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Foreword

Welcome to the 4th International Conference on Quality Engineering and Management!

It is my pleasure to welcome you to the International Conference on Quality Engineering and
Management 2020, the 4th edition, this time, due to the current worldwide situation caused by the
SARS-CoV-2/COVID-19 pandemic, organized online. However, I’m sure it will be a great event as

the previous ones!

The ICQEM is an international forum to present and discuss the progresses in the Quality
Management, Quality Engineering and Organizational Excellence fields. Consequently, since the
beginning, the conference covers different topics as: Standards, Continuous Improvement, Supply
Chain Quality Management, Management Systems, Lean Six Sigma, Quality Tools, Quality
Management in Higher Education, Quality Management in Services, Total Quality Management,
Organizational Excellence, The Future of Quality and Quality 4.0, among others.

This conference provides the unique opportunity to share the latest insights of academic and industrial

research and applications on Quality and Organizational Excellence.

The ICQEMZ20 keynote speakers will include:

- Antbnio Cunha, President of the Collaborative Laboratory on Digital Transformation at
University of Minho, Portugal, that will deliver a speech entitled “Digital transformation for
intelligent quality assurance”.

- Benito Flores, Dean of the School of Engineering at University of Monterrey, Mexico, and
Past-Chair of the American Society for Quality. Benito will talk about “Quality 4.0: More than
Technology”.

- Christianna Hayes, CEO at Impact Performance Solutions, USA. Chris will deliver a speech
entitled “Achieving Personal Goals through Quality”.

- Jorge J. Roman, International Consultant in Business Excellence & Benchmarking at Dubai
Police Headquarters in Dubai UAE, that will deliver a speech focusing “Intellectual Property
Crime and Business Excellence Framework. Dubai Police case study”.

- Maxim Protasov, CEO at Russian Quality System, Russia that will talk about “What is the

Russian National Quality System all about?”.

More than 100 presentation proposals have been submitted. Proposals accepted correspond to authors

from all around the world, with more than 20 countries represented at this level. Therefore, a warm

viii



acknowledgment to all the speakers and authors is well deserved — Thank You! | would like to give
also a special thanks to all the Members of the Scientific Committee for all the important work they

have done by revising the full papers submitted.

Finally, I must acknowledge the institutional support received from the University of Minho, the
Research Group on Quality and Organizational Excellence (RG-QOE), the ASQ University of Minho
Student Branch, the University of Coimbra, the University of Girona, the Universitat Internacional de
Catalunya (UIC Barcelona), the Portuguese Association for Quality (APQ), the Brazilian Association
of Production Engineering (ABEPRO), Cempalavras, the European Organization for Quality (EOQ),
the Russian System of Quality and the Brazilian Society for Quality and Excellence in Management
(SBQEQG).

Let’s take advantage of this great opportunity and make with your contributions an event with Quality,

shared and built by such a top level group of participants, thus contributing to “A better world with

Quality!”.

Conference Chair

Paulo Sampaio
University of Minho

Conference Co-founders

Paulo Sampaio, University of Minho

Anténio Ramos Pires, Polytechnic Institute of Setlbal,
Pedro Saraiva, University of Coimbra

Marti Casadesus, University of Girona

Frederic Marimon, International University of Catalunya
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A dynamic approach to teaching LSS at Universities

Ramires, F.R.%, Costa, H.C.), Cruz, J.C.Y, Carvalho, M.C.", Sampaio, P.S.!

Y University of Minho, School of Engineering, Department of Production and Systems, Portugal

ABSTRACT

Alongside the European Students of Industrial Engineering and Management (ESTIEM) a team of
students from the University of Minho, in cooperation with a corporate partner, developed a free and

scalable Lean Six Sigma (LSS) Green-Belt level course for Engineering students.

Purpose: The authors aim to depict how free access to LSS Green-Belt knowledge before graduation
can positively impact both engineering education and the students when in real-life projects. The

purpose is not to build on existing literature, but to provide a practical teaching structure.

Methodology: The authors chose to follow the hypothetico-deductive method which consists of
formulating hypotheses and comparing them with real-life brought up from their personal experiences

while teaching the course.

Findings: This case study found a positive impact on both the students responsible for facilitating
the training sessions, as well as the ones receiving practical and theoretical knowledge. With more
than 60 course graduates, this model is generating positive results in growing awareness for LSS

methods.

Practical implications: This paper describes a practical application of a novel approach to teaching
LSS in Universities along the obstacles surpassed to design it, blending it in the course curricula. It

aims to foster similar implementations in other institutions.

Originality: A teaching system built with students for students is scalable, low-cost, and highly
engaging. Its deployment not only shows how it is possible to advance education by blending an
existing LSS course structure but also how students can greatly benefit from a deeper LSS knowledge
before their graduation.

Keywords: LSS, Industrial Engineering, and Management, Engineering Curricula, Teaching

methodology

Paper type Case Study



INTRODUCTION

The world is changing every single day. The economy is changing, technology is evolving and most
importantly the authors, as human beings, are changing. This means our behavior, our beliefs, and
our necessities are changing. So, how can the authors adapt and prosper in such uncertainty?
Considering what Universities have been doing to prepare the future workforce and leaders of the
incumbent industries and the new sectors yet to arise, engineering graduates still seem to be closing
themselves down to the same old classic tools from the mass production days of Ford - learning how
to answer, but not how to question the context around them. This is the reason it was created the first
free certified LSS Green Belt course at the University of Minho, designed by students for students

with the future in mind.

This paper was prepared by the students who participated in the structuring of this course, with the
involvement of ESTIEM (European Students of Industrial Engineering and Management) as an
educational partner - giving support and feedback on our first trial edition at the University of Minho;
and remained active through its design, development, and deployment in the following edition as
instructors. Here they describe, for the historical record, the motivation, sequence of activities,
successes, and obstacles felt over two years since the first idea concept until a fully implemented
model involving a symbiosis between companies, University, and students of Industrial Engineering

and Management.

Throughout this paper, it will be understood how important it is for companies to be involved in
University initiatives related to LSS and the impact of hiring graduates with Green Belt knowledge
capable of stimulating change in their organizations. Secondly, the authors will go through the
importance of creating free and easy access to LSS knowledge to provide a higher quality of

education, in Universities, and, ultimately, to better prepare the next generation of leaders.

Afterward, it will be shown how this course was adapted to the University of Minho educational
context and, finally, what were the direct results on the students, the University, and the corporate

partners involved.

The authors will present their vision to provide a scalable LSS Green Belt course structure integrated
into the Industrial Engineering and Management educational curriculum, given by students (Green
Belts, and, hopefully, one day also Black Belts) to their peers. By joining the Green Belt course and
using the LSS method in an internship in a company, students have the chance of obtaining a Green
Belt certificate given by ESTIEM and signed by Gregory H. Watson himself, before their graduation.

This work does not aim to improve the existing literature, but rather to describe a practical case study
of how engineering curricula can be enhanced when students and teachers collaboratively work



towards filling gaps on the existing teaching methods, is based solely on the real-life experience of
the authors as instructors of the course. The authors aim to show the benefit of encouraging and
promoting such courses in the preparation of students for their future challenges, but also in a closer
connection between students and teachers that is believed to lead to better education and

understanding of the subjects.

BACKGROUND

It all began with ESTIEM - most important European Association for Students of Industrial
Engineering and Management, along with Gregory H. Watson, in an event called Summer Academy
- one of the many events that ESTIEM organizes and offers to its students. In that event, the concept
of LSS was brought to discussion and a participant got interested in this methodology and took the

Green Belt course that same summer (Jarrett, Matti & Rajala, 2016).

The following summer, Gregory and Jukkis (the participant mentioned above) began thinking about
how they could start building a Green Belt course for ESTIEM and its members, by focusing on a
never worked on a gap in the LSS education industry - students. They had the vision to make a high-
quality Green Belt training easily accessible to Industrial Engineering and Management students from
around Europe and equip them with tools to solve even more complex problems in companies before
they are even graduated, which would allow them to be better suited to enter the job market and lower
companies’ training costs to new hires. The idea was for Gregory to build the course content and the
students to be deploying and expanding it in Europe through ESTIEM’s network. To do so, the
course’s content was to be presented to participants through videos where Gregory would explain all
the concepts necessary. The team developing the course, along with Gregory, filmed and edited 80
videos, whose length varied from 4 to 20 minutes, depending on the content and complexity of the

subjects being presented.

It was time to present the course to the whole ESTIEM community. It happened in Council Meeting
Porto 2016 — ESTIEM’s general assembly where students from all member Universities vote on
matters relevant to the future of the student association, where the council voted to launch the LSS
Initiative for ESTIEM. The first ESTIEM LSS Green Belt Course took place at Aalto University in

November and December 2016. After that many other courses were given across all of Europe.

The result of all this process was a full week course with a blended approach between theory and
practical lessons (Turtiainen, Rajala & Jarrett, 2017), being the first one shared with the students

through multiple videos and practical sessions facilitated by ESTIEM Instructors, that already had



done the Green Belt Course. After that week, the participants must have to complete a Green Belt
Project on a company to get the final certificate of Green Belt in LSS.

STRUCTURE OF THE UNIVERSITY OF MINHO’S GREEN BELT LEVEL COURSE

Two years ago, after realizing the potential of these courses and seeing how many people from our
university was interested to take the Green Belt Course and analyzing the industry surrounding our
University and their demand for highly talented students, the authors have decided to design our own
Green Belt course, leveraging on the already existing ESTIEM’s structure, but adapting it to the
Portuguese educational context. On a high level, teaching the course can be divided into three
individual components: 1) teaching the theory, 2) facilitating training sessions and case studies, and

3) project monitoring (Turtiainen, Rajala & Jarrett. 2017).

To start designing the course the authors had all the needed resources to do so: 5 ESTIEM Instructors,
support from our local Industrial Engineering and Management Student Association, and our
University department and a corporate partner interested in being involved in training future quality
professionals. With the help of ESTIEM, the authors developed a free 10-Week Green Belt Course
where participants had to see weekly webinars with the theoretical Green Belt knowledge.
Additionally, they had to attend a weekly 4-hour practical session, where they would put into practice
the tools they learned in the webinars. The course finished with a final case study - a simulation of a

real-life LSS project in which they applied the contents they learned throughout the 10 weeks.

This structure as the global teaching methodology used in ESTIEM translated the cognitive domain
of learning to the context of the course. Rather than seeing the learning journey as a step-by-step
process, the model is built on the premise that sufficient knowledge on the lower levels is a
prerequisite for better uptaking more complex higher levels of knowledge. Following it, the
instructors aim to enhance the ability of the students to recall what they've learned about LSS in the
previous DMAIC by bringing real case studies to class; to apply the topic onto an actual problem in
a structured way; to synthesize their action plan by selecting from a panoply of quality tools the best
ones for the context at hands; and, ultimately, to stimulate the ability of the student to clearly
understand the impact of each tool in a real-world context, which is mostly gained in the case studies
presented throughout the course, but most importantly during the internship to achieve the green belt

level certificate.

One aspect that was always considered from the beginning was the sustainability of the course.

Considering students are leaving every year and new students arrive, it was seen as crucial to



guarantee that new students were available to pick up where others had left. Therefore, in the two
editions, 3 to 5 students were selected to attend the course and to step up and play their role of
instructors in the following year. To guarantee the quality of the courses, ESTIEM developed a
mentoring system for the trainers. It currently has special programs for want-to-be trainers where
black belts share facilitation skills and dive into deeper LSS knowledge, mostly focusing on more
complex statistical concepts. This method avoids a spiral flawed guidance effect which could
compromise the sustainability of the course in the long-run. It assures the authority of the trainer is
preserved, assuring high-quality standards of those involved in teaching every year. To achieve so,
trainers are taught how to handle difficult situations that can arise during the teaching sessions, and
receive coaching to fully grasp the content of the course. Besides, the content of the ESTIEM LSS
course is standardized and built so that the students can facilitate them with sufficient confidence.
This minimizes the potential variation in the learning of the course content, which could be introduced
by changing the instructors. As the learning material is maintained, as well as the examples and case
studies, quality is guaranteed every year regardless of who leads the teaching.

Regarding the preparation of the classes, the instructors, being handed the materials by ESTIEM,
have adapted them with their knowledge on the subject, but also adding a strong practical component
and real-life applications. This was made by researching real case studies of the application of LSS
to several problems, from healthcare to operations, or software development. The goal was to tackle
a problem pointed very often by students to education: the lack of real-life situations where techniques
can be applied. Every class, a real LSS project was brought to students to review the content taught

in the previous classes. This was done throughout the entire course.

Even though the authors developed a conceptually impactful project, the implementation roadmap of
the course was crucial for it to turn into a success. To reach the best students at our University and
make them interested in a 10-week course about a tool they did not fully understand, the authors
partnered the course with two different and important partners: The University of Minho and LSS-
driven company. Regarding the University, the authors integrated the training course into the course
of “Advanced Quality Engineering and Management”, which is taught in the fourth year of the
Industrial Engineering and Management Integrated Master Program. This meant that the students
taking this subject had priority to do this course and their participation was valued in the final
evaluation. Regarding the partnership with the company, they supported all the costs regarding
materials needed to do the sessions and gave the students the opportunity of visiting the company and
to implement what they learned on a real company problem, with the help of two black belts and one

master black belt running the factory plant.



It is important to note that the authors, being students, are aware of the flaws pointed out by their
peers concerning their teachers. Knowing this, the instructors have tried to avoid and improve upon

those flaws, especially in the teaching method and approach to content.

RESEARCH METHODOLOGY

To frame the evaluation of this innovative method to teach an LSS course, the authors followed the
hypothetico-deductive method, creating strong hypotheses that were tested through direct observation
from all the actors involved, the students that enrolled the course, trainers, companies, and teachers.
To do this, the authors gathered not only their opinion, but also the opinion of teachers, students,
alumni, and companies. This was made by promoting questionnaires and interviews with parties

involved.

The hypothesis presented and explained below were created considered all the stakeholders that
played a role in this course, ensuring that the methodology chosen would have enough opinions from

people who have experienced it to validate the author’s assumptions.

Hypothesis 1 — Does the LSS Green Belt Course benefit the students?

Throughout the years, the idea of an engineer faced many changes. Before modern times, engineers
were classified as problem solvers with an excellent mastery of technical skills and knowledge. They
needed to fully understand the technical context around their work or product, and they were easily
stereotyped regarding a specific industry, product, or service, specializing in a specific topic.
Nowadays, this idea of an engineer has evolved and grew into a much more complex concept. Today,
they are not problem solvers but also problem finders. They need to identify, evaluate, formulate, and
solve problems with people from other scientific, technical, and artistic areas and from other cultures.
They need to understand much more than the technical context around their work or product.
Currently, they combine their technical skills with so-called soft skills. In the age of information, it
no longer matters what one knows, as information is accessible to everyone, but rather how one is

capable of filtering data to efficiently find answers.

Based on this, the authors believe that the LSS Green Belt course that was about to be implemented
could bring a really big impact on students' development since this course incites the participants to
lead and work with a team in projects to identify and solve problems. By teaching a problem-solving
framework like DMAIC with useful and impactful tools allied to each phase could provide a lot of



opportunities for students to participate and engage in better projects, better companies, achieving
better results in the end.

In short, the implementation of this course would allow students to be more prepared to face their

professional careers and to be more motivated to incite change inside organizations.

Hypothesis 2 — Does this new approach incites change in Universities?

The word “University” was once upon a time referred to as the lighthouse for knowledge, illuminating
the way scholars, students, teachers, had to go through to be able to defy present dogmas and create

new concepts.

The problem is that the times the authors are living intend to be in constant change, where nothing is
seen as static anymore. More than ever Universities are lagging what the future of the industries are
looking for, with its pillars set on old teaching models built for mass production and not innovation
management. The authors are conscious about the difficulties to follow side by side with what
enterprises are doing, mostly due to resource constraints, but there is where complement courses can
have a vital action, providing educational institutions a boost on their transformational path to build

the defiant of tomorrow and not the worker of today.

Our hypothesis lies in the belief Universities gain external recognition as producers of excellent
students and professionals by giving students the chance of acquiring important knowledge for

companies and institutions without any costs.

To test this hypothesis, teachers and partners of the ESTIEM LSS course were interviewed,
highlighting professor Paulo Sampaio, who was one of the main responsible for bringing this unique
LSS Model to the University of Minho in a unique structure; and Christoph Hagedorn, who holds the
position of Head of Corporate Quality & Environment at Continental. Both will give their personal
and institutional points of view regarding the importance of leveraging methodologies like LSS,

integrating them into the University’s curricula.

Hypothesis 3 — Does this innovative course incites change in Companies?

Nowadays companies are facing a diversity of challenges, most of them never faced before. The
agility that is needed to overcome those obstacles is increasing exponentially in recent years. At the
same time, they are facing those transformations, they are also competing for the most talented and

prepared graduates.



The University of Minho is at the center of an industry-based region in the north of Portugal and so,
the need to improve and polish processes is always a must. The problem was that those companies
were not able to find the best human resources with the data-driven problem-solving skills needed,
due to the theoretical approach the University curricula still keeps. To tackle these companies are
spending a lot of money on training courses focused on tools they should already have acquired during
their academic years.

By understanding all these problems, first contacts between the founders of the course and enterprises
were made to understand how the practice sessions should be to prepare the students for real-life

cases and to benchmark with existing corporate certified training courses on LSS.

In theory, with this course companies would have access to employees with problem-solving and
process improvement skills like never before. When you are betting on continuous improvement, in
the long run, this kind of talent is critical. Besides, the Green Belt Course would have a huge impact

on lowering onboarding costs.

Regarding the students, the authors assumed that they would be better prepared for the professional

future and, when it comes to recruiting, they could have an edge over the others.

Having the opportunity of being certified in a methodology so much valued by the leaders of the

industries still in their academic path is unprecedented in the Portuguese educational context.

RESULTS
Result 1 — Benefits for Students

After 2 years of teaching students LSS, the authors ended up with an exceptional number of 63
students with the Green Belt level of knowledge.

After the course they had the skills to work inside a specific work process, to assure standard work,
to lead correction of non-standard work, and to encourage and lead work process improvement,

always project and teamwork-based.

Accordingly, to what the authors expected, the students developed both hard skills and soft skills with
this course, making them even better and more prepared engineers with competencies valued by the
employing companies. During the time as trainers, students also deepen their knowledge of the LSS,
as well as get valuable experience in facilitating group work, learning, and teaching. The skills and

experience they gain during their instructor journey will be very valuable in a business context.



Finally, the interest of working in this field of Industrial Engineering and Management and the
number of projects has increased throughout the 2 years. By the end of the first year, 6 students
decided to do their master thesis on Quality Improvement and Management and, after these 2 years,
more and better projects, internships, and master thesis were presented to students (the numbers will

be presented later in the article).

Result 2 — Benefits for the University

LSS is all about having a framework that allows anyone who masters it to, in a methodical and
simplified way, question their context and, step by step, with a specific tool-Kkit, iterate on their
hypothesis to find solutions capable of improving whatever they set themselves to improve. In the

end, providing nothing less than excellence to the customer is the goal.

The implementation of this 10-weeks course, worked as a valuable addition to what was already being
taught in the quality management field at the University of Minho, giving a world-recognized
methodology with no costs to every student in the penultimate year of Masters in Industrial
Engineering and Management. This allows the students to be better prepared for their master thesis
projects, and to apply for the company’s vacancies with a Green Belt level already acquired, before

finishing the course.

In the eyes of the companies, the University is capable of training better graduates, who will afterward
show higher levels of performance in comparison to other students, as they are more prepared to face

different problems in a structured way.

Concerning the tight relationship with enterprise and its impact to the overall quality of the course,
the knowledge shared and leveraged to structure the course according to the best green-belt level
practices in the industry were paramount for the course success, especially when looking to the
training skills of the students sharing LSS content. Often, the atmosphere in the training sessions
could become a bit tense when the students started asking questions beyond the standard teaching
scope, questioning the competence of the trainer. To tackle this situation the course’ partner company
knowledge was very valuable to hold the reigns of the course, better preparing the trainers to answer

doubts about broader topics than those listed in the original, standard course curricula.

Over the last two years, the authors provided LSS Green Belt level knowledge to 63 students without
any costs, in addition to company visits, and real-life case studies to test the content acquired during

class.



Testimonials regarding the impact the course has on Universities
How do you value the ESTIEM Lean SS Course?

“This course is a great opportunity for the Industrial Engineering and Management students for two
main reasons: (1) they have the chance to learn one of the most well-known methodologies for process
improvement, thus allowing them to go to the companies with that knowledge when they graduate;
(2) during the course they have the chance to see and study real-life examples of LSS projects, thus

promoting the link between academia and industry.”
How do you value projects coming from graduates of the course?

“To graduate students must develop an applied project in a company for 9 months. After the ESTIEM
LSS Course was established at the University of Minho, the number of LSS project proposals by
companies had increased, thus reflecting that the companies are recognizing the quality of the training
that is provided to the students through the ESTIEM LSS Course.”

How important was to integrate this course into your quality management track?

“I teach a course of “Advanced Topics on Quality Engineering and Management” and since the first
minute that I'm enthusiastic about this “partnership” with ESTIEM by integrating the LSS course in
my track. It was possible to teach LSS without this partnership as | have done for several years, but
it was not the same. Currently, | have students teaching other students and it is resulting in a great

experience.”

Professor Paulo Sampaio, Professor of Quality and Organizational Excellence in the Department

of Production and Systems at the University of Minho

How important do you think it is to integrate more of these complement courses in University

curricula?

“Looking at a large corporation it is nearly an impossible task to train the entire organization in
structured problem-solving. As such training needs theoretical knowledge and practical application it
is only in selective cases possible to integrate this in the daily work. Therefore, learning and applying
the LSS methodology already during university time makes each graduate of such a course a much
more valuable employee for any company. They bring a piece of knowledge and mindset that every
company is looking for. Having such a course is in my eyes a perfect win-win situation for the student,

the university, and the companies.”

Christoph Hagedorn, Head of Quality in Continental — partner of ESTIEM LSS course



Result 3 — Benefits for Companies

The Lean Six-Sigma Green Belt Course was all about teaching students how to apply the DMAIC
framework, analyze problems, collect information, and provide solutions based on data that could

help companies to perform better and to save costs.

After two years, the results have gone beyond our highest expectations. It was created a partnership
between a leader in the automotive industry where the students can solve a real case-study in the
company for one day and finish the course with a hands-on immersive experience with black-belts
and master black-belts. Ten students already realized three to six months projects (internships or
master thesis) where they applied the knowledge acquired from the course in five different companies
from different industries (automotive, healthcare, metal related sectors). Furthermore, the companies
were able to have outstanding results such as eighty thousand euros indirect savings and forty percent
fewer activities necessaries in requiring an ambulance for patients in a public hospital; forty-two
thousand euros saved a year in a metalworking automotive company; decrease by 30% the defect
units in an electronic automotive company; the decrease of quality costs and increase customer
satisfaction were some of the results driven by the projects our graduates started. In total, the financial

impact of the LSS projects rounds up to almost 130 000 euros.

Unfortunately, the authors were not able to collect qualitative information from companies who have
received the graduates from our LSS course, but the feedback from our partners was nothing but

positive.

Companies are conscious of the impact of going beyond the normal standards of engineering

education has on real-life cases and the integration of new hires recently graduated from University.

Testimonials about the impact of the course on companies
What does it mean for students to able to acquire LSS knowledge so early in their careers?

“Learning LSS methodology has opened doors for students to perform projects, which they would
not be given otherwise at that point in their professional career. This reflects the importance of

training undergraduates in problem-solving frameworks.”

Jukkis Turtiainen, LSS Black Belt and Founder of the ESTIEM LSS course



How do you value the ESTIEM Lean SS Course?

“The LSS course is a great opportunity for the students as well as the companies that offer them a
project. The students learn a structured problem-solving methodology that allows them even as young
professionals to achieve results experienced colleagues could not achieve. Thus they become a great
asset in any improvement project, develop confidence through the success of their project, and learn
to trust the method and follow the facts. This will make them a very valuable employee for every

company that sees continuous improvement as a key cultural element.”
How do you value projects coming from graduates of the course?

“The graduates from the LSS course employed by Continental have exceeded our expectations. In a
recent project, the student achieved within four-month to generate an annual saving of more than 3
times the cost. So, it was a perfect investment. Continental will continue to offer projects to LSS

graduates.”

Christoph Hagedorn, Head of Quality in Continental — partner of ESTIEM LSS course
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CONCLUSIONS

Over the last two years, the authors provided LSS Green Belt level knowledge to 63 students without
any costs, in addition to company visits, and real-life case studies to test the content acquired during
class. Eight of those students were on their final year of bachelor and became ESTIEM instructors
which gave sustainability for the years to come. The other 55 were in the first year of their Master's
Program and they were presented with the opportunity to complete their thesis on an LSS project.

The goal of this article was to take the reader into the journey the authors took, once upon a time, and
understand how to design a scalable LSS Green Belt level course in their own companies or
institutions, by leveraging on our personal experience of diagnosing our client’s needs (in this case

the students, university and industry around us) and creating a 10-week course from scratch aligned



with the best courses of its kind in the world. By the end, it is about the impact of democratizing
access to such a costly certificate, only acquired when one already has two to three years of
experience, by implementing a teaching model blending theory with practice, with students teaching

students, and endorsing the LSS movement.

This course not only gives students a structural way to solve problems but also opens future
opportunities: they graduate more prepared to face the business world and they get better offers from

better companies.

However, this project did not affect only the students. This Green Belt Course, by being associated
with a University course, impacted the way knowledge was being shared and acquired in our degree,
by putting the student at the heart of learning experience. By the end, students are not only receiving

information but also, after taking the course, they have the opportunity of becoming trainers.

Finally, by implementing the LSS concepts based on the DMAIC cycle, students changed
organizations’ decision making and operation processes, by evolving to a more data-driven and
quantitative approach. Not only these projects prove how students can change the organizations but

also make the companies understand how impactful LSS can be to their activities and results.

Now, going back to the question made at the beginning of the article: how can the authors adapt and
prosper in such uncertainty? By embracing and inciting change, and LSS has an important role in this
pathway that companies and institutions must undertake. LSS, by being a problem-solving
methodology based on projects focused process improvement, sets itself onto finding new,
innovative, and impactful changes to scale upon the organization to higher levels of quality and
efficiency. Implementing this university project not only introduced in a deeper way the LSS topic to
engineering students, endorsing the methodology but also trained students to embrace, incite and
manage change within the companies they will work in the future. By making LSS Green Belt
knowledge easily accessible for these students, the authors gave them another tool to help them to
think and question the world around them, and to look for great answers to take organizations to the

next level.
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DMAIC for Process Digitalization: A Hospital Case Study
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ABSTRACT

Purpose - This paper presents how to implement the DMAIC cycle as an element to X-ray the
progress of a digitalization initiative focused on the ambulance’s request system for daily transport
of patients initiated in a Portuguese hospital, which was not achieving the expected results. The
research has the goal of not only contributing to the literature on the application of the Lean Six Sigma
methodology to healthcare operations but also, of giving practical recommendations on how
managers can leverage on the same approach, and apply the concept in their internal process
improvement initiatives to reduce friction in digitalized processes. Ultimately, it is shown how a
methodology like DMAIC, presents in itself a great option to start and methodically lead a business
process digitalization project.

Methodology - The authors chose to follow an Action Research methodology while approaching the
problem at stake with the DMAIC framework.

Findings - DMAIC can be a relevant problem-solving structure to measure the success and support
the digitalization of business processes.

Originality — The originality of this paper lies in the application of a logical structure such as the
DMAIC cycle to analyze the quality issues inherent to the digital version of an ambulance's request

system.

Practical implications — This case study depicts how the operationalization of digitalization
initiatives using the DMAIC framework can be more effective while allowing organizations to
adequately and actively react to the implementation problems. It presents improvements of 23% lower

lead times for a redesigned digitalized ambulance’s request system.
Keywords: Healthcare, Lean Six Sigma, DMAIC methodology, Digitalization

Paper type: Case Study



INTRODUCTION

Healthcare today is said to be evidence-driven. However, even though huge amounts of data are
collected, clinical practice is often not governed utilizing these data for learning, improvement, and
innovation. With this said, even though individual health care professionals are performing excellent
and dedicated work, the provider might be flawed in its core and patient outcome is far from optimal,
or even unacceptable. With multiple problems caused by human errors, it is paramount to raise the

bar for processes, services, and businesses (Taner, Sezen and Antony, 2007).

As we witness the emergence of new technologies, reduction of financial support and more informed
customers, an increasingly challenging and demanding environment seems to be an underlying
paradigm for the future healthcare industry. These services must now focus, more than ever, on
continuously looking for methods for optimizing process performance, with technology as a potential

ally for decreasing operational costs, improve the speed of service, and reduce risks and errors.

The need for such improvement initiatives is rooted in the rising expectations from customers (which
are the patients, their family, and friends) regarding the quality of care they receive. They are no
longer willing to accept poor quality services, and suffer long waiting times, on the contrary requiring
transparency, and high-value interventions, with a minimal cost. In this scenario, Lean Six Sigma
(LSS) principles and tools have been used to tackle principal causes of inefficiency, reduce slack, and
optimize operations. It should be highlighted that LSS, with particular emphasis on DMAIC (Define-
Measure-Analyze-Improve-Control), is not only a step-by-step guide to understand and deconstruct
problems in a manufacturing setting but also business-related processes (Mast and Lokkerbol, 2012).
Its importance is based on a data-driven view of the problem, with statistics and general analytics
being used to support and improve business decision making (see, for instance, (Kuvvetli and Firuzan,
2019)).

In light of this research, the authors of the paper present and discuss the key characteristics and results
achieved of an LSS project developed in a Hospital, focused on the ambulance’s request system
digitalization initiative which results were below the expectations of the management team. It was
deployed with the intent of understanding why there has not been visible progress on its
implementation, and how much of the existing friction in the process could be mitigated. On top of
this, it was also used to measure the impact of the potential digitalization of different steps, before
any improvement foresight could be designed, while also looking for new ways to reduce the overall
costs of the request system eliminating defective outputs which were identified along with the

analysis.



RESEARCH METHODOLOGY

The paper presents a case study developed with an Action research perspective (Eikeland, 2012),
where the authors worked closely with the parties involved in the process at stake. In detail, this
section reports on the implementation of an LSS project in the Patient Management Department, with
a focus on the ambulance’s request system for patients with economic constrains or reduced mobility
conditions in a Hospital of large size. Yearly, the Hospital performs around 2000 medical
appointments/day, 120 surgeries/day, and a total of 5500 transportations per year. The project was
developed over 3 months. Historical data was collected and analyzed before the beginning of the LSS
intervention. Further data and information were collected and analyzed cooperating with the transport
team in charge of the process and conducting several interviews with senior figures and professionals
working in the Hospital and contacting daily with the procedure at stake. The main goal pursued with
the LSS project was to increase physicians’ productivity, reduce operational costs, and deliver
services of increased quality. More specifically, the LSS project was aimed at reducing the resistance
to the digitalization of the ambulance’s request process and minimizing the errors associated with the
requisition form. These errors lead to multiple problems, which are described and drilled down
throughout this paper. DMAIC was selected to operationalize LSS and keep the different parties

engaged, as subsequently discussed.

For the sake of confidentiality of the parties involved, the numbers presented in the paper may have

been modified.

LITERATURE REVIEW
Lean Six Sigma:

LSS emerges as a viable option for improving performance at the level of effectiveness and efficiency,
with particular emphasis on processes, within the reach of healthcare organizations (Bisgaard, 2009).
Optimizing efficiency is one way for providers to control their costs without sacrificing the quality

of the outcomes they plan to achieve.

Six Sigma is a data-driven process improvement methodology used to achieve stable and predictable
process results, reducing process variation, risks, and defects. Snee, (2010) defined it as: “a business
strategy that seeks to identify and eliminate causes of errors or defects or failures in business processes
by focusing on outputs that are critical to customers”. While both Lean and Six Sigma have been used
for many years, they were not integrated until the late 1990s and early 2000s (Snee and Hoerl, 2007).

