioned if applied can
result in students being afraid of (disliking) their teachers or even afraid of coming to
school.
These relationships can occur between students (competing for scores, rankings, etc.),
between students and teachers (such as teachers having student-stereotypes, disrelish,
prejudicial distinction, or being unlistening), between teachers and teachers (conflicts at
work, behaviors, etc.), between parents and teachers or parents and school
administrators, or even between parents themselves. As a result, they create an
environment that is not virtue for students, as well as teachers, to flourish and to feel
happy being at school.
Fig.1. Five core factors that make students and teachers unhappy at school
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What makes a school a happy one?
According to UNESCO’s researching, there are 5 core factors to create a "happy school" for students and teachers:
Respondents, in studies with stakeholder groups, pay great attention to human interactions.

Respondents emphasize the importance of this particular factor, specifically, that
students and teachers acknowledge teaching and learning should be based on trust,
respect, and patience; and understand all backgrounds are accepted in school
community with members treated equally.

Another crucial factor for a happy school characterized by respondents is a loving and
friendly learning environment - in terms of both ambience and infrastructure including a safe, sanitized, bullying-free school community, open space for sports and
to have fun, healthy and tasty meals, etc.
Respondents also cite learner’s freedom, creativity, and participation: creative and
practical activities, including learning from inside and outside the classroom, field trips
and extracurricular activities. Students and teachers understand that appropriate activities
will allow learners to express their ideas and freely ascertain, ask questions without
any fear of mistakes, i.e. 'learning without worries’, gradually build up a natural
passion for learning and an unlimited curiosity, and simultaneously give learners space
to dream and develop their own talents.
Students have to develop collectively rather than individually: this can be established
and nourished through teamwork and cooperation, not only between students
themselves, but also between students and teachers.

Respondents always demand enthusiasm, kindness, and fairness, as well as the teachers’
role in inspiring, innovating, and empowering students to demonstrate.

Fig. 2. Five core factors to create a "happy school" for students and teachers

By and large, respondents (especially principals and administrators) perceive a "happy school" as a school which
fosters its learners’ holistic growth (teachers also do profit from these positive values), including mental, physical,
and psychological well-being, as well as emotional support, to become a place where children can develop good
will. A happy school means it brings up happiness every day before going to school. This determines the importance
of thoughts in signifying the student level of happiness. UNESCO conducted a survey that resulted in several
intriguing inspections answering what makes a school happy, and responses recorded in Japan that emphasized
"cooperation", with "greetings" and "smiles" – the 3 factors considered important to build a warm and friendly
learning environment. However, survey participants in China claimed that a happy school is where students have
freedom and less pressure on exams. Respondents in Korea believed that a happy school is one that gives learners
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the freedom to dream and does not involve
bullying. Respondents to the surveys in Russia
and Thailand, on the other hand, particularly
emphasized the importance of discipline, rules,
and good behaviors.
It can be observed that there is no great
difference between male and female student
respondents, with the top five criteria shared by
both groups. Analysis of responses received
from various parents, teachers, students and
school administrators shows that stakeholder
groups and public or private school models all
emphasize the significance of friendship and
other relationships in the school community, and
the undeniable importance of a friendly and
loving learning environment. The other factor the spirit of collaboration and teamwork - is
considered to be of particular prominence to
students and school principals, and to
respondents from all school models who are
more attentive to this factor.

Fig. 3. A "happy school" as a school which fosters its learners’ holistic
growth

Elements to construct a happy school
For a school to be a happy one, there must be
happy people living and working from the inside:
1. Happy teachers (and happy school staff)
2. Happy students
3. Happy parents
The three great pillars to build a happy
school:
1. People: Social relationships
Fig. 3. Elements to construct a happy school
a. Friendships and relationships in the
school
community:
Respondents
emphasize the importance of this particular factor, specifically, that students and teachers acknowledge
teaching and learning should be based on trust, respect, and patience; and understand all backgrounds
are accepted in school community with members treated equally.
b. Positive teacher attitudes and attributes: Respondents always demand enthusiasm, kindness, and fairness,
as well as the teachers’ role in inspiring, innovating, and empowering students to demonstrate.
c. Respect for individual distinctiveness and diversity, and lenity.
d. Value of cooperation and positivity in parallel with daily practice.
e. Happiness and teachers’ working conditions.
f. Skills and developing potentials of the teachers.

2. Teaching and learning methods:
a. Reasonable and fair workloads and assignments;
b. Team spirit and cooperating attitude;
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c. Interesting and engaging methods;
d. Free, creative and engaged (fully) learners;
e. A perception of effort and achievement;
f. Extracurricular activities and school events;
g. Group studying between students and teachers;
h. Useful, relevant, and engaging academic contents;
i. Mental health and emotional stress management.
3. Learning environment:
a. Warm and friendly learning environment;
b. Safe and bullying-free environment;
c. Space for sports and recreational activities: open and green;
d. Visionary school administrators;
e. Positive disciplines;
f. Good health, hygiene and nutrition;
g. Listen to opinions and voices from different sides.

IMPLEMENTATION AT TUE DUC GREEN SCHOOL SYSTEM
Our first and most concern is to refine people from inside the education system, and the initial influencers to
build a happy school are the teachers. Perception of change from teachers will reach each student through everyday
classes, and, consequently, with the change of students, get to parents in every family in the most convenient and
profound way. Starting from the students who have changed, being accompanied with the values of "happy school",
if does receive the approval and support from parents, would form a firmly sustainable and complete root.
The three fundamental seedlings of teaching and training for students and teachers include:
1. Self-care:
Teacher training focuses on self-connection to help teachers explicitly understand and love themselves, and, at the
same time, uses this connection as a premise to extend that very same love to the surrounding world. The program
comprises building a foundation of ‘positive psychology’ and ‘science of happiness’ - (practices based upon content
from the book "Happy teachers will change the world"). Training and practicing help teachers acknowledge the
nature and importance of social emotional learning (SEL) towards effectiveness and happiness at work; explain the
correspondence between Mindfulness practices and the development of social emotional capacity (practices according
to content of the book "Mindfulness for teachers"); as well as be able to feel a clear quality of connection with
themselves and with others; gradually changing negative thoughts about themselves to more positive ones in order
to accept and love, even constraints.
Training and guidelines for students: to live mindfully; guide children to live mindfully in society by observing
their own body, internal body movements, and feelings of coming and going; to be self-awareness and self-control;
to understand the transformation of negative suffering feelings (grief, anger, etc.) and to cultivate positive emotions
- (practices using the content of the program "SEL– social skills education period”- Sanford Harmony).
Students are taught how to learn (following the four pillars instructed by UNESCO):
 Learning to know: learn to know how to increase concentration through the practice of mindfulness Mindfulness is, more likely, an assisting fundamental skill for other areas to learn and acquire knowledge in
times of overcrowded information these days;
 Learning to do: Learn how to develop practical skills and the ability to participate in social activities;
 Learn to understand: Understand yourself to nurture your social and emotional competencies - Social and
Emotional Learning (SEL) Competencies. For example: Self Awareness, Self Management, Empathy, and Social
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Awareness;
2. Take care for and love others:
Teachers have to also be trained and practice their ability to listen, love and look after others through the training
programs "Teaching with complete love", "Emotional education lesson", "Teaching ethical merits through each
lesson". They have to maintain every day practice loving and non-violent communication through greeting
procedures, sharing circles, and so on with students.
For students, the emotions and ethics educational program is integrated in each class session through each subject
such as improving pair (taking care of each other), accepting the distinctiveness of others and tolerating, problem
solving cooperatively, creating a healthy environment, etc. Students should be able to apprehend the meaning of
lessons in real life through various factors: gratitude, cause and effect, harmony - congruence - solidarity, positive
life values, self-control, humility and service, etc.
Students are taught the 4th way of learning (following the four pillars instructed by UNESCO):
 Learn to live together - Students learn to listen, form meaningful and harmonious relationships between teachers,
friends, family, school, and, more broadly, social communities.
3. Take care for nature and love nature:
The rapid advancement of science and technology today keeps people more and more away from nature. Studies
have shown that nowadays, a modern individual is willing to interact with computers and smart devices every day
for tens of hours but does not have 10 minutes to associate themselves with nature, leading to clogging of connections
between human and others, and connections between human and nature.
To live in harmony and intact with natural environment is to nurture our creativity, kindness, and love for each
person. Let children be knowledgeable and participate in the educational programs for the ecological and sustainable
development; and take good care of natural environment by joining tree planting campaigns, cleaning up garbage,
nourishing nutrition for health, and consuming of green products, which provides more safety for a more sustainable
ecosystem.
Training programs on Human factor:
1. For teachers:
a.
b.
c.
d.
e.
f.

Training program "Teaching with complete love"
Training in emotional management program "Mindfulness"
Training "SEL- social skills emotion education lesson"
Implementing the ethics program through each lesson period
Implementing a colleague care program
Training teaching methods of constructivism

2. For students:
a. Teaching and practicing "Mindfulness"
b. Teaching and practicing the “Cultivating Social Emotions SEL” program
c. Teach children to overcome difficulties
3. For parents:
a. Join the "Empathy Day"
b. Join the festival "Experience Mindfulness with your children"
c. Invited to participate in seminars, forums about "Teach your children - befriend with your children" regularly
held in supporting organizations or forums.
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CONCLUSION
This report has presented the content of creating the "happy school", which is based on two main sources of
evidence: the research theory of building "happy schools" and the practical implementation of the program to build
happy schools within Tue Duc Green School System (with 26 schools in the system).
Through applied practices, we see a clear link between happiness and education. Happiness is not only something
that can be learned, but ‘learning and educating’ can also be an amazing source of happiness. Therefore, education
is a means to convey happiness to latter generations in order to build and maintain great merits - love and altruism.
The report also aims to deliver and contribute empirical knowledge through the application and discovery of
the essence, learning about how the teacher's inner peace is related to emotional management and mindfulness
practices in the classroom in Tue Duc Green School System.
This report also illustrated an experiment that not only teachers perceive happiness, but also how their perceptions
influence the practices of more effective classroom control, and how much this means to their students. Practicing
hinged on emotional management and mindfulness can be seen as a conduit to happiness as defined by the Tue
Duc Green School System philosophy of constructing happy schools. We do believe that this application can be
deployed at other locations, which will possibly increase the happiness index of teachers and especially students,
as they can elaborate basic skills to improve and integrate themselves into this peaceful and sustainable world.
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Abstract
ISO recently published a new management system standard ISO 21001:2018. This standard outlines the
requirements for educational organizations and is intended for such organizations than the more commonly used
ISO 9001:2015 quality management system. This paper aims to compare both standards and study their similarities
and differences to evaluate whether the new standard is more suitable for educational organizations. The terms
used in the new standard are also very specific for education such as learner, curriculum, courses, learning
outcomes, assessment, grades, etc. In addition, it also acknowledges that the customers of education are actively
involved in the process therefore intensive communication should be maintained.
We argue that educational organizations should be adopting integrated ISO9001 and ISO 21001 management
systems. As of now, no case study has been encountered on the implementation of ISO 21001, which to some
extent also limits this study. With the advent of such case studies in the future and after the new standard has
reached its maturity stage, this could be a viable research path to pursue.
Keywords: QMS ISO 9001:2015, EOMS ISO 21001:2018, customer satisfaction, satisfaction of learners and other
beneficiares.

INTRODUCTION
ISO standard 9001 is one of a set of management tools that educational organizations have adopted in recent
years. This article focuses on higher education institutions that have received ISO certification of their quality
management systems (ISO 9001). We examine their reasons for seeking certification and the advantages and
difficulties they have encountered in applying this ISO standard.
The International Organization for Standardization (ISO) recently published a new management system standard
ISO 21001:2018. This standard outlines the requirements for educational organizations and is intended for such
organizations than the more commonly used ISO 9001:2015 quality management system. This paper aims to compare
both standards and study their similarities and differences to evaluate whether the new standard is more suitable
for educational organizations. After employing qualitative analysis to directly compare the two standards in terms
of breadth, depth and terminologies, it was found that while both standards use the same high-level structure, ISO
21001:2018 is broader and deeper than ISO 9001:2015 with more lower-level clauses. The terms used in the new
standard are also very specific for education such as learner, curriculum, courses, learning outcomes, assessment,
grades, etc. In addition, it also acknowledges that the customers of education are actively involved in the process
therefore intensive communication should be maintained. Observing these findings, we conclude that educational
organizations should be better off adopting this new standard.
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Our purpose, we consider the future prospects of the integration of ISO 9001 and ISO 21000 in educational
organizations following
1.
2.
3.
4.
5.
6.

Similarities and differences between both ISO 9001 and ISO 21001
Why do integrating ISO 9001 and ISO 21001?
Who are the Benefits?
Key Benefits of Integrating ISO 9001 and ISO 2200
What are the business implications of ISO 9001 and ISO 21001 for the educational institutions?
How to practical takeaways

Some examples and applications will be presented to support the theme of the proposal. Relationships between
theory and practice will be clearly demonstrated. We analyze the fact of quality assurance system in some universities
autonomy in Viet Nam. In which, proposing to build the quality assurance models to implement the initiative in
university management and it increase their responsibilities to the government, students, and social .The model of
quality assurance system in universities autonomy is compatible with QMS ISO 9001:2015 (Quality management
system) and EOMS ISO 21001:2018 (Management system for educational organizations), national education
standards as well as international standards.

EOMS IN THE FRAMEWORK OF ISO 21001:2018
The Plan-Do-Check-Act (PDCA) cycle can be applied to all processes and to the EOMS as a whole. Figure
2 illustrates how Clauses 4 to 10 can be grouped in relation to the PDCA cycle.

Fig. 1. Structure of EOMS ISO 21001:2018 in the PDCA cycle

The Plan-Do-Check-Act (PDCA) cycle can be applied to all processes and to the EOMS as a whole. Figure
2 illustrates how Clauses 4 to 10 can be grouped in relation to the PDCA cycle.
The PDCA cycle can be briefly described as follows:
Plan: establish the objectives of the system and its processes, and the resources needed to deliver results in accordance
with learners' and other beneficiaries' requirements and the organization’s policies, and identify and address risks
and opportunities;
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Do: implement what was planned;
Check: monitor and (where applicable) measure processes and the resulting products and services against policies,
objectives, requirements and planned activities, and report the results;
Act: take actions to improve performance, as necessary.

PRINCIPLES FOR AN EOMS
This EOMS entails the following 11 management principles:
1. focus on learners and other beneficiaries;
2. visionary leadership;
3. engagement of people;
4. process approach;
5. improvement;
6. evidence-based decisions;
7. relationship management;
8. social responsibility;
9. accessibility and equity;
10. ethical conduct in education;
11. data security and protection.

Fig. 2. Management principles of EOMS

ORGANIZATION MISSION, VISSION AND STRATEGY
The EOMS policy statements are framed by the organization’s culture (the complete set of beliefs and values
that condition its behaviour) and by the EOMS principles. In turn, the EOMS policy statements provide the
framework for the establishment of the EOMS objectives, which are periodically revised to ensure the organization’s
mission is effectively and efficiently accomplished while walking the continuous path towards the achievement of
the organization’s vision. The articulation of these elements is usually called a strategy.
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Fig. 3. EOMS strategy as related to mission and vision

THE INTEGRATION OF ISO 9001 AND ISO 21000 IN EDUCATIONAL
ORGANIZATIONS
We consider the future prospects of the integration of ISO 9001 and ISO 21000 in educational organizations
following
1.
2.
3.
4.
5.

1.

Similarities and differences between both ISO 9001 and ISO 21001
Why do integrating ISO 9001 and ISO 21001?
Who are the Benefits?
Key Benefits of Integrating ISO 9001 and ISO 2200
What are the business implications of ISO 9001 and ISO 21001 for the educational institutions?