Today, Lean Six Sigma is recognized as a business strategy and methodology that increases process



performance, with DMAIC serving as the compass to guide the projects to success (Koning and Mast,
2006). Lean Six Sigma combines the best of two distinct methodologies:

e Six Sigma, which helps in reducing the number of defects and the variation of the outputs,

improving overall process efficacy.

e Lean thinking which helps in reducing the cycle and lead times, improving overall process

efficiency.

Although the Lean Six Sigma approach has in the past predominantly been used to improve
manufacturing processes, it is now increasingly been transitioned to a wide variety of non-
manufacturing related operations. This is an important development, as there are potentially more
advantages to be achieved in those areas than in traditional manufacturing where decades of good
work have already paid off (Nave, 2002). The key to understanding how Lean Six Sigma can be
applied more broadly is to recognize that non-manufacturing operations are also processes; they
process inputs from suppliers and provide output to customers. Some applications of Six Sigma have
been suggested in healthcare (Barry, Murcko and Brubaker, 2002; Heuvel, Does and Koning, 2006).
In the last-mentioned paper, project examples are highlighted, concerning complexity reduction in
hiring personnel, improving operating theatre starting times, and improving a maintenance system.
However, there has also been some endeavors usually approached from the perspective of efficiency
of the management of flows (see, for instance, Hanne, Melo and Nickel, (2009)), as well as some
examples on DMAIC as a methodology to improve software development (see, for example, Karout
and Awasthi, (2017)), little research has been executed with interest on how Lean Six Sigma can help
in endorsing the digitalization of processes by measuring its impact on the elimination of waste,
errors, and overall quality increase of the results produced. Also, it can be a driver for understanding
the underlying factors that cause resistance to the transition to digital processes, by always using
DMAIC as the compass for the project. Taking this in mind, the authors propose a new paper to
continue to fill the gap in the literature related to how DMAIC as a problem-solving framework, can

be used in digitalization initiatives, using LSS principles in its core.
DMAIC Cycle:

Based on the defined objectives, this project was conducted under the umbrella of the Lean Six Sigma
methodology. The selection of the tool to solve the problem presented fell to DMAIC. DMAIC is
systematic and data-driven providing a sound framework of results-oriented for end-to-end project
management. The methodology may appear to be linear and explicitly defined, but it should be noted
that the best results are achieved when the process is flexible, thus eliminating unproductive steps
(Sokovic, Pavletic and Pipan, 2010).



The DMAIC (Define-Measure- Analyze-Improve-Control) methodology, works as a roadmap for
problem-solving and process improvement, making it the best candidate for the problem presented

throughout this paper. It will be used to tackle it in five phases:

1. Define (D): Define the problem at hands;
The main purpose of this stage is to clearly define the problem to be resolved with all parties involved
or affected by it. There is also the goal of verifying if the action plan, deliverables, and timeline for
the project to be started are aligned with the priorities in the organization and its business objectives.
There must be support from the management and availability of required resources to achieve success
(Abu Bakar, Subari and Mohd Daril, 2015).

It starts with clarifying the problem statement and the overall advantages for the business.

2. Measure (M): Quantify the problem identified,;
To better understand all the processes in the organization, customers’ expectations, suppliers’
specifications, and identification of the possible places where a problem may occur, it is important to
qualitatively and quantitatively define the problem at hand. This allows not only more data-driven
decisions on how to move forward but also a better understanding of the process improved in the
Control phase by benchmarking the same Key Performance Indicators. In this stage potential

problems have to be proven to be real problems.

3. Analyse (A): Analyse the problem and identify the root causes for process imperfections;
In the analysis phase, multiple tools and methods are applied, taking into account the data acquired
and treated in the latter stage, to find root causes, assess the risk, and prepare the ground for
improvement measures to be proposed. In this phase it is needed to define process capability, clarify
the goals based on real data gained in the measure phase and start root cause analysis which has an

impact on process variability and the errors produced as the process is executed.

4. Improve (1): Propose improvement measures to be implemented to achieve the goals set for
the project;

The goal of this stage is to take necessary information to create and develop an action plan to improve
the functioning of the organization, financial aspects, and customer relationship issues. The possible
solutions for the action plan should be presented to the team involved in the process and executed
iteratively. Some kind of pilot solutions should be deployed on a risk-reward optimization basis,
confirming the validity and accuracy of analytical work which allows making any corrections before
carrying out the solutions on a large scale.



5. Control (C): Create mechanisms to help continue to measure the evolution of the changes
applied to the process and guarantee their continuity in the future. Also, aims at building
another step on the continuous improvement journey, making sure that the level of operational
excellence achieved is set as the basis for further initiatives.

The control stage is about confirming if the changes implemented at the Improve Phase are sufficient
and continuous by verifying the quality of the re-designed process. It also controls the future state of
the process to minimize variation from the objectives and ensure that the correction is fully
implemented before generating results misaligned with the business targets. Control systems such as

statistical process control should be implemented. The process has to be continuously monitored.

Each of the phases D, M, A, |, and C encompasses in itself several steps and tools to be applied
(Shankar, 2009), which will guide through the execution of the presented improvement project, from
identifying the problem to measuring it, and correcting it taking into account the targets to be

achieved.

CASE STUDY

The project first arises because of the need to reduce backlogs detected in the administrative processes
within the Hospital, which were causing delays in patient-related activities, such as the lead time of
accessing personal clinical records, or of receiving confirmation of the right ambulance at the right
time to transport patients from their homes to the scheduled appointments, and vice-versa. This paper
aims to describe a real case study focused on internal administrative processes presented by a
Hospital’s Senior Management team in Portugal converted into a Green Belt level Lean Six Sigma
project and tackled using the powerful problem-solving framework - DMAIC, to diagnose the
operations and understand where divergences from the documented procedures are happening, and,
not less important, why they are happening. This supports the creation of new procedures and the re-

design of existing ones.

In the end, it will be presented the analysis made to the process of scheduling ambulances for trials,
exams, hospital stays, and medical appointments happening on the same day of the request. The
project of digitalization of this business process, transitioning to an entirely paperless task, was not

running as expected. This procedure was generating a lot of faulty requests, to mention a few:
1. The wrong type of ambulance;

2. Ambulance requested without the needed equipment for transporting a patient with a

particular condition;



3. Requests made for the wrong time, or day;
4. Requests for transportation without having any link with a medical appointment;
5. Transports that were activated and paid for, but never happened in practice.

The goal was to redesign the process reducing the steps needed to register the request of a new
ambulance, reducing defects and money lost with faulty requests. On top of this, to understand where
and why the digitalization initiative was falling behind the targeted results.

The Hospital was testing the hypothesis of digitalizing most of the process activities related to the
ambulance’s procedure described above, to achieve 100% paperless requests in all medical wards.
The problem was suffering from a lot of resistance from the parties involved (physicians, nurses,
secretariats of the medical departments, etc). With it, the physicians were fully responsible for the
end-to-end process of requesting an ambulance. Thus, the analysis done was also focused on
endorsing this digitalization project with proposals to help the transition. Future yearly savings were

calculated to support its scaling to all the medical specialties where patients needed transportation.
Phase 1: Define

The research study started with a meeting in the Hospital to discuss the problems to be solved. To
clearly understand the situation and the underlying bottlenecks disrupting the expected workflow,
more than 40 people were interviewed, from physicians to the secretaries of each medical specialty
in the Hospital. On top of this, it was crucial to set a line between the current ambulance’s prescription
process (in a paper format), where the secretary of the medical ward was the central piece, passing
the information from a physical form filled by a physician into an IT system, and the fully digitalized
process, where the physicians were fully accountable for requesting an ambulance to transport the
patient in the day of the appointment. This way a paperless process could be achieved. The digital
request would then reach the “Ambulances team”, which would follow-up with contracting a
company to execute the trips needed, at the time needed, and issue the responsibility terms for the

transportation of a patient.

To make sure, everyone in the team responsible for leading this project was aware of the goals and
had the same level of understanding of the problem, a project charter was created and presented. The

data needed to start was also defined and requested for senior management.



Problem Statement Benefits of the project

* 2 years before this project, an initiative to digitize
ambulance requests was initiated in a specific ward,
where doctors were 100% accountable for the entire transport for the patient;

. Cost reduction with unnecessary transports;
Reduction in the number of steps required to request a

>

process of ordering them via an IT system. However, 3. Reduction of errors associated with filling the transport
errors continue to be made in filling the request and request form;
unnecessary ambulances are called out. In the end 4. Expansion of the electronic prescription method to
time and money are wasted by the Hospital. other specialties;
Objectives Scope
|I. Measure the amount of unnecessary ambulance * I* step of the process: pedido de transporte por
requests happening daily; parte do paciente
2. Diagnose the root cause of errors in filling out the * Last step of the process: Registration of the patient’s
transport request form; departure and respective delivery of the ambulance’s
3. Redesign the circuit so that these errors/problems term of responsibility;
are reduced, and if possible, eliminated; Qutside the scope: communication between the Hospital
and amb e proprietary comp

Team Members

* Author of the paper,

- Inpatient and Outpatient services' secretarians

Figure 1: Project charter

As one of the focus of the whole Lean Six Sigma methodology is to center the analysis on the
customer’s requirements, his needs regarding how the process should behave and which outputs
should produce had to be defined from the start. In this case, the customer is always the patient, and

all processes should be designed taking him into account.

SIPOC | Process: Request a new ambulance transportation

Input Process Output Customers

Suppliers

Sending the transport request to the gy
Ambulance Patient

Transport requisition form )
hospital's ambulance management office

!

Contact corresponding transportation

Physician ‘

Computer registration of the

Legal transportation document Ambulance service provider

service provider

Ambulance availability confirmed

!

Register transportation arrival at the

Secretariat
transport request

Hospital
Register transportation departure from
the Hospital

Figure 2: SIPOC map to create a high-level view of the ambulance’s request process

The main requirement of the patients was to have the needed transportation on the exact date, at the
exact time so that they would never miss an appointment. As most of the patients with access to this
kind of service were mostly elders, to provide high-quality service the request’s process needed to

run smoothly with the greatest effectiveness and without any unnecessary delays.



To understand how the current parties involved in the process viewed the situation, a \VVoice-of-the-
Customer (VOC) matrix was created to collect and prioritize each staff member’s opinion regarding
the defined problem. This gave the improvement team deep insights from those directly involved with
the situations created by a poorly designed procedure. The prioritization was calculated by
multiplying 4 different metrics, defined alongside senior management: frequency, impact on quality,

level of dissatisfaction, and the level of risk to the customer.

| Who? WVhat are they saying? WWhy are they saying it WWhat do they want? Grade

Muitas vezes documentos sdo perdidas Haver preccupacao do médico em explcar ao

Secretanado Tratamento da documentacio nao € eficaz
0 ¥ CLQUACTIOS DU NE EOLTESAS MA LALIEtATA dotnte © processo de requisicho de ransportes

Figure 3: Voice of the Customer matrix

Using the VOC, the team was capable of further narrowing the analysis from 10 different directions

to only 3. These were the basis for the investigation shown in the Measure phase.
Phase 2: Measure

In the Measure phase, both the standard ambulance request’s system and the digitalized one were
mapped and analyzed to identify the value-adding activities. By defining the steps in the process,
which contribute with value to the patient, it is possible to start designing a roadmap to optimize them
and reduce or, if possible, eliminate the ones that do not add value to the desired outcome. In the case
of the first process, only 75% of the total activities taking place in the process currently implemented
for scheduled transport, add value to the patient. On the other hand, only 70% of the total activities

taking place on the digital circuit currently implemented for daily transport, add value to the patient.
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Figure 4: Deployment diagram of the digital request of ambulances

Here, it is presented the deployment diagram for the digital prescription model and the original model
used in all other specialties, albeit with constraints. The digitalized process took only 16 steps to
achieve the goal of setting up transportation with a company, whereas the other one took 21 activities
in total to fulfill the objective, and one more lane (intervenient/resource for the process to be
executed). This means that, even with all the inefficiencies present in the digital prescription process,
there is already a 24% reduction in the total number of activities/steps needed to perform to complete
the procedure. In terms of lead time, the digitalized request system takes less than 9 minutes than the

standard procedure, making it a much better choice for the future.

N? of steps needed

N° of people involved 7 6 Gl
Lead Time (minutes) 32,5 23,5

Figure 5: Comparison between standard and digitalized request’s process

These measurements gave management a better understanding of the advantages of a paperless
system, where the physician is the one responsible for filling the digital form and requesting the
ambulance for the patient, without needing the involvement of a second party — the secretary of the
medical department.
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However, as both processes were being mapped through walk-throughs and interviews with
personnel, different problems became evident. These are, as follow:

1. The physician is still dependent on the secretary to check if the patient is entitled or not to
have transportation financially supported by the Hospital;

2. The responsible for the reception welcoming all patients arriving with ambulances has to
check each transport documentation of this type to ensure that they are well done;

3. There is no control over the entry and exit of users. Ambulance staff, which are not working
for the Hospital are responsible for confirming and validating these events. This leads to errors
in the count of patients and, as a consequence, in the payments to be formalized by the hospital.

4. Lack of a control mechanism for the single-way trips, to check if the patient warned or not
that he did not need transport. Many times, in cases where only single-way trips are happening
the patient alerts the ambulance’s companies that another person will pick them up, and, thus,
there is no need for transportation financially supported by the hospital. However, taking
advantage of the current system, the companies perform the trip either way, without informing
the hospital, and then demand the payment.

Following the identified problems, mentioned above, a root cause analysis was performed and

presented in the next stage.
Phase 3: Analyse

Taking into account the multiple disturbances detected when the staff was requesting ambulances, a
fishbone diagram was used to categorize problems, and link them with two main issues: unnecessary
ambulance requests, and resistance to the transition to a paperless model. From it, 7 root causes were

selected as the main drivers of the problems that arise constantly. These problems are:

1. With the digital prescription, nurses no longer had access to the scheduled transport
time for the patients they are following, which leaves them a little lost when it comes

to preparing patients for departure;
2. The system allows transports to be scheduled when the patient is still hospitalized;
3. There is no guide to assist in filling out ambulance request forms in the IT system;

4. Physicians, now 100% responsible for filling out digital transport order forms, still ask

their secretariats for help in many of the requirements;

5. Physicians do not inform changes in medical appointments for patients with a
scheduled ambulance, which leads to an unnecessary ambulance trip to pick up a

patient with no appointment in the Hospital;



6. There was little involvement of physicians, nurses, and secretariats (the main

stakeholders of the process) in the transition to 100% digital requisitions;
7. Lack of feedback meetings throughout the implementation process.

Most of the time, ambulance’s proprietary companies are called to do a transport when the patients
had their stay in the Hospital extended due to multiple reasons. This situation leads to unnecessary
trips for the companies, and payments with no justification for the Hospital, as the patient does not
need the requested transport. To tackle this, the Hospital assembled a workstation to verify if each
patient needed an ambulance, by calling them one by one (feasible in this case of schedule trips to
check if they had already someone to pick them up, and thus no need for transportation by other
means or their stay was extended, or appointment rescheduled. However, this station was terminated,

because there was the belief it was not changing anything.

To understand the impact of this workstation, and thus, on the Hospital’s financials, a Pareto chart
was used, to check how many requests were canceled, due to the work described above, and the main
reasons for cancellation. By knowing the reasons for cancellation, more granular improvement

measures could be recommended to the management team.
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Figure 6: Pareto Chart on the reason for the cancellation of ambulance requests

As seen in the image above, 80% of all the cancellations result from the situation of a patient still
being in the Hospital, and almost 10% resulting from cases where there was not any medical act
scheduled for the day of the transport. The problems of internal communication — staff from the
medical department or even the software used to manage information not alerting the transport’s team
that a patient with medical acts is still undertaking exams, and thus does not need the scheduled
transportation, or, ultimately, needs it to be rescheduled, costs around 10 000 euros to Hospital

annually.



In the case of the single-trips that are executed by the ambulance’s companies, without a confirmation
that the patient is indeed transported costs to the Hospital (in the cases where the transport is issued,
and the payment is demanded by the companies) around 40 monetary units. As said previously, these
are driven by a lack of control of which patients arrive or depart from/to the Hospital. This information
is given by the ambulance’s staff, which are not employees from the Hospital. Also, there were some
cases detected were the companies went directly to the hospital, stating that the patient was not home,
but in fact, the patient communicated that did not need transport, so the Hospital should be informed

and cancel the payment.

Calculations lead the author of the paper to predict savings of around 70 monetary units, and less 95
ambulances requested within a year.

Phase 4: Improve

Considering the latter stages, an improved process was proposed as follows:

Pracess of Digitally Requesting ambulance transportation by the Physician in the Interal Medicine Medical Department

Figure 7: Deployment Diagram of the improved process flow

1. The physician is responsible for placing the date and time of transport on the whiteboard of the

service so that the nurse and the secretariat have this information always available;

2. A guide with quick questions and answers was built to assist physicians and the secretariats to

answer issues about filling the digital request form, and thus minimize errors;

3. When it comes to single-way trips, the transport’s reception is responsible for contacting the
patient and confirming that the companies went to the home of the patient and that there was
communication between both parties;

4. Entrances and departures are given by the patients themselves, indicating the name and carrier

with which they came / will go, to prevent cases in which “ghost transports” occur;

5. Formal workstation dedicated every working day to call the scheduled patients 1 day before to

confirm the need for transportation.



Applying the proposed improvement measures, it is expected that the quality of operations improves

considerably.

Winnings.

12,5%

17%

23%

Figure 8: Comparison between current digitalized process and the proposed process

Phase 5: Control

To assure the continuity of the improvement measures proposed in the “Improve phase”, a control

plan was established and presented as follows:

1.

2.

Secretariat should be involved in administrative process improvement projects;

Weekly meetings should be scheduled to collect feedback and understand the obstacles that have

arisen in the implementation of the pilot project;

Constant training must be given to the physicians with the goal of mitigating errors regarding the
type of ambulance, time and date fulfillment in the transports requisition online form;

Training and follow-up should be given to requesting doctors, as a way to reduce resistance to the

transition to a paperless requisition model;

Create a data culture, so that metrics associated with the quality of processes are constantly
collected and analyzed (time is taken, number of steps, number of people involved, constraints,

etc.)

In the period of transition to the digitalized process, in which transport arrivals and departures are
given by the patients themselves, information must be transmitted to patients and carriers
consistently and effectively. Carriers should be involved as it is also in their interest to optimize

ambulance utilization.

These recommendations have the goal of realigning the parties involved and helping the management

team to continue to push digitalization, by monitoring crucial Key Process Indicators used to analyze

and compare processes throughout the DMAIC cycle.



CONCLUSIONS

LSS as a concept with its practical application mostly in the form of DMAIC in improving
administrative processes in both manufacturing and service companies has been already in use for
several years. Still, it can be said that the application of the Six Sigma-driven thinking in healthcare-
related processes is still to be mainstream in management practices, because of the difficulty to
implement and control improvement measures, and every successful use case provides another
important example to build on existing knowledge. Successful execution of simple projects in
hospitals can enable practitioners to tackle tougher initiatives in the future and create clinical/non-

clinical process transformations on a broader scale.

Achieving Six Sigma level in operations requires organizations to have a macro and micro
understanding of their operations, the underlying drivers for processes variability, and the effective
and continuous assessment of their costs. The operationalization of such initiatives following a logical
structure such as the one provided by DMAIC can increase the effectiveness while allowing an
adequate and proactive answer to expected roadblocks in every transformational project.
Appropriately implemented, it produces benefits in terms of better operational efficiency, cost-
effectiveness, and drive higher process quality, which then translates in greater profit and higher
customer satisfaction. Also, it has the potential of driving improvement in a set of different verticals
within a Healthcare provider, such as infection control, surgery room turnover, or access to clinical

information.

In the exposed case study, the proposed solutions may bring many different benefits not only for the
Hospital, but also for the patients it serves, and the employees involved in the ambulance request
system. The benefits of this implementation can be as follows:

e Hospital — savings of around 70 monetary units, with the mitigation of unnecessary requests
of ambulances and correcting transportation requests related to single-way trips;

e Patients — Increased customer satisfaction, as they receive their transport when they need it,
at the right time, with the right characteristics;

e Employees — Less time focusing on correcting incorrect ambulance requests. Time saved in
reworking is time utilized for the effective execution of activities and services, which is added
to productivity.

As presented, it can be used to analyze the impact of the digitalization of specific business processes
building a benchmark with the original manual operations, while still looking for ways to reduce the
friction in the new one. For the ambulance’s request system, a new digitalized process was proposed

with an expected reduction of 23% in terms of lead time since the moment the need for a transport



triggers the request of a new ambulance until the patient arrives or departs from the Hospital. Also,
other issues in the process were identified, related to an excessive request of ambulances which
represented a significant overhead cost for the Hospital, for which improvement recommendations

were proposed.

As a closing remark, the authors see the need for LSS in the digitalization era, applied in close
collaboration with other process improvement tools, such as process mining and other advanced
process analytics methodologies, to improve the results of the implementation of new technologies

and other data-driven transformations.
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INTRODUTION

Implementing a quality program is no longer a privilege directed towards large enterprises (LE)
(Kratochvila & Friedecky, 2010). The market in which SMEs operate is extremely competitive (Man,
Lau, & Chan, 2002). On the one hand, modern consumers are more conscious and demanding
(Braskamp, Brandenburg, & Ory, 1987), and these companies need to secure their success in their
markets while exploring new ones. On the other, and faced with fierce competition, SMEs find it is
fundamental to reduce costs associated with management and production, through quality
management. This can only be consistently achieved with well-structured quality programs that solve
problems throughout the entire company (Kratochvila & Friedecky, 2010). Throughout the years, it
has been noted that SMEs use 1SO 9001 and Business Excellence (BE) frameworks to achieve higher
performance levels (Astrini, 2018). Some authors argue that ISO 9001 is the right choice for SMEs,
offering the same benefits to these companies as to LE. It is also reported that BE frameworks play a
big role on maintaining SMEs competitive in the different markets they operate (Bauer, Falshaw, &
Oakland, 2005). Thus, with this study the research team intends to analyze the tendency among SMEs
to access 1SO 9001 certification or the implementation of a BE framework. In order to this, an initial
extensive literature review was undertaken focusing on the topics of Quality Management, SMEs,
Quality Management in SMEs, ISO 9001 and Business Excellence frameworks. Furthermore, and in
order to complement this review, a data analysis is presented on the dissemination of ISO 9001 and
BE frameworks across the world. The data available for ISO 9001 includes both SMEs and LE, as it
is not possible to analyze SMEs individually provided on ISO official database. Regarding BE
frameworks, data was collected from the databases of all three models studied in this paper (EFQM
Model, Malcolm Baldrige Framework and Shingo Model), and the research team analyzed which
reported companies are SMEs or LEs. Before advancing with this work, it is important to
acknowledge that there are several definitions for what characterizes an SMEs. Therefore, a definition
must be adopted. In the context of this study, SMEs will be those organizations which employ less

than 250 employees, in line with the numbers that the European Commission establishes.

LITERATURE REVIEW
Current State of Quality Management in SMEs

Quality has been a part of LEs for more than 30 years. However, only recently this concept became
widely used in SMEs (Rocha Kachba, Souza Plath, Gomes Gitirana Ferreira, & Forcellini, 2012;
Assarlind, 2014). In fact, LEs already used quality management because of their extensive amount of

resources. In contrast, with more limited resources, SMEs cannot invest as much as LE in-quality



management (Wierzbinski, 2015). However, SMEs have a clear understanding of the impact that
quality has in the pursuit of their in organizational objectives. Quality can bring costs down and
promotes processes efficiency, which culminates in an increase in competitiveness (Assarlind, 2014).
Quality has come a long way to get to the point it is today. This long journey was made up of complex
steps, which led to quality of processes, products and organizations (Toma & Marinescu, 2018). From
its debut in 1984, 1SO 9001 quickly became a world-class management system (Natarajan, 2017).
This resulted in companies, including SMEs, looking for this certification to ensure competitiveness.
Since the late 1980’s, also Business Excellence frameworks established as world class models to
achieve organizational excellence, drawing the interests of both LEs and SMEs (Baporikar, 2017).
This had much to do with the evolution and increased competitiveness of the marketplace: while 1ISO
9001 provides the standards and specifies requirements for a quality management system, BE
integrates the different dimensions of quality in an organization and provides the criteria to help
deploy quality through performance. Nevertheless, ISO 9001 is still used by companies worldwide to
ensure stable and reliable quality management systems and is often seen as the first step in a path

towards quality and excellence (West, 2008).

Over the years, new quality tools and philosophies have been developed. Thus, both the
implementation of BE frameworks and ISO 9001 certification have suffered changes. These changes
have led some authors to become increasingly skeptical about these methodologies. Some quality
experts argue that managers have lost focus of ISO 9001 as a management system, starting to see it
as a marketing tool to enter new markets (West, 2008). Additionally, several reports and scientific
papers report that BE frameworks were specifically designed for LE, making it hard for SMEs to
successfully implement and efficiently use these models in their full potential (Dahlgaard, Chen, Jang,
Banegas, & Dahlgaard-Park, 2013). Although shorter, adapted versions of these models have been
developed later with a focus on SMEs, this does not seem to be enough to fully align with their needs
(Olaru, Dinu, Stoleriu, Sandru, & Dinca, 2010). SMEs comprise more than 80% of worldwide
companies but LE are still seen as priorities when looking for answers when they report problems
(McAdam, 2000). In face of this reality, quality professionals must look at ISO 9001 and BE
frameworks and analyze their implementation in SMEs. With this study, we intend to partially do
that, uncovering gaps and opportunities for Quality Management in SMEs, and laying the ground for

further understanding in this field.



ISO 9001 and Quality Excellence

There are many reasons for a company to decide to implement a Quality Management System (QMS),
such as those established by the 1SO 9001 standard. However, all those reasons usually share one
main objective, which consists in costumers’ satisfaction (Oliveira, Corréa, Balestrassi, Martins, &
Turrioni, 2019). Managers need to have a vision that their customers do not change supplier if they
are satisfied with the service or product consumed (Vermeeren et al., 2014). With a QMS
implementation, production will increase by eliminating waste (Psomas, Fotopoulos, &
Kafetzopoulos, 2010).

Studies have revealed the following results for the factors that costumers consider most important
when buying a product: (1) Performance, (2) Durability, (3) Ease of use and reliability of after-sales
service, (4) Price, (5) Design and, finally, (6) Brand (Douglas & Davies, 2005; Psomas et al., 2010).
The objective of implementing a QMS in SMES -besides costumers’ satisfaction - has thus to do with
the numerous process-related advantages that these companies could obtain if the implementation
process is successful (Ahmudi, Purwanggono, & Utami Handayani, 2018). Companies that
adequately meet the principles of quality management can implement a well-structured QMS allied
to continuous improvement, guaranteeing the success of the organization in the search for the best
service to the external and internal costumers (Ahmudi et al., 2018). In fact, over the last decades
SMEs have been searching for programs or methodologies that allow them to meet continuous
improvement and become the best version of themselves. In this sense, they also have been trying to
access excellence programs. These programs are commonly taken in the form of the implementation
of BE frameworks. In what concerns to this study, we will address three models that are frequently
used worldwide, consisting in the European Foundation for Quality Management (EFQM) Model,
the Malcolm Baldrige Framework and the Shingo Model (Yusuff, Ismail, Ismail, Zadeh, & Jassbi,
2012; Baker, 2016; Prize, 2018; R. Edgeman, 2018). A BE framework is a set of good practices that
allow the implementation of a results-oriented organizational culture (R. Edgeman, 2018). There are
three main models that are used in different regions in the world. First, we have the EFQM Model,
mostly used by companies based in Europe (Young Kim, Kumar, & Murphy, 2010). In addition, there
is the Malcolm Baldrige Framework, being this one mostly used by companies based in North
America (Kumar, 2007). Lastly, there is the Shingo Model, being this one used by companies based
in several countries, all over the world (Prize, 2018). In this study, we will focus on the phenomena
of the dissemination of these three main models and the QMS ISO 9001 among SMEs.



SMEs’ Perception on ISO 9001 and Business Excellence Frameworks

Organizational excellence is the standard that all organizations aspire to achieve (Yarrow, Robson, &
Owen, 2004). Usually, these organizations already have mature QMS and the motivations for moving
to a total quality management approach are expressed proactively, even when customers had a
significant influence on the adoption of 1SO 9001 (West, 2008). On the other hand, organizations’
social responsibility is increasingly more important, with the emergence of issues related to ethics,
and environmental and social aspects, which promote a global perspective inside organizations and
increase the integration of various aspects of quality through BE frameworks (R. L. Edgeman, 2000;
Ruiz-Carrillo & Fernandez-Ortiz, 2005; Latham, 2013). Many organizations consider the competitive
advantages of 1SO 9001 exhausted. However, they do not advance to different approaches regarding
quality management, due to constraints of different orders (West, 2008; Sfakianaki & Kakouris,
2018). The most common constrains are economic or related to organizational culture. Besides that,
many organizations consider that QMS and BE frameworks compete for the same space inside an
organization (Russell, 2000). This a limited view, since 1SO 9001 and BE frameworks can be adopted
as complementary methodologies (Gotzamani, Tsiotras, Nicolaou, Nicolaides, & Hadjiadamou,
2007; Araljo & Sampaio, 2014), rather than as an option or choice that the organization must perform.
Nevertheless, regardless of its many advantages, both ISO 9001 and BE frameworks have been
criticized by different authors. In fact, some researchers look at ISO9001 as a marketing tool and not
a management system that promotes organizational success (Psomas et al., 2010; Nikpour, 2017;
Sfakianaki & Kakouris, 2018). It is reported that many companies use 1SO 9001 certification as a
marketing tool to get more costumers and partnerships, instead of taking advantage of all its
potentialities. Regarding BE frameworks, many companies report that they are too complex and
decontextualized from SMEs’ reality and market (Ghobadian & Gallear, 1996; Armitage, 2002).
Thus, SMEs feel very reluctant to implement a BE framework since they feel they have been

developed for LE’s purposes and not theirs.

RESEARCH METODOLOGHY

This analysis was performed by consulting the data on the use of different Organizational Excellence
Models and ISO 9001 certification. However, it must be recognized that the type of data available for
public assessment brings some limitations to the analysis, such as: not all 1ISO 9001 certified
companies are registered in the database to which we had access; Several companies implement
Organizational Excellence models, however don’t formally register this implementation. This

research incorporates data since the beginning of the 90’s from the last century and allows us to



comprehend how these models and management systems have evolved and if there are any clear
trends on the adoption of each one of them. Data was collected from the ISO Survey database
concerning 1SO 9001 diffusion (ISO Committee, 2020), and from each Business Excellence
Framework official website (Baldrige Award Recipients Listing | NIST, 2020; EFQM, 2020; Utah
State University, 2020).

Data was aggregated and systematically analyzed in such a way that it was possible to evaluate
patterns in the cumulative number of companies that are ISO 9001 certified or that implement
organizational excellence models. The comparison between 1SO 9001 certification and the
implementation of organizational excellence models enables the possibility of exploring whether
there is a connection between ISO 9001 certification and the implementation of OE models, or

whether the introduction of such a model corresponds with a decrease in the introduction of others.

RESULTS
Diffusion of 1SO 9001 Certification

As it becomes patent from the literature review, it is of the utmost importance to understand what has
been happening in companies in terms of quality practices- more specifically in what concerns the
adoption of Business Excellence frameworks and the pursuit of ISO 9001 certification. Figure 1
shows the data for the diffusion of ISO 9001, between 1993 and 2017, in Europe, North America and
worldwide. It is notorious that this QMS has been consistently used by companies, regardless of the
geographical place. However, as reported in the literature review, we must recognize that many
companies adopt 1SO 9001 as a requirement from clients and not as a strategic tool for organizational
performance, which will not translate into the achievement of the very best results allowed by the
deployment of QMS. Even though the data collected encompasses all types of companies (SMEs and
LEs), since SMEs comprise more than 80% of worldwide companies (Wang and Wang, 2011), the
evolution shown in Figure 1 is expected to, to a large extent, represent also the behavior of SMEs.
Furthermore, the growing use of 1SO 9001 by SMEs has been consistently reported (Brown, van der
Wiele, & Loughton, 1998; llkay & Aslan, 2012; Astrini, 2018).