Similarities and differences between both ISO 9001 and ISO 21001

Similarities
This document is a stand-alone management system standard, aligned with ISO 9001. It focuses on the management
systems of educational organizations as well as the impact of these on learners and other relevant interested parties.
This document conforms to ISO’s requirements for management system standards. These requirements include a
high level structure, identical core text, and
common terms with core definitions, designed to
benefit users implementing multiple ISO
management system standards.
This document can be implemented alongside
regional, national, open, proprietary and other
standards or related documents.
Diffrencces
Almost clauses of ISO 9001:2015 and ISO
2100:2018 is interacting and similarities. Key
differences between ISO 9001:2015 and ISO
21001:2018 are:
ISO 9001:2015 foucus on customer satisfaction
and ISO 21001: 2018 focus on satisfaction of
learners and other benificiaires (government,
labour market, parents and guardians).
Fig. 4. Differences between ISO 9001 and ISO 21001
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2.

Why do integrating ISO 9001 and ISO 21001?

ISO 9001 is the international standard for a quality management system (QMS). In order to be certified to the
ISO 9001 standard, a company must follow the requirements set forth in the ISO 9001 Standard. The standard
is used by organizations to demonstrate their ability to consistently provide products and services that meet customer
and regulatory requirements and to demonstrate continuous improvement; However, if ISO 9001 is applied to
education, some problems may arise between the production environment and the educational environment. Therefore,
we consider to integrate ISO 9001 and ISO 21001 will be an IMS (Integrated Management System) stronger and
more effeciency in education.
ISO 21001 is based on Quality Management Systems ISO 9001, but it provides a specific framework for educational
organizations that aim to enhance the satisfaction of their learners by improving the educational processes and
ensuring conformity to learners requirements.
3.

Who are the Benefits?

Requirements of ISO 9001 and ISO 2101 with guidance for use, is intended to meet this challenge by defining
the requirements of a management system that will help education providers better meet the needs and expectations
of their learners and other beneficiaries, and demonstrate greater credibility and impact. The new International
Standard ISO 21001:2018 focuses on the specific interaction between an educational institution, the learner and other
customers.
Educational organizations will benefit through delivering a more impactful and relevant learning experience that
is aligned with the organization’s own mission and vision. Learners will benefit even more because the education
service they receive can be more personalized and suited to their needs, ultimately leading to better learning
outcomes.
4.

Key Benefits of Integrating ISO 9001 and ISO 2200
The potential advantages of the QMS and EOMS are:
-

5.

Better arrangement of instructive objectives and activity plans;
Enable quality education for all;
Self-learning and deep rooted learning openings;
Personalized learning and enhancements in a custom curriculum needs;
Consistent procedures and assessment instruments to build productivity;
Increased believability of the instructive association.
What are the business implications of

-

ISO 9001 and ISO 21001 for the educational institutions?

Adopting industry best practices and raising the nature of education;
Increase consumer loyalty as making straightforwardness in learning administrations;
Enhancing the focused capacity of administrations;
Eliminate excess administrations from process and limit reputational and fiscal misfortunes;
Continuous improvement through steady observing to improve learning forms Global perceivability and open
trust by guaranteeing respectability and greatness of learning programs.

IMS (ISO 9001 and ISO 21001) makes accessible a complete arrangement of practices that are material to
learning specialist co-ops. The ISO 21001 Certification will help construct strong training division and animates
development and drives monetary development.
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PRATICAL TAKEAWAYS
Practical Takeaways 1
A case study in the Department of Tranning and Education of Son La Province found significant achievements
resulting from IMS implementation (ISO 9001:2015 and ISO 21001:2018). When applying IMS, they found that
the organization's operating mechanism is more stable and scientific. The quality of work has been significantly
improved. Each members deeply understands his rights as well as his great responsibilities, his work is always
"Kaizen" to suit the development trend of society. All departments followed commitments in quality objectives.
The ultimate goal of the system is to improve the quality of educational management to contribute to the training
of generations of 20k students who know how to work, to meet the requirements of the labor markets. Board of
Directors and staffs were be controlled in documentation and transparency in the management more and more.
Practical Takeaways 2
From this study, we argue that educational organizations should be adopting integrated ISO9001 & ISO 21001
management systems. When new standard has reached its maturity stage, this could be a viable research path to
pursue.
In Vietnam, we have set up a plan to apply IMS in the 2020-2021 school year as follows:
-

one the Department of Education and Training;
one College/university;
one High school.

CONCLUSION
The significant goal of ISO 9001:2015 and ISO 21001 are to assess if the instructive needs of the students and
different recipients are being met.
ISO 9001:2015 and ISO 21001 are valuable for a wide range of instruction suppliers. Extending from kindergarten
to advanced education just as professional preparing and e-learning administrations. ISO 9001:2015 and ISO 21001
are additionally pertinent to instructive branches of enormous associations, for example, departments of education
and training.
By making available a comprehensive set of practices that are applicable to learning service providers across the
board, ISO 9001:2015 and ISO 21001 will help build a stronger education sector and provide positive knock-on
effects in terms of stimulating innovation and the economy.
The new ISO 2001:2018 Standard is in accordance with the Plan-Do-Check-Act (PDCA) cycle, empowering
associations to set up an educational management system.
Philosophy of both ISO 9001 ad ISO 21001 are ensuring comprehensive education quality, strengthening social
responsibilities, human and justice in education.

1261

Fig. 5. Philosophy of both ISO 9001:2015 and ISO 21001:2018
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Abstract
Thanks the access to high technology, that earlier available only in giant enterprises, SMEs become an important
force. Self-discipline is a solution, and is the only solution that enhances the power of micro enterprises, the soul
of creative 4.0 economy.
IMS vieTrust 4.0 is an entrepreneur operation system for quality management with 6 steps, starting from:
1- Distinction of right & wrong, 2- Distinction of good & bad, the entrepreneurs know how to 3- Face to truth,
and focus on 4- Honeybee concept strategy, compile and follow procedures with 5- Self-discipline and mentality
of 6- Continual Self-improvement.
Business tips are not difficult to learn, the wonderful thing that's how be joined in an action team with intelligent
people, full of creative dynamism and smarter than us. We must know how to get along with people who are
qualitatively different from us.
The best way to increase value of a product is to improve quality. Value = quality x quantity. That’s an additive
reason why quality improvement is the number one criteria of ISO. Over 90% of the incidents are from the inside.
Feedback is an information channel to detect nonconformity for continual self-improvement progress.
Mankind is weak not only physically but also mentally, disturbed by injustices and social chaos, thus, they
have created the Divinity, to save themselves. Self-discipline having roots from the Divinity ensures the
sustainability from inside.
Due to the crisis of divine trust, fraud in Vietnam has culminated. When dirty food crept into every family's
dining table, anti-counterfeit combat became a vital social issue.
Intellectual creative entrepreneurs, the soul of Industry 4.0, are characterized the highest level of living style.
They build long lasting greatness through the paradoxical combination of humility and iron determination in the
work, where creative thinking is linked with self-discipline, became the never-ending motivation of life.
We suggest to adopt IMS vieTrust 4.0 is an entrepreneur operation system for quality management.
Keywords: QMS, SME, self-discipline, creativity, 4.0 economy.

Introduction
Vietnam has missed three industrial revolutions. And the Industrial 4.0 Revolution has created new opportunities
and challenges. What is the new solution for Vietnam when the government chooses private enterprises especially
SME as an important force. That is the main topic hereby presented and discussed in view of leveraging quality
development.
The crisis of confidence is a serious issue in Vietnam. Moreover, the good one and the bad one among
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Vietnamese doing business are hard to be distinguished. Vietnamese entrepreneurs today are still standing in the
middle of two "gun fires", one is normal "fighting" with competitor and another specific of Vietnam society, second
"shot" from behind. May it be the remnants of discrimination left from period before the renovation. May it be
also the remnants of feudalism.
The era of Industrial Revolution 4.0 has marked the rise of “ant” type of enterprises, the micro small & medium
enterprises, MSME. Vietnamese National Assembly has an ambitious legislative program. However, Vietnamese
legislation applies equally to both "elephant" businesses as well as "ant" businesses. “Ants” cannot be governed
by law that designed for “Elephants”. Even if the legislation is extremely sophisticated, it still be too much rough
compared to “ants”. It is impossible to control the microenterprise by simple inspection, like to tie elephant and
ants using the same kind of rope.
The 21st century also sees an explosion of public trust, this is a believing in people, that everyone can be faith.
Self-discipline is a solution, and is the only solution that enhances the power of micro enterprises, the soul of 4.0
economy. Hereby, the authors wish to present a strategic and detailed plan to strengthen small and micro enterprises
in Vietnam.
1-

Whether the bigger the stronger?

INTELLECTUAL ☲

If the bigger the stronger,
dinosaurs were not genocided.

The nature of competition has changed. Era of: “big fish eats small ones” has terminated. Instead of that, now
the agile fish will eat slow fish and even the giant one. The era economy 4.0 enterprise characterized by very
high creativity. Creativity capacity becomes competitive power, and is the strongest one.
Creativity has its roots in personal thinking. When it is no longer dependent on the scale, creativity, and the
right to thinking creatively, encouraged by the legislation and/or internal regulation within the company, creativity
will flourish.
The industry 4.0 revolution has created an unprecedented challenge that characterizes it by new level development
that allows high-quality production carried out on a small size business. Thanks to the access to high technology,
that earlier available only in giant enterprises, SMEs become an important force, with continual self-improvement
as an important character.
The diversity ensure sustainable development.
For best creativity, it’s needed to enhance the diversity first, by acception of the diversity in concept
presentation. Similar to well known bio-diversity in environmental sciences and now is being adopt into the
economics e.g. concept of: environment for diversity of investment.
Like three points that define a plane, the difference creates solid position for a organisation. When the
founders differ qualitatively, the collective strength of the whole organisation is the multiplication of each
member’s values.
At the same time, the role of each member in the organisation is important and irreplaceable.
Differentiation of founders, similar to the way that the I Ching 易經, uses idols like parents ☷☰ and their
children ☶☵☴☳☲☱ in a family. The differentiation may be expressed in terms of hot or cool
temperament, active or passive character, ages, educational levels, regions of origination and good and
not-yet-good habits, and varying also in experience and skills.
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INTELLECTUAL ☰

this logo is inspired by the Korean national flag.
☵ MERCHANT

☷ MANAGER
Fig. 1. Prosperous peace 大和.

The ideal model for the founders of a company would be intellectual, worker and merchant. Create a difference,
not follow easily a mass movement, not snatch without scrutinizing a common trend, not repeat simply a pattern
without improvement modification. In other words, the creative thinking is carried out according to TRIZ's principles.
First of all, respect the difference, acknowledge the diversity of partners' thinking in process of startup and running
the business. Creating possibly the highest diversity for organisation ecosystems compliant with development
orientation. Diversity, especially the integration of differentiation in creative thinking, ensures sustainable
development.
The Great Game
Because life is a great game, creating prosperity ourselves is a reason, the wish of reaching a new level is
another one. As the establishment and running of a company need combination of many skills which are impossible
to sit in bureaux and imagine out. It is faith in capacity and desire to express our self-affirmation that cover them
all.

Fig. 2. The great game
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There are five levels of human work. The first one is a job to live on. The second stage considers job as a
duty or a natural part of life. The third level is working for honor. In the fourth one, working is the source of
happiness. Mastery is the highest level: creative thinking becomes the never-ending motivation of life.
2-

Self-discipline created by the Divinity to ensure the sustainability from inside

Mankind are not only weak physically but also mentally, disturbed by injustices and social chaos, thus, they
have created the Divinity, which is somehow to save themselves.
If there is no belief in humanity and the thought: "over the head, there is a Spirit", moral desires will no longer
exist. Consequently, the expectation of law could be merely unrealistic. Do not believe that the bad can have
consequence. So, when no one supervises, the bad will still be completed with tricks to achieve.
The Divinity is the trust in people, belief in holiness, the Saint and the faith. The Divinity created by human
beings and in turn serves as a platform to support themselves. The Divinity which is one of four pillars of human
civilization has been created since the dawn of mankind and become the moral basis for today society’s development.
Every nation has created its own Divinity. Losing the Divinity is equal to losing the faith that seems to result
in losing everything.
Keeping faith, correctly speaking, is the predictability and certainty of guaranteed transactions that is considered
as a prerequisite not only to cooperate with each other in international trade, but also to participate in services
on the 4.0 network in which its participants never see each other's faces.
The posed issue of keeping faith is not merely a question of personal morality but it is due to the subjective
goodwill of each individual, which comes mainly from institutions and social organizations or the basis of social
conventions for short.
In consequence, it can be said that: social history is the history of development of faith. Similarly, the national
prosperity is based on the credibility of state officials in the eyes of citizens.

Fig. 3. The divinity – Oustanding creation of mankind

Trust losing in business is not a criminal penalty, but it would cause serious harm. Loss of trust straightly hits
the invisible value, the Trade Name, which business has paid much effort and time to build. This is unfortunate
but in a market economy, it will be necessary.
Loss of trust affects, sometimes, even more powerful than criminal sanctions. It will force companies that want
to survive to do the right things and ensure the quality of goods to maintain and enhance the trade value of their
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own brand. This is a voluntary compulsion - one of the benefits the market gives us all.
3- Trust is an Invisible Capital
In the 1970s, the Material Assets accounted for 70% of Brand Value. But today, Brand Value is 200-1000 times
higher than the tangible assets of any business.

Fig. 4. Trust is an invisible capital

Invisible value, also called intangible capital or intangible assets of a brand, is a combination of values including:
Humanware, knowledge, database, intellectual property, creative capacity, inventions, implementation of R&D work,
know-how, organization system, technology uniqueness, reputation and market relationships, in which the last two
characristics often posess very high value because they cover the other ones. Brand value denotes the competitiveness
of enterprise along with its operation, which is expressed through products. The essence of business process is the
construction of trade mark and brand name protection.
The brand "war" will be really tough in the 21st century, the century of 4.0 industrial revolution with the highlight
of the knowledge-creation economy, in which intellectual property rights will be the most important “battlefield”.
4-

Sustainable Humanware synergy

Even with a superman, what we know is just very small compared to what we don't. So if we wish to implement
a work, we have to co-operate with others. Mastering a business means learning how to appreciate our partners,
finding and working with those who could accomplish what we can't make.

Fig. 5. Humanware elite synergy strategy
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It is the best to run a business with those who do not have the same expertise but complementing ourselves,
and thus forming a complete, mutually supportive business. In other words, we need to find out and receive more
strange voices with sincerity and politeness, and firmly combined together.
The benefit of each individual is the driving force of synergies. People never cooperate together if they receive
no benefit from it. Ensuring member benefits is the ultimate goal of cooperation.
During process of linkage, the contribution is not always equal. The mechanism of profit distribution by
contribution and responsibility will determine the sustainability of the synergies. In business, responsibility is
obligated with personal finance, there is not so called general responsibility. Benefits and responsibilities are always
parallel. Lacking of one side will lead to limp and imbalance, which will result in the collapse of the whole business
system.
Vietnamese businessmen have a tragic fate. They carry the temper of the market economy but living in a planned
economy. Being discriminated, they are blamed for all the bad in the society. Although so far their role has been
restored but the social antipathy still intact because people haven't changed yet the backward thinking. "Not afraid
of the mighty opponents across the front line, only afraid of the idiots always wielding swords behind", Vietnamese
businessmen continue to stand in the middle of "two rounds of gun fires", one from domestic side and the other
from the opponent. Therefore, it is imperative to protect entrepreneurship in emerging economy for a prosperous
Vietnam.
Like the three points that define a plane, the difference creates solid position for a company. When the founders
differ qualitatively, the collective strength of the whole company is the multiplication of each member's values.
Our partners may be weaker than us. We have to to talk to everyone in the common language. Each person
will listen by their own way so we need them to understand, agree and accept. Once we act for everyone, the
words become no longer important, everyone will out but easy to understand.
Just like arms combined in combat cooperation, need all weapons involved. The weakness of a member, will
undermine the overall capacity of the company. Whether accidentally or intentionally, even if only one among social
members underestimated, will undermine the nation's common prosperity.