—@— Diffusion in North America Diffusion in Eurape Diffusion WorldWide

120

x 10000

100
80
60
40

20

. M

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Fig. 1. 1SO 9001 diffusion (ISO Committee, 2020).

Diffusion of Business Excellence Frameworks

Regarding BE frameworks, the database format for each framework made it possible for the research
team to verify which companies implementing the models are SMEs or LEs. Starting with the EFQM
Model, shown in Figure 2, the scenario is very different from the one we saw regarding 1ISO 9001. In
fact, throughout the years the use of the EFQM Model has been fluctuating both for SMEs and LEs.
However, what stands out the most is that, since the beginning, there were always more LEs using
the EFQM model when compared to SMEs. This may be a result of what was previously reported in

the literature review- SMEs find BE frameworks too complex and decontextualized from their reality.
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Fig. 2. EFQM Model diffusion (EFQM, 2020).
If we outline the data in a pie diagram (Figure 3) is easy to notice the astonishing difference between
SMEs and LE when it comes to the EFQM Model implementation. In fact, only 19% out of more
than 350 companies that use/have used the EFQM Model are SMEs.

Fig. 3. Percentage of large enterprises and small and medium enterprises using the EFQM Model
(EFQM, 2020).

When we access the data for the Malcolm Baldrige Framework the scenario is not very different from
what was determined for EFQM (Figure 4). In this case, since 1998, the difference between LEs and
SMEs accessing this model is even bigger and, for more than 20 years, there has been multiple LE
implementing the model and few to none (depending on the year) SMESs accessing it.
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Fig. 4. Malcolm Baldrige Framework diffusion (Baldrige Award Recipients Listing | NIST, 2020).

By compressing the data in a pie diagram (Figure 5) is notable that out of more than 2000
companies accessing the Malcolm Baldrige Framework since 1987, only 7% correspond to SMEs,

being this even a more worrying scenario than the one showed previously.

Fig. 5. Percentage of large enterprises and small and medium enterprises using the Malcolm
Baldrige Framework (Baldrige Award Recipients Listing | NIST, 2020).

To complement this analysis, it is important to access data from a model that is used by companies
across the world (as the Malcolm Baldrige Framework is mostly used by North American companies
and the EFQM Model is mostly used by European companies). This brings us to the deployment of
the data regarding the Shingo Model implementation, by both SMEs and LEs, since 1989. Figure 6
shows that in a model used by companies from all over the world, the difference between LEs and
SMEs implementing the model remains. It is, once again, verified that there are less SMEs
implementing the model when compared to the numbers of LEs accessing it.
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Fig. 6. Shingo Model diffusion (Utah State University, 2020).

Similarly, when deploying the data in a pie diagram (Figure 7), the research team concludes that
only 13% out of more than 300 companies are SMEs.

Fig. 7. Percentage of large enterprises and small and medium enterprises using the Shingo Model
(Utah State University, 2020).

CONCLUSIONS

Over the years, the use of 1SO 9001 as a quality management system by SMEs has been consistently
reported (Brown et al., 1998; llkay & Aslan, 2012; Astrini, 2018), and this growth is notorious in a
North American, European and worldwide approach. However, SMEs’ motivations to pursue the
certification remain unclear. It might be pursued by external pressure to get a certification (to gain or

maintain market share, or even to stay in business) rather than by the will to improve the management



systems available in companies (Brown et al., 1998; Astrini, 2018). At the same time, and when
analyzing Business Excellence frameworks, it is explicit that these models have been through ups and
downs throughout the years - a trend that is visible both in SME’s and LE’s (Carvalho & Sampaio,
2020).

There is scientific evidence that while some companies look at 1ISO 9001 and Business Excellence
frameworks as complementary (Gotzamani et al., 2007), others see them as competing alternatives
(Bandyopadhyay & Leonard, 2016) - which may suggest that the numbers observed in the last
decades in the use of ISO 9001 may be one of the many variables that contribute to the decrease of
Business Excellence models’ adoption. However, with the analysis that was performed, the research
team cannot point out a direct relationship between the increase in 1SO 9001 use and Business

Excellence frameworks’ use decrease, being this a topic to be explored in the future.

Further on this topic, and having in mind the increase in 1ISO 9001 certification and the decrease in
the use of Business Excellence models, it is important to point out that this phenomenon has been
affecting all types of organizations (Carvalho & Sampaio, 2020) - small, medium and large sized. A
decline in the adoption of organizational excellence models results in companies lacking the ability
to use effective resources on their way to outstanding management practices. Simultaneously,
institutions and practitioners that promote organizational excellence and which, directly or indirectly,
rely on the use of these models will be affected by this decrease that seems to tend to continue in the

next years if measures to counteract this effect are not developed.

Throughout this study, a considerable difference was noted in the engagement that SMEs and large
enterprises have with the Excellence frameworks analyzed (EFQM Model, Malcolm Baldrige
Framework and Shingo Model). In fact, this study shows that Business Excellence frameworks are
mainly used by large enterprises, with small and medium enterprises representing a very small part

of these numbers, regardless of the geographical area.

Based on these findings, and considering SMEs make up the larger part of the world economy,
important conclusions can be drawn. There are undoubtfully different levels of engagement with
Quality and Excellence frameworks depending on the size of organizations. As such, it is important
that the scientific community better understands the needs of SMEs in regard to Quality management.
In fact, most small and medium enterprises have been showing, proportionally, much less engagement
with Business Excellence frameworks — even when these frameworks are highly promoted and also
targeted at them. This demonstrates that small and medium enterprises have a specific perception of

Business Excellence, and this represents a research opportunity that should be addressed in the future.
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ABSTRACT

Purpose. In the present work DMAIC methodology is implemented in a Portuguese enterprise. The
main goal is to reduce the percentage of non-conformities in an injection molded part for the

automotive industry, through the elimination of defects that appear after painting.

Design/methodology/approach. The DMAIC method was adopted to find an optimal set of factors
that reduce the existing non-conformities. Along the five DMAIC phases, different quality tools were
implemented to identify the root causes of the problem and to develop an action plan to reduce defects

and minimize the process variability.

Findings. In the application of this method, teamwork and brainstorming were essential for
satisfactory results in a short period of time. A key finding is that the analysis of the possible causes
that gave rise to the problem must be carried out separately, in order to easily identify the changes
that created a significant improvement in the process.

Research limitations/implications. The project is not fully completed since some of the

improvement actions are being implemented.

Originality/value. This paper describes a practical application of DMAIC methodology that
contributed to reduce part defects and improve the production process of a Portuguese company.

Keywords: DMAIC, quality improvement, non-conforming.

Paper type: Case study



INTRODUCTION

The automotive industry is part of a very demanding market, where the search for innovative products
and technologies is constant. There is a great competition in this market, creating an increased concern
within companies to implement methods that improve processes, eliminate faults, defects and errors,
reduce cycle times and costs of operations. Implementing DMAIC methodology leads to increased
customer satisfaction as well as the profitability of the company by improving the quality of products

and processes (Cavanagh et al., 2005).

The opportunity to develop the present work came from the challenge to implement DMAIC
methodology at Fehst Componentes, Lda, Portugal. This methodology was selected with the aim of
increasing the value of the organization through scientific methods, in order to reduce the percentage
of non-conforming parts and minimize the process variability. This company is a supplier for the

automotive industry, specialized in plastic interior decorative components.

To achieve the intended objective, it was necessary to define the problem, collect historical data,
analyze the actual process, implement statistical methods and quality tools, create an action plan, and

lastly, develop a strategy to maintain good quality.

The paper is organized around four main sections: an introduction; a brief overview of DMAIC
methodology; a case study with discussion of its results and its practical implications; and finally, the

conclusions.

DMAIC

For the development of a business through continuous improvement of the processes, products and
services, the Six Sigma is strategically applied as a systematic and organized method to achieve
quality (Allen, 2006; Mast and Lokkerbol, 2012; Costa et al., 2019). Six Sigma combines statistical
and scientific methods to measure and improve the operational performance of an organization by
drastic reductions in customer-defined defect rates, adding value to the product and process (Allen,
2006; Costa et al., 2019). Within Six Sigma framework DMAIC appears as a method to find and
reduce the variations and to eliminate defects (Patel, 2016). The DMAIC is the most popular approach
to support the Six Sigma strategy, in improving products and processes already existent in the
organization (Mehrjerdi, 2011; Costa et al., 2019). In order to solve a problem identified by the
organization, the DMAIC methodology uses a set of tools and techniques in a logical fashion to arrive
at sustainable solutions that will minimize or eliminate the problem, placing the organization in a

competitive position (Shankar, 2009). The DMAIC methodology consists of the Define, Measure,



Analyze, Improve, and Control phases and each phase covers a set of chronologically interlinked
rational and statistical tools (Shankar, 2009; Hutwelker, 2019). The following stages should be
considered during the implementation of DMAIC: Define (D), which the main purpose is to identify
the problem that needs a solution, to define initial goals and targets (Patel and Shah, 2015;
Smetkowska and Mrugalska, 2018), and to create the team responsible for the implementation of the
DMAIC method (Zasadzien, 2017; Hutwelker, 2019). Measure (M) where the goal is to gather
information about the current performance of the process (Antony, 2006; Mehrjerdi, 2011), namely
the strengths and weaknesses, to determine the gaps for improvement (Antony, 2006). During
Analyze (A) phase, different tools and methods are used to find the root causes of the problem
(Smetkowska and Mrugalska, 2018; Hutwelker, 2019) and to determine the key process variables
linked to defects that are affecting the output of the process. (Antony, 2006; Patel and Shah, 2015).
In the Improve (I) phase an action plan is created to fix the problems identified and to prevent them
from recurring (Antony, 2006; Mehrjerdi, 2011; Smetkowska and Mrugalska, 2018). Control (C) is
the last phase of the DMAIC methodology, the results of changes implemented at the improve stage
are evaluated and monitored (Mehrjerdi, 2011; Smetkowska and Mrugalska, 2018).

CASE STUDY

The case study was born at Fehst Componentes, Lda. with the challenge to reduce the percentage of
non-conforming parts in injection moulded components that are painted. The company used the
DMAIC method on the most critical product, defined as High Gloss Blend. The steps to manufacture

this product are described in Figure 1.

S lonization Tonization
Injection of the Packaging Stock of the
Moulding parts parts
Final Visual Paintine CO,
Packaging Inspection = Cleaning

Figure 1 — Manufacture steps of the High Gloss Blend parts.
Define

The first stage started by defining the problem and by identifying the objectives to be achieved. An

in-deep analysis was performed from April to September 2019 to find the component that presented



the highest percentage of non-conforming parts. Therefore, the problem is the high level of non-
conforming parts on the High Gloss Blend after paining.

Due to the fact that High Gloss Blend parts have a high gloss finish, a complex geometry and a high-
quality requirement from the customer, the company considers a percentage of up to 22% of non-
conforming parts acceptable. However, as observed in Figure 2, in the last semester the percentage
of non-conforming parts reached values higher than the objective defined by the company. The most

critical result occurred in September, reaching a value of 47.6% of non-conforming parts.

60

48
50

39 42

SN
o
1

26

N
o
1

Percentage (%)
w
o

[EEN
o
1

Apr/19 May/19 Jun/19  Jul/19  Aug/l9  Sep/19

Time (month)

Non-conforming parts Objective

Figure 2 — Percentage of non-conforming parts between April and September 2019, in the High

Gloss Blend component. Source: Internal data of Fehst Componentes, Lda, 2019.

Measure

To know the main defects and its quantity a visual inspection is made through a system with sensors,
where all non-conforming parts are counted. However, the company's system only distinguishes two
types of defects, inclusions and pits, that are depicted in Figure 3. Other types of defects are counted
by the sensor like "others". A Pareto chart was used to analyse the results (Figure 4). It is observed

that the defect that requires priority in resolution are the inclusions.



Figure 3 — Main part defects detected by the sensor: (A) Inclusion (B) Pit.
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Figure 4 — Pareto chart for the number of parts rejected during the month of April through
September 2019. Source: Internal data of Fehst Componentes, Lda, 2019.

Analyse

The inclusion defect is characterized by the appearance of a protrusion on the surface of the part after
painting, as seen in Figure 3. The cause for it may be the static electricity of plastic parts that is prone
to accumulate impurities during the operations between the injection phase and the painting phase,

leading to the inclusion defect (Crawford, 1998).

To discover the possible causes of this defect, brainstorming sessions were made, which brought
together process engineers and quality engineers. Ishikawa diagram was built and 5 Whys method
was applied. They are presented in Figure 5 and Table 1, respectively. In view of all the information
collected, the main causes that require a thorough analysis were selected, namely: handling of parts

after injection production; packaging; and cleaning of parts with carbon dioxide (CO>).



Improve

To eliminate the root cause of the problem it is important to analyse them and to implement solutions.
Regarding “Handling of parts after injection production” it is important to refer that when parts are
painted, more care should be taken. Fingerprints or other types of contaminations influence greatly
the adhesion of the paint. For this reason, it is convenient to use gloves. However, the material which
the gloves are made, the recurrence of changing gloves or even the choice of light or dark gloves can

influence the possible contamination of the surface of the parts.
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Figure 5 — Ishikawa diagram for the inclusion defect (Elaborated by the authors).

Table 1 — 5 Why’s for the inclusion efect (Elaborated by the authors).

Problem
? ? ? ? ?
definition Why~ Why”~ Why~ Why~ Why”~
Appearance of Contamination on Polymers has  lonization Tg?ﬂi‘; ifg’ Handling
the inclusion  the surface of the  hight static  system is not glectricit and
defects parts electricity enough again y packaging

In order to verify the possible influence of the hand's transpiration in the accumulation of fat in the
parts, a test was made to 640 parts manipulated only with nitrile gloves. All the steps were completed

just like normal production. Table 2 shows the number and type of defects after painting the parts.



Table 2 — Influence of the gloves used in handling the parts.

Number of

Number of parts  Number of parts arts with % non-
with inclusions with pits p“others” conforming parts
Usegfgvrgé“'e 72 21 364 71.4%

The percentage of non-compliant parts was 71.4%, well above the maximum percentage for this
component. The main defect was defined by the sensor as "others”. A close look at these parts
identified that the defect appeared on the surface that the employee contacted when collecting the

parts from the carpet in the injection moulding stage to proceed to the packaging.

Since the lot painted just before had a percentage of non-conforming parts below 25%, and did not
contain any parts with this defect, it was concluded that the nitrile gloves mark the parts and hinder
the adhesion of the paint to the surface of the parts. As a process improvement, gloves were changed,
opting for white cloth gloves. Due to the colour of the gloves, the dirt is more visible, which makes

changing gloves more frequently.

After the injection process, the parts go through an ionization system that aims to remove static
electricity from the parts and reduce impurities, reducing the possibility of creating the inclusion

defect. Subsequently, the parts are packed and remain in stock until they are painted.

In order to verify the influence of ionized air and packaging on the percentage of non-conforming
parts, 3 tests were carried out. In the first test, 640 parts that did not pass through the ionized air
system were packed in plastic bags. In the second test, other 640 parts that passed through the ionized
air system were packed in plastic bags. In the last test, 640 parts that passed through the ionized air
system were packed with anti-static plastic bags. Table 3 shows the results obtained in each test.

Table 3 — Influence of the ionization system and packaging on parts.

N;'[?Sb\?vrit%f Number of Number of parts % non-
I?nclusi ons parts with pits with “others” conforming parts
Parts without
ionized air and 129 25 21 27 34%
anti-static bag
Parts with
I?/\r/]ilti%du? gn?in-d 86 30 25 22.03%
static bag
Parts with
ionized air and 74 2 7 12.97%

anti-static bag




Over the course of the tests, the percentage of non-compliant parts decreased. The parts that passed
through the ionized air system and packed with anti-static bags presented 12.97% of non-conforming

parts, which is much less than the maximum percentage defined by the company.

Given these results, it was decided to realize a broader study, including the results obtained in
December 2019. Therefore, throughout this month the packing of the parts between the injection and
painting phase used only anti-static bags.

The last point to analyse and improve is related to the cleaning of parts with CO,. Before painting the
parts, it is necessary to ensure that the surface does not have any impurity created during its
production. In the paint cabin, the parts are cleaned with CO, which leads to the contraction of the fat
and dust and its further elimination. The CO- used in the painting phase is supplied through bottles
with a capacity of 6 working hours. However, a variation on the number of defective parts during the

use of the bottle was identified, therefore it is an important topic to be analysed.

A study was carried out in which the percentage of non-conforming parts was counted in a sample of
400 parts before changing the CO: bottle and 400 parts after changing the bottle. The study was
realized on a day when the percentage of non-compliant parts did not exceed 22% and the only defects
that appeared in the parts were pits, inclusions and lack of paint. Table 4 shows the results obtained

in the study.

Table 4 — Impact of changing the CO- bottle on parts.

N;:?sb\?vrit%f Number of Number of parts % non-
FiJncIusions parts with pits ~ with “others”  conforming parts
Before changing )
the CO bottle 59 18 11 22%
After changing 48 ; 0 16 25%

the CO; bottle

After changing the CO> bottle the percentage of non-compliant parts was 16.25%. With this study it
is concluded that the efficiency of the bottle is not constant throughout its use, specially at its end

when low CO2 level in the bottle is attained.

In order to solve this problem, the solution was to instal a cryogenic tank with high storage capacity,
and above all, a constant gas flow during the entire use time. This way, it would not be necessary to

change the CO> bottle daily and the parts could be cleaned throughout the entire production.



Control

In the previous phase, some causes for the appearance of inclusions in the parts were defined and
solutions were found. However, to implement changes such as the construction of a CO; reservoir,
becomes impossible in a short period of time. Therefore, only some improvements such as changing

the gloves used in handling the parts and changing the packaging type to carry the parts could be
adopted.

The evolution of non-conforming parts along 2019 is depicted in Figure 6. At the start of the project
in September and thought most of the year, the percentage of non-conforming parts was very high.
Upon identification of the cause, solutions were tested. By October upon implementing the changes
in the procedures of handling and treating the sample before painting a significant reduction in the
percentage of non-compliant parts was observed. In December, it was possible to reach the maximum

percentage of non-conforming parts acceptable by the company for this component.

- 48

50 42
40 A
S 29
2 30 - 28
I 22
g 20 A
g

10 A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (month)
—e—Non-conforming parts Objective

Figure 6 — Percentage of non-conforming parts in the High Gloss Blend component in 2019.

Source: Internal data of Fehst Componentes, Lda, 2019.

CONCLUSIONS

The application of DMAIC methodology, teamwork and brainstorming were essential for achieving
satisfactory results in a short period of time. The separate analysis of the possible causes that gave
rise to the problem was carried to easily identify the changes needed. Through this methodology, it
was possible to significantly reduce the percentage of non-conforming parts in the component under
study. Although the implementation of the methodology was focused on the defect that occurred most

frequently in the production process of the High Gloss Blend component, all the improvements



implemented also reduced the appearance of other defects. The present case study proved that through
the application of quality tools it was possible to significantly improve the company's production

process.

In the future, it is suggested to implement the Six Sigma methodology in the company, in order to
eliminate unproductive stage, develop and use the technology to drive improvements, both in new

and existing projects.
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ABSTRACT

Purpose - This article aims to ascertain the necessity for specific research on quality management
approaches, bringing to the discussion some concerns and challenges to the quality movement,
especially in development of new methodologies for supporting design in the digital area.
Design/methodology/approach - Firstly, papers were researched that had already studied the
question of what research should carry out in response to the great scientific, technical, and social
changes, specifically to support design activities for internet products and secondly we concluded
what development is needed.

Findings - The increasing complexity of management and technology creates many situations of
anxiety and distress, which often translate into abandonment of proven techniques and
methodologies, leading to intuitive approaches. But complexity requires more techniques and
methodologies not less. The quality movement faces a serious challenge: how to design in an ethical
perspective these types of products.

Research limitations/implications - This research is limited to identify some needs, but future
research should be done in characterizing existing answers and identifying what development is
needed.

Practical implications - The above findings and reflections can help other researchers to focus on
design, to find out practical solutions for sustainability in the innovation process of products and
Services.

Social implications - Finding out to design in an ethical perspective products and services for
internet.

Originality/value - This research identified relevant challenges the quality management is facing,
and it gives guidelines for defining research lines.
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1. INTRODUTION

The business environment is extremely focused on short term results, which impact negatively any

management system in general terms and the quality ones specifically.

Quality management systems are not designed for unstable situations, which are now dominant.
Business practices of low investment (ex.: short term, payback of 1 year) doesn’t fit well with planned
and systematic actions.

The increasing complexity of management and technology creates many situations of anxiety and
despair, which often translate into abandonment of proven techniques and methodologies, leading to
intuitive approaches. We often find managers and managers asserting that quality is outdated,
embedded in processes, and now it is about productivity, cost effectiveness, and business growth.

In this line of thought, there is also the position that structured approaches complicate, and therefore
must be simplified. On the contrary, complexity requires more techniques and methodologies than

less.

Thus, it is not difficult to understand the crisis that the quality movement is going through. Many
studies in the area show very varied and sometimes contradictory results, so it is important to deepen

the research, both to better understand the positive impacts of quality and its shortcomings.

Major technical, scientific, and social changes create new needs. The nature, size, and speed with
which these changes must occur bring the need for adaptation of existing techniques and

methodologies, but also the urgency of developing new ones.

Finally, social, political, and economic points of view are raising other issues mainly focused on the

needs of vast areas of the planet, still as basic as fighting hunger and disease, for example.

Having no future vision, or being limited, we have not looked at these countries as future markets

that should be developed, allowing investments to be monetized, but rather as non-existent markets.

The unbalanced development between rich and poor countries and within the rich countries, between
regions and social classes, although recognized as long-term pernicious, concerns about the short-

term have been crippling to even start moving to the solution.

Whereas the Quality Principles are the Customer focus, Leadership, Engagement of people, Process
approach, Improvement, Evidence-based decision making and Relationship management and that the
Business Principles are the Business results focus, Flexible/Intuitive, Engagement of qualified people,
In instable environment, Innovation, Insight-based decision and Networks and co management, if we

compare quality principles with similar ones at the management level, and we can see that there are



worrying discrepancies. This situation is dangerous, and the quality movement needs to rethink
approaches and positions at risk of continuing to deteriorate its credibility.

On the other hand, the social impact of media is consensually acknowledged. Some of the most

relevant issues can be advanced:

segment audiences do not contribute to building consensus.

do not provide useful data and information, they give more disqualified information.
— instead of opening perspectives, they join those who think in the same way.

— presuppose and encourage the elimination of privacy aiming to sale products and services in

exchange for access to content. What quality are we dealing with?

— “people have really gotten comfortable not only sharing more information and different kinds,
but more openly and with more people. That social norm is just something that has evolved

over time." (Mark Zuckerberg, Facebook, 5 years ago).

— Tim Cook from Apple took the opposite stance, while finger-wagging at both Google and
Facebook, and said: “We believe that people have a fundamental right to privacy. The American
people demand it, the constitution demands it, morality demands it.”

(https://www.sas.com/pt_br/home.html).

Today the world has almost everything before the eyes, not filtered by scientific knowledge, moral
or ethics, but by the tastes of the public (the basis of digital business models). Needs are not identified,
but they are created. Companies experiment (in the digital world) and bet where receptivity arises
and abandon products/services whenever there isnt. The emphasis is on the short term (or even
immediate) and continuous (and even permanent) development. This reality raises questions relevant

to Quality.

However, many misconceptions continue to persist despite major dissemination and quality
promotion initiatives: Quality is past (the fashion of quality has already been replaced by others);
Quiality is embedded in the processes (the quality function in organizations is no longer necessary);
Quiality is already guaranteed, now we need productivity; Quality is bureaucracy, we need to innovate
(an easy way to quick solutions); The most important are soft competences (hard ones, like those of
traditional quality, are less or not necessary at all); quality is rules (we don’t need rules, we need a
quality culture); we need to do (we don’t need research and development); we don’t need statistic —

only analytics - on time data).

Apart from these misconceptions are easy to take apart, some others are more difficult:



1. Quality assumes intangible aspects, so important that they cannot be defined and therefore
evaluated. Contrary to this position we cannot speak of quality without defining and evaluating
it. When we talk about identifying customer needs and expectations, or when we talk about
customer satisfaction, we are not just talking about physical measures, but we cannot conclude
that it is not possible to measure and objectify; We have to use other techniques and methods
that are not typical of Quality Engineering.

2. Quality is always associated with cost, so that better quality will necessarily have to cost more
and / or make the production / service process more difficult. If in some cases this is the case,
in most situations it is possible to improve quality and lower costs simultaneously. The history
of quality has been a permanent demonstration of this reality.

3. Quality is synonymous with technology, so a quality system can only provide a quality product
/ service if it has the most sophisticated technology. Technology is a necessary but not enough
condition. Even with the most suitable technology, this does not mean that all its potential is
being taken away from it. Even getting a top-quality product does not mean it was the first time,
using minimal resources. Even if we have used technology properly and achieved the final
product at the lowest cost, it does not mean that we can put it in the right time and place and in

the conditions desired by customers.

4. Quality is the qualification of professionals and has nothing to do with management methods
and techniques. This is a matter of frequent misunderstanding. When we talk about quality
systems, we are not questioning the qualifications of technicians, but the organizational
procedures that ensure that technical activities are not affected by deficiencies in management

and support services.

In many cases, the assurance that quality is being achieved at minimum cost is essentially based on

the qualifications of professionals.

These misinterpretations, although they result largely from ignorance, deserve reflection and

understanding of their causes so that solutions can be devised.

For a better understanding of the appearance of the wrong messages, messenger identification may

be relevant. Some of them are:

— Managers (misinformed or poorly trained managers who do not appreciate the planning and
structuring of companies. Some of them also do not appreciate procedures that can give them

responsibility and discipline).



— Political People (who only appreciate short-term results, who do not understand the technical
components, and who are not concerned with public opinion - more sensitive to catastrophic

failures than systematic approaches).

— Leaders of professional associations (more concerned with lobbying governments and
legislators).

— Leaders of professional quality associations (those who are still in the past with bureaucratic

visions and afraid of the future)

2. CHALLENGES OF THE QUALITY MOVEMENT: TECHNOLOGIES, SCIENCE, BIG
DATA, AND INNOVATION

2.1. Internet Technologies: Internet of People (IoP), Internet of Things (IoT) and Internet of
Emotions (IoE)

According to Porter (2001, p. 63) “some companies have been using internet technology to change
the basis of competition away from quality, features and service, making it through price, and thereby

making it harder for anyone in their industry to make a profit”.

We must not forget the two fundamental factors that determine profitability (universal and above any

technology or type of activity):

1. the structure of economic activity (which determines the average profitability of the actors in
their respective sectors of activity).

2. the sustainable competitive advantage (which allows to perform above the industry average).

Information and communication technologies have great potential to bring suppliers closer to
customers. However, there seems to be a negative tendency to move away. Although online contacts
are possible, in many cases they are difficult and in many others are unique (physical presence does

not exist), causing dissatisfaction and distrust.

So, we fully agree with Porter when he finds that easy entry into market (or the illusion of easier

entry), is destroying the sector competitiveness (Porter, 2001).

Another negative trend has to do with the platforms we call self-service (e.g. check in; banking, public
services), where although they bring convenience and advantages to consumers, most of the
advantages stay with suppliers (motivations are more focused on saving resources and increasing

profits, and less on customer needs).



Transparency is another important issue. The traditional practices of hiding in the "small print"

relevant exclusions and ambiguities are now enlarged, sometimes reaching clear swindle.

The Internet of People (1oP) (e.g. e-commerce, ERP, search application) were built to serve people
and to accumulate specific types of data that we could analyse later. Internet of Things (1oT) is based
on the interconnection of computing devices embedded in everyday objects, enabling them to send
and receive data. The 10T enlarges Internet connectivity into physical devices and everyday objects.
These devices can communicate and interact with others, and they can be remotely monitored and
controlled. The concept of the 10T includes contributions of multiple technologies, such as real-time
analytics, machine learning, commodity sensors, and embedded systems. The Table 1 presented de
differences by Internet of people and Internet of things.

Table 1 — Internet of People versus Internet of Things

Internet of People (10P) Internet of Things (l1oT)

- Metal-box type vendors - Information vendors

- Set a problem to solve before start - Connect devices, collect data, learn
collecting data to analyse from it and then figure out what to

- Isolated logic do Connected logic

- Data will support decision - Data will drive business insights.

- Traditional analytics applies to - Working with event data, when they
processing after the data is stored are happening

Source: adapted from Evan (2011)

The “Industries that stand to gain the most are those that are able to extract the right business insights
at the right time and the right place — edge or cloud — based on factors like cost and latency of the
underlying business problem.” (Kumar Balasubramanian, General Manager of Internet of Things

Solutions at Intel. In https://www.sas.com/pt_br/home.html).

10T will require partnerships among different types of vendors to keep everything working together.
Privacy, security, and legal implications are significant challenges and risks along with unprecedented

levels of security and complex infrastructures.

We know that many decisions are not rational, but emotional. We know many non-rational decisions,
including mental buying mechanisms. The internet has a huge offer of information, shopping,

entertainment, and interaction services.

The design of many of these new products assumes at the outset that they must be shocking and
impressive, or to put it another way, they must trigger successive emotional states that lead to using,

buying, playing, or interacting more, keeping the user eager to continue. The products are designed



to have incentives to multiply the emotion of each instalment (news, television news, reporting ...)
(Fukuda, 2011).

In addition to psychological and social problems, such as the loss of emotional learning ability
(interactions are mostly via the internet), and easy access to information without intermediation
(technology is used to create emotions and fabular), quality movement faces a serious challenge: how
to design in an ethical perspective these type of products and which techniques and methodologies

are available do support design activities and what development is needed (Dennis & Kappas, 2014).

To answer some questions, some contributions were attempted like the adaption of QFD (more in the

name than in substance - Emotional Engineering, Affective Engineering) (Nagamachi, 2010).

Kansei methodology is coming from other point of view the user- centred design (Neto and Pires,
2019).

From the artificial intelligence side arises the term “HumanRithms” (Human Algorithms),

transferring knowledge from neurosciences to computer sciences (Candamo et al, 2010).

Benski & Fisher (2014) state. “Most notably, research into online worlds (particularly games) finds
that they provide immersive experiences which invoke a high level of emotional engagement and a

strong sense of presence and intimacy” (Preface).

Kister & Kappas (2014) suggest 3 phases for researching: first, researchers can study large amounts
of emotional content on the Internet. Second, they can ask individuals about their emotional

experience online. Third, they can record bodily responses to measure emotions unobtrusively.
2.2. Technology Based Quality or Science Based Quality

Today, technology has always a scientific base (it was not true in the past). This is a good starting
point for revisiting quality techniques and methodologies to strengthen and develop its scientific base.
Some approaches have been developed based on the experience of quality professionals who have
sacrificed scientific foundations over pragmatism. Acknowledging that the vast majority turns out to
be useful, but their results show too much variability, depending on many variables (e.g. activity

sector, dimension, culture, human development, economic development).

Particularly interesting is the observation of how to speak and write about topics on which education
is poor (human resources, motivation, leadership, strategy, expectations, satisfaction, culture), as is

the case of quality professionals.

Quality turns out to be a set of engineering techniques and methods framed by management concepts,

which results in a mix that is very eclectic.



Technical and scientific developments, the average rise in purchasing power and education, and
increased competition have led to a growing momentum in introducing new products and services, or

significantly changed existing products.

In this way, innovation gained greater prominence even emerging as an alternative to quality.
However, careful analysis of the product life cycle and particularly from its idealization allows us to
conclude that quality stems from the organization's interface with the market, identifying the needs
and expectations of market segments and their transposition to product and service requirements, ie

innovation at this level.

Unfortunately, innovation is not a panacea for quick and easy solutions, but a complex process with
many variables and interactions between areas of knowledge, technologies and functional areas of
organizations. This process requires increasingly complex techniques and methodologies because

failures at these stages of the life cycle have potentially devastating consequences.

The design process implies the progressive reduction of uncertainty, which can only be achieved with
higher levels of knowledge (scientific and/or organizational). In other words, innovation implies risk,

as the greater the degree of novelty, but also resources (human and financial).
Additionally, the entrepreneurship environments should be adequate.

In an innovative environment there is less interest on what we know and more interest on what we

don’t know.

If we talk about Quality Management Systems (QMS) based on a procedure environment is difficult

to innovate, which may justify the scepticism of many managers and researchers.

However, concerning science, some paradoxes arise that should not be expected to resolve. We must

manage them in the best way.

Science is not democratic (it is not accessible and useful for all; few control their development). But
science is essential for a democratic society (enabling broad access to information, technology and

supporting many of the institutions of democracy in their functioning and in relations with citizens).

The public funds (R&D) will stop at the private companies (EUA, 2018). Public universities (and
faculty) are evaluated by private rankings. States don’t provide services but should satisfy population

needs.

The scientific community has never been so large and so influential, but the limits of science follow

a centrifugal movement without sufficient synthesis efforts, which makes easy advances difficult



(what is something new) as stated Aradjo (2018): "No one can create new knowledge if it does not
spend more than ten thousand hours on a subject.” 1250 days and 3, 42 years. Who pays for it?

2.3. Big Data or Big Knowledge

We all know, feel, and live the increasing digitization amending labour relations, business

organization, machines, and processes.

From the point of view of knowledge management and organizational learning, a practical scheme

can help to understand and monitor (Figure 1).

Data Information knowledge Wisdom

Figure 1 - knowledge management and organizational learning

Data is not information, but can translated into information, through adequate treatment and

interpretation, like tables, figures, models, equations.

Information is not knowledge. This comes from science or from experience and testing inside
organizations allowing specific knowledge only available internally. If this specific knowledge can

be generalized, we can talk about wisdom.

The availability of large amounts of data has aroused interest in their processing and has fostered the
development of statistical techniques and methods, with the aim of obtaining information that

supports decisions but also obtaining higher levels of knowledge (analytics - analytical intelligence).

Some authors call for cognitive capitalism (e.g. Rindermann, 2012) and Simbolic capitalism (e.g.
Fuller & Tian, 2006).

Analytical Intelligence is a comprehensive, multidimensional field that uses mathematical, statistical,
predictive modelling, and machine learning techniques to find meaningful patterns and knowledge in
data.

With faster and more powerful computers, the opportunity for analytics and big data is plentiful.

Examples and are:

companies can find new ways to mitigate risk and increase profit.
- data scientists can explore their logical reasoning.
- business can improve predictive analytics.

- business can get insights at the right time and the right place — edge or cloud — based on factors

like cost and latency of the underlying business problem.



The Table 2 presented a comparison between the Statistics and the Analytics.

Table 2 - Statistics Versus Analytics

Statistics Analytics
Tendencies On time values
Variation So reduced, we don’t need to care
Capacity We always can achieve
Correlations Patterns, Fractals
Design of Experiments Some variables at each time?
Metrology Technology (auto calibration)
Hard Skills Soft Skills
Quality of products Control the decision process
Process control Mental schemes of the decision-making process
Experientation Emotional decisions (70% !?)
Testing Emotional quality ? (Kansei, QFD...)

This comparison shows the basic statistics knowledge is the primary skill needed, but other issues are
also relevant to deal with.

Other related issue is the concept of event stream processing. This is the process of quickly analysing
time-based data as it is being created and before it is stored, even at the instant that it is streaming

from one device to another - influencing a situation before it is over.
Whereas:

1. Event — An event is any occurrence that happens at a clearly defined time and is recorded in a

collection of fields.

2. Stream — A data stream is a constant flow of data events, or a steady rush of data that flows into

and around your business from thousands of connected devices and other sensored “things.”
3. Processing — The act of analysing data.
Event stream processing can be viewed from three point of view (Tomasz, 2013):

» At-the-edge analytics (processed on the same device from which it is streaming) (Ex:
thermostat, your iPhone or any single sensor with processing capabilities) - This type of
analytics works with minimal context to the data, often confined to rudimentary rules and

simple statistics like average or standard deviation.

* In-stream analytics (occur as data streams from one device to another, or from multiple
sensors to an aggregation point) (Ex: analysing mobile phone use) - This type of analysis

combines events of different types and alternate formats that are transmitting at varied rates.



» At-rest analytics (occurs when there is a historical repository of data). It is based on rich,
historical context — the perspective required to create predictive analytical models and forecasts

and to discover new patterns of interest.

Regarding this, term edge is also applied to devices. An edge device is any piece of hardware that
controls data flow at the boundary between two networks. For instance, cloud computing and the
internet of things (loT) have enhanced the role of edge devices, fostering the need for more
intelligence, computing power and advanced services at the network edge. The Table 3 presented the

event processing.

Table 3 — Event processing

Event stream processing

Traditional analytics Event stream processing
* Receive and store data.  Store queries/analysis.
* Prepare data. * Receive data.
» Process/analise data. * Process data.
» Get results and share as * Push results immediately (often to trigger a
needed. reaction).

It can occur in three distinct phases:
- at the edge of the network
- in the stream,
- on data that’s at rest, out of the stream
Source: Bolen (2011)

Networks are starting to connect all sorts of things together and collect the data. With insights from
this 10T data, many businesses are already boosting productivity and driving greater operational
efficiencies (Ex: Predictive machine maintenance and performance optimization; Precision

agriculture).

Streaming data from the 10T helps organizations understand their businesses better because it allows
constant monitoring. The result is often a more customer-centric business model, allowing data to
drive business insights. However, some disturbances and bad attitudes must be taken care of:
withdrawal from customers and using the data in a partial and amateur way and in view of the

complexity of the interpretation, only use intuition again - based on data intuition!
2.4. Product/Quality/ Innovation Cycle: Design for Emotions

Starting from the functional approach (the levels of satisfaction and importance of functions define
quality) and its relationship with the costs that customers are willing to pay, we can now look at new

digital products. Value is the relationship between quality and cost.



The internet (or the excess of technology) leads to massification (positive side), and to go through
everything fast (trivial and profound) and obviously staying longer in what is easier to learn in an
intuitive (or manipulated) way. Culture and traditional information are under pressure and seems to

have difficulty for responding.

Here, too, the question of quality arises. Mass audiences want what the traditional media cannot
provide. Are they failing to identify needs? Or are they unable to segment markets and consumers to
offer each other dedicated products? Is it because of some kind of intellectual arrogance of the elites?
(Chatfield, 2012).

Artificial intelligence can help to identify or create potential functions (see The Figure 2)

QUALITY/PRODUCT/SERVICE/INNOVATION CYCLE
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Expression of Development .
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5 analyse internal Evaluation
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I ' | ’
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Figure 2 - Product/Quality/ Innovation Cycle
Source: Pires (2016)

As noted in the Figure 2, the critical activities for competitiveness lie in the early stages of the
innovation cycle, where they are identified (or created) the needs and expectations and where they

are translated into requirements for products and services.

The cyclical character of innovation is represented by the direction of the arrows. This cycle is to be
run more often and faster, sometimes leading to dramatic changes in products, processes,

technologies, marketing solutions and in the structural formats of organizations themselves.

Therefore, the question arises: How to design products for emotions ethically, since personal people's
personal lives are being used without permission. How to design getting on time feedback and

continuously improvement? we need to change paradigms and create new tools, co-creation,



customer-centred design, emotional engineering can give some insights, but sure that we need

multidisciplinary teams.

The early stages of the life cycle and particularly design is becoming increasingly important because
the best sustainability solutions can be found here, considering all impacts on the life cycle. Reverse

logistics complements the efforts made in design.

Lastly, we fully agree with Klopffer (2002:133): “It is the duty of researchers and experts of different
fields to develop and improve methods that can be used to operationalize the guiding principle of
sustainability”. The technical solutions must necessarily have scientific support, essential condition

to minimize risks throughout the life cycle.

We can easily agree that the rise of digital is having huge impacts on business models and cultural
perspectives. For instance, the time spent in digital environments (games ...) seems to be emotionally
rewarding (perhaps even to “forget” real life). These are other needs that designers must consider:

creating products for the real world and products for the virtual world.

However, there is a big misunderstanding: The power to create cultural and intellectual works is
concentrated on those who control the infrastructure (where the works are disseminated). Instead of
“democratization”, we are witnessing concentration in the hands of very few. Moreover, these are not
exactly talents in art, culture, politics.... And science! although the creation of niches is possible, the
most relevant is the growth of an increasingly influential small group (Chatfield, 2012).

Can we talk about Post Neo Quality? Meaning that quality movement needs to update the scientific
base of its approaches in the light of implementation experience and case studies research to
generalizability and transferability. So, it is essential: analyse initial theory/approach; enhance this
with new information in the form of theoretical contributions from multidiscipline; synthesize prior

and new information to produce an updated theory (Dixon-Woods et al., 2011).

3. CHALLENGES FOR R&D AND FUTURE OF QUALITY MOVEMENT
3.1. Challenges for R&D
The following topics illustrate points of consensus and disagreement

+ Client satisfaction. Customer satisfaction remains a key theme. However, the satisfaction
construct has evolved to include positive experiences, expectations management and emotional
relationships. ICTs are changing supplier-customer relationships, not always in the positive

Sense.



» Shareholders (more than direct client) is a practically not researched field, but with a great

potential, since a networked society is being built.

« Society. The last goal of all economic activity spreads far beyond the quality of products and

services, assuming political and philosophical dimensions.

 Impact of quality practices in performance and success. Quality practices should contribute to
performance (at various levels), either individually or in some form of joint application. These
themes have been investigated, generally with positive results, but also with negative results.
Saraiva et al (2018) performed a critical analysis of the literature reviews, concluding that there
were contradictory, controversial, or even conflicting results, suggesting that more variables
should be included (e.g. sector of activity, company size, certification dimension, human

development, scientific affiliation of researchers, economic development).

» Rhetoric of quality. For a long time, we have characterized the situation as the rhetoric of
quality, meaning that the apologetic statements do not always correspond to reality (Pires,
2016).

» New tools (to deal with design for emotions respecting ethical principles and a bearing in mind

a perspective of social responsibility).

Research on organizational design falls largely within the sphere of organizational theories, where
quality has made little contribution. However, the drastic and rapid changes in products, services and
processes raise the question of whether organizations' traditional structural formats can cope with
increasing complexity. The traditional two dimensions of organizational charts are not enough to
represent the multidimensional characteristics of today and emergent structural formats as networks,
company chains and joint ventures. Without constituting a finished solution, the concept of

multidimensional organization is landmark (Ackoff, 1999).

Much has been written about the importance of knowledge and its management. The popular
expression of the knowledge economy is a recognition that science will play a more relevant role,

without forgetting the knowledge acquired by organizations.

In a quick and simple perspective, we leave a summary reflection on possible approaches, which can
range from countries that own, produce and maintain leadership in knowledge (north countries), even

those that bet more on their valorisation (orient, global south).

Another point of view has to do with the language. Although English continues to be the dominant

language, other languages emerge, reflecting the respective areas of influence:



Ibero american Africa Asia USA, Canada, UK Global
Portuguese . .
Portuguese . Chinese English North
'g Spanish Japanese South
panish English Korean
French
Native

Some R&D results show controversial, conflicting, and even contradictory and /or non-consensual
outcomes in different countries, which could suggest that dimensions are lacking. Specifically, an
attempt was made to identify other issues that may explain the divergences, such as methodological
issues, scientific affiliation of researchers, insufficient details in the design of the investigation, and
in the collection and analysis of data, and in this way to outline guidelines for areas lacking theoretical
deepening (Saraiva et al, 2018). So, we have concluded that more applied research is needed to
support the quality movement. Competitiveness moves rapidly from the areas of production/service
delivery to those closest to the market, such as identifying needs and transposing them into products
and services. Thus, quality must focus more on these areas, refining existing techniques and
methodologies and creating new ones. Unfortunately, innovation is not a panacea for quick and easy
solutions, but a complex process with many variables and interactions between areas of knowledge,
technologies, and functional areas of organizations. In particular, the need to explore the interactions

and interrelationships between quality practices is emphasized.

The quality movement needs to foster longitudinal studies, looking for universal laws, what can be

done through multidisciplinary only.
3.2 Future of Quality Movement
The following topics illustrate some challenging issues to deal with by quality movement

* Focus on attractive quality: We usually think of ‘attractive’ in the same sentence as physical
appearance. But deep down, what we really find most attractive is value, satisfaction,

unexpected, surprising.

« Competition leads to similar products and services, which necessarily leads to major

differentiation efforts.

« Emotions must be considered whether they arise from living needs or whether they are

established in personal connections to products and services and their suppliers

+ Inthis way, expressions such acceptable for attraction can included in the functional expression

of needs.



» Emergence of new forms of citizen participation in service design, delivery, and evaluation

processes. Examples are:

- Systems interoperability.

- Possibilities for greater individualization of services (at lower cost).

- New service design approaches.

- Co-production and co-creation (a user view as co-producer - and value in use).

» More research on interactions. Many studies have not considered possible interaction between
quality practices (e.g. Nair, 2005; Dahlgaard-Park et al, 2012; Sousa & Voss, 2002). In fact,
nowadays we should be more focused on interactions than actions, because most knowledge is
based on actions and few attempts are done on interactions. Nair (2005) states there is evidence
of complex cross relations among QM practices. This is one typical example of the mess
(situations characterized by complex systems, where there are highly interactive problems)

where researcher on quality issues was down.
In this regard, it is pertinent to quote Dahlgaard-Park et al (2012, pp. 421):

1. “Hence the challenges have been continuously: to adjust and modify the QM framework and at
the same time to continuously develop better tools and techniques in order to fit with the needs

of these new service and knowledge intensified organizations”.

2. “One of the critical challenges in the future can be for instance: to develop better tools and
techniques which can be adopted for realization of value co-creation between customers and
service providers in service contexts. Accordingly developing a way to better involve and

empower customers in all processes will be a critical issue”.
According to Sousa & Voss (2002):

- Interaction effects and interrelationship might also exist among QM practices and between the

various performance dimensions.

- These interaction effects: distinguish successful companies from others and being a promising

avenue for future research.

Finally, this set of issues arise the question of the future of quality professionals. The issue of the
future competences of quality professionals has been discussed and the perspective points out the
extension of data processing (Analytical Intelligence). However, the scope of application remains
essentially the same (monitoring of processes), leaving a large area uncovered, exactly those that are

most critical (interface with market, design for emotions).



The traditional areas of support for quality control and management (Industrial Engineering and
Management) are struggling to maintain leadership, with the main contributions being made by the

computer sciences and marketing.

As an example of the difficulty in finding a solution, various names are given for new competencies

and roles within organizations:

- Blogger-in-Chief
- Director of Emerging Technologies for Best Practices
- Insights Editor

- Principal Data Scientist (some are mathematicians, part computer scientists and part trend
watchers)

- Chief analytics officer

- Data manager

- Insights accelerator

- improvement specialists
About the Future of Quality Associations, as the business world and societies are in deep
transformation, the associative structures of quality professionals are in serious difficulty finding their
way to social utility.

There are no known studies or investigations that have focused on services, technical and scientific
skills. However, the accumulated knowledge shows that many are reduced to bureaucratic structures,
and it is urgent to rethink the mission and redefine strategies that can respond to the needs of the

people and companies of our time.

For example, it would be expected that the European Organization for Quality (EOQ) would intervene
at the level of the European community and the European area, through projects, and close and
intervening relationships with policy makers and regulators. In an information and knowledge
society, EOQ should be the holder of qualified information and knowledge, developing collaborative
networks with its members and with the technical and scientific community of Europe and the world.
Instead, it has a marginal role and has no communication tool (e.g. a specialist magazine), no

knowledge (e.g. book publishing), no studies and reflections about the future.

However, the potential exists, such as the network that its members constitute and the synergies that
can be exploited. The confounding weaknesses can be turned into strengths by focusing on knowledge

production and dissemination, using the potential of information and communication technologies.



EOQ Network! What for? EOQ and EOQ Members. Are they connected? Have they data scientists?
What about analytics? What about quality practices? Which relationships with academia and

research? Why not a Collaborative European Journal? (Technical or/and Scientific?)

These are some of the issues that urgently need an answer for Quality Associations to survive, so a

paradigm shift is needed to meet the digital society.

4. FINAL COMMENTS

There seems to be no single, structured way to create theories, but neither do there seem to be many
researchers interested in the task. In multidisciplinary areas, the difficulties increase, as only research
groups can be successful. In any case, without pressure for theoretical development, quality

management will fall into a secondary position and will be reduced to limited empirical studies.

However, it must be admitted that there are some paradoxical aspects. The objective of creating a
comprehensive theory (using contributions from various areas of knowledge), while constituting a
generous purpose, easily falls into the impossibility of considering all variables, being easily

criticized, since some of them were not considered.

In terms of operationalizing the variables, it can also be concluded that the multidimensional approach
to QM practices and the performance of organizations is a better choice than just one dimension. As
for the effects of interactions and interrelationships between QM practices and between these and the
various performance dimensions, it is also known that they exist, but less is known about the

mechanisms through which they manifest themselves.

However, if the identified challenges for the quality movement reach positive answers, those
contributions will be relevant for sustainability of organizations, allowing them to be successful in

the actual business context in such a way that they will successful in the future also.

The most critical activities for competitiveness lie in the early stages of the innovation cycle, where
they are identified (or created) the needs and expectations and where they are translated into
requirements for products and services. These early stages and particularly design is becoming
increasingly important because the best sustainability solutions can be found here, considering all
impacts on the life cycle. Reverse logistics complements the efforts made in design. The technical
solutions must necessarily have scientific support, essential condition to minimize risks throughout

the life cycle.

Lastly, this paper agrees with Klopffer (2002:133), quality researchers and experts of different fields
must develop and improve methods to operationalize the guiding principle of sustainability.



Nevertheless, the rise of digital is having huge impacts on business models and cultural perspectives
and consequently on design and sustainability.
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STRUCTURED ABSTRACT

Purpose- Human-Robot Collaboration (HRC) is a paradigm that is gradually consolidating in the
industrial field. The goal of this paradigm is to combine human and robot skills to make production
more flexible. An effective implementation of HRC requires a careful analysis of its different aspects,
related to both robots and humans. For this reason, the development of a tool able to consider all HRC

aspects to evaluate the collaboration quality is a real practical need.

Design/methodology/approach- In a previous work, Gervasi et al. (2020) proposed a
multidimensional framework to evaluate HRC quality. This framework has been tested on a real
industrial HRC application in the automotive sector. Two different alternatives of the same assembly

task were analyzed and compared on the quality reference framework.

Findings- The comparison between the two alternatives of the same assembly task highlighted the
framework's ability to detect the effects of different configurations on the various HRC dimensions.

This ability can be useful in decision making processes and in improving the collaboration quality.

Social implications- The framework considers the human aspects related to the interaction with
robots, allowing to effectively monitor and improve the collaboration quality and operator

satisfaction.

Originality/value- This paper extends and shows the use of the HRC evaluation framework proposed
by Gervasi et al. (2020) on real industrial applications. In addition, an HRC application implemented

in an important automotive company is described and analyzed in detail.
Keywords: Human-Robot Collaboration, HRC evaluation framework, Automotive industry.

Paper type: Research paper



INTRODUCTION AND LITERATURE REVIEW

The sharing of workspace and the physical interaction between humans and robots in manufacturing
processes are no longer a futuristic utopia, but a reality that has been consolidating in recent years.
Unlike traditional robotic systems, collaborative robots represent a promising solution to meet the
needs arising from the increasingly pressing demand for production based on “mass customization”

(Mateus et al., 2019; Pine, 1993).

Collaborative robots represent one of the fundamental elements of Industry 4.0, as enabling
technologies of adaptive systems based on flexibility, reconfigurability and production efficiency
(Cohen et al., 2019; Mateus et al., 2019). At the same time, they provide an important opportunity for
technological development in many areas where robotics is almost unfamiliar (Huang et al., 2020;
Wang et al., 2019).

The main idea of Human-Robot Collaboration (HRC) is combining the capabilities of humans with
those of robots. On the one hand, humans have innate flexibility, intelligence, dexterity, and problem-
solving skills; on the other hand, robots provide precision, power, and repeatability (ISO/TS
15066:2016, 2016). The implementation of HRC introduces several issues related mainly to safety
(Robla-Gomez et al., 2017; Vicentini et al., 2020), robot programming (Argall et al., 2009; Huang et
al., 2020), task organization (Raatz et al., 2020), and human-related aspects (Salm-Hoogstraeten and
Misseler, 2020).

For an effective implementation of collaborative robot systems it is necessary to consider all aspects
concerning HRC (Franceschini et al., 2019; Gervasi et al., 2019; Goodrich and Schultz, 2007). The
evaluation methods currently available in the literature focus only on certain HRC aspects (Beer et
al., 2014; Brohl et al., 2016; Vicentini et al., 2020) or on the analysis of specific tasks or situations
(Gualtieri et al., 2020; Rabbani et al., 2020; Rifinski et al., 2020). However, the attempt to build a

general evaluation framework for HRC, able to consider all its aspects, seems to be less explored.

In a previous work, Gervasi et al. (2020) proposed a multidimensional conceptual framework to
evaluate HRC, with some preliminary metrics. The aim of this paper is to extend this framework to
real industrial HRC applications, focusing on the automotive sector. With reference to a specific HRC

application, the evaluation framework will be also used to compare different design alternatives.

The paper is organized as follows. In the next section, a short summary of the HRC evaluation
framework proposed by Gervasi et al. (2020) is provided. Afterwards, the methodology for collecting
information on the real industrial HRC application is described. The subsequent section contains an

in-depth description and analysis of a real industrial HRC application in the automotive sector. Next,



a hypothetical variant of the application is analyzed and compared with the original one. Afterwards,
a discussion of the obtained results is presented. Finally, the concluding section explores limitations

and future research directions.

HRC EVALUATION FRAMEWORK

Gervasi et al. (2020) proposed a reference framework to evaluate HRC applications considering
several characterizing aspects, both related to humans and robots. The framework was developed to
allow the comparison and analysis of different HRC applications. Moreover, it can support decision
making, highlighting HRC aspects that need to be improved. Below follows a brief description of the
latent dimensions and sub-dimensions of the HRC evaluation framework (Gervasi et al., 2020), also

summarized in Table 1:

- Autonomy represents the robot capabilities of sensing the surroundings, planning and acting
according to the environment and other entities. Note that, in the HRC context, higher robot
autonomy enables more advanced and complex interactions (Goodrich and Schultz, 2007;
Thrun, 2004).

- Information Exchange represents the way information is exchanged between robot and
human. It is composed of two sub-dimensions, namely Communication format and
Communication medium, which refer to the senses involved in the communication and how

communication takes place, respectively.

- Team Organization considers the organization of the agents involved in the collaboration. It
is composed of Structure of the team, which refers to the number of robots and humans in

the team, and Role of members, which represents to the role of each team member.

- Adaptivity and Training latent dimension concerns robot adaptivity and instruction as well as
human training, and it is characterized by three sub-dimensions. Robot adaptivity represents
the ability to accomplish a given task despite unexpected situations. Robot training method
refers to the methods for instructing the robot to perform a certain task. Operator training
indicates the effort in training the operators involved in a collaborative task.

- Task dimension contains information on the task to be performed, and it is composed of five
sub-dimensions. Field of application refers to the field in which the task takes place. Task
organization refers to the assignation of individual operations to each team member.

Performance refers to the evaluation of the outcome of the collaborative task. Safety concerns



the identification of the risks and hazards involved in the task and the related safety measures

implemented.

Human Factors dimension concerns the understanding of interactions among human and
robot to optimize human well-being and overall system performance (1ISO 26800:2011, 2011).
It is composed of five sub-dimensions. Workload refers to the effort of the human operators
during a task. Trust is the attitude that an agent will help to achieve an individual's goal in a
situation characterized by uncertainty and vulnerability (Charalambous et al., 2015). Robot
morphology refers to the evaluation of the morphology and design of the collaborative robot.
Physical ergonomics addresses the anatomical, anthropometric, and biomechanical
characteristics of humans in relation to physical activity. Usability sub-dimension represents
the evaluation and design of the interaction between human and robot that is supposed to take

place.

Ethics represents the common understanding of the principles that constrain and guide human
behavior (BS 8611:2016, 2016). Social impact refers to the consequences of introducing a
collaborative robotic system within a community. Social acceptance indicates the perception
of the collaborative robotic system within a community.

Cybersecurity is the process of protecting information by preventing, detecting, and
responding to attacks (NIST, 2018). It is composed of five sub-dimensions. Identification
represents the actions related to the understanding of policies, cybersecurity risks, and
priorities relevant for managing cybersecurity risks. Protection concerns activities related to
the development and implementation of safeguards to protect infrastructure services and to
train staff. Detection includes activities related to the development and deployment of
appropriate detection activities to identify cybersecurity events. Response represents activities
related to the development and implementation of appropriate plans to act regarding a detected
cybersecurity event. Recovery involves activities related to the development and

implementation of appropriate plans to recover from cybersecurity events.



Table 1 — Summary of HRC evaluation framework with latent dimensions, sub-dimensions, and evaluation methods (Gervasi et al., 2020).

Dimension Sub-dimension Evaluation method Scale levels
Autonomy - LORA (LO) Manual — (L1) Teleoperation — (L2) Assisted Teleoperation — (L3)
(Beer et al., 2014) Batch Processing — (L4) Decision Support — (L5) Shared Control with
Human Initiative — (L6) Shared Control with Robot Initiative — (L7)
Executive Control — (L8) Supervisory Control — (L9) Full Autonomy
Information Communication 4-level scale (LO) No senses involved — (L1) A sense between between sigh,
Exchange medium hearing, and touch involved— (L2) Two senses between sigh, hearing,
and touch involved- (L3) Sight, hearing, and touch involved
Communication 4-level scale (LO) No means — (L1) Only control panel/displays — (L2) A human-
format natural communication mean implemented — (L3) At least two human-
natural communication means implemented
Team Team structure Categorical scale List of robots and humans involved.
Organization Member role 3-level scale (LO) Executor — (L1) Assistant — (L2) Master
Adaptivity Robot adaptivity 4-level scale (LO) No adaptivity — (L1) No flexible adaptivity — (L2) Adaptiity —
and Training (Kriger et al., 2017) (L3) Adaptivity with respect to human
Robot training 3-level scale (LO) Only manual programming — (L1) Automatic programming are
method implemented — (L2) Automatic programming methods based on
natural communication are implemented
Operator training 4-level scale (LO) Very Heavy — (L1) Heavy — (L2) Medium — (L3) Light
Task Field of application Categorical scale Description of the application context.

Task organitation
Performance
Safety

List of operations
4-level scale

Risk Assessment
(1ISO 10218-2:2011,
2011; ISO/TR 14121-
2:2012, 2012)

(LO) Low — (L1) Medium — (L2) High — (L3) Very High
(LO) Low — (L1) Medium — (L2) High — (L3) Very High




Table 1 — (continued)

Dimension Sub-dimension Evaluation method Scale levels
Human Workload NASA-TLX (LO) Very High — (L1) High — (L2) Medium — (L3) Low
Factors (Hart and Staveland,
1988)
Trust Trust Scale (LO) Low — (L1) Medium — (L2) High — (L3) Very High
questionnaire
(Charalambous et al.,
2015)
Robot morphology Categorical scale Anthropomorphic — Zoomorphic — Functional
(Yanco and Drury,
2004)
Physical EAWS (LO) Red — (L1) Yellow — (L2) Green
ergonomics (Schaub et al., 2013)
Usability SUS (LO) Not acceptable — (L1) Marginal — (L2) Acceptable
(Bangor et al., 2008;
Brooke, 1996)
Ethics Social impact 3-level scale (LO) Heavy — (L1) Medium — (L2) Light
Social acceptance Brohl TAM (LO) Low — (L1) Medium — (L2) High — (L3) Very High
(Brohl et al., 2016)
Cybersecurity  Identification Dedeke framework (LO) Partial — (L1) Risk informed — (L2) Repeatable — (L3) Adaptive

Protection
Detection
Response
Recovery

(Dedeke, 2017)

(LO) Partial — (L1) Risk informed — (L2) Repeatable — (L3) Adaptive
(LO) Partial — (L1) Risk informed — (L2) Repeatable — (L3) Adaptive
(LO) Partial — (L1) Risk informed — (L2) Repeatable — (L3) Adaptive
(LO) Partial — (L1) Risk informed — (L2) Repeatable — (L3) Adaptive




DATA COLLECTION AND METHODOLOGY

The HRC evaluation framework has been used to analyze a real industrial HRC application, which
will be discussed in next sections. Evaluations were carried out by a team of experts based on the
information collected. Data were acquired through direct observations of the production process,
semi-structured interviews with managers, and questionnaires administered to operators working with

collaborative robots.

In order to evaluate the sub-dimensions Workload, Trust, Usability, and Social acceptance, a single
questionnaire has been created summarizing the ones proposed in the HRC evaluation framework
(Gervasi et al., 2020) (see Appendix A). Although this choice may have led to a light degradation of
the evaluation for these sub-dimensions, it was necessary to administer a questionnaire easy to use,

immediately understandable and not too intrusive for operators.

CASE STUDY: PARKING PAWL ASSEMBLY TASK

The industrial HRC application considered concerns an assembly task in an important automotive
company. The task consists of assembling a mechanical component, called "parking pawl", in the

gearbox for vehicles in the U.S. market.

The workstation is managed by three agents: a robotic system and two human operators. The robot
and the operators share the same workspace without physical or virtual safety barriers.

The robot system is composed of a single-arm collaborative robot UR10/CB3 (Universal Robots,
2019) and three end devices installed on the robot flange: an electromagnetic gripper to take screws

from a box, a vision system (SensoPart Visor V20 2D) and a collaborative gripper (Robotiq 2F-85).

Table 2 shows the list of operations of the parking pawl assembly task, organized in four phases:

First phase: a logistics staff operator sets up the workpieces in the appropriate boxes, also

checking their correct position (Figure 1a).

- Second phase: the robot takes six screws from the workpiece box, through the electromagnetic

gripper, and hands them to the operator (Figure 1b).

- Third phase: the robot takes with the gripper the parking pawl and hands it to the operator in

an ergonomic position (Figure 1c).

- Fourth phase: the operator inserts the parking pawl into the gearbox and screws it in with a

screwdriver (Figure 1d).



Table 2 — List, allocation and description of operations of the parking pawl assembly task.

Phase Operation Operation allocation Description

0 Parking pawl assembly Humans - Robot Portion of gearbox assembly
1. Components setup Human (2) process performed by an
2. Screws feeding Human (1) - Robot operator in collaboration with a
3. Pawl feeding Human (1) - Robot robot.

4. Pawl screwing Human (1)

1. 1. Components Setup Human (2) Logistics  staff sets up
1.1 Placing components into Human (2) workpieces in the dedicated
the box boxes, checking that they are
1.2 Checking components in Human (2) correctly positioned.
the box

2. 2. Screws feeding Human (1) - Robot The robot approaches the box
2.1 Screws picking Robot containing the screws and
2.2 Screws moving Robot picks them up via the dedicated
2.3 Screw release Human (1) - Robot gripper. The robot brings the

screws closer to the operator,
who extracts them.

3. 3. Pawl feeding Human (1) - Robot The robot approaches the box
3.1 Pawl picking Robot containing the pawl and picks
3.2 Pawl moving Robot it up via the dedicated gripper.
3.3 Pushbutton drive Human (1) The robot brings the pawl
3.4 Pawl releasing Human (1) - Robot closer to the operator. The

operator presses the
pushbutton to enable pawl
release and extracts it.