How to convert ordinary employees become the extraordinary
1. How to liberate creative power of
humanware.
Fukuzawa outlines the importance of the principle
of equality of opportunity. Fukuzawa advocated his
most lasting principle, "national independence
through personal independence." Through personal
independence, an individual does not have to depend
on the strength of another.
Fukuzawa Yukichi wrote: “It is said that heaven
does not create one man above or below another
man. Any existing distinction between the wise and
the stupid, between the rich and the poor, comes
down to a matter of education. 福澤 諭吉
“学問のすす”

Fig. 6. A nation having self-discipline is the great nation

With such a self-determining social morality, Fukuzawa instills a sense of personal strength among the people
of Japan, and through that personal strength, build a nation to rival all others. His understanding was that western
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society had become powerful relative to other at the
fostered education, individualism, competition and exchange of ideas.

time

because

western

countries

Fukuzawa Yukichi ふくざわ ゆきち, 1835-1901, is regarded as one of the founders of modern Japan. Fukuzawa
was an early Japanese advocate for reform. Fukuzawa's ideas made a lasting impression on a rapidly
changing Japan during the Meiji period.
The soul of 4.0 economy
Business tips are not difficult to learn, the wonderful thing that's how be joined in an action team with
intelligent people, full of creative dynamism and smarter than us. We must know how to get along with
people who are qualitatively different from us. The bigger the difference, the more diversity. Heterosis hybrid
is formed thanks to differentiated parents.
Difference between Merchants and Intellectuals is great, like water ☵ and fire ☲. This is the ancient
advice from I Ching 水火既濟 means: the combination of merchants and intellectuals creates best success.
Korea not only knows, understands but also is well aware of the role of the alliance of ☵entrepreneurs
and ☲ intellectuals, at the great level when displaying it on their national flag.
Not incidentally, with strategic alliance of intellectuals & entrepreneurs, Korea has economy grown
tremendously. Within a few decades, it had risen to the leading position in Asia, shoulder to shoulder with
Japan. Korea is the leading model for us, from a poor country became among the number one countries in
the world. The soul of development is alliance of intellectuals ☲ & merchants ☵.
If it is necessary to learn from a country about the development model, Korea is the best. LOGO of
TRIZCOM Alliance is inspired and learnt from the Korean national flag.
Intellectual Entrepreneurs
Not only research institutes have discovered nature, right from the dawn of humanity, human being has
soon recognized all phenomena, that take place around, in heaven and earth. Once known, understood and
spread to the community to know, it is an invention. Scientists need to discover the laws that exist in nature,
to the outermost edge of epochal knowledge. Invention is an understanding, there is no inventing the same
event twice. Fire is the first human major invention. May this be the reason why I Ching likens fire 火 to
☲ intellectuals.

this logo is
inspired by
the Korean
national flag.

Fig.7 Alliance of ☲ Intellectuals & ☵ Merchants
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Creations are the making of anythings, not available in nature, possessing at the same time both novelty and
benefitial to human civilization. Creation is based on invented principles. The kitchens is the first human major
creation. There are 2 other important creations of the human beings: the language and the Divinity.
Intellectual creative entrepreneurs are characterized the highest level of living style. They build long lasting
greatness through the paradoxical combination of humility and iron determination in the work, where creative
thinking is linked with self-discipline, became the never-ending motivation of life.
Intellectual creative entrepreneurs are the soul of Industry 4.0
2.

Main contents of IMS vieTrust 4.0 version

Feedback
learns the good as gently as wind,
corrects error as quickly as lightning.
風雷,益,君子以見善則遷,有過則改.
Feedback is an information channel to detect nonconformity for continual self-improvement progress. When an
incident occurs, usually due to an internal cause, the administrator must know how to follow the witness protection
principle, for the correct information transfer to the highest superiors. Absolutely not disclose the name of the person
who discovers the cause of the issue. Personal praise only, without loopholes, especially do not allow people known
the name when discussing with other senior administrators. Over 90% of the incidents are from the inside, so internal
protection for witnesses is extremely important.
Systematic nonconformity and corrective action
In creative thinking, for a given circumstance, may have many different solutions and all is right. Oppositely, in
the administration, it must be one and only one way of correct understanding specific to a command of the superior.
Similarly, when issuing a regulation, that regulation must specify precisely so that only one interpretation can be
made. Not allowed to misunderstand, understood by two different opposit ways and both are right.
In a situation where administrator has to unravel continually with situational measures to help their subordinates
to work, that means the nonconformity already exists at a critical level. In this case, it is classified as systematic
nonconformity and impossible to prevent internal cheating.
The regulation is designed to be used internally. Therefore the regulation must be developed taking account of the
benefit of all component members of the working system. Automation is the basic attribute of the regulation. When
the regulation designed for everyone, automatically everyone is a voluntary executive.
In order to correct systematic nonconformity, the regulation must be recompiled conforming to STANDARD.
Standard
Standard is normative and conformed to standard. Standard is a framework, a measurement evaluation of job
implementation.
Standards have systematic characteristics, consistency, popolatity and inheritance. Management with no standard like
measurement without a ruler. That's why standards determine quality. The object of management is quality. The
best way to increase value to a product is to improve quality. That’s an additive reason why quality improvement
is the number one criteria of ISO.
VALUE = QUALITY × QUANTITY
Bio-evolution history records quality improvement of the next generation for humans to rule the world and is the
only way. When get rich, the number of children in a family will decrease. In the coming future, the population

1270

may decline, but humans still dominate the world. The quality improvement of the young generation is decisive.
To achieve best improvement in an organization, the compilation of regulations must be conformed to standard to
match highest quality. Compiler should know how to distinguish the right and the wrong. Writen documents must
also be conformed to the legislation and match the local and ethnic customs.

Distinction of right & wrong
We are full free because we are
conformed to the natural law
Ho Chi Minh
The compliant person, responsible for compilation of the regulation, must be chosen among those who know well
how to distinguish right and wrong, in order not to conflict with the legislation, and also does not contradict with
the principles of natural laws, during the implementation.
Right means conformity to the law. Wrong is nonconformity to the law. It’s well known: Natural law exists
objectively not depended on our will. Principle is just an understanding of natural law, invented during scientific
research and presented in the form of scientific papers. Principle is a simplified form of natural law. Principle reflects
the natural law but the principle itself is not a natural law. Together with progress of science and technology
development, principle will be understood under new perspectives, and in some cases, would be got a meaning
even quite different from the original principle, and the original presentation is just a particular phenomenon.
Research workers, in the field of social sciences, investigate social law and present their invention in the form of
principles of social sciences. Similar to the law of nature, the law of social life is also independent objectively
of social will.
What could happen when legislation compilated by the state specialists contradict with principles of the natural laws
and social laws. In such a case famous quote 明哲, is also a form of principles, would help.
Regulation compiled by the company staffs that in turn must conform to the legislation. In the case if the regulations
compiler found that legislation contradicts with natural law, an expression of systematic nonconformity, it is worth
to to apply a temporary solution, wisdom 明哲 and/or social principles, to reduce the affects. That a way, just
to protect ourself, have only limited corrective value.
Automation reflects self-discipline
Like all QMS system, the IMS vieTrust 5.0 needs automation to release higher level administrators from repetitive
tasks. Automation is the essential solution for the organizational system with increasing complexity for the growing
progress.
Automation is an enhancement of the dynamic internal motivation of whole staff. Automation expresses a mechanism
of automatic authorization to subordinates.
In the automatic management style, a command of the boss is just initiation. The tasks have to be developed by
subordinates and are automatically implemented. Therefore regulations for automated governance play a paramount
important role to encourage the internal personal dynamic motivation at highest possible level.
When working in a small group, any slight or strong action of a member should be strictly controlled by team
head. When working with a large unit, the highest level manager must apply automation to reduce the burden of
the control, by such a solution, the manager changes the job nature from the administrator role to the leader role
in the work.
Distinction of good & bad
Good means beneficial. Beneficial to everyone including ourself means fully good. Bad is harmful. Harmful to many
people is very bad. In the today world, an action that would be good to whole society, but has no consideration
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for the impact to sensitive fates, is still not a good. Harmful to any single individual is already the bad.
Harmful only to our own is also very bad. When cheating in Vietnam has culminated. Vietnam is among the countries
with the highest cancer rates in the world. When dirty food crept into every family's dining table,.combating with
counterfeiting became a vital social issue.

Two-dimensional thinking: optimistic 陽 and vigilant 陰.
Bi-lateral consideration: just reason 正 and unjust feeling 邪.
Two-way approach: leader 君子 and manager 小人.
Fig. 8. Operation system for entrepreneurs - IMS vieTrust version 4.0

Compliant founder team:
Leader
Manager
Primary staff

Independent creative thinking
Independent creative action
Independent creative humanware

Digital tool to control the food safety supply chain
Self-discipline is perfect
but double checking is better
Over the last decade, the world has gained better understanding of the technological challenges around digitization
of money. Pilot programs have been recently deployed in East Asia and proposed in the United States. A suitable
technology would verify trails of commercial transactions and enhance the integrity of the supply chains.
Digitization of money has been proposed as a solution to this problem. The idea is not new: If financial
transactions are carried out digitally, regulators can trace commercial activities, verify suppliers and, to some extent,
confirm authenticity of domestically produced goods. The key differentiator is the underlying technology. Block
chain is a promising candidate but not necessarily the only one.
Block chain offers three key functions: distributed ledger, immutability, and currency exchange. Distributed
ledgers mean keeping copies of a transaction record in multiple ledgers maintained by different parties, thereby
preventing falsification of a record by any one party. This comes with the challenge of synchronizing these records,
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a computationally expensive process. The cost has been a limiting factor of scaling block chain to mass adoption.
Immutability means records cannot be deleted or tampered. Finally, currency exchange refers to a secure facility
of transferring currency from one party to another as a result of goods delivered, services fulfilled, or contracts
executed.
The original motivation of block chain was to enable various forms of crypto currencies that do not require
a central authority and ideally eliminate the need of trust. In practice, some forms of trust are still required. People
need to trust the software that runs block chain, the institutions that manage digital wallets, the human individuals
that must intervene during major data loss incidents or computing outages. There are also other political and
macroeconomic considerations.
In the context of combating counterfeit products, people only need to trust state regulators to handle confidential
or private details of their commercial activities. This trust enables more details about a transaction to be embedded
in blockchain records such as quality standards, product specifications, and quantities. State regulators do not need
to maintain distributed ledgers, but they need immutability and currency exchange functions of block chain. It is
technically feasible to modify the block chain technology in order to meet the requirements of state regulators.
The non-technical challenge would be establishing the regulatory frameworks that allow for gradual and smooth
deployment of such technology. This challenge can only be met with incremental and continuous experimentation
via pilot projects.

CONCLUSION
A version of QMS: IMS vieTrust 4.0 in which self-discipline has a decisive role, that converts ordinary staff become
extraordinary.
For best creativity, it’s needed to enhance the diversity first. Diversity, especially the integration of differentiation
in creative thinking, that ensures sustainable development.
Mankind, is weak not only physically but also mentally, has created the Divinity, to save itself. Self-discipline having
roots from the Divinity ensures the sustainability from inside.
Due to the crisis of divine trust, fraud in Vietnam has culminated. When dirty food crept into every family's dining
table, anti-counterfeit combat became a vital social issue. Self-discipline is perfect, but it's better to double check.
It’s necessary to use a digital tool to control the food safety supply chain.
We suggest to adopt an entrepreneur operation system: IMS vieTrust 4.0 for quality management.
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Abstract
The instructions Multi-sector commodity economy policy has a direct impact on all aspects of urban life.
For big cities like Ho Chi Minh City, the construction and development of social housing is an important premise
contributing to improving the living standards of the people and social stability. However, the fact has shown
that there are many inadequacies, contradictions and difficulties in developing social housing in Ho Chi Minh
City. The main cause of the difficulties in residential spaces has not been properly researched, so it is not quite
consistent with the lifestyle, daily needs of low-income people.
From the specific and scientific characteristic, living habits, working reality of workers. The author offers
solutions to organize social housing space for labor activities. Each type of functional space, transforming the
value of use based on the thorough operation route of street vendors at each stage of development and conversion
of work of the apartment members. Creating an &quot;institutional commitment&quot; between urban authorities
and poor laborers in urban renovation, construction and management. Since then we have achieved the values:
Managing the quality of construction changes the perspective of self-employed people for the type of social housing.
This is no longer a poor quality house but a trend, a modern living standard. Gradually establishing the urban
landscape, improving the quality of life and increasing the belief in the correct right of the government for
sustainable development; Increasing the conformity with self- operation business of social houses; Enhance the
role of the people in the design process; Increasing the connection of experts / architects helps to increase the
confidence of street vendors in the process of finding solutions to their difficulties by their own internal resources;
Management and Eliminating housing speculation, speculative money has been shifted to serve production and
business to increase production and material wealth for society for economic development.
Keywords: Social housing, street vendors, quality of construction, modern living standard.

1. General introduction
The open-door economic policy and the multi-sector commodity economic development directly affect all aspects
of urban life. With large cities like Ho Chi Minh City (HCMC), the construction and development of social housing
is an important premise to improve people's living standards, social stability, and have a positive impact to
socio-economic development of the city. The reality of the past time shows that there are still many shortcomings
and difficulties in the development of social housing. The main reason is that investors have not yet attracted
investors to participate in the social housing market. middle and low income. Still many people have to make ends
meet even when they stay at home, leading to the creation of new high-altitude slums. In addition, because most
of the apartments are quite large, according to the general standards of the State, the majority of the poor cannot
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afford the financial capacity, forced to sell out social housing standards, thereby creating conditions for bullish
speculation.
1.1

Lifestyle - The distinctive psychological characteristic of a street vendor

1.1.1 Income
Street vendors are people who do not work for any formal organization and have low incomes. According to
VeT organization (a non-governmental organization operating in Vietnam, specializing in urban upgrading and
housing for low-income people), the low-income earners are over 500,000 VND / month and less. 6,000,000 VND
/ month the average rate of people in HCMC.
According to the World Bank (WB), a
Table 1. Income per day of street vendors in HCMC
low-income street vendor is someone who must
spend at least 66% of his income on food to
survive, the remaining 34% of income for
necessities. other fundamentals (housing,
health, education ...). These are people who
have a monthly per capita income just enough
to cover essential spending needs. Their
standard of living is just a little above the
minimum standard of living, which the government calls the vulnerable, the disadvantaged group, who do not have
much livelihood capacity.
1.1.2 Accommodation
In HCMC, the majority of street vendors are concentrated in the suburbs of the city such as Thu Duc,4,2 9,
12 District ... The peddlers' whereabouts are makeshift tents, made up of readily available poorly recycled materials
such as coconut leaves, raincoats, oil paper, cartons, pallets, old corrugated iron, ... even scrap waste from industrial
products. The architectural form is poor, the colors are bleak resulting from the waste and recycled materials. Living
functions are only minimal. Infrastructure for the residential area is almost absent, the environment has not been
cared for by the authorities, so it is easy to form epidemics. In addition, the low quality of life, the complex
community, not well managed, the social evils such as theft, drugs, ... take place openly and difficult to control.