4, 4. Pawl screwing Human (1) The operator inserts the pawl
4.1 Pawl handling Human (1) into the appropriate seat.
4.2 Pawl insertion Human (1) Afterwards, he sets each screw
4.3 Screwdriver load Human (1) for insertion and tightens them
4.4 Pawl tightening Human (1) with a screwdriver.

The following sub-sections describe the results of the analysis performed by a team of experts for
each sub-dimension of the HRC evaluation framework. Table 3 provides a summary of the

evaluations of the team of experts.
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Figure 1 — Sequence of operations of the parking pawl assembly task: (a) Components setup; (b)

Screws feeding; (c) Pawl feeding; (d) Pawl screwing.
Autonomy

Thanks to the vision system and the force sensor of the gripper, the robot is able to collect
environmental data for the execution of the task and to support the operator in the execution of the
planned task. The task planning is exclusive to the human. For these reasons, Autonomy was rated L3
(“Batch Processing”) according to the evaluation scale based on LORA taxonomy (Beer et al., 2014;
Gervasi et al., 2020).

Information Exchange

Communication between human and robot takes place through a teach pendant, displaying
information about robot's status, and a button on the robot flange, used to order the robot to release
workpieces. Since touch and sight senses are involved in communication, but no human-natural
communication modality is implemented, communication medium and communication format were

evaluated L2 and L1, respectively.
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Team Organization

The Team structure is composed by 1 robot and 2 humans. The workstation is mainly composed of
the robot and an operator, who carry out the assembly task; periodically, a second operator from the

logistics area loads the workpieces into the appropriate boxes.

As for Member roles, the workstation operator is the master of process (L2), since he performs the
assembly task and controls the task execution, the logistics staff operator is an assistant (L1), who

provides support for task, and the robot is just an executor of the task instructions (L0).
Adaptivity and Training

The robot, thanks to the vision system, can identify the contour of objects to adjust its position and
perform a correct grip. If the operation fails, the robot tries again three more times, after which it
stops. Since the robot does not have the ability to learn from experience, but apply a fixed policy,

Robot adaptivity was rated L1.

The robot was instructed using both offline programming and online programming via teach pendent.
Since these methods are automatic programming methods, Robot training method was evaluated L1.

Operators involved in HRC task attended a training course organized by the robot manufacturer's
academy. This course covered safety setting and teach pendant use. Thus, Operator training was
evaluated L2 (Medium).

Task

Performance dimension was assessed L2 (High), based on information from interviews with

managers and observations of the collaborative task.

Safety was evaluated through a risk-assessment based on a list of hazards contained in ISO 10218-2
standard (see Appendix B). The risk assessment was carried out considering the severity and
probability of occurrence of harm, both evaluated on a 4-level scale. The assessment considered the
risk reduction due to the implementation of protective measures, i.e. safety functions configured in
the robot. These functions consisted of reducing the speed in the interaction zone and preventing
unwanted movements or positions. This affected the probability of occurrence and the severity of
harms. Regarding mechanical hazards, the most likely risks were "impact”, “friction/abrasion” and
"cutting/severing", due to the possibility of touching the robot and moving workpieces. However, the
severity of harm of each of these risks was “Moderate” (L1), as the robot safety functions significantly
reduced the damage and the possible contact regions were not vital organs. The other mechanical

hazards (“entanglement”, “crushing”, “shearing”, “drawing-in/trapping”, “stabbing/puncture”) and

hazards of other categories were evaluated with a “Serious” (L2) severity but “Remote” (LO) or



“Unlikely” (L1) probability of occurrence. Some hazards were assessed as “Not Available” (N/A)
since potential harm was completely excluded. The final risk score obtained was 22/90, meaning that

the Safety level is “Very High” (L3) according to the scale proposed in the HRC framework.
Human factors

Workload was rated “Medium” (L2), based on the results of the questionnaire and the adapted
evaluation scale of the HRC framework (see Appendix A).

The responses collected by the operators revealed a high level of trust in the robot, with a final score
of 19/20 (see Appendix A). Thus, Trust has been rated “Very High” (L3).

Physical ergonomics has been rated “Green” (L2), i.e. no risk or low risk for the operator. The task
involves a low biomechanical load on the operator, as it requires the handling of low load objects and
the application of low forces while maintaining a non-fatiguing posture. This is confirmed by the
EAWS score of 15.5 (< 25), which indicates a low risk of biomechanical overload. For further details

on the evaluation, see Appendix C.

Usability has been rated “Marginal” (L1). From the answers to the questionnaire (see Appendix A)

the operators do not believe that the various functions of the robot are well integrated into the system.
Ethics

The implementation of the collaborative robot led to a significant reconfiguration of the assembly
task. Previously, the assembly of the parking pawl was done in a dedicated off-line station. This
operation was performed continuously and manually by one operator, on average for two shifts per
day. Currently, this task has been integrated directly into the production line, resulting in a
redeployment of personnel. Therefore, according to the scale proposed in the HRC framework
(Gervasi et al., 2020), Social impact has been rated “Medium” (L1).

Social acceptance has been rated “High” (L2), based on the answers to the questionnaire (see
Appendix A).
Cyber security
Identification, Protection, Detection, Response, and Recovery have been all evaluated “Risk

informed” (L1) (Dedeke, 2017). The management of cybersecurity is part of the company’s activities

and is carried out by a specific and qualified personnel.



Table 5 — Evaluation summary of the parking pawl assembly task by the team of experts.

Dimension Sub-dimension Evaluation
Autonomy - L3 (Batch processing)
Information Exchange ~ Communication medium L2
Communication format L1
Team Organization Team structure 2 Humans, 1 Robot
Member role Human (1) L2 (Master)

Human (2) L1 (Assistant)
Robot LO (Executor)

Adaptivity and Training Robot adaptivity L1
Robot training method L1
Operator training L2 (Medium)
Task Field of application Manufacturing (automotive)
Performance L2 (High)
Safety L3 (Very High)
Human Factors Workload L2 (Medium)
Trust L3 (Very High)
Robot morphology Functional (Single arm)
Physical ergonomics L2 (Green)
Usability L1 (Marginal)
Ethics Social impact L1 (Medium)
Social acceptance L2 (High)
Cybersecurity Identification L1 (Risk informed)
Protection L1 (Risk informed)
Detection L1 (Risk informed)
Response L1 (Risk informed)
Recovery L1 (Risk informed)

COMPARISON OF DESIGN ALTERNATIVES BY HRC FRAMEWORK

As pointed out in the introduction, the HRC evaluation framework (Gervasi et al., 2020) can also be
used in the design phase as a tool to compare different alternatives of the same task. To show this use,
a hypothetical alternative HRC scenario of the parking pawl assembly task was developed, evaluated,

and compared with the original one by a team of experts.

As in the original HRC scenario, the workstation is managed by three agents: a robotic system and
two human operators. The robotic system is equipped with an electromagnetic gripper, a vision

system, and a collaborative screwdriver.

The operations of the hypothetical alternative HRC scenario are organized in four phases, which are

the following:

- First phase: a logistics staff operator sets up the workpieces in the appropriate boxes.



- Second phase: the robot takes six screws from the workpiece box, through the electromagnetic
gripper, and hands them to the operator.
- Third phase: the operator takes the parking pawl, inserts it into the gearbox and places the
screws into the slots.
- Fourth phase: the robot performs the screwing with the collaborative screwdriver.
Figure 2 shows a comparison between the quality profiles of the original HRC application and the
alternative one. Autonomy, Information Exchange, Team Organization, Adaptivity and Training,

Ethics, and Cybersecurity have not undergone any changes compared to the original HRC scenario.

Regarding Performance, an increase from "High" (L2) to "Very High" (L3) has been hypothesized.
Assigning the screwing operation to the robot could improve the quality of the product, reducing the
risk of over-tightening and always having the correct tension, thanks to the robot precision and
repeatability. Safety has been evaluated “High” (L2), suffering a decrease compared to the original
HRC scenario. This is due to the presence of a screwdriver on the robot, which increases the risks of
“crushing” and “stabbing/puncture”. Workload has been rated “High” (L1), since an increase in
“frustration” is likely due to the new task allocation, although a slight decrease in “physical demand”
is expected. The presence of a screwdriver as an end-effector may reduce the operator's trust, as well
as the perception of safety, towards the robot. Therefore, Trust has been degraded from “Very High”
(L3) to “High” (L2). Both Physical ergonomics and Usability have remained unchanged in the

evaluations.
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Figure 2 — Graphical comparison between the HRC quality profiles of the original parking pawl

assembly task (orange) and the hypothetical alternative one (green).



DISCUSSION

The HRC reference framework proposed by Gervasi et al. (2020) , through the evaluation of each
dimension, provides an extended and detailed representation of a collaborative task. This
representation is focused on aspects related to each agent, their synergistic interaction, and the
application context. Moreover, this representation allows to make considerations on the quality of the
collaboration. For instance, in the industrial HRC application previously analyzed, it can be noted
that the sub-dimensions Safety, Trust, and Physical ergonomics obtained quite high evaluations,
indicating a good task design. However, Autonomy and Communication format were not particularly

high, implying some limitation in the interaction.

Another use of the HRC evaluation framework consists in comparing different scenarios of the same
application. For example, by varying the assignment of a task operation between operator and robot,
a group of experts can understand which are the most suitable configurations. In order to show this
possible exploitation, a hypothetical variant of the parking pawl assembly task was introduced. Once
evaluated through the HRC framework, this variant was compared with the original HRC application.
Looking at the evaluation profiles (Figure 2), it can be noted that the original HRC application
outclasses the hypothetical one in almost all sub-dimensions. This result may suggest that the level
of collaboration of the original HRC scenario is higher than that of the variant. Moreover, the
comparison highlighted how changing certain aspects of a task can influence different HRC

dimensions.

Further investigation to understand how to take advantage of the information provided by the HRC
evaluation framework is needed. The creation of a global indicator that synthesizes the level of
collaboration between human and robot is rather challenging, due to the heterogeneity of the aspects
that influence it. However, one idea could be trying to identify benchmark profiles to define different
collaboration levels. By examining a large sample of collaborative tasks and evaluating each of them
through the HRC framework, it could be possible to cluster similar profiles. This process may lead to
the identification of the most common collaboration profiles, which can constitute the benchmark
levels of a potential HRC scale. However, during this operation, it has to be taken into account that
the sub-dimensions of the HRC evaluation framework are not independent from each other (Gervasi
etal., 2019).



CONCLUSIONS

A multidimensional HRC evaluation framework proposed by Gervasi et al. (2020) was examined and
tested on an industrial HRC application in the automotive sector. Each framework dimension was
evaluated by a team of experts supported by technical information provided by managers, process
observations, and operators’ feedback. By using the scales proposed in the reference framework, a

structured description of the application with an evaluation profile was obtained.

A variant of the HRC application was also hypothesized and evaluated qualitatively. Some
considerations were drawn from the comparison between the original HRC scenario and the
alternative one. This procedure highlighted the framework's ability to detect the effects of different
configurations on various HRC dimensions, which is useful in decision making processes and in

improving the quality of collaboration and finished products.

Future investigations will concern the design of more agile questionnaires to evaluate some HRC
dimensions (e.g., the possibility of using fuzzy scale rating to design questionnaire forms). Other
future activities will focus on analyzing in depth the relationships between the different dimensions

of the framework and on building benchmark profiles in order to create a unidimensional HRC scale.
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APPENDIX A - SYNTHETIC QUESTIONNAIRE

A synthetic questionnaire to evaluate Workload, Trust, Usability, and Social acceptance has been

created. Table 4 shows the questionnaire items for each sub-dimension with their respective median

scores for the parking pawl assembly task. Each item is evaluated on a five-point Likert scale, and,

for each sub-dimension, the item scores are summed up to provide a final score. The final scores of

each sub-dimension are interpreted using the respective evaluation scales proposed in the HRC

evaluation framework, adapting them to the new scoring ranges.

Table 4 — Questionnaire to evaluate Workload, Trust, Usability, and Social acceptance. Negative

Dimension Item Median Interquartile
Score (0 to 4) range
Workload How much mental and perceptual activity was required? 1 1
How much physical activity was required? 2 2
How irritated, stressed, and annoyed versus content, relaxed, and 1 3
complacent did you feel during the task?
How successful were you in performing the task? * 2 1
Total 6/16
Usability I thought the system was easy to use 3 2
I would imagine that most people would learn to use this system very 3 1
quickly
| found the system very cumbersome to use * 3 2
I found the various functions in this system were well integrated 1
Total 10/16
Trust The size of the robot did not intimidate me 4 1
I was comfortable the robot would not hurt me 4 2
| felt safe interacting with the robot 4 2
The robot gripper did not look reliable * 3 3
The way the robot moved made me uncomfortable * 4 2
Total 19/20
Social People in my organization who use the robot have more prestige than 3 1
acceptance those who do not
| fear that I lose the contact to my colleagues because of the robot * 3 2
| fear that | will lose my job because of the robot * 4 2
Using the robot improves my performance in my job 2 3
Total 12/16

items are indicated with " * " and scores are already correctly converted.



APPENDIX B - SAFETY DIMENSION EVALUATION

Safety has been evaluated through a risk-assessment based on a list of hazards contained in 1SO
10218-2. Table 5 contains the evaluation results for the parking pawl assembly task, while Table 6

the risk matrix proposed in ISO/TR 14121-2 used for the evaluation.

Table 5 — Risk-assessment for the parking pawl assembly task

Type of risk Risk Probability ~ Severity  Risk indicator
Mechanical crushing LO L2 Low (1)
hazards shearing LO L2 Low (1)
cutting or severing L2 L1 Medium (2)
entanglement L1 L1 Low (1)
drawing-in or trapping LO L2 Low (1)
impact L2 L1 Medium (2)
stabbing or puncture LO L2 Low (1)
friction, abrasion L2 L1 Medium (2)
high-pressure fluid/gas injection or ejection N/A N/A N/A
Electrical electrocution LO L2 Low (1)
hazards shock LO L2 Low (1)
burn LO L2 Low (1)
projection of molten particles N/A N/A N/A
Thermal hazards  purn (hot or cold) LO L2 Low (1)
radiation injury LO L2 Low (1)
Noise hazards loss of hearing N/A N/A N/A
loss of balance N/A N/A N/A
loss of awareness, disorientation N/A N/A N/A
any other N/A N/A N/A
Vibration fatigue L1 L1 Low (1)
hazards neurological demage LO L2 Low (1)
vascular disorder LO L2 Low (1)
impact LO L2 Low (1)
Radiation burn N/A N/A N/A
hazards demage of eyes and skin N/A N/A N/A
releted illnesses N/A N/A N/A
Material/substan  sensitization LO L2 Low (1)
ce hazard fire L0 L2 Low (1)
chemical burn LO L2 Low (1)
inhalation illness N/A N/A N/A

Combinations of .\ i -otions of hazard N/A N/A N/A
hazards




Table 6 — Risk matrix proposed in ISO/TR 14121-2.

Severity of harm

Probability of

(L3) Catastrophic (L2) Serious (L1) Moderate (LO) Minor
occurrence
Eliees  _ mremomses
(L2) Likely Medium (2) Low (1)
(L1) Unlikely Medium (2) Medium (2) Low (1) Negligible (0)
(LO) Remote Low (1) Low (1) Negligible (0) Negligible (0)




APPENDIX C - PHYSICAL ERGONOMICS EVALUATION

EAWS (Schaub et al., 2013) has been used to evaluate Physical ergonomics sub-dimension. EAWS

is divided in two macro-sections: Whole body and Upper limbs. The Whole-body macro-section is

composed of four sections: Extra Points, Body Posture, Action forces and Manual material handling.

The Upper limbs macro-section is composed of only one section, i.e. Upper limb load in repetitive

tasks. Figures 3,4,5,6,7 and 8 show the evaluation of each EAWS section for the parking pawl

assembly task.
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STRUCTURED ABSTRACT
Purpose — Development of a defect prediction model for the assembly of wrapping machines.

Design/methodology/approach — The assembly process of wrapping machines is firstly decomposed
into several steps, called workstations, each one potentially critical in generating defects. According
to previous studies, two assembly complexity factors related to the process and the design are
evaluated. Experimental defect rates in each workstation are collected and a bivariate prediction

model is developed.

Findings — Defects occurring in low-volume production, such as those of wrapping machines, may

be predicted by exploiting the complexity based on the process and the design of the assembly.

Research limitations/implications — Although the defect prediction model is designed for the
assembly of wrapping machines, the research approach can provide a framework for future
investigation on other low-volume productions of similar electromechanical and mechanical

products.

Practical implications — The defect prediction model is a powerful tool for quantitatively estimating
defects of newly developed wrapping machines and supporting decisions for assembly quality-

oriented design and optimisation.

Originality/value — The proposed model is one of the first attempts to predict defects in low-volume
production, where the limited historical data available and the inadequacy of traditional statistical

approaches make the quality control extremely challenging.
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INTRODUCTION

Defects occurring during the manufacturing process represent a huge issue for a wide range of
industrial processes due to the dramatic impact they can cause, both in terms of quality and costs. The
development and identification of appropriate models of defects predictions have long been a question
of great interest in a wide range of manufacturing processes, including assembly. In the past years, a
considerable literature has grown up around the theme of assembly defects, i.e. improper design,
defective part, variance in assembly system and operator mistake. To this aim, traditional assembly
quality control technologies and management approaches have been extensively exploited to
evaluate, improve and control the assembly quality, such as design for assembly (DFA), Design of
Experiments (DoE), Design Failure Modes and Effects Analysis (DFMEA), Statistical Process
Control (SPC), data mining and sensor-based monitoring (Boothroyd and Alting, 1992; Shin et al.,
2006; Zhang and Luk, 2007). Recently, some investigations have focused on assembly defects caused
by operator errors, focusing on the close relationship between them and the product assembly
complexity (Antani, 2014; Falck et al., 2017; Hinckley, 1994; Krugh et al., 2016; Shibata, 2002; Su
et al., 2010). Although extensive research has been carried out on the prediction of operator-induced
assembly defects, it has been mostly restricted to mass productions, involving millions of parts and
assembly operations. To date, only a limited number of studies is directed to the investigation of
defects occurring in low-volume assembly processes. Under these considerations, taking the
wrapping machines assembly as an example, the mechanisms of the operator error-induced assembly
defect are explored systematically in this paper. The specific objective of this study is to investigate
the effect of assembly complexity on the defects occurring in low-volume assembly processes.
Specifically, the Research Question (RQ) addressed in this paper is the following:

RQ: As for mass productions, can defects in the assembly processes of wrapping machines be

predicted by assembly complexity?

In order to answer this question, the assembly process of wrapping machines is firstly decomposed
into several steps, called workstations, and into elementary operations. Then, according to previous
studies referring to mass productions, two assembly complexity factors related to the process and the
design are obtained for each workstation. Experimental defect rates are collected, and the defect
prediction model is developed. This study provides new insights into the prediction of defects in low-
volume production, where the limited historical data available and the inadequacy of traditional
statistical approaches make quality control extremely challenging. The defect prediction model
developed is a powerful tool that designers can use to estimate defects of newly developed wrapping

machines quantitatively and to design and optimise the assembly process of quality-oriented



wrapping machines. The findings of the present research should make an essential contribution to the
field of low-volume assembly processes because, although the defect prediction model is specifically
designed for the assembly of wrapping machines, the research approach can provide a general
framework for future investigation on other low-volume productions, especially in electromechanical

and mechanical fields.

The paper is arranged as follows. In "Assembly modelling of wrapping machines" section, the
assembly process of wrapping machine, specifically that of the pre-stretching device, is modelled.
Then, in "Assembly complexity factors™ section, the two complexity factors related to the process
and the design are introduced and analysed. The defects prediction model is discussed in "Defect
prediction model” section. Finally, "Conclusions"” section summarises the main findings of the paper,

the limitation of the prediction model and the future research topics.

ASSEMBLY MODELLING OF WRAPPING MACHINES

Wrapping machines are electromechanical machines exploited at the end of production lines to pack
palletised loads with a stretch plastic film. Three main categories of machines are typically available:

(i) turn table, (ii) rotating arm and (iii) rotating ring wrapping machines (see Figure 1).

@) (ii) (iii)

Figure 1 — Illustration of the three main categories of wrapping machines: (i) turn table, (ii) rotating
arm and (iii) rotating ring.

This work focuses on the last category, i.e. the rotating wrapping machines produced in particular by
the company Tosa Group S.p.A. (Italy). The total number of machines produced each year is of about
50 units. Accordingly, this production can be considered a low-volume manufacturing process.

Furthermore, each assembled machine is highly customised, making it almost a unique piece.



Rotating wrapping machines consist of three main units: (i) mechanical unit, (ii) electrical and
electronic unit and (iii) software unit. The mechanical unit (see Figure 2) is composed of two parts:

one fixed and the other mobile. The fixed part is made up of:

1. the frame, i.e. the load-bearing structure, dimensioned to guarantee strength and durability,

made up of boxes and profiles in high-strength sheet steel,

2. the cutting-hooking-welding unit that automatically cuts the plastic film employing a heated

metal wire and heat-seals the last tail to the load with a special plate;

3. the pantograph presser, which stabilises the palletised load, exerting pressure on its top during

the wrapping process.
Besides, the mobile part is made up of a trolley consisting of:

4. a rotating ring, built with a calendered steel profile, light but very resistant and therefore
suitable for high speeds. It is moved by a special belt connected to an electric motor. The
rotation of the ring around the palletised load is combined, during the winding cycle, with the
vertical sliding of the rotating ring to which the pre-stretching unit is fixed;

5. the pre-stretching device, which is an electromechanical device, allowing: (i) the
pulling/unwinding, (ii) the pre-stretch and positioning of the plastic film, (iii) the wrapping of

the pallet with the required number of windings.
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Figure 2 — Illustration of the main components of the mechanical group of a rotating ring wrapping
machine of the company Tosa Group S.p.A. (Italy).



The electrical and electronic unit includes all the wiring of the various components, sensors and
motors onboard the machine and the general electrical panel. The software unit is designed for the
control of the machine, as well as for communication with the operator, whose programming and

configuration is entrusted to a specialised external supplier.

During a typical working cycle, the palletised load is carried utilising a roller or belt conveyor system
within the area delimited by the trolley. Then, the pantograph presser goes down by pressing on the
top of the palletised load to ensure its stability during the film wrapping phase. The trolley goes down,
the ring starts to rotate, and at the same time, the plastic film passes through the pre-stretching unit
and is distributed around the load. After a variable number of wrappings according to the palletised
load, the wrapping cycle ends: the cutting-hooking-welding unit provides to detach the plastic film
tail, and the load is left free to be transported to the next station. Then a new pallet enters the perimeter

of the machine ring and the cycle is repeated.

Given the complexity and the high number of components of the wrapping machine, this paper
focuses on the assembly of the single pre-stretching device. The main reason is that, although each
machine differs from the others in some details, this device is common to all rotating ring wrapping
machines. Nevertheless, the proposed approach can be extended and implemented to the overall

wrapping machine.

The pre-stretching device (see Figure 3) is installed on a support structure called frame plate. The
stretch film runs through two rubber rollers, each one connected by a belt drive system to a brushless
motor: the speeds of the two rollers are therefore independent of each other. By coming into contact
with the surface of the two rollers, the film is stretched in quantity proportional to this speed
difference, thus determining a significant increase in the length of the film that is wrapped on the
load. The electronic system measures the speed using special sensors and keeps the tension of the
film constant during its application on the entire surface of the pallet. Besides, the pre-stretching

device may be equipped with a patent spindle which automatically replaces the empty film reel.

The assembly of the pre-stretch device may be subdivided into 29 workstations, as illustrated in
Figure 4. According to previous studies, the workstations are assembly steps defined within operation
standards, i.e. instruction sheets for work procedure (Shibata, 2002; Su et al., 2010). As evidenced in
Figure 4, each of the pre-stretching device subassemblies is first assembled on the bench by an
operator and then assembled on the frame plate. Each workstation can be decomposed in turn into job
elements, defined as elementary operations that have definite start and end points (Shibata, 2002).

These should have easily identifiable starting and stopping points and be repeatable regularly



throughout the working day (Aft, 2000). The number of job elements in each workstation is also
reported in Figure 4.

(@ (b)

Frame plate

Spindle release lever

Brushless motor
/

|
Spindle and \
film reel

Compensation arm
Idle roller  Rubber roller

Figure 3 — 3D CAD model of the pre-stretching device: (a) front view and (b) top view, with

indication of the main components.

BENCH ASSEMBLY ASSEMBLY ON THE FRAME PLATE

No. I No. -

WS WS Description Na WS WS Description Na
1 | Motor no. 1 bench assembly 6 10 Pre-stretch frame plate preparation 3
2 Motor no. 2 bench assembly 6 11 Rubber rollers on pre-stretch frame plate assembly 4
3 | Support plate of motor no. 2 3 12 Idle rollers on pre-stretch frame plate assembly 6

. bench assembly 13 Motor no. 1 on frame plate assembly 1
4 Spindle bench assembly 3 .
- 14 Transmission system of motor no. 1 assembly 2
5 | Rubber tyres bench assembly 12
15 Motor no. 2 on frame plate assembly 4
6 Idle rolls bench assembly 12 o
- 16 Transmission system of motor no. 2 assembly 2
7 Rubberized pads bench 3 M 1 brack b |
assembly 17 otor no. 1 bracket on pre-stretch frame plate 1
g | Belttensioner device bench 3 assembly
assembly 18 Belt tensioner on pre-stretch frame plate assembly 2
Driven wheels of 19 Transmission system of motor no. 1 calibration 2
9 transmission system bench 2 20 . Lo
assembly Transmission system of motor no. 2 calibration 2
21 | Spindle preparation for assembly on pre-stretch frame 9
plate
22 Spindle group on pre-stretch frame plate assembly 6
23 Rubber pads on pre-stretch frame plate assembly 2
24 Motor assembly no. 1 final steps 1
25 Motor assembly no. 2 final steps 1
26 Spindle release lever bench assembly 1
27 Spindle release lever on pre-stretch frame plate 3
assembly
28 Compensation arm bench assembly 9
29 Compensation arm on pre-stretch frame plate 3
assembly

Figure 4 — Subdivision of the assembly process of the pre-stretching device into workstations (WS).

For each WS, the number of job elements (Na) is evidenced (3 column).



ASSEMBLY COMPLEXITY FACTORS

In this Section, the two predictors of the defect model used to estimate defects occurring in each

workstation (process-based and design-based complexity factors) are described and analysed.
Process-based complexity factor

According to Shibata (2002), the Defects Per Unit occurring in each i-th workstation (DPU;) may be
predicted by exploiting the assembly times and the number of job elements in each i-th workstation,

by defining a process-based complexity factor for each i-th workstation, called Cfp;, as follows:
Cfpi = XjotSSTy — to - Noy = TAT; — to - N, (1)

where Na,i is the number of job elements in the workstation i, SSTj; is the Sony Standard Time spent
on the job element j in the workstation i, TAT; is the total assembly time related to the workstation i,
and to is the threshold assembly time, i.e. the time required to perform the simplest assembly operation
(Shibata, 2002).

In this work, instead of using Sony Standard Time (typical of Sony's home audio products), the times
of each job element were evaluated by considering the average value of 3 measurements of the
assembly times. The threshold assembly time to was set at 0.04 min (specifically 2.33 s), which
corresponds to the time required to perform the least complex job element. In Table 5, the obtained
total assembly time TAT;, and the final values of the first predictor Cfp,, for each i-th workstation, are
listed.

Design-based complexity factor

As evidenced by Shibata (2002), the time-related measures, and therefore the Cfp;, may not capture
all the sources of defects. For this reason, a design-based assembly complexity factor was introduced
in his work (Shibata, 2002). Specifically, such design complexity factor was defined as the ratio
between a calibration coefficient and the ease of assembly (EOA) coefficient of the corresponding
workstation estimated through the assembly/disassembly cost-effectiveness (DAC) method
developed in Sony Corporation (Yamagiwa, 1988). In a later study, Su et al. (2010) remarked that the
DAC method was developed specifically for Sony electronic products; therefore it may not be directly
suitable for other types of products, such as electromechanical products (copiers in particular).
Accordingly, a different method for evaluating the design-based assembly complexity factor was
proposed (Su et al., 2010). In this paper, since a wrapping machine is substantially an electrotechnical
equipment, the design-based complexity factor of Su et al. (2010) was used as a second predictor.



The methodology adopted to evaluate the design-based complexity factor (Cfp;i) is based on the
approach developed by Ben-Arieh for evaluating the degree of difficulty of assembly operations
(Ben-Arieh, 1994). According to Ben-Arieh (1994), assembly operations can be specified by
parameters related to the parts' geometry (geometry-based parameters) and ones related to the type of

contact between the components (non-geometrical parameters), see Table 1.

Table 1 - Parameters of assembly operations (Ben-Arieh, 1994).

Geometry-based parameters Non-geometrical parameters
(@ Shape (n) Position contact
(b)  Force required (o) Snap contact
(c) Mating direction (p) Spring contact
(d) Alignment of components () Gear contact
(e) Mating component's length (r) Clamp fit
()  Length of components intersection (s) Belt contact

() Ratio of length to width (diameter) of the
mating component

(h)  Ratio of the mating component's weight
to the mated one

(i)  Stability of the resultant assembly

() Amount of support required for the
assembly operation

(m) Interference (reachability) to the
assembled component

Depending on the characteristics of the products to be assembled, a number I of parameters should be
selected as criteria for evaluating the design-based assembly complexity. In this work, 1=11
parameters were selected (see Table 2), adapting Ben Arieh's approach to the case of wrapping
machines. Then, to obtain an integrated index, the weights of the | criteria are allocated using the
Analytic Hierarchy Process (AHP) approach (Ben-Arieh, 1994; Saaty, 1980; Wei et al., 2005). In
detail, e evaluators, 2 engineers and 4 assembly operators in this specific study, are asked to compare
the relative importance of each parameter in determining the difficulty of inserting a part into a
product. The evaluation scale used for the relative importance between each pair of parameters ranges
from a minimum of 1, which indicates equal importance of the two parameters, to a maximum of 9,
which represents the dominant importance of the considered parameter with respect to the other. The
result of this first interview produced a total of 6 paired comparison matrices, whose individual
evaluations were then aggregated into a single paired comparison matrix representative of the group
judgment by using the geometric mean, as suggested by Dong and Saaty (2014). From the paired
comparison matrix reported in Table 3, the weights wq of the | parameters were derived, according to
Eq. (2), and are listed in Table 2:



Wq = (le=1 aqr)l/l/2£1=1(l_[£=1 aqr)l/l

where:

(o=1,...

* a,, isthe relative importance of parameter g over parameter r (r =1,...,l);

e | is the number of parameters (here I=11);

e w, is the weight of parameter g, as listed in Table 2.

For instance, taking parameter P1 as an example, the corresponding weight wq (g=1) is:

)

Table 2 - Parameters chosen from those in Table 1 for evaluating the design-based complexity

factor and their weights.

Ref.

Parameter Table 1 Parameter description Weight
P1 @) Shape of mating objects 0.139
P2 (b) Force required 0.120
P3 (d) Alignment of components 0.150
P4 (©) Mating direction 0.169
P5 (h) Ratio of the mating component's weight to the mated one 0.094
P6 (9) Ratio of length to width (diameter) of the mating component 0.091
P7 (m) Reachability to the assembled component 0.056
P8 (e) Mating component's length 0.064
P9 () Amount of support required for the assembly 0.037
P10 (1) Stability of the resultant assembly 0.041
P11 U] Length of components intersection 0.038

Table 3 - Paired comparison matrix of parameters for evaluating the design-based assembly

complexity.

Parameter | P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 (TTLy aqrﬁ
P1 100 132 196 0.78 060 259 558 272 293 153 238 1.761
P2 0.76 100 305 083 126 0.79 1.67 3.63 251 127 289 1.529
P3 051 033 100 126 3.04 126 380 212 510 493 741 1.907
P4 129 121 0.79 100 274 439 353 136 337 513 3.69 2.151
P5 166 079 033 053 100 147 102 110 345 544 097 1.192
P6 039 126 079 023 068 100 352 141 538 267 121 1.161
P7 0.18 060 026 028 098 028 100 128 176 131 3.69 0.714
P8 037 028 047 073 091 071 0.78 1.00 200 151 1.85 0.810
P9 034 040 020 030 029 019 057 050 1.00 151 1.24 0.466
P10 066 0.79 020 020 018 037 0.76 0.66 0.66 1.00 1.69 0.523
P11 042 035 013 027 103 082 027 054 081 059 1.00 0.480

Zé=1(nlr=1 aqr)l/l 12.693




Furthermore, the e evaluators were asked to express an evaluation on the degree of difficulty of each
parameter in each workstation. Specifically, the evaluation of the parameter g-th in the workstation
i-th estimated by the evaluator k-th is denoted as Axqi. Such evaluations are rated by scores between 0
and 10. The question asked to the evaluators was the following: *"How much does the g-th parameter
affect the assembly difficulty in the i-th workstation on a scale from 0 to 10, where O corresponds to
no difficulty and 10 corresponds to maximum difficulty?"

In order to align the assessment scales, the framework provided in Figure 5 was explained to each
evaluator. This tool allowed the evaluators to use the same scale of judgement by creating
conventional alignment metrics.

In this specific case, 6 matrices were obtained, one for each evaluator. Then, by averaging the
evaluations of the e evaluators, for each g-th parameter in each i-th workstation, the matrix of the
degrees of difficulty was derived (see Table 4).

Table 4 — Degrees of difficulty matrix for evaluating the design-based assembly complexity.

Parameter

Workstation P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
4.00 417 417 450 5.17 367 433 317 6.00 5.83 550
4.33 433 4.17 450 5.17 3.67 567 3.33 6.00 5.83 6.33
5.83 6.50 550 4.33 4.00 350 5.00 4.00 6.50 5.00 6.00
3.67 400 350 333 483 383 6.00 517 6.00 6.83 6.67
4.17 7.33 483 533 4.67 633 583 6.67 7.83 6.50 7.33
3.83 5.67 483 350 4.00 583 5.00 650 6.33 6.50 6.67
2.83 350 3.00 267 150 200 2.67 167 3.00 4.00 4.83
3.83 417 417 3.17 233 183 350 1.83 4.67 5.00 5.50
5.00 283 6.00 283 233 267 283 233 117 6.17 5.17
417 3.50 500 200 6.17 533 2.67 433 567 5.83 4.83
4.00 467 6.17 3.67 6.33 7.17 450 7.67 533 6.83 5.67
4.00 400 6.00 3.67 6.00 6.83 450 7.17 500 7.17 5.33
3.83 5.17 6.67 483 5.83 483 350 500 550 5.33 5.00
6.17 500 6.67 6.33 3.17 4.00 6.00 3.83 3.17 6.67 6.17
4.17 5.00 650 450 5.17 5.00 4.17 483 517 5.00 3.67
5.50 483 583 6.00 2.67 3.67 6.00 3.00 283 6.17 6.17
3.17 3.67 6.33 500 4.00 3.33 3.33 317 3.17 4.83 4.00
3.67 3.67 6,50 5.17 3.00 3.33 4.00 283 3.00 6.33 2.67
4.33 5.17 7.33 5.67 350 5.00 583 3.00 3.83 6.83 4.67
4.33 5.17 7.33 5.67 350 450 550 383 3.83 6.67 5.67
3.50 417 6.17 483 6.33 7.00 450 7.17 433 450 4.67
5.50 5.67 533 5.17 567 650 6.33 6.83 517 450 4.67
3.50 467 4.67 400 350 3.17 433 3.67 3.67 583 6.17
3.17 3.17 5.17 533 3.83 3.00 467 2.67 3.17 5.00 4.83
3.33 3.33 567 550 3.83 3.17 450 3.17 3.00 5.00 4.83
4.00 283 550 5.00 250 3.33 3.67 4.00 2.83 5.00 4.83
4.33 467 5.83 500 4.17 350 450 4.83 3.33 6.00 517
4.83 433 6.33 517 517 6.17 517 7.33 533 6.83 6.33
3.83 450 5.83 583 3.33 500 4.67 6.00 3.00 5.83 6.83
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Figure 5 - List of parameters used to evaluate the design-based assembly complexity, with examples

of the degrees of difficulty to be assigned during the assessment.




To clarify the evaluations listed in Table 4, a single workstation is analysed in detail: the workstation
no. 22, i.e. the spindle group on pre-stretch frame plate assembly. In such workstation, 6 elementary

operations are performed:
1) pre-tightening the spindle on a pre-stretch frame plate, repeated 12 times;
2) spindle clamping on pre-stretch frame plate, repeated 12 times;
3) tightening the screws on the intermediate spindle ring, repeated 3 times;
4) tightening the screws on the spindle brake support plate, repeated 4 times;
5) tightening the first spindle ring nut;
6) tightening the second spindle ring nut.

The elementary operations are carried out by the assembly operator using, in addition to his hands,

simple equipment including a wrench and a torque wrench. The assembled spindle group on the pre-

stretch frame plate is shown in Figure 6.

L ——

Figure 6 — Workstation no. 22: spindle group on pre-stretch frame plate assembly.

As can be seen in Table 4 for workstation 22, the degrees of difficulty range from a minimum of 4.50
to a maximum of 6.83. These values are within the intermediate difficulty range (fourth column of
Figure 5) since the operations performed are mainly screw tightening activities on the spindle,
requiring manual equipment and medium-complex couplings. Accordingly, they do not involve any
particular assembly difficulties. The only exception is for parameter P8, whose degree of difficulty is
almost 7, due to the high coupling length of the components to be assembled.

The design-based complexity factor, for each workstation, can be obtained by combining the weights

of the parameters, see Table 2, and the degrees of difficulty matrix, see Table 4, as shown in Eq. (3):

Coi =4 (Wa 3+ To_, Axai) (3)



Table 5 shows the values of the obtained design-based complexity factors in each i-th workstation.

DEFECT PREDICTION MODEL

The experimental DPU (Defects Per Unit) values that occurred under stationary process conditions
in each i-th workstation of the pre-stretching device are listed in Table 5. Such values were obtained
by combining the historical data of the company. Hence, they can be considered as the reference
values of the average defectiveness rate of the assembly process of the pre-stretching device of
wrapping machines in normal working conditions. As evidenced by Figure 7, where experimental
DPUi vs Cfpi and Cfp, are plotted, there is a clear power-law relationship between defects per unit
and the two predictors. Previous investigations carried out on different assembled products belonging
to different industrial context, including automobile, hard disk drive, semiconductor, audio equipment
and copier companies, also demonstrated such power-law behaviour of DPU (Galetto, Verna and
Genta, 2020; Hinckley, 1994; Hinckley and Barkan, 1995; Shibata, 2002; Shibata et al., 2003; Su et
al., 2010). Accordingly, experimental data were analysed using a power-law regression model by
MATLAB®:

DPU; = a- (Cfp)® - (Cfp,)° 4)

It should be noted that, although Eqg. (4) is linearisable, a recent study has shown that it is preferable
using a nonlinear regression model in the case of few non-repeated data, affected by high variability,
as highlighted by the well-known problem of the retransformation bias (Galetto, Verna and Genta,

2020). The defect prediction model obtained is the following (see also Figure 7):
DPU; = 5.04-107% - (Cfp)*77 - (Cfp;)*8 -

The DPU predicted using Eq. (5) are listed in Table 5. Finally, as shown in Figure 7 (b)-(e), the
analysis of the residuals between experimental DPU and predicted DPU suggests that the power-law
model describes well the trend of the DPU as a function of the assembly complexity. The Normal
Probability Plot (NPP) indicates that the residuals are normally distributed, even though a slight
hypernormality is evidenced, indicating a higher concentration of residuals around the central value.
Furthermore, by performing the Anderson-Darling test, the null hypothesis that the residuals follow
a normal distribution cannot be rejected with a p-value of 0.51 (Devore, 2011). The plot of residuals
versus order shows a horizontal band around the residual line (value 0) and no systematic effects in
the data due to time or data collection order are present. The S value, known both as the standard error
of the regression and as the standard error of the estimate, is a measure of goodness of fit of the model
to be used instead of R? for nonlinear models (Bates and Watts, 1988; Spiess and Neumeyer, 2010),



15 0.024. It indicates that the experimental values of DPU fall a standard distance (roughly an average
absolute distance) of 0.024 units from the DPU values predicted by Eqg. (5). It should be noted that S
value is of the same order of magnitude of predicted DPUs. This can be attributed to the intrinsic
variability of data and to the lack of replications (Galetto, Verna and Genta, 2020). As has already
been investigated in a recent study, such defect prediction models could be exploited to identify the
workstations whose defectiveness deviates, at a certain confidence level, from the predicted average
value (Vernaetal., 2020a). Consequently, appropriate corrective actions may be promptly undertaken
to improve the process (Verna et al., 2020a). Besides, the defect prediction models can be adopted to
obtain reliable predictions of defects probabilities. This information can be used in the design of
appropriate quality-inspection strategies (Franceschini et al., 2018; Galetto, Genta, Maculotti, et al.,
2020; Galetto, Verna, Genta, et al., 2020; Genta et al., 2018, 2020; Verna et al., 2020b, 2020c).
Indeed, by combining these probabilities with different inspection parameters, the effectiveness and
cost of alternative inspection strategies may be assessed and, accordingly, the most suitable quality-
inspection may be selected by inspection designers.

Table 5 - Decomposition of the assembly of the pre-stretching device into 29 workstations (WS)
with indication of the assembly complexity factors, cf,; and cf,,; (see Eq. (1) and (3)), experimental
DPU; and predicted DPU; (see Eq. (5)).

Experimental Predicted

No. WS TAT; [min]  Cfp; [min] Cfp,i DPU; DPU;
1 7.30 7.1 4.4 0.0364 0.0214
2 7.61 7.4 4.6 0.0364 0.0250
3 5.96 5.8 5.1 0.0182 0.0287
4 3.92 3.8 43 0.0000 0.0126
5 12.37 11.9 5.7 0.1091 0.0715
6 8.16 7.7 49 0.0545 0.0320
7 3.64 35 2.8 0.0000 0.0030
8 2.47 2.4 35 0.0364 0.0045
9 0.41 0.3 3.7 0.0000 0.0012

10 4.96 4.8 4.2 0.0182 0.0142
11 5.34 5.2 5.3 0.0182 0.0312
12 5.96 5.7 5.1 0.0182 0.0298
13 3.70 3.7 5.1 0.0000 0.0205
14 0.97 0.9 5.4 0.0000 0.0084
15 8.63 8.5 49 0.0182 0.0355
16 0.89 0.8 49 0.0364 0.0060
17 0.98 0.9 4.2 0.0000 0.0041
18 1.82 1.7 43 0.0364 0.0067
19 5.79 5.7 5.2 0.0364 0.0306
20 6.33 6.3 5.2 0.0364 0.0332
21 2.24 2.2 5.2 0.0000 0.0147
22 13.59 13.4 5.6 0.0364 0.0738
23 2.36 2.3 4.1 0.0000 0.0075
24 1.15 1.1 4.1 0.0545 0.0041



25 1.20 1.2 4.3 0.0545 0.0049

26 1.19 1.2 4.1 0.0000 0.0042
27 8.00 7.9 4.7 0.0000 0.0293
28 12.58 12.2 5.5 0.0909 0.0672
29 5.56 5.4 5.0 0.0000 0.0257
I .
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Figure 7 - (a) DPU vs Cfp and Cfp: defect prediction model, see Eq. (5), and experimental data;
Plots of residuals between nominal DPU and predicted DPU: (b) Normal Probability Plot, (c)

Residuals vs Fitted values, (d) Histogram and (e) Residuals vs Order.

CONCLUSIONS

The production of wrapping machines can be considered a low-volume assembly process because of
the low production rate (about 50 machines assembled each year). Besides, each assembled machine

is highly customised and therefore a unique exemplary. In this situation, applying traditional



statistical methods is extremely difficult due to the limited historical data available. The present
research aimed to examine the assembly process of wrapping machines in order to develop a model
for predicting defects occurring during the production process. The assembly process was firstly
modelled by decomposing it into workstations (process steps) and job elements (elementary
operations). Then, according to previous studies, two assembly complexity factors were defined: (i)
the process-based complexity factor and (ii) the design-based complexity factor. The first one was
obtained by exploiting the assembly times to perform the workstations and the number of elementary
operations. The second one was derived by combining Ben-Arieh's method with the AHP method.
These assembly complexity factors were considered the two predictors of the model adopted to
estimate the Defects Per Unit (DPU) occurring in each workstation. In accordance with existing
studies in the literature, the power-law model was selected as the most accurate fitting function in the
DPU prediction. The obtained model, although specifically designed for wrapping machines
assembly, can be used in other similar industrial contexts to predict defects in low-volume
productions. Besides, the research approach can provide a framework for future explorations on other
products, particularly for electromechanical and mechanical products. The proposed model can act
both as a tool for quantitatively estimating defects of newly developed wrapping machines and as a
decision support tool for the assembly quality-oriented wrapping machine design and optimisation.
In particular, this defect prediction model can provide a useful tool to suggest engineers the
appropriate strategy for assembly quality improvement. Generally, according to the values of the two
complexity factors, a point on the prediction model corresponding to the current assembly quality
level can be identified. At this point, based on cost and technical criteria, engineers can decide which
of the two complexity factors should be reduced first, or whether to reduce them both simultaneously,

to achieve the target quality level.

Further research need to examine alternative models involving different predictors for evaluating the
overall product complexity. To this aim, authors have recently investigated the adoption of the
complexity paradigm proposed by Alkan (2019) and Sinha (2014), which is based on product
structural properties associated with handling and insertion of assembly parts, and their architectural
structure (Vernaet al., 2020d). Furthermore, authors are planning to expand the research approach by
moving the perspective from product complexity to production process or production system
complexity. This research progress entails combining the models of defect prediction with inspection

variables to support the design of quality-inspection strategies in low-volume assembly processes.
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STRUCTURED ABSTRACT

Purpose - This study aims at identifying the quality determinants of car-sharing services, analyzing
unstructured User-Generated Contents (UGCs) and, more specifically, online reviews generated by
users of the same car-sharing service. Moreover, this paper discusses the implication of the proposed

data-driven approach on engineering design.

Methodology - A large dataset of car-sharing users' online reviews was analyzed by means of the
Structural Topic Model (STM), i.e. a variant of Latent Dirichlet Allocation (LDA) technique which
discovers underlying topics in a collection of documents also using document-level covariate

information.

Findings - This paper reports an analysis of UGCs related to different car-sharing services. The
analysis unveils 20 determinants of car-sharing quality: customer service (physical office); accident
& damages management; registration process; charges & fees; parking areas; app reliability; end
trip issues; car condition; convenience; use rates; car proximity; car availability; efficacy; sharing
benefits; customer service responsiveness; intermodal transportation; car start-up issues; customer

service courtesy; billing and membership; car reservation.

Originality — This paper proposes a novel approach to identify quality determinants by analyzing
UGCs. The study of the quality determinants of a car-sharing service is a scarcely discussed field of

research although the car-sharing sector is an increasingly important part of the transport economy.
Keywords: Car-sharing, Quality determinants, User-Generated Contents, Topic modelling.

Paper type: Research paper



INTRODUTION

Business models combining the offering of products and services are becoming considerably more
widespread (Mastrogiacomo et al., 2019; L. Mastrogiacomo et al., 2020; Luca Mastrogiacomo et al.,
2020). In this context, car sharing, a form of shared mobility, has gained increasing popularity in
recent years (Shaheen and Cohen, 2007). Given its promise to reduce traffic congestion, parking
demands and pollution, this mode of shared transportation has spread especially in urban contexts, so
much so that several new competitors are recently entering this market designing and proposing new
service solutions (Shaheen and Cohen, 2013). The number of users of carsharing services is growing
rapidly: 15 million people in Europe (about 2% of the population) are expected to use carsharing
services in 2020, compared to 7 million in 2015 (Frost & Sullivan, 2016). This increase of users is
expected to increase profits from approximately $1 billion in 2013 to $10.8 billion by 2025 (Prescient
& Strategic Intelligence, 2019). Generally, carsharing schemes can fall into one of four models:

o one-way, when members are allowed to begin and end their trip at different locations, through
free-floating zones or station-based models with designated parking locations;
o roundtrip, when members are required to begin and end their trip at the same location;
o peer-to-peer, when the vehicles are typically privately owned or leased with the sharing
system operated by a third-party;
o fractional, if the users to co-own a vehicle and share its costs and use.
Among others, the most successful model in terms of users over time is the "one-way" model in both
free-floating and station-based configuration (Boyaci et al., 2015).

Despite the emerging importance of this type of mobility, to the best of authors’ knowledge, no
structured analysis has been performed to understand the most critical determinants of the quality of
a car-sharing service by means of UGCs (lllgen and Hock, 2019). Apart from traditional approaches
to assess quality of car-sharing, e.g. questions/focus groups/interviews (Mohlmann, 2015), there are
a couple of interesting works on the subject which relies on the use of UGCs. Guglielmetti Mugion
et al. (Guglielmetti Mugion et al., 2019) discusses the antecedents of the use of car-sharing through
an analysis of UGCs limited to service users in the city of Rome. Jeong et al. (Jeong et al., 2019),
only investigates online car-sharing reviews on the google play website, which is designed to collect

users' opinions mainly related to the application of the service.

The focus of this study is to extend previous analysis to the evaluation of the quality determinants
(i.e. the most significant characteristics that influence perceived quality) of one-way and roundtrip
car-sharing using information available online in the form of user reviews. A recent approach to

determine the quality determinants is the analysis of UGCs and, more specifically, of online reviews



which can offer a low-cost source of information for understanding customer’s expectations and
requirements. The identification of quality determinants is based on the in-depth analysis of such
data, leveraging text mining approaches capable of obtaining information through text documents
written in a natural language (Aggarwal and Zhai, 2012). To this end, topic modelling approaches are
used. Such approaches are based on unsupervised machine-learning algorithms that can detect latent
topics running through a collection of unstructured documents (Muller et al., 2016). Given a big set
of documents, topic modelling algorithms deals with the problems of: (i) identifying a set of topics
that describe a text corpus (i.e. a collection of text document from a variety of sources); (ii) associating
a set of keywords to each topic and (iii) defining a specific mixture of these topics for each document
(Blei et al., 2003).

The logic of these approaches is that if a topic is discussed (within the UGCs), then it is critical to the

definition of the quality of the object (product, service or product-service system) under investigation.

In this study, we use a probabilistic topic modelling method, named as Structural Topic Model (STM),
an extension of well-established probabilistic topic models, such as Latent Dirichlet Allocation
(LDA) (Blei et al., 2003) or Correlated Topic Models (CTP) (Blei and Lafferty, 2007). A significant
advantage of STM is that it allows the connection of arbitrary information, in the form of covariates
(such as customer ratings, date and place of publication of the review, service provider, etc.), with
the degree of association of a document with a topic (topic prevalence) as well as the degree of
association of a word with a topic (content prevalence). Roberts et al. (Roberts et al., 2014, 2019)

provide a good overviews of the STM algorithm.

This paper has been organized in three sections. The first section deals with the methodology applied
to identify car-sharing quality determinants, with particular reference to how the experimental dataset
was obtained and processed. The second section highlights the preliminary results of the analysis.
Implications for engineering design are discussed in the third section. Finally, the concluding section

explores the limitations and future directions of this research.

METODOLOGHY

The analysis herein presented has been carried out using the Structured Topic Modelling (STM)
package of R software (R Core Team, 2017). Its application consists of the five steps, described by

the following sections (see Figure 7):



M dataset extraction;

(i) pre-processing;
(iii) identification of the optimal number of topics:
(iv) labelling;
(V) validation of results (see Figure 7).
Identification o
ouissel W Preprocesing @ (UMl w  Lapeling  w Velidationof
topics

Figure 7 — Activity flow of the methodology.
Dataset extraction

Analyzed data are reviews and relevant metadata (car-sharing providers, nationality, rating, date,
source) retrieved in December 2019 from different review aggregators: Yelp, Google, Trustpilot,
Facebook and Playstore. Reviews were published from January 2010 to December 2019. Only
English-language reviews were selected, with a total of almost 17,000 reviews from 22 carsharing
providers (Car2go, DriveNow, Maven, Zipcar, Goget, etc.), distributed in 3 countries (US, Canada
and UK). Each provider was related to the type of car sharing (station-based or free-floating). The

average length of the obtained reviews is about 500 characters.

The information concerning review ratings, types of carsharing (station-based or free-floating) and
countries was used to define the topic prevalence in the STM model, i.e. the overall frequencies of

words associated to each topic.
Pre-processing

According to previous approaches (Meyer et al., 2008; Guo et al., 2017), the text corpus was pre-
processed and unified in order to improve the efficiency of the topic modelling algorithm. In detail,
the text corpus was pre-processed as follows:

o the text was converted to lowercase in order to eliminate ambiguity with uppercase words;

e punctuation and numbers were removed since adding little topical content;
e English stop words (e.g. “the”, “and”, “when”, “is”, “at”, “which”, “on”, etc.) were removed,;

e words shorter than 2 or longer than 15 characters were removed;

e words with an extremely low frequency (less than 15 occurrences in the whole text corpus)

were excluded from the text corpus since their inclusion would confound results or would not



be representative of any specific topics.

o the text was normalized using Porter stemmer (or ‘Porter stemming’) to reduce similar words
to a unique term. Stemming removes the commoner morphological and inflexional endings
from words in English (Jivani, 2011). For example, the words “likes”, “liked”, “likely” and

“liking” were reduce to the stem “like”;

5% ¢¢ 29 ¢¢ 29 <¢

e words generally not related to topical content (such as: “another”, “mean”, “etc”, “problem”,

99 <¢

“review”, “made”) were removed;

e All the n-grams, i.e. contiguous sequences of n items from a given sequence of text were
replaced by a single term. For example, the n-grams “customer service” were replaced by the

term “‘customerservice”.
Identification of the optimal number of topics

An essential parameter for the STM method is T, i.e. the number of topics able to describe the
analyzed text corpus. The literature discusses a number of possible alternatives to define T (Wallach
et al., 2009). To the purpose of this analysis, the held-out likelihood has been selected as measure of
performance of the topic model. The held-out likelihood evaluates how well the trained model
explains the held-out data (i.e. a portion of data not used to develop the topic model). It can be seen
as a measure of how the developed topic model is able to explain the overall variability in the text
corpus (Scott and Baldridge, 2013; Roberts et al., 2014). In the proposed application, only the 90%
of available UGCs was used to train the topic model and the remaining 10% was used to test the
developed topic model. Held-out likelihood (L) is formally defined as le the log probability (p) of the

held-out data (W} .;4—out ) 9iven the trained model (My,-qined ):

L= logp(M/fzeId—ou.t|Mtrained) (1)
The graph in
Figure 8 show the values of the Held-out likelihood as a function of T (from 5 to 100).

From the graph, we can observe that starting from the value of T equal to 20 there is an almost

stationary Held-out Likelihood. Considering this, an optimal number of T = 20 topics was identified.
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Figure 8 — Held-out likelihood by number of topics [5-100].

Labelling

For each topic, the STM approach identifies the most relevant keywords, however to generate a
relevant semantic label the method still requires some human input (Blei, 2012). To date, no
automatic labelling techniques have yet been developed. Table 6 shows the identified labels and the
relevant lists of keywords as defined by the authors. After a first phase of independent analysis, which
led to partially different labels, a joint brainstorming allowed to settle the differences and obtain the
final list of labels listed in Table 6. Finally, to test their reliability, the defined topic labels were

submitted for confirmation to an external panel familiar with quality research and practice.



Table 6 — Top keywords and related semantic labels of the identified topics.

Number of topic

Keywords (Highest probability)

Topic label

1
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help, phone, call, person, office, answer, number
damage, report, accident, fault, member, enterprise, claim,
sign, process, website, license, drive, driver, registration
charge, fee, late, return, time, pay, hour
park, lot, spot, find, ticket, street, space
app, work, update, book, map, reserve, time
trip, end, time, make, actual, take, system
gas, dirty, rent, clean, tank, card, tire
need, convenient, quick, recommend, awesome, clean, perfect
hour, price, rate, cost, expense, mile, cheaper
minute, reservation, walk, wait, home, time, away
car, available, location, vehicle, area, change, time
use, time, now, far, user, review, star
city, year, insurance, member, gas, need, month
service, custom, issue, company, terrible, problem, experience
way, drive, little, take, get, town, bus
time, start, location, turn, lock, pick, key
call, member, cancel, ask, rep, refund, manage
account, card, email, credit, month, day, membership,

reservation, plan, time, need, book, cancel, advance

Customer service (physical office)
Accident & damages management
Registration process
Charges & fees
Parking areas
App reliability
End trip issues
Car condition
Convenience
Use rates
Car proximity
Car availability
Efficacy
Sharing benefits
Customer service responsiveness
Intermodal transportation
Car start-up issues
Customer service courtesy
Billing and membership

Car reservation




Data Verification

Obtained results were verified by comparing the assigned topic of a randomly selected sample
composed of 100 reviews with a manual topic assignment performed by the authors. For each of the
100 reviews, the authors were requested to agree in the association of one or more of the 20 topics
identified by STM. The so-defined topic assignment was then considered as reference and compared
to that obtained by STM. For each review and topic, the following four cases can occur (see examples
in Table 7):

e True Positive (tp), i.e. agreement between authors and algorithm in the assignment of a review

to a topic.

e True Negative (tn), i.e. agreement between authors and algorithm not to assign a review to a

topic.

e False Positive (fp), i.e. misalignment between the assignment of the review to a topic by STM

and the non-assignment by the authors (type | error).

e False Negative (fn): i.e. misalignment between the assignment of the review to a topic by the

authors and the non-assignment by STM (type Il error).

Table 7 — Examples of verification procedures. Total number of topics equal to 20.

STM Manual True True False False
topic assignment topic assignment  Positive Negative Positive Negative
Review 1 20-11 20-4 1 17 1 1
Review 2 7 7 1 19 0 0
Review 3 5-8-7 5-8 2 17 1 0
Review 4 14-16 11-14-16 2 17 0 1

According to Costa et al. (Costa et al., 2007), three verification indicators have been calculated (see
Table 8). Accuracy is the most intuitive performance measure and it is equal to the ratio of correctly
predicted observation to the total observations. It measures how often the algorithm produce a correct
topic assignment. Accuracy assumes equal costs for both kinds of errors. Further metrics should be
calculated in order to evaluate more accurately the performance of the applied method. To fully
evaluate the effectiveness of a topic modeling algorithm, two indicators should also be considered:
Recall and Precision. Recall, also known as sensitivity or true positive rate, can be defined as the ratio
of the total number of correctly predicted observation (true positive) with the sum of true positive and
false negative observations. Recall metric answers to the questions: “If a topic is present in a review,

how often is the algorithm able to detect it??”. Precision, also known as positive predictive value, is



equal to the ratio between the total number of correctly classified positive examples by the total
number of predicted positive prediction (true positive + false positive). This metric answers to the

question: “What proportion of positive topic assignments was actually correct?”.

These three metrics show a generally good correspondence between the assignment produced by STM
and the authors. The accuracy of 94% proves good effectiveness of the method to predict the content
of the reviews, correctly identifying true positive and true negative. According to Nassirtoussi et al.
(Nassirtoussi et al., 2014), accuracy values above 55% can be accepted as “report-worthy”. According
to Zaki and McColl-Kennedy (Zaki and McColl-Kennedy, 2020), in most cases, accuracy is between
50% and 80%. The Recall and Precision indicators, respectively equal to 73% and 65%, show that

the method performs well in terms identification of the topics (true positive).

Table 8 — Verification indicators (Costa et al., 2007).

Indicator Definition Value
Accuracy A=(tp+tm)itp+itn+fp+fb 0.94
Recall R=1tp/(tp +f) 0.73
Precision P=1tp/(tp +Jp) 0.65

PRELIMINARY RESULTS

Figure 9 shows the proportion (i.e. the average weight) of the 20 identified topics in the analyzed
reviews. The most discussed topics are topic 6, concerning the reliability of the mobile application,
topic 9, related to service convenience, and topic 15, related to the responsiveness of the customer
service. The less discussed topics are those related to the tangible component of the carsharing
service: topic 2, relating to the management of accidents and damage to vehicles, and topic 8, relating
to the internal condition of vehicles. Note that this does not mean these topics are more “critical to
quality” than others. The difference in proportions may depend on a number of factors, including the
review aggregators used for the analysis, which may be more (or less) oriented towards collecting
specific information on certain topics. For example, the Playstore commonly collects information

related to the user experience with respect to the applications.
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TOPIC 9: CONVENIENCE

TOPIC 15: CUSTOMER SERVICE RESPONSIVENESS
TOPIC 13: EFFICACY
TOPIC 12: CAR AVAILABILITY
TOPIC 19: BILLING AND MEMBERSHIP
TOPIC 10: USE RATES
TOPIC 3: REGISTRATION PROCESS
TOPIC 17: CAR START-UP ISSUES
TOPIC 4: CHARGES & FEES
TOPIC 11: CAR PROXIMITY
TOPIC 18: CUSTOME SERVICE COURTESY
TOPIC 1: CUSTOMER SERVICE (PHYSICAL OFFICE)
TOPIC 16: INTERMODAL TRANSPORTATION
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0.00

| | I | |
0.05 0.10 0.15 0.20 0.25

Figure 9 — Topic proportions.

Topics vs. Car sharing scheme

Figure 10 shows the association between identified topics and the scheme of car sharing (station-
based or free-floating). In detail, the figure shows the marginal effects in the change of expected
proportions of topic prevalence: dots on the chart depict expected difference in topic proportions,
while the horizontal bars represent uncertainty (o = 95%) in these estimates. As an example, see how
topic 14 (sharing benefits) is more discussed (by about 4%) for station-based than for free-floating

car-sharing services.

The following considerations can be made by analyzing the figure:

Despite the differences highlighted, it is possible to state that all the topics identified are associated

topic 12 (car availability) and 17 (car start-up issues) do not seem to be influenced by the type

of car-sharing scheme;

reviews related to topic 3 (registration process), 5 (parking areas), 6 (app reliability), 7 (end
trip issues), 11 (car proximity), 13 (efficacy) and 16 (intermodal transportation) are prevalent

for free-floating scheme. It is noteworthy how topic 6 has an important prevalence of 15%.

topic 1 (customer service — physical office), 2 (accident and damages management), 4
(charges and fees), 8 (car condition), 9 (convenience), 10 (use rates), 14 (sharing benefits), 15
(customer service responsiveness), 18 (customer service courtesy), 19 (billing and

membership) and 20 (car reservation) are mainly discussed for station-based car-sharing

with both types of car-sharing.
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Figure 10 — Marginal effects in the change of expected proportions of topic prevalence based on the

scheme of car-sharing. The dotted line represents the zero effect.

Topics vs. Ratings

Figure 11 shows the marginal effects in the change of the expected proportion of topic prevalence

based on low (1 and 2) and high (4 and 5) review ratings. As the distance from the dashed axis

increases, the probability of specific topics becomes more dominant. Three different cluster of topics

can be qualitatively identified:

topic 1 (customer service — physical office), 8 (car condition), 17 (car start-up issues) and 20

(car reservation) are “neutral” with respect to the review rating;

topic 5 (parking areas), 6 (app reliability), 7 (end trip issues), 9 (convenience), 10 (use rates),
11(car proximity), 12 (car availability), 13 (efficacy), 14 (sharing benefits) and 16 (intermodal
transportation), seem to be driver of high ratings as the topic are becoming dominant for

satisfied customers;

topic 2 (accident & damages management), 3 (registration process), 4 (charges & fees), 15
(customer service responsiveness), 18 (customer service courtesy) and 19 (billing and
membership) are critical factors that lead to customer dissatisfaction when occurring and if

not appropriately addressed.
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Figure 11 — Marginal effects in the change of expected proportions of topic prevalence based on

low and high review ratings. The dotted line represents the zero effect.