Fig.1. Street vendor's workplace and accommodation

Therefore, the legitimate need to have a low-cost home capable of helping the poor do their own business to
ensure their daily living is something that deserves the city government's consideration and development. declared
in HCMC. On that basis, our team explored and identified the spatial organizational characteristics and composition
for self-employment in social housing. From there, proposing solutions to organize space for self-business activities
in social housing in HCMC.
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1.1.3 The reason for choosing a career
The street vendor job does not
Table 2. The reason for choosing the profession of a street vendor in HCMC
need a lot of capital, means of work
are simple, does not require
knowledge or a certain degree.
Therefore, many people with low
skills, skills, education and labor
discipline have chosen to work as
street vendors instead of working
for a certain organization. Street
vendors live a low-income lifestyle, regardless of income, education or job. Women don't like the baker's batter
because it's so easy to make them feel guilty. They often reuse old food, because it gives them a feeling of saving
and sacrifice for the family. They are highly dependent on relatives and neighboring relationships for economics,
job opportunities, opinions about purchasing and assistance in times of difficulty.
1.1.4 Trends think
Street vendors are workers that are classified into the informal economy and are believed to be unable to enter
the formal labor market but are mainly freelance workers and become workers. neither management nor urban
acceptance. Each person has a situation, a piece of life, so street vendors sympathize and connect with each other.
It is not only the linkage of the poor, sharing economic interests, but also forming a social network in the city.
Therefore, street vendors often build relationships based on trust rather than power. From there, the street vendor's
mindset can be divided into 3 types of thinking:
-

1.2

Predictive thinking type: I will be despised in front of everyone, ...
Equilibrium thinking, labeling: the social housing I hear is low quality, so all social housing is of low quality,….
Pessimistic thinking: I am not familiar with the law, maybe the seller will make it difficult or deceive me,
I will lose money; Social housing is cheap but if it is good, it will not come to me, ...
Current social housing status today

The housing market has a state of speculation, bringing real estate prices many times higher than their actual
value, and exceeding the enduring level of the economy as well as the legitimate income of people in real need.
, especially for self-employed people with low income. A good policy, but the implementation is not as appropriate
as the previous social housing projects, which only provide immediate solutions. This is the cause of the low-quality
social housing works. Details following
-

Unused has degraded
Living space has not been properly researched, so it is not suitable for lifestyle, daily living needs, study and
jobs.
- New places are often located far from old places, difficult to maintain economic activity.
- The area of the apartment is large, and must be built according to the general design of the number of floors,
so the majority of the poor cannot afford the financial ability, forced to sell out their criteria to buy social houses
=> Facilitate for bullish speculation.
The causes of this limitation stem from the existence of four major difficulties, namely, the small design area
standards, high land use coefficients, limited construction cost requirements, and standards. Technical regulations
have not been completed.
1.3
-

Solutions to reduce the cost of social housing applied in the world:
Reducing the area of space components
Keep hard space, reduce interactive space
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-

Reduce interactive space and a part of KG of physical use
Flexible space combination, combined with versatile furniture
Space block space block.
Minimize the home samples
Reduce general space, commercialize public spaces

* Strengths
The solution is simple, easy to implement, logically reasonable. The apartment area is small but still fully meets
the needs of family members, ensuring both economic factors and stable development.
* Weakness
The space is tight, tight and clearly delineated, lacking flexibility. Lack of space to connect with members in the
house, creating defects in spiritual life. Lack of environment to exchange, coninect and develop spiritual life in
the building community as well as in the residential area. Lack of subjects in different social strata, eliminating
opportunities for work development as well as enhancing the spiritual life of each individual in the building.

2. Soltion for social housing
2.1

The appropriate form of social housing space should aim at:

-

Organizing spatial form to create friendliness and cooperation.
The spatial functions in a social housing apartment can be transformed to suit the life and work of a street
vendor.
- The common space is friendly, close to the street vendors, attracting people to participate and contribute to
common activities. Towards activities of attachment and empathy among the community.
- The working space can be expanded to suit the way of working cooperatively, sharing, increasing labor efficiency.
A condition for street vendors to realize their value in the community. Thereby increasing feelings of happiness,
creating a driving force to increase labor productivity, economic efficiency and connection with one's home.

Fig.2. The value ladder to be achieved of a social housing project
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2.2

The EFQM Model

Fig.3. EFQM Model for social housing project in Ho Chi Minh City, Vietnam

2.3

Regulations on social housing

Fig.4. Regulations on social housing

2.4

Leadership
Organize a master plan between the residential area and the public transport system and neighboring labor areas.
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So that the distance and travel time from home to workplace are reasonable.
Solutions of vertical surfaces, hard core locations, building blocks ensure microclimate, reduce cooling and
lighting costs during use.
Research the types of covering materials, structure forms, construction methods so that the most effective and
economical in terms of initial construction costs and maintenance during use.
Research the apartment space in accordance with the living and labor needs of street vendors, ensuring the
sustainable development of social housing.
Building management goes with vocational training strategy, community financial fund. Dissemination of content
and support to access to state laws and policies. Organize increased community activities.
2.5

People

Determined to gain street vendor social housing support to a committed state. Transparent and fair flat allocation
system, reducing errors and preventing abuse.
Promoting the value of family organization, reducing social burdens by encouraging living close to elderly parents.
Priority is given to choosing the location of the apartment for young families near parents' apartments, within 500m
of walking distance.
Planning solution: solving the overall problem of the functional division line. The location and shape of the
social housing unit is suitable for the climate of HCMC. Diversified distribution of apartments in price to naturally
expand social relationships.
Architectural solution: Minimum fixed partitions. Create a system of combination and transformation between
4 types of space: hard, recharged, multi-faceted and self-trading based on the principle of prestressing of spaces,
organizing scientific space, in accordance with the labor requirements of Street vendors in precarious and irregular
work conditions. Ensuring flexibility, switching jobs, and developing careers for family members.
- Technical solutions: provide a solution to quickly build, increase durability, with cheap price equal to 1/3 to
1/5 of commercial apartments at the same time.
2.6

Policy and Strategy

The policy of balancing interests among the participating parties: the authority, the investor, the construction
unit, the house purchase and sale management organization, the buyer and the social housing buyer. Consider street
vendors an important stakeholder by providing a variety of spatial solutions to choose from.
Policy solutions: to encourage investors to build social houses. The government is burdened with and supported
by many walks of life. Street vendors have access to this type of housing.
2.7

Partnerships and Resources

2.7.1 Bearing steel structure
Due to its large self-load, concrete is only suitable for projects with less than 30 floors. For buildings with
over 30 floors, the bearing steel structure is more suitable to bring about sustainable and economic values.
2.7.2 Lightweight materials
Reduces maintenance costs by using structural systems that require little maintenance, and a surface finish that
is sustainable under the impact of the environment. This material is not only cost-effective but also has the ability
to save energy due to the application of new construction technologies and materials.
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2.7.3 Positioning service core
The double-core layout in the East-West direction of the social housing monolith not only protects the area
frequently used by users from being heated, but also allows maximum excess heat out of the living area. In addition,
one can combine multiple social housing units around one core. The towers are linked with aerial streets for walking,
exercising and sightseeing, community activities.
2.7.4 Solution for many types of apartments on one floor or block
Street vendors also have different identities. We arrange many types of houses with different sizes and prices
alternating in each floor or the whole floor, or the whole block. The small apartments are arranged adjacent and
stacked to facilitate consolidation, ensuring the development of a wide mine of each apartment horizontally or
vertically. In order to create conditions for people with different income levels to have the opportunity to
communicate, cross-interact. Low-income people have conditions to increase their income by doing extra services
for high-income people. This solution is to save public space but still ensure a reasonable living environment and
community connection.
Table 3. Proportion of 4 types of apartments on one floor