IMPLICATIONS FOR ENGINEERING DESIGN
The findings of this article, while preliminary, highlights the potentialities that data-driven

methodologies may have in quality management and engineering design. Understanding the quality

determinants of a product, service or product-service system provides some support for their

engineering design. In particular, several steps of the design process may be influenced by the results

gathered by the application of proposed data-driven methodology, including:

(i)

(i)

(iii)

Identification of design challenges: the study of latent quality determinants can help designers
in identifying new design challenges for the development of innovative products, services or

product-service systems.

Comparison of existing approaches: the examination of the prevalence of quality determinants
(see for example section “Topics vs. Car sharing scheme™) can help designers to group
different types of existing products, services or product-service systems into homogeneous
families. In this way, the comparison of different existing approaches can be performed by
directly considering customers' perceptions. In addition, the analysis of the evolution of the
prevalence of quality determinants may also allow to identify potential emerging markets.

Identification of customer needs: as can be seen from the discussion of the proposed results, a
comprehensive and detailed overview of the quality determinants of a product, service or

product-service system can be obtained by analysing UGCs. In this consideration, UGCs may



serve as primary source for the identification of customer needs. Moreover, using a large
amount of UGCs produced over several years, it is possible to analyse the temporal dynamics
of the quality determinants, eventually predicting patterns and anticipating customer needs.

CONCLUSIONS

This paper reports an analysis of User-Generated Contents related to different car-sharing services.
The analysis unveils 20 determinants of car-sharing quality: customer service (physical office);
accident & damages management; registration process; charges & fees; parking areas; app
reliability; end trip issues; car condition; convenience; use rates; car proximity; car availability;
efficacy; sharing benefits; customer service responsiveness; intermodal transportation; car start-up

issues; customer service courtesy; billing and membership; car reservation.

This analysis presents a number of novel aspects, including: (i) it is one of the first attempts to identify
quality determinants by analyzing UGCs, (ii) the study of the quality determinants of a car-sharing
service is a scarcely discussed field of research although the car-sharing sector is an increasingly

important part of the transport economy.

Results of the proposed approach may have significant implications in engineering design, with
particular reference to: (i) the identification of design challenges; (ii) the comparison of existing

approaches and (iii) the identification of customer needs.

Despite producing multi-faceted insights, the adopted method uses UGCs, i.e. textual information
produced spontaneously by users that can potentially be distorted as generated by an uncontrolled
sample of individuals. Moreover, the analysis introduces elements of subjectivity (e.g. in the labelling
operation). Future developments will be directed to the solution of the above-mentioned limitations

as well as to the use of similar approaches for the study of the quality in different contexts.
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ABSTRACT

Research on quality function deployment (QFD) with fuzzy systems has increased since the 2000s.
The growing number of QFD applications with fuzzy systems indicates worldwide attention on this
field of research. Then, two research questions arise: Are there some trends? And, are there some
research gaps? This paper presents bibliometric analysis to answer those questions, performed on data
from Scopus database, in a total output of 598 documents. Only articles and reviews were searched.
China is the leading country in publication and international collaboration (207 published documents,
more than a third of total). The main finding of analysis is the trend of QFD integration with fuzzy
and multi-criteria decision-making (MCDM) methods. This could be observed with different
applications as new product development, quality management, service quality, and supply chain
management, to name a few.

Keywords: Bibliometrics, fuzzy systems, quality function deployment, Scopus.



INTRODUTION

Quality function deployment (QFD) is a method to translate, in an efficient way, needs of customers
into development of new products or improvements in current ones (Kwong and Bai, 2002). However,
a few proposals have been presented to enhance the performance of the original QFD method
(Carnevalli and Miguel, 2008; Sivasamy et al, 2016).

Fuzzy systems have been successfully applied to deal with imperfect, vague, and imprecise in-
formation, often found in decision problems, including the QFD method (Rodriguez et al, 2016). In
one of the first applications, a method of a robust design was developed for Kraslawski et al (1993).
Fuzzy systems were applied in the “House of Quality”’: The main idea was to minimize the variability
of product quality under fuzzy technological and economic constraints. Also, in early 1990’s, fuzzy
linear regressions equations were applied in QFD to estimate relationships among variables with

limited and uncertain data (Moskowitz and Kim, 1993).

Fuzzy systems have also been applied to determine weights for customers’ requirements (Akao, 2004;
Kwong and Bai, 2003; Li et al, 2014). These applications include multi-criteria decision making
(MCDM) methods, as the Analytic Hierarchy Process (AHP) and the Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS). Afterwards, developments in fuzzy systems, including
intuitionistic fuzzy sets were integrated to MCDM for QFD (Jian et al, 2016; Onar et al, 2016; Osiro
et al, 2018; Wang et al, 2017; Wu et al, 2017).

The growing number of QFD applications with fuzzy systems indicates worldwide attention on this
field of research. Then, two questions arise: Are there some trends? And, are there some research
gaps? This paper presents a bibliometric analysis which aims to answer those questions. Therefore,
this is a literature review paper. Methodologically, it was performed a bibliometric study
(YYataganbaba and Kurtbas, 2016; Zyoud and Fuchs-Hanusch, 2017). Section 2 presents a literature
review on QFD and fuzzy systems. Section 3 presents methodological subjects. Section 4 points out

bibliometric results. Section 5 presents contents analysis, and Section 6 the Conclusions.

LITERATURE REVIEW
Quality Function Deployment

QFD was developed by Dr. Yoji Akao and Dr. Shigeru Mizuno (Akao, 2004). Then, many researchers
and professionals have proposed adaptations and improvements in the original QFD. Although QFD
has been originally developed for product development planning, its applications have extended to



different processes such as costs analysis, managerial decision making, process planning,
engineering, and teamwork, to name a few (Chan and Wu, 2002).

A complete QFD application consists of several relationship matrices. House of Quality (HOQ) is the
first matrix, which translates customers’ needs into technical characteristics of the product (Kahraman
et al, 2006). Customers’ requirements (CR) are obtained through surveys or direct questions to the
customers. To develop a new product, CR must be translated into engineering characteristics (EC)
(Chen et al, 2014).

HOQ has been used to determine the relationship between customers’ needs, or CR, and quality
characteristics or EC (Govers, 2001). Moreover, there are benchmark data (marketing and technical)
which individually represent the competitive analysis upon customers and technology (Chen et al,
2014).

In the traditional QFD, the relationship between CR and EC is determined by a project team using
linguistic expressions, such as: “very low”, “low”, “medium”, “high” and “very high”, with values
that range from 1 to 5 being assigned to them (Chen et al, 2014). In addition, some QFD applications
combine the method with MCDM techniques such as AHP or TOPSIS and fuzzy systems, to deal
with the subjectivity and uncertainty of quality matrices analyses (Carnevalli and Miguel, 2008; Chan
and Wu, 2002).

Fuzzy Systems

Fuzzy Sets Theory (FST) was introduced to deal with the uncertainty due to imprecision and
vagueness (Tong and Bonissone, 1980). A fuzzy set X is characterized by a membership function ,
which assigns to each element x in the set a grade of membership ranging from zero to one (Zadeh,
1965). That is, each element in a fuzzy set is associated with a value indicating to what degree the
element is a member of the set (Bevilacqua et al, 2006). A major contribution of FST is the capability
of representing vague data (Buyukozkan et al, 2004).

Despite that, when handling vague and imprecise information whereby two or more sources of
vagueness arise concurrently, the modeling tools of ordinary fuzzy sets have limitations. Hence,

different generalizations and extensions of fuzzy sets have been introduced (Rodriguez et al, 2012).

Figure 1 presents an evolution of FST (Kahraman et al, 2016): from original type-1 fuzzy sets
(‘Yataganbaba and Kurtbas, 2016), through type-n fuzzy sets (Zadeh, 1975) and interval-valued fuzzy
sets (Zadeh, 1975; Grattan-Guiness, 1976), following by intuitionistic fuzzy sets (Atanassov, 1986),
fuzzy multisets (Yager, 1986), nonstationary fuzzy sets (Garibaldi and Ozen, 2007) and, finally,
hesitant fuzzy sets (Torra, 2010).
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Figure 2 — Evolution of fuzzy sets theory (Kahraman and Onar, 2016).

Type-2 fuzzy sets and type-n fuzzy sets incorporate uncertainty about the membership function in
their definition (Rodriguez et al, 2012). Membership function of type-2 fuzzy sets ranges over a type-
1 fuzzy set. Generalizing, membership function of a type-n fuzzy set (n = 2, 3, 4...) ranges over a
type-n-1 fuzzy set (Zadeh, 1975; Melin et al, 2013).

Nonstationary fuzzy sets introduce into the membership functions a connection that expresses a slight

variation on them (Rodriguez et al, 2012).

Intuitionistic fuzzy sets extend fuzzy sets by an additional degree: the degree of uncertainty
(Rodriguez et al, 2012). Intuitionistic fuzzy sets also incorporate a degree of hesitation, defined as 1

minus the sum of membership p and non-membership v degrees (Kahraman et al, 2018).

Fuzzy multisets based on multisets allow repeated elements in the set (Rodriguez et al, 2012). They
are based on the concept of bags (Yager, 1986). A bag is a set with repeated elements.

Hesitant fuzzy set (HFS) is the most recently introduced extension of fuzzy sets. An HFS allows the
modeling of uncertainty originated by the hesitation arisen in the assignment of membership degrees

of the elements to a fuzzy set (Torra, 2010).

RESEARCH METODOLOGHY

Usually, bibliometric analyses are performed in one of four databases: Google Scholar, PubMed,
Scopus, or Web of Science (Falagas et al, 2008). This paper presents a Scopus-based bibliometric
analysis. Scopus was preferred because of the greater number of journals it contains (Zyoud and
Fuchs-Hanusch, 2017). Scopus provides flexible review for several fields of science (Kulkarni et al,
2009). It allows the collected data to be analyzed without the need to separate the different sections
(YYataganbaba and Kurtbas, 2016).



Scopus database was first searched for QFD with fuzzy systems in general. For this, the search bars
of abstract, keywords and title on Scopus database were first filled with “fuzzy”, “house of quality”,
“QFD”, and “quality function deployment”. Both Boolean operators “and” and “or” were searched.
The query was it as follows: TITLE-ABS-KEY(QFD) OR TITLE-ABS-KEY (“quality function
deployment”) OR TITLE-ABS-KEY (“house of quality”) AND TITLE-ABS-KEY (fuzzy) AND
PUBYEAR < 2020. Only articles and reviews were searched.

Besides authorship, details such as citation, country, document type, impact factor (IF), institution,

journal name and prevalent interest area were considered.

Citations were counted considering h-index. This indicator includes measures of quantity (amount of
publications) and quality (citation rates) (Egghe., 2006). On Scopus, journals can be sorted with three
indicators: Cite Score, SCImago Journal Rank (SJR) and Source Normalized Impact per Paper
(SNIP). Cite Score measures average citations received per document published in the journal. SIR
measures weighted citations received by the journal. Citation weighting depends on subject field and
prestige of the citing journal. SNIP measures actual citations received in comparison to the citations

expected for the journal’s subject field.

For each considered journal, IF was extracted from the Journal Citation Reports (Clarivate Analytics,
2018) and word frequencies were used in content analysis (Wang et al, 2017). Keywords have a great
potential to reflect the focus of research. According to Tan et al (2014) the core words indicate the

core literature within a specific field of research.

Co-occurrence analysis of keywords was performed with VOSviewer. This software builds maps of
networks and uses “visualization of similarities” techniques of clustering, which are widely used in

bibliometric analysis (Van Eck and Waltman, 2010).

After bibliometric analysis about QFD on the fuzzy environment, new searches were performed
inserting, separately, those new expressions: “hesitant”, “intuitionistic”, “nonstationary”, “type-2”
and “multiset”. The objective in the second search was to verify if there was any publication about

QFD in other extensions of fuzzy environment

For the QFD method on Hesitant fuzzy environment, for example, the query was as follows: TITLE-
ABS-KEY(QFD) OR TITLE-ABS-KEY ("quality function deployment”) OR TITLE-ABS-KEY
("house of quality") AND TITLE-ABS-KEY (fuzzy) AND TITLE-ABS-KEY (Hesitant) AND
PUBYEAR < 2020. Only articles and reviews were searched.



RESULTS
Ranks of Publications

The research performed, as described in Section 3, resulted in 598 documents: 588 articles and 11
reviews. That is, the overwhelming majority of publication is from articles, or else, original findings.
Then, there is a lack on reviews in the QFD and fuzzy systems literature. Presenting a literature
review, this paper contributes to the diversification of the literature of the researched field. The yearly

average of publications is 22.

A gradual increase is observed, with a steep rise and breakthrough, in 2007. More than 79% of
documents were published after 2007 (Figure 2). The years of 2009 and 2019 were outliers with more
than 50 documents published. From 2010 to 2018, documents per year average 39. China is the
leading country in published documents on QFD and fuzzy systems (Table 1). The 207 documents
published by China are more than a third of the total. This result is even more impressive considering
that Scopus counts China, Hong Kong and Taiwan, independently.
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Figure 2 — Publication by year

Table 1 - Publications by country

Rank Country Documents h-index Citations
1 China (CHN) 207 26 3,104
2 Taiwan (TWN) 108 30 2,738
3 Turkey (TUR) 63 26 2,452
4 Iran (URN) 53 15 674
5 India (IND) 51 15 571
6 United States (USA) 34 17 1,442
7 Hong Kong (HK) 33 22 2,622
8 United Kingdom (UK) 22 14 1,038
9 Singapore (SGP) 19 14 933
10 Canada (CAN) 12 7 313




The average h-index for the top ten countries is 18 and the average of citations is greater than 2,500
citations per document. The 598 resulting documents received more than 15,000 citations. China
keeps leading the rank considering the international collaboration (Table 2), besides of the moves in
lower positions. Researches from Hong Kong and from the United States result from collaborations

with more countries. However, China is the most collaborative country in the top ten.

Table 2 - Publications by international collaboration

Rank Country Documents  Collab. Countries  Top country

1 CHN 51 12 HK

2 HK 31 8 CHN
3 USA 24 10 TUR
4 UK 21 13 CHN
5 IRN 17 9 USA
6 TWN 16 6 CHN
7 TUR 15 7 USA
8 SGP 11 6 China
9 CAN 7 4 China
10 IND 2 2 Ethiopia

The institution with more documents published by first authors is Galatasaray Universitesi, from
Turkey (Table 3), with 28 documents. The publication is worldwide spread in a hundred institutions.
China has eleven institutions ranked in the top 20. This is a result of the active participation of China
in this field of research. The most prolific author is Jiafu Tang, from Dongbei University of Finance
and Economics, China. Dr. Tang published 26 documents (Table 4). Publishing 30 documents, Expert
Systems with Applications (ESWA) is the leading journal (Table 5). ESWA is the second journal on
Cite Score and IF (Table 6), leaded by Journal of Cleaner Production (JCP). On SJR, European
Journal of Operational Research ranks first, followed by JCP, International Journal of Production
Research, Journal of Intelligent Manufacturing and Computers and Industrial Engineering. ESWA
leads on SNIP.

Engineering and Computer Science are the leading interest areas (Table 7). ESWA is the top journal
in both areas. China is the top country in almost all areas, except Business, Management and
Accounting, and Social Sciences. Three top authors, Kahraman, Ertay and Buyukozkan, co-authored
the most cited document (Kahraman et al, 2006), which is cited 454 times (Table 8).



Table 3 - Publications by Institution

Rank Institution Country  Documents
1 Galatasaray Universitesi TUR 28
Northeastern University, China CHN 28
3 Shanghai University CHN 18
4 Hong Kong Polytechnic University CHN 17
City University of Hong Kong CHN 17
6 National Institute of Technology, Tiruchirappalli IND 16
Southwest Jiaotong University CHN 16
National Cheng Kung University TWN 16
9 National Chin-Yi University of Technology Taiwan TWN 13
10 National Taiwan Ocean University TWN 12
The International Joint Research Laboratory of
. CHN 12
Integrated Automation
12 Zhejiang University CHN 11
Istanbul Teknik Universitesi TUR 11
Kun Shan University TWN 11
15 Nanyang Technological University SGP 10
Shanghai Jiao Tong University CHN 10
Tsinghua University CHN 10
18 Chang Jung Christian University TWN 9
19 University of Shanghai for Science and Technology CHN 8
Beihang University CHN 8
Table 4 - Publications by First Author
Rank First Author Country Documents
1 J. Tang CHN 26
2 Y. Chen CHN 17
3 Y. L. Li CHN 16
4 G. Buyukozkan TUR 12
R.Y.K. Fung HK 12
E.E. Karsak TUR 12
7 C. K. Kwong CHN 11
Y. Pu CHN 11
9 L. H. Chen TWN 10
W. C. Ko TWN 10
S. Vinodh IND 10
12 J. F. Ding TWN 8
C. Kahraman TUR 8
G. S. Liang TWN 8
15 X. Geng CHN 7
L. P. Khoo SGP 7
L. Z. Lin TWN 7
18 X. Chu CHN 5
T. Ertay TUR )
A. Liu CHN 5




Table 5 - Publications by Journal

Rank Journal Documents
1 Expert Systems with Applications (ESWA) 30
2 International Journal of Production Research (IJPR) 29
3 Jisuanji Jicheng Zhizao Xitong (Computer Integrated Manufacturing

Systems, CIMS) 27
4 Computers and Industrial Engineering (CAIE) 21
5 Total Quality Management and Business Excellence (TQMBE) 13
6 International Journal of Advanced Manufacturing Technology (IJAMT) 12
7 European Journal of Operational Research (EJOR) 11
Journal of Intelligent Manufacturing (JIM) 11
9 Applied Soft Computing Journal (ASCJ) 10
Journal of Cleaner Production (JCP) 10
11 Jixie Gongcheng Xuebao (Chinese Journal Of Mechanical Engineering,
CIJME) 9
Quality and Quantity (QQ) 9
Zhongguo Jixie Gongcheng (China Mechanical Engineering, CME) 9
14 Journal of Intelligent and Fuzzy Systems (JIFS) 8
15 Sustainability Switzerland (SS) 7
16 Computers in Industry (CII) 6
International Journal of Logistics Systems and Management (1JLSM) 6
International Journal of Productivity and Quality Management (IJPQM) 6
19 Applied Mathematical Modelling (AMM) 5
Concurrent Engineering Research and Applications (CERA) 5
Table 6 - Citations by Journal
Rank Journal Cite Score  SJR (2018) SNIP (2018) IF
1 ESWA 6.36 1.190 2.696 571
2 IJPR 4.34 1.585 1.720 3.93
3 CIMS 0.84 0.299 0.591 -
4 CAIE 4.68 1.334 1.755 3.30
5 TQMBE 2.44 0.776 1.425 -
6 IJAMT 3.04 0.987 1.596 2.69
7 EJOR 4.98 2.205 2.455 3.03
8 JIM 4.20 1.389 1.921 2.32
9 ASCJ 6.27 1.216 2.369 2.21
10 JCP 7.32 1.620 2.308 2.35
11 CIME 1.10 0.435 0.927 1.00
12 QQ 1.40 0.421 0.886 -
13 CME 0.38 0.217 0.428 1.37
14 JIFS 1.96 0.412 0.818 -
15 SS 3.01 0.549 1.169 -
16 Cll 6.05 1.242 2.395 -
17 IJLSM 1.31 0.330 0.758 -
18 1JPQM 1.33 0.345 0.736 -
19 AMM 3.36 0.873 1.495 -

20 CERA 1.79 0.549 1.225




Table 7 - Publications by Interest Area

Rank Area Documents Journal Country
1 Engineering 367 (61.37) ESWA CHN
2 Computer Science 267 (44.65) ESWA CHN
3 Business, Management and Accounting 141 (23.58) IJPR TWN
4 Decision Sciences 110 (18.39) IJPR CHN
5 Mathematics 109 (18.23) EJOR CHN
6 Social Sciences 37 (6.19) QQ TWN
7 Environmental Science 32 (5.35) JCP CHN
8 Energy 24 (4.01) JCP CHN
9 Multidisciplinary 14 (2.34) Tongji Daxue Xuebao CHN
10 Materials Science 12 (2.01) JTE CHN

Table 8 - Most Cited Documents

Rank Document Citations Rank Document Citations
1 Kahraman et al (2006) 454 11 Bottani & Rizzi (2006) 158
2 Kwong & Bai (2002) 301 12 Fung et al. (1998) 156
3 Kwong & Bai (2003) 299 13 Vanegas & Labib (2001) 149

Bayou & de Korvin
4 Chan & Wu (2005) 274 14 (2008) 146
5 Be""écggg etal. 266 15  Chen & Weng (2006) 145
6 Kim et al. (2000) 220 16 Tang et al. (2002) 144
7 Chanetal. (1999) 217 17 B°“°here€2“0§6$°""'a”ds 142
8 Khoo & Hot (1996) 198 18  Biyiikdzkan et al, (2004) 138
9 Temponi et al. (1999) 170 19 Chen et al. (2006) 135
10 Wang (1999) 169 20 Karsak (2004) 125

Contents Analysis

The analysis of the word frequency in published research has been a widely used tool to examine the
content analysis of research (Wang et al 2017). The author keywords have a great potential to reflect
the focus of research because the core words indicate the core literature within a specific field of
research. It also helps identify the central topics and hot spots that will continue to be vital in the
examined field of research, besides helping suggest new directions for science in the future (Tan et
al, 2014; Zyoud and Fuchs-Hanusch, 2017).

Analysis of the co-occurrence of keywords of published research to examine the hot research areas
was conducted by VOSviewer software. This software builds visualization maps relied on data of

networks and uses the “visualization of similarities” mapping and techniques of clustering, which are



widely used in the analysis of bibliometric networks (Van Eck and Waltman, 2010; Zyoud and Fuchs-
Hanusch, 2017).

In the resulting 598 documents there were a total of 1,432 keywords. There were 69 keywords that
appeared at least in five different documents. Figure 3 presents a network map obtained with Software
VOSviewer. Figure 4 displays the density visualization map-item density in association with
published research that utilized QFD method on fuzzy environment. The central keywords are in the

darkest areas (from red to blue)

For the same concept, different authors used different keywords. As a limitation of VOSviewer, in
this case, keywords were counted apart. That is, "Quality function deployment”, "QFD" and "Quality
function deployment (QFD)" were counted as different keywords. Given this, eight keywords clusters
were identified (Table 9).

The keyword analysis shows that there is a trend to apply hybrid methods, combining fuzzy systems,
MCDM and QFD. The most used MCDM methods are AHP, ANP (Analytic network process),
TOPSIS and GRA (Grey Relational Analysis). In addition, some authors use more than one MCDM
method simultaneously. Advances in fuzzy systems application in MCDM are not independent of

fuzzy systems application in QFD.
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Figure 3 — Network of Keywords
Table 9 - Clusters of keywords
Clusters Keywords
1 "AHP", "Analytic Hierarchy Process", "FAHP", "Fuzzy", "Fuzzy AHP", "Fuzzy

Analytic Hierarchy process", "Fuzzy Theory", "Fuzzy TOPSIS", "GREY
relational analysis", "HOQ", "QFD", "Quality management", "service quality",
"TOPSIS"
2 "Analytical Hierarchy Process"”, "Fuzzy inference system", "fuzzy logic", "fuzzy
QFD", "fuzzy-QFD", "MCDM", "multi-criteria decision making", "quality

control”, "supplier selection”, "supply chain management"”, "sustainability", "triz"
3 "Customer requirement”, "Customer requirements”, "Customer satisfaction”,

"decision making", "engineering characteristic", "fuzzy optimization", "fuzzy

regression”, "house of quality”, "product design”, "quality function deployment”,
"rough set"
4 "Decision-making"”, "FQFD", "Fuzzy Goal programming", "fuzzy number",

"fuzzy numbers", "fuzzy quality function deployment”, "fuzzy set", "group

decision-making", "linguistic variable", "multi-criteria decision-making"

5 "Analytic network process (ANP)", "conceptual design”, "fuzzy set theory",
"house of quality (HOQ)", "new product development”, "new product

development (npd)", "quality function deployment (QFD)"

6 "Fuzzy FMEA", "Fuzzy linear regression”, "fuzzy quality function deployment
(FQFD)", "Kano Model", "product planning"”, "triangular fuzzy number"
7 "Collaborative product development"”, "data envelopment analysis”, "fuzzy group

decision-making", "fuzzy weighted average".

8 "Choquet integral”, "fuzzy sets", "group decision making", "SERVQUAL"
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Figure 4 — Map-item density of keywords

Therefore, this is the hot topic of research on QFD and fuzzy systems: their integration with MCDM.
Different applications were observed, including: "multi-criteria decision making"”, "Quality
management”, "service quality", "quality control”, "supplier selection™, "supply chain management",
"sustainability”, "Customer satisfaction”, "product design"”, "conceptual design”, "new product
development”, "product planning”, and "Collaborative product development”, to name a few.
Moreover, "Choquet integral™ was used in "group decision making" problems, such as determining a

correlation among customer requirements (Yu et al, 2018).

Other topics of investigation include the Kano Model, FMEA and SERVQUAL, and “fuzzy goal
programming”, “fuzzy linear regression”, “fuzzy optimization”, “fuzzy regression” and DEA (Data
Envelopment Analysis) among others. The use of different types of fuzzy systems is a promising

topic of research.

Map-item density also shows that there is a trend to use MCDM methods, such as AHP and TOPSIS,
for example, with QFD method on fuzzy environment, forming new hybrid MCDM methods for

solving decision problems.
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Different generalizations and extensions of fuzzy sets have been introduced in MCDM methods, such
as in AHP and TOPSIS, for example, that had already been used with QFD method. Therefore, it is
assumed that new hybrid MCDM methods will be created using QFD in their composition on other

extension of fuzzy environment.
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CONCLUSIONS

This paper presents a bibliometric analysis on fuzzy systems applied to QFD. The first quantitative
result is the growing number of publications observed since 2008. The second result is the leading

position of China, both in publication and international collaborations.

A qualitative result from the research is the widely spread publications in terms of authorship, interest
area and journals. However, Computer Science and Engineering are the leading areas, with far more
publications than other areas. Therefore, Expert Systems with Applications is the journal which
published more documents on QFD with fuzzy systems. Two groups of researchers have outstanding
publication productivity. A group led by Dr. Kahraman, in Turkey, and another led by Dr. Y. Chen,

in China.

A strong relationship between MCDM and QFD with fuzzy systems could be identified as the highest
studied topic. Innovations in fuzzy systems theory have also been applied to QFD, as the intuitionistic
fuzzy systems and the hesitant fuzzy systems. However, no publication on type-2 fuzzy set, fuzzy
multisets and nonstationary fuzzy sets were found despite having been successfully applied in
multicriteria decision methods. A study on the advantage of applying these fuzzy extensions in the

QFD method would be a research gap to be addressed by researchers.
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STRUCTURED ABSTRACT

Purpose - This article presents a case of application of the Lean Six Sigma methodology in a powder
coatings industrial company. The project had the goal to ensure reproducibility between a quality

control step and an extruder machine in order to avoid machine downtime to validate product quality.

Design/methodology/approach - The DMAIC (Define—Measure—Analyse—Improve—Control)
approach was followed to increase by approximately 30% the percentage of productions that do not
stop for quality control approval and to consequently increase 5 percentage points (pp) of the Overall
Equipment Effectiveness. Throughout this five-stage cycle, a set of analytical tools was
systematically applied for a correct characterisation of the problem, definition of the input variables
and their effect on the response variable, investigation of the cause and effect relationships, selection
of the improvements according to their impact and effort, definition of an action plan and continuous

evaluation of their effectiveness, culminating in a monitoring and control plan.

Findings - By performing tests throughout the several stages of the process, it was identified that the
lack of reproducibility was mainly associated with the incorrect parameterisation and the lack of
standardisation. As a result of this project, the percentage of products that do not require the extruder
to stop for quality control rose by 40%, with the effect of a 9 pp increase in OEE. The financial return
was estimated at 4.8% of the company's fixed manufacturing costs, in addition to the culture of
continuous improvement established in the company. Since this is only the work of a pilot line, the
benefits, not only for this project but for others resulting from this new mindset, are expected to be
high.



Practical implications - The case study exposes a Lean Six Sigma project carried out in a small and
medium-sized Portuguese company, serving as an example of the cross-cutting methodology and the

benefits incurred from its use. The respective operational and financial benefits are also presented.

Originality/value - There are very few cases of the application of the Lean Six Sigma methodology
in Portugal, applied to small and medium-sized companies. In addition to the fact that they are not
reported in the literature, there are no mentioned case studies in this industry: powder coatings. In
this sense, this paper, besides being of great importance for similar companies, its application may be
generalized to other companies that intend to adopt structured methodologies to improve the quality

of their products and the efficiency of their processes.
Keywords: Lean Six Sigma, DMAIC, Design of Experiments (DOE), Powder Coatings.

Paper type: Case Study

INTRODUCTION

Powder coating is one of the most advanced painting techniques, creating an effective and high-
quality layer on a wide range of products (Du et al., 2016). The powder coatings industry began its
strong development during the mid-20th century and has been increasing its growth ever since. While
there is a myriad of possible applications in different products/industries, its use is particularly
significant in the automotive and architecture industry (Dudek et al., 2018).

This case study is part of a larger continuous improvement project that took place at a powder coatings
company in Portugal, CIN Industrial Coatings. Frequent production stoppages, causing a low Overall
Equipment Effectiveness (OEE), was a major concern for the company and it urgently needed
attention. Thus, to achieve the stabilisation of the production process, it is imperative to define
parameters that ensure the minimisation of variability as well as the reduction of stoppages for quality
control in the process. The problem-solving model DMAIC was used to address the problem at hand.

Once the objectives were defined, the team agreed to address the following research questions:

1. Which variables must be studied in order to guarantee the reproducibility between raw materials
approval (RMA) phase and extrusion? Which values must be parameterised?

2. What should be the strategy to improve control of the other most critical quality factors?

3. How to provide the production and quality teams with problem-solving techniques, so that the

causes of the problem are dealt directly at the root and with in-house knowledge?



The following paper is organised as follows: the next section presents the theoretical background that
supports the research carried. Then, section 1l details the case study and section IV discusses the

main conclusions concerning the results achieved and their impact.

THEORETICAL BACKGROUND

In order to obtain quality, all variability in the process must be reduced. According to Shewhart
(1931), these two concepts are antagonistic, that is, when quality is the desired parameter, variability

creates different actions for the same causes.

There are several continuous improvement methodologies that are used repeatedly by organisations
to raise their quality parameters. Regardless of the method followed, they have a universal character,

being generally divided into two major phases: diagnosis and resolution (Juran and Godfrey, 1999a).

According to Jacobs et al. (2011), Six Sigma refers to a philosophy that aims to eliminate defects in
products and processes, in which the defect represents any component that does not fit the customer's
specifications. This methodology is based on a framework known by the acronym DMAIC (Define,
Measure, Analyse, Improve and Control), used for process improvement (De Mast and Lokkerbol,
2012), focusing on product quality (Pande et al., 2001). Kwak and Anbari (2006) describe it as a
closed circuit that links a set of statistical methods and tools for the study of process variability,
seeking to eliminate non-productive stages. Based on the PDCA cycle (Plan, Do, Check, Act), once
the opportunities are identified and studied, actions are planned and implemented, generally with

significant benefits for the organisation's results (Linderman et al., 2003).

Alexander et al. (2019) refers that, although Six Sigma has been well implemented in large
organisations, there are still many gaps in the literature concerning SMEs, thus further research is
needed to address these. Searching for increasingly high-quality standards, companies point to Lean
Manufacturing and Six Sigma methodologies as critical factors for their success. The lean
philosophy’s main principle is to increase productivity by reducing waste and improving workflow.
By improving process performance, it enhances consumer and bottom-line satisfaction (Snee, 2010).
On the other hand, Six Sigma presents an approach with a greater focus on quality and on reducing
process variation, involving, due to its quantitative nature and the requirement for advanced statistical
knowledge, a smaller number of people. Thus, Lean Six Sigma can offer better results than conducting
the two independent programs (Arnheiter and Maleyeff, 2005). This view is corroborated by Mi
Dahlgaard-Park et al. (2006), who found that both have in common objective proposals for the pursuit

of operational excellence.



The Lean Six Sigma methodology has proven to be an effective problem-solving approach, with
successful implementations in terms of quality, cost, delivery, lead time and customer satisfaction
(Mandahawi et al., 2012). An example of this is its impact on Overall Equipment Efectiveness (OEE),
a key performance indicator focusing on equipment availability, performance and quality yield (Dal
et al., 2000). Gibbons (2010) pointed out that increasing the OEE, the strategy for productivity
improvement in manufacturing, can be achieved by following a Lean Six Sigma methodology.
Mandahawi et al. (2012) proved, in a paper production company, that OEE improved by 35%,
applying this methodology. Other successful case studies have been reported, suggesting a symbiosis
synergy between Total Productive Maintenance (TPM), where OEE is the main performance
indicator, and Lean Six Sigma. Also, the TPM is considered a quality management tool in order to

achieve operational excellence (Sahu and Sridhar, 2013).

According to Burghall et al. (2014), the key to Lean Six Sigma thinking must be in the customer. Its
characteristics involve a strong emphasis on defining the project, especially in internalising the
customers' perceptions of value and their requirements for quality characteristics. In addition, creating
forms of control to maintain improvements and a continuous effort for change are other attributes of
this philosophy. In order to maximise the benefits of Lean Six Sigma, companies must invest in
training and change in organisational culture and infrastructure. Standardisation is an important pillar
for securing repeatability and solid results (Sokovic et al., 2010). The advantage of this principle is
also the rapid identification of deviations and the elimination of waste and time, making the process

more transparent (Branco, 2009).

Ulrich (1993) mentions that in every coatings industry all powder coatings are formulated
individually in order to achieve very specific needs for each client. For most industries, it is difficult
to produce products that always meet these same characteristics. However, if this difference between
products is insignificant, it may not have any impact on the customer (Juran and Godfrey, 1999b).
Utech (2002) describes that the performance of the powders depends on a variety of factors, especially
the quality and formulation of the materials, the condition of the equipment applying the powder and
the operator applying the paint.

Although there are different strategies for improving product and service quality, the application of
formal continuous improvement methodologies in the powder coatings industry is not as advanced as
those used in other industries, and there are still no references concerning the use of the most widely

used quality improvement methodologies, e.g. Six Sigma and Lean Six Sigma in this context.



CASE STUDY

In order to comprehend a problem and define its boundaries, it is fundamental to fully understand the

production process.

Powder coatings consist of resins, pigments and additives, whose mixture gives the paint certain
characteristics, depending on the desired output. The powder coatings manufacturing process is

divided into 3 major steps: weighing/premixing, extrusion and micronisation (grinding).
1. Weighing/Premixing

The powder coatings consist in a mixture of resins, hardeners, fillers, pigments and additives which
are weighed according to the manufacturing order launched for the factory. The 100% solid raw
materials are weighed separately and then introduced in a container for being homogenised in a
machine called premixer. At this stage, it is important to ensure all raw materials are properly mixed,
in order to prevent quality problems further in the process, hard to correct. Due to the importance of
this operation, the company has set up an internal method of quality approval of raw materials named
RMA, where, before all the mixture continues to the subsequent stages of the production process, a
sample of the mixture is tested in an offline process. This internal method was developed to approve
the premix without the need to stop the extruder for quality control of the chip, name given to the
material that results from the crushing of the raw material by the extruders. In this control, samples
must be taken by operators up to four hours before production starts, so that, in case of any deviations
from the specified requirements, there is enough time to perform the necessary adjustments until the

product’s compliance.

The samples are sent to the Laboratory Quality Control (LQC) and the paint characteristics are
analysed. The booth chosen to apply the paint is selected according to the characteristics of the
product under analysis, after the grinding stage is performed. There are booths suitable for textured
whites, smooth whites, smooth dark paint and textured dark paint. The application of the paint is
controlled given the proper thickness of the paint on the test panel, conditioning the measurement of
gloss and colour. After that, the plate is placed in an oven at a certain temperature for a determined
period. The colour is analysed in an equipment designated by spectrophotometer, according to the
three-dimensional spacing system, the International Commission on Illumination (CIE) L*a*b*
system. The L* axis indicates the lightness of the colour, varying from light on top to dark on the
bottom (Gundlach, 2015). The lightness value, L*, represents the darkest black at L* = 0, and the
brightest white at L* = 100. The coordinate +a* represents red, -a* represents green, +b* represents
yellow and -b* represents blue. As soon as the colour of a new paint is created, its CIE L*a*b*
coordinates are recorded in spectrophotometer database. So, when a new batch is manufactured, its



CIE L*a*b* values are compared to the standard stored and the colour difference is evaluated in terms

of AE, given by Equation 1:

AE= /(L +y— L +)2+ (a*,—a*1)2+ (b +y— b +,)? 1)

If the LQC approves the mixture, then the container with the raw materials is authorised to proceed
to the extruder. If not, the premix must be adjusted by adding ingredients, until the product

specifications are met.

Thus, the RMA phase comprises the introduction of a product in a mini extruder that simulates the

behaviour of the extruder, until the product is validated in the laboratory.
2. Extrusion

The premix is fed to the extruder in a continuous process, being subjected to high temperatures and
high shear stress to promote a high dispersion of the product.

The finished product at this stage is a homogeneous paste in which the polymeric resin aggregates all
the components of the paint. As the temperature of extrusion is not high enough to trigger chemical
reactions, this process is performed in the thermoplastic phase and the curing (polymerization
reaction) does not happen at this stage.

This mixture is pressed and extended along a cooling belt, that in the end it has a crusher for breaking

the material into smaller dimensions (chip).
3. Micronisation (Grinding)

The chips coming from extruder proceed to grinding, where the size of the particles is reduced to a
few microns in diameter — micronisation. The paint acquires the form of a fine powder and the

manufacturing process is finished. This step also consists of a continuous process.

The grinding system has components that will grind the chip by mechanical impact and to classify
the product, in order to get a specific particle size distribution, that can be adjusted according to

product specifications.

As it happens with the extruder, the mill also stops for quality control, a stoppage that is mandatory
regardless of the product under production. If there is any defect in the quality characteristics, actions
can be performed in order to adjust parameters; otherwise, the product is designated as a non-

compliant product (NCP) and will wait until further quality control tests are done.

After the individual extrusion and micronisation operations, a cleaning operation is performed in
order to remove traces of product that could lead to contamination of the next product. To support the

type of cleaning to be applied, a compatibility matrix is used.



A visual diagram of the process is depicted in Figure 12.
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Figure 12 - Productive process scheme (FreiLacke, accessed 10 january 2020)

To structure the problem analysis, the Define, Measure, Analyse, Improve and Control steps of the
DMAIC model were used. For confidentiality reasons, a different nomenclature was used for

product’s names, lines and combinations under study.
A. Define

In this section, a detailed analysis of the production process, the problem and the study object are
presented, essential requirements for a better understanding of the project with direct impact on the

solutions design.

The company under analysis had a history of having a low OEE due to the occurrence of long setups
and frequent production stops, causing a decrease in productivity, as well as a high lead time. The
frequent stops in the extruder machine caused by the products that require a quality control check
before undergoing subsequent process steps, can occur for three reasons: 1) the product did not have
time to go through the RMA phase, 2) the customers require a specific product to stop at this stage of
the process or 3) a precedent has been set, never questioned before. In order to eliminate these

stoppages, reproducibility between the RMA method and the extruder are required.

In order to measure the percentage of products that do not require the extruder to stop for quality

control, an indicator was created, designated as NSY (Non-Stop Yield) - Equation 2.

) __ Number of manufacturing orders that do not stop during production

NSY (% x 100% 2)

Number of manufacturing orders

The company has dedicated lines to produce different products, such as textured and smooth paints,
two categories of powder coatings. Line C was chosen as the pilot line, dedicated to the production
of smooth paints, since it represents almost 20% of the annual production. The history of the year
preceding the study, with a value of NSY for the extruder of 64%, set the baseline value. Later, this

line will serve as the foundation model for the other lines in the unit.



Analysing Figure 13, it is possible to infer that the substantial corrections, after the quality control
step, are at the level of colour (60.7%) and gloss (17.8%). Products A and B were selected because
they represent two product families that often force extruder to stop, because they are made using
delicate compounds more prone to problems. Product A is based on a polyester resin, representing
the products whose variable of interest is the colour. In the product B, equipped with resin and epoxy-
polyester, the response variable is the gloss.

Pareto Chart of Corrective Reasons
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Figure 13 — Pareto chart of corrective reasons

To quantify the problem and measure the attained results, it was set as the main goal to reach a 30%
increase in non-stop production for quality control purposes in this pilot production line. Resulting
from the implementation of all the identified improvements that seek to achieve the proposed
objectives, it was estimated an increase of approximately 5 percentage points (pp) of the productivity
indicator (i.e. OEE), if the goal of a NSY of 85% for the extruder, is achieved. It should be noted that
the OEE is obtained by multiplying three factors: availability, performance, and quality, where the

increase in NSY is impacting on the first and third factors.

The reduction of time spent in quality control during production represents a possibility to increase
the productivity of the company with a return on investment, due to a substantial reduction in fixed
manufacturing costs. The return on investment is calculated considering the current OEE of the line,
the nominal debit, the number of products that stopped the machine during the year, as well as the

time used for quality control procedures.

To conduct the sessions, the work team was composed of multidisciplinary elements, meeting weekly

in a workshop, with daily follow-ups, if applicable.

B. Measure



According to Burdick et al. (2005), to correctly monitor a manufacturing process, it is necessary to
measure the attributes of the process output. Hence, an evaluation of the adequacy of the measurement
system used for collecting data in the process is mandatory. In this section, a measurement system

analysis (MSA) (e.g. R&R study) and an exploratory analysis of the problem are carried out.
Study of the Measurement System

To evaluate the variability of the measurement system, and thus its capability, a type | gage study
was carried out. According the Flynn (2008), this study evaluates the combined effects of bias and
repeatability based on multiple measurements from a single instrument, assuming that a reference

value exists.

Since all quality control tests are conducted in the laboratory, it is necessary to understand if the
equipment’s responsible for measuring colour and gloss can measure these variables in a consistent
and precise way. To evaluate the colour measurement performed by a spectrophotometer, the L*

coordinate was chosen (Equation 1), with a tolerance range of 1.

According to Cano et al. (2012), the Run Chart is a two-dimensional chart that can show patterns
(cycles, changes or fashions) that are indicative of process changes. In this case, a target value of
93.61 was defined based on a standard sample, representing this central line the reference value of
the L* coordinate. Analysing Figure 14, no patterns or clusters are observed, which means that the
variation is random. It is verified that the values of the L* coordinate are within the defined limits by

+10% of the tolerance, showing that there are no problems in the measurement system.

Type 1 Gage Study for L
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Figure 14 - Results of Type 1 Gage Study for L*coordinate of a sample of product B

As p-value > 0.05, the null hypothesis is rejected, thus concluding that the bias of the measurement
system is not statistically significant. This result is in accordance with the values of both capability

indices, C; and C,, clearly above the benchmark of 1.33, measuring the samples consistently. The



capability index C, compares the tolerance range with the variation of the system measurement and
Cqr COmpares the tolerance range with the total bias and the variation of the measurement system.

The same methodology was applied for the measurement of gloss and the same conclusions were

reached.

As type 1 gage study only considers the inherent variation of the measurement system and does not
assess the variability of the analysts, R&R tests were then conducted. Two components of the
variability of measurement systems are identified in these studies: repeatability and reproducibility.
Repeatability represents the variability measured when it is used to measure the same unit (with the
same person, over the same time period). Reproducibility analyses how much variability in the

measurement system is caused by differences between persons.

Three operators measure the L* coordinate of two samples, three times per part, in a random order.
Then, it was performed a crossed gage R&R study. In these results, the variation from Part-To-Part
is 96.64, which is much larger than Total Gage R&R - 3.36%. According to the Automotive Industry
Action Group (AIAG), a good value of % Contribution from R&R is <10%. Thus, much of the
variation is due to differences between parts and not caused by the measurement system.

In synthesis, these MSA analysis enable the researchers to conclude that the variability present in the
system is solely due to the inherent differences between parts and that the measurement system

performs correctly.
Exploratory Analysis

In the RMA phase, the equipment that simulates the extruder behaviour has associated a set of input
variables (X, Y, Z) that the operator can manipulate, with a direct intervention in its parameterisation.
In order to investigate the impact of these variables on the response variable, the mean and extreme
values were selected, where V, W and U represent the current values used by the company:

e [actor X: 0.83V: V; 1.33V
e Factor Y: 0.6W: W
e Factor Z: 0.52U; U; 1.73U

The factor Z, however, changed only two times, since the change of its parameterisation resulted in
problems in the operation of the equipment. In all other combinations, the U level was used.

According to Table 9, it is possible to observe all combinations for variance analysis.



Table 9 - Factors X, Y and Z combinations used

Combinations
V-W-U
1.33V-0.6W-U
1.33V-W-U
V-0.6W-U
0.83V-0.6W-U
0.83V-W-U
V-W-1.73U
V-W-0.52U

For product A, the critical quality parameter is colour, evaluated by the AE parameter, and for product
B it is gloss, evaluated by gloss units (GU). Considering that product A has a AE = 0.8, the maximum
variation allowed between the paint which was approved by the client and the paint obtained as a
final product, must not overcome this value. The product B has a range gloss between 47 and 53 UG.

Overcoming this interval is considered a non-conformity.
Product A

For each combination of factors, 6 samples were extracted to be applied later in RMA, resulting in a
total of 48 samples. In addition, 4 premix samples were taken from different locations in the container,

as well as 6 chip samples, resulting from the production in the extruder, taken every 5 minutes.

Table 10 provides information for the totality of the samples. Comparing with the Table 11 (which
represents the descriptive statistics of the samples obtained in the extruder), it is possible to conclude
that the coordinates a* and L* are not affected by the variation of X, Y and Z. On the other hand, the
b* coordinate is the one most affected by the variation of the combinations, as can be deduced from
the coefficient of variation. It should be noted that the existing differences in gloss (2 GU) are within
the acceptable range for the customer and do not constitute a study factor. It should also be noted that,
as product A is composed by a resin that is a polyester, the gloss is not affected by the X and Y factors.

It is important to recall that for this product the critical quality feature is AE.

Table 10 - Descriptive statistics of the samples obtained by the RMA of the product A

L* ax b* Gloss
Mean () 88.984 -1.285 1.012 60.145
Standard Deviation (o) 0.096 0.013 0.083 3.602

Coefficient of Variation (CV) 0% -1% 8% 6%




Table 11 - Descriptive statistics of the samples obtained by the extruder of the product A

L* a* b* Gloss
M 89.064 -1.282 0.851 58.000
c 0.102 0.012 0.058 3.162
CVv 0% -1% 7% 5%

The differences between the AE measures of the product that was produced in the extruder and the
product obtained in the RMA phase for each combination of values were calculated (Figure 15). A
combination with the value of O represents perfect reproducibility. In that sense, the best
combinations, which presents the lowest AE, are represented by 1.33V-0.6W-U and 0.83V-0.6W-U
(highlighted with different colours in Figure 15).
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Figure 15 — Differences of AE between extruder and each combination

To facilitate the comparison, Figure 16 shows the values of the b* coordinate depending on the
combination used. The distance of the b* coordinate between practically all the samples taken and
the value of the b* coordinate obtained in the extruder is evident. Through the arrangement of the

medians, the combination which the extruder best reproduces is 1.33V-0.6W-U.



Boxplot of b*

Combination

Figure 16 - Boxplot of b* coordinate for product A

To further assess if there are significant differences between combinations, a one-factor ANOVA test
was performed, being the factor under study the b* coordinate (Table 12). As the p-value is smaller
than expected, there is strong evidence to conclude that Ho is not true and that the combination used

has an impact on the b* coordinate.

Table 12 - ANOVA response variable: b* coordinate

Df SumSg MeanSq F-value P-value
Factor 8 0.349 0.043 14.341 3.9e-10
Residuals 45 0.137 0.003

After checking that the residuals follow a normal distribution with the Shapiro test (p-value = 0.162)
and that the homogeneity of the variances is confirmed through the Bartlett test (p-value = 0.428), the
Tukey method is therefore applied. The results are presented in Table 13. It is noted that the extruder
group is shared with only two combinations, indicated by 1.33V-0.6W-U and 0.83V-0.6W-U. Given
the greater approximation to the average, it is observed that the combination which best follows the
extruder is combination 1.33V-0.6W-U.



Table 13 - Tukey pairwise comparisons product A

Combination N Mean Grouping
V-W-0.52U 6 1.118 A
V-0.6W-U 6 1.098 A
0.83V-W-U 6 1.036 AB
1.33V-W-U 6 1.021 ABC
V-W-1.73U 6 0.990 BC
V-W-U 6 0.981 BC
0.83V-0.6W-U 6 0.938 BCD
1.33V-0.6W-U 6 0.919 CD
Extruder 6 0.851 D

A multiple regression test was performed, and it was identified that the variables X, Y and Z are
statistically significant, with p-values below 0.05. However, changing the current parameterization
of factor Z (U) was proved to be impossible, given the short-term problems expected from process
constraints, as well as the additional lead time that is charged to the machine cleaning operation,

consequence of poor operating conditions.

For the purpose of investigating the influence of the sampling location on the variable colour, different
samples were extracted from different locations of the premix container. The central locations
corresponding to the sample taken were analysed (i) on the container surface; (ii) 15 cm below the
container surface; (iii) in the middle of the container; and (iv) at the bottom of the container. It can
be verified that, whatever the location, all samples have a b* coordinate value higher than the one
that should be present in the extruder (u=0.85). It is also observed that the L* and a* coordinates are
in accordance with what was obtained in the extruder. It should be noted that all these samples were
taken under the company's standard combination, V-W-U, reinforcing the challenge of achieving

reproducibility between these two stages.
Product B

The method of studying product B was similar to the one used with product A, taking into account
that right now the critical quality characteristic under analysis is the gloss. Observing Table 14 with
the description of every combination after the RMA test, it is possible to observe that even though
the gloss has an average of 47.4, the extruder (Table 15) showed a value of 49.4 for the same variable.
It has assumed that there is no relevance in studying the colour, because the product has a AE within

specifications.



Table 14 - Descriptive Statistics of the samples obtained by the RMA of the product B

L* a* b* Gloss
M 93.600 -0.299 4.028 47.375
c 0.065 0.063 0.097 1.863
CV 0% -21% 2% 4%

Table 15 - Descriptive statistics of the extruder for product B

L* a* b* Gloss
U 93.602 -0.281 4.170 49.400
c 0.060 0.049 0.083 2.607
CVv 0% -18% 2% 5%

The boxplot chart in Figure 17 allows us to deduce that there are several combinations that exceed
the minimum mandatory value of gloss for this product (47), but no combination exceeds the
maximum (53). It was confirmed that the combination used by the company has values that are below

the specification limits.
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Figure 17 - Boxplot of gloss for product B according to combinations

In order to assess if the location from where the sample is collected from the premix container affects
the variable colour, a similar analysis as the one conducted for product A was performed for product
B.

For product B, colour and gloss analyses need to be performed, because although the critical

parameter is the gloss, it must be confirmed that the new conditions will not influence the colour.

The results of the one factor ANOVA, where the response variable is the gloss of product B are shown
in Table 16. The p-value of 0.019, allow us to conclude that at least one treatment has a different

expected value.



Table 16 - ANOVA response variable: gloss

Df SumSq MeanSq F-value P-value
Factor 8 67.819 8.477 2.641 0.019
Residuals 44 141.200 3.209

After confirmation of the normality of the residuals (p-value = 0.273) and the homogeneity of the
residuals (p-value = 0.771), a Tukey test is conducted for comparing the different expected values of
the underlying populations (Table 17). The group A of the extruder is shared with all the
combinations, except for the combination 0.83V-0.6W-U. The one whose average is closest to the
extruder is the combination defined by V-0.6W-U.

Table 17 - Tukey pairwise comparisons product B

Combination N Mean Grouping
Extruder 6 49.400 A
V-0.6W-U 6 49.000 A
V-W-1.73U 6 48500 AB
V-W-U 6 47.667 AB
0.83V-W-U 6 47500 AB
1.33V-0.6W-U 6 47.167 AB
1.33V-W-U 6 47.000 AB
V-W-0.52U 6 46.667 AB
0.83V-0.6W-U 6 45.500 B

The same study had to be carried out to confirm that the best combination applied to gloss did not
change the colour. Therefore, in order to have greater confidence in the results, the ANOVA was
performed once more, with the b* coordinate response as the response variable. It is confirmed that
the combination used for the gloss is not statistically different from the one obtained for the colour.

For this product, a multiple regression test was also conducted, having the three variables a p-value
greater than 0.05 (factor X, Y and Z with a p-value of 0.758, 0.754 and 0.089, respectively). From
this analysis and the value of the coefficient of determination (7%), it is possible to conclude that
changes in the parameterisation of equipment are not statistically significant for the problem

identified by the company, so the root causes need to be ascertained.

The four samples taken from the different locations in the container are within the allowed limit for
this product and the differences are not statistically significant, in addition to approaching the average
obtained by the extruder, concluding that the location where the sample is taken has no influence on



the gloss units obtained. However, it has been shown that there are statistically significant variations
in the gloss units of the samples collected over time (p-value = 0.031).

After this phase of DMAIC, a preliminary conclusion has been reached that these parameters have an

impact and it is required to explore these variables and other potential causes.
C. Analyse

The problem of reproducibility between the RMA phase and extrusion is not exclusively due to the
lack of standardisation of the process and the use of the wrong levels in the respective equipment. In
order to uncover other potential causes of the problem, an Ishikawa diagram (Figure 18) was
constructed. This exercise was conducted through a brainstorming session with the team, integrating
the most critical elements of the operation concerned. The majority of the identified causes were

addressed, as most of them were easy to implement, reaping immediate benefits.
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Figure 18 - Ishikawa Diagram to analyse the insufficient reproducibility between RMA and

extruder
D. Improve

In this section, the main improvement actions implemented are described, addressing the root causes

previously identified.

After the variance analysis, an experiment design (DOE) for product A has been performed. Through
this tool, it is intended to determine the influence of each variation factor on the quality characteristic
of the product under analysis - b* coordinate, identifying the optimal combination of factors and at
which levels it is most recommended to operate (Montgomery, 2017). Via a general full factorial
design, two factors were set (X and Y) with three and two levels, respectively, having each

combination 6 replicates.



Product A

The main effects plot and the factorial plot or these experimental design are represented in Figure 19
and Figure 20. Previously, the ANOVA test applied to Product A enabled us to conclude that there
are significant differences between the different combinations and the b* coordinate. Thus, and from
the analysis of the results of the DOE, in order to get a b* coordinate level which reproduces the value
obtained in the extruder, it is recommended to use the level 1.33V for the X factor and 0.6W for the
Y factor. However, the use of the X factor of 0.83V could also be utilised instead of the 1.33V with

minimum differences.
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Figure 19 - Main effects plot product A
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After identifying the correct values to be used in the RMA equipment, one-point lessons (OPLs) were
created with the new work standards. Thus, for products that showed differences in colour, the

combination 1.33V-0.6W-U was applied. In the case of gloss, although the variables were not



significant, the combination that best approximated the values seen in the extruder is the V-0.6W-U,

being the one that was selected.

Due to the setups, it is critical to determine the time and the location in the extruder in which a sample

must be taken from the product. In that sense, these moments were also standardised.

In view of the high risk of contamination, the cleaning procedures in RMA, extrusion and mill were
also typified and standardised. At the same time, setup preparation records were implemented as a
standard procedure. In these sheets, the operator must specify the name of the product, the production
order, the type of cleaning that should be performed, as well as information concerning non-
conformities, should they occur. In order to ensure the knowledge of the cleaning type and quality
control is well disseminated between all the workers, a decision support tool has been developed,

based on the sequence of products and the respective contamination risk.

Given the criticality of all the equipment in the process, a checklist for controlling the extruder and
the mill was also created. Depending on the parameters to be analysed, a daily, weekly and monthly

monitoring was established, to be carried out by the operators.

In order to guarantee and enhance the results obtained through the actions listed above, some support
initiatives were implemented. The first step was the restructuring of the teams by Value Stream (called
flows), unlike the initial organisation by sections, which allowed greater control and visibility of the
entire production flow. In order to implement and sustain all improvements, the first 3 levels of Daily
KAIZEN™ were also implemented, which strongly contributed to the creation of a culture of
continuous improvement and alignment of teams with the goals of the organisation. Level 1 - Work
Teams Organisation - allowed daily monitoring of performance indicators and acting on deviations
with immediate countermeasures, thus facilitating the help chain, improvement in communication
channels and collaborators involvement. Level 2 ensured the workspace organisation and the
reduction of some micro-stops due to lack of material/tools and Level 3 the team's competences,

improving the work efficiency and levelling the knowledge.

A Mission Control Room (MCR) has been created to control and monitor initiatives and projects,
where weekly meetings (board, flow and department leaders) and quarterly meetings (Steering
committee) are held. It should be noted that in these meetings the main indicators are discussed, one
of them the NSY (extruder and mill), and the action plan resulting from the deviations identified in

the indicators and improvement actions.



As a deliverable, a statistical training was also carried out to use the applied techniques, in order to
ensure that the company has the knowledge to develop, autonomously, the rollout of this project for

all lines.
E. Control

At this stage, the gains obtained in the previous phases should be monitored and the new process
conditions documented. In addition, the stability of the new process must be guaranteed.

Monitoring Mechanisms

Considering that the b* coordinate is one of the critical characteristics to quality, it was possible to
conduct a control over the products which were analysed in RMA, comparing the results with the
ones from the extruder. After four weeks of study, it was concluded that the combination obtained
with the experiment design effectively reproduced 71% of the products analysed, with an average
difference of 2% between the extruder and RMA. The remaining products are industrial trials and
products whose critical quality parameter is gloss. Subsequently, the new combination was introduced
to the product family represented by product B.

It should be noted that there are products where AE is less than 0.4 and, at the customer's request, the
extruder stops production for quality control purposes, even if in RMA the product does not show

any colour problems.

To ensure the sustainability of the main countermeasures defined, a program of Kamishibai audits
and Gemba Walks has been developed internally for control, maintenance of standards and work
improvement. These are executed at all levels of the company - from the flow leader to the Industrial
Unit Director. The results are analysed in the weekly meetings; however, feedback is given
immediately to the collaborator(s) assigned to the respective task.

Results Obtained

In terms of benefits quantification, the project goal has been achieved with a 40% increase in NSY in

the pilot line extruder - Figure 21.
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Figure 21 - Line C NSY evolution (2018 - 2019)
In addition, there was an increase in the NSY from 0% to 64% in the mill.

This combined effort of the team in implementing the actions allowed for a 9 pp improvement in the
OEE indicator (Figure 22) in the value stream to which this line belongs and the achievement of a
level of excellence regarding the quality of the CIN products. The financial return is reflected in 4.8%
of the company's fixed manufacturing costs.
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Figure 22 — OEE evolution (2017 - 2019)

Once the respective goals have been achieved, a schedule was defined for the deployment process,
using the same approach for the remaining lines. After rollout, a more significant increase in the value
of the OEE is expected, as more production lines are considered.

CONCLUSIONS

The current article intended to perform a detailed analysis on the variability existing in the current

process, as well as an analysis to the critical factors to quality of the powder coating process, in order



to identify which levels influence the correct reproducibility between the stages of RMA and the

extrusion.

Despite being out of the scope of the study initially established, the main focus of contamination of
the mill was also analysed with the goal of eliminating the mandatory stopping rule that was the
standard practice in the company, at this stage. In parallel, the product compatibility matrix was
reviewed, and the list of mandatory stop products was sorted.

In the end, this paper can state that most of the project’s goals were successfully achieved and that
the research questions initially outlined for the project were dealt. The tools used throughout the

project have proven to be suitable for reducing process variability and improving daily management.

Through a rigorous control, it is proven that it is possible to obtain a product in accordance with the
established parameters, meeting the expectations and quality expected by the customer. In the final
stage, Lean Six Sigma has also ensured that it is a crucial methodology in this project and has stood

outin:

e Monitoring the process to ensure that quality requirements are being met. If any cause of
abnormal variation arises, it will be identified and characterised and measures will be taken

to restore the process to normal conditions;

e Incorporation of a change culture and breaking of many paradigms - crucial for the reflection
of the problems' causes. Although it was not possible to quantify it, its effect was perceived

and reflected in the results.

Regardless of the size of the organisation, the results obtained prove the effectiveness of this
methodology as the key tool in the search for better operational performance, rewarding all the effort
invested in fighting waste and seeking excellence.
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ABSTRACT

Purpose — The purpose of this paper is to present a case study to describe the contact points between
industry 4.0 technologies and lean manufacturing practices, that characterize the concept of digital

lean manufacturing.

Design/methodology/approach — After building a research framework extracted from the literature
review, a single and in-depth case study was carried out in a Brazilian factory to understand the
implementation of the digital lean manufacturing. The data were analyzed using descriptive statistics

and content analysis, and resulted in the development of a conceptual map.

Findings - The results revealed characteristics regarding six contact points implemented in the
organization investigated. Also, it was observed that the results with the digitization of lean practices
are consistent with the traditional literature, as they are aimed at reducing operating costs, eliminating

waste, increasing quality, reducing lead time and real-time information.

Research limitations/implications - The results of the research are based on a single case study and
cannot be generalized. Therefore, the application of the same research framework will be conducted

in other companies.

Practical implications - Understanding the requirements for implementing the contact points
illustrated in this case can help lean practitioners in the process of converting to the digital lean
manufacturing model. However, it is understood that the implementation of DLM requires

investments in technology and organizational culture aligned to the digital transformation.

Originality/value — This work represents the first attempt to verify the adequacy of a research

framework for the characterization of digital lean manufacturing practices.
Keywords: Lean Manufacturing, Industry 4.0, Digital Lean Manufacturing.

Paper type: Case study.



INTRODUCTION

Several industrial sectors have adopted operational excellence strategies to achieve better
performance in terms of quality, cost, and delivery. From this perspective, the Lean Manufacturing
(LM) represents a fundamental approach able to accelerate the manufacturing processes and eliminate
waste. Either, the paradigm of the fourth industrial revolution, also known as "Industry 4.0" (14.0),
has become part of the business agenda to develop strategies to convert the current manufacturing
process into a new digital manufacturing model. The digital transformation process can be conducted
through the implementation of Cyber-Physical Systems (CPS) or Smart Factories complementary to

the improvement initiatives inherent to the LM approach.

The LM was idealized by Taiichi Ohno in the 1950s with the implementation of the efficient Toyota
Production System (TPS), whose objective was to reduce operating costs and increase industrial
productivity based on two essential pillars: just-in-time and jidoka. While the just-in-time method
allows the production of the right quantity and the right time (mainly through pulled systems and
continuous flow), the jidoka concept proposes the integration between operator and machine to ensure
the quality of the production (right quality) by specific techniques, such as mistake-proofing, visual

controls and automated inspection (Ohno, 1988; Womack and Jones, 1996).

The basic principles of TPS were also presented by Womack and Jones, who suggests the following
sequence of five principles for the LM implementation: (1) identify value; (2) map the value stream
for each product family; (3) create continuous flow; (4) establish a pulled system; and (5) seek
perfection (Womack and Jones, 1996). The implementation of these principles can follow different
strategies, from hiring specialized consultants, to training internal specialists who can implement LM
tools and techniques.

Recently, the integration between information technologies (IT) and industrial automation (1A) has
changed the modus operandi of manufacturing processes. The IT tools transform products into
complex systems that combine hardware, software, sensors, microprocessors, databases, and
connectivity, forcing companies