Area apartment
Proportion %

25 – 30 m2
20

45 – 50 m2
60

70 – 75 m2
10

85- 90 m2
10

2.7.5 Solution for vertical traffic
Elevator arranged one way with the number of services over 10 households / floor. From 2-3 consecutive floors,
there should be 1-2 stops. For example, floors 1-2-3 walk, 5th floor goes down to 6th floor or walk down to 4th
floor ... Since then, the price of apartments on each floor is adjusted differently.
2.7.6 Construction solutions
Construction and assembly at the site are pre-manufactured components at the factory, increasing construction
accuracy and time compared to pouring reinforced concrete directly at the site.
2.8

Process

From the concretization and scientificization of the
characteristics, living habits and actual labor of the street
vendor. The author proposes solutions to organize social
housing space for street vendors. For each type of functional
space, the conversion of use value is based on the running
route of the street vendor in each stage of development and
work conversion of the members in the apartment. Create
an "institutional commitment" between urban authorities and
street vendors in urban renovation, construction and
management.
 Social housing solutions for private business activities
According to the law of technical systems, we see that
activities in social housing, street vendors, have a
lifecycle, so each activity only occurs in a certain time
Fig.5. The proportion of space types
of day. From there, we limit the closed space, have
independent functions. Link functional groups with the
same properties but with different usage time into one space, towards concentration and flexibility such as:
Outsourcing, trading, receiving guests, living together; Study, work, worship; Reading and sleeping; Eating and
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cooking, preparing food for sale, ... Specifically,
2.8.1 Hard space
Is a space serving the main function, fixed, with little change over time. Serving basic needs in physical for
members of the apartment, often combined with the hardware of the project. There are 2 types of hard spaces
-

Closed hard spaces: hygienic
Hard open space: kitchen, water floor, ...

Fig.6. Location of hard space
Table 4. Hard space characteristics

Volume
Small

Bound
2 + 2 Surface

Function
Common

Characteristic
invariant

Join
Other space

Location
1 inside

2.8.2 “Vendor” space
This is the first contact space when entering the apartment. A place to communicate, exchange, buy and sell
with outsiders. Outsourcing place prepares in advance or takes place hawker activities.

Fig.7. Location of “vendor” space

Table 5. “Vendor” space characteristics

Volume

Bound

Function

Characteristic

Join

Location

Large

Main door

External communication

invariant

Multi-faceted space

1 inside

For social housing for street vendors, the space "Street vendors" is the soul of the apartment. Depending on
the work of family members, this will be a place to outsource, sell, store tools, or connect to a hard kitchen space
to standardize food. The street vendors need a place to store tools, materials and tools. Food vendors need to
pre-process and cook small pots before pouring them into big pots for sale, ... Where street vendors take place
or prepare for them. After working hours, this is a common space to help connect and enhance the role of family.
This is also a space for communication, sharing life problems and worries of a street vendor with everyone
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around. Sharing helps them increase empathy, bond in the relationship, reduce negative thoughts, and take a more
holistic view of what is being faced. In many cases, one person's problem is another's job opportunity. Thereby
increasing development opportunities at work, creating conditions to improve professional qualifications. Job needs
will guide individual behavior, perfecting education, work skills of each individual. This process helps to improve
the quality of life and to shape the culture of rise in the social housing of the street vendor.
2.8.3 Overcharge space
This is an open private space, based on the 3-wall technique to borrow space from each other. Ensure individuality
in the private space while still creating maximum openness for the recharge space and the space adjacent to it.
From there, maximizing efficiency according to the width of space and depth of time.

Fig.8. Location of overcharge space
Table 6. Overcharge space characteristics

Volume

Bound

Function

Characteristic

Join

Location

Small

3 + 1 Surface

Private

Variable

Multi-faceted space

1 inside

2.8.4 Multifaceted space characteristics
By using the containment trick to create a spatial function contained in many other functional spaces, the need
for development meets without breaking the main structural framework. This is a space for semi-private activities
for members of the house such as study, work, ... Multi-faceted space has internal volume larger than its own
boundary. This is the equivalent of drawing a circle, and then attaching a bowl to it. The boundary of the circle
has the same circumference as it remains, but the "inner area" is much larger.

Fig.9. Location of multifaceted space
Table 7. Multifaceted space characteristics

Volume
Variable
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Bound
Other space

Function
Middle

Characteristic
Small

Join
1 + n Surface

Location
Common

Ultifaceted space acts as a buffer space, neutral, transforming from private to general. Capable of converting
a whole or a part into a "street vendor" space or "over-charged" space and vice versa, depending on actual needs.
The recharging space and the street vendor space can be expanded, taking up all of the multi-faceted space and
vice versa with a specific type of partition, capable of exploiting the space in different floors and areas.

Fig.10. Partition of multifaceted space
* Conclusion of ground solution:
Thus, the combination of the above 4 types of space creates a social house for street vendors. Space conversion
solution to optimize the size - volume inside the apartment.

Fig.11. Combination of 4 types of social housing spaces for street vendors
Table 8. Proportion of social housing spaces for street vendors

Space type

Hard space

“Vendor” space

Overcharge space

Multifaceted space

Proportion %

18 - 20

31 - 38

15- 23

23 - 27

Fixed baffles. Create a system of combining and transforming between 4 types of space: hard, superfluous,
multi-faceted and peddlers based on the principle of prestressing of spaces, organizing scientific space, in accordance
with labor requirements. of a street vendor in uncertain and irregular working conditions. Ensure flexibility, change
jobs, and develop careers for family members. Diversified distribution of income strata to naturally expand social
relationships. The spaces are no longer separated but blend together, creating a spacious and airy look for both
and significantly reducing the internal traffic area of the apartment. Creation of open spaces suitable for different
uses meeting the quality of life of a street vendor.
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Fig.12. The system of combining and transforming of spaces of the street vendor

From the concretization and scientificization of the characteristics, living habits and actual labor of the street
vendor. The author proposes solutions to organize social housing space for street vendors. For each type of functional
space, the conversion of use value is based on the running route of the street vendor in each stage of development
and work conversion of the members in the apartment. Create an "institutional commitment" between urban
authorities and street vendors in urban renovation, construction and management.
2.9

Results

Fig.13. Resulds of social housing for street vendors project
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2.9.1 Key perfomance
Construction quality management has changed street vendors' views on the type of social housing. This is no longer
a low quality house, but a modern trend and standard of living. Gradually establish urban beauty, improve the quality
of life and increase confidence in the righteousness of the government for sustainable development.
2.9.2 Custommer
The street vendor has a house at an affordable price so that he can settle, work, study and develop The place is
convenient for urban traffic.
The street vendor keeps old relationships and develops new ones in the community.
2.9.3 People
Increasing the suitability of street vendors of social housing, by designing according to the characteristics of street
vendors. Enhance the role of the people in the design process. Increasing the connection of the group of experts
/ architects helps to increase the confidence of the street vendor in the process of finding solutions to solve problems
with their own internal resources.
2.9.4 Society
Contribute to solving the problem of environmental pollution, reducing pollution to groundwater sources and rivers,
reducing obstruction of water drainage because the infrastructure system is inadequate. Ensure public health by
addressing non-standard toilet use, discharging directly into the environment. Control common infectious diseases
such as malaria, dengue fever, cholera, typhoid, ...
Reduce traffic congestion from location-appropriate policies, build social houses near the subject's work area. Increase
convenient travel conditions for business people, reduce traffic pressure for the city
Easily manage urban order, reduce social evils
with security systems, increase people's legal
awareness and unite the community.
Eliminate house speculation, speculative money is
transferred to serve production and business to
increase output, material wealth for the society
for economic development. Thereby increasing
employment, reducing the unemployment rate.
Improve life, culture, health, education. Urban
civilization also formed from social housing.
2.10

Quality control process

A social housing project must always ensure
the quality that the project has outlined to ensure
national, regional and international quality
standards have been announced.

Fig.14. The process that is required to carry out the quality control of the
social housing project
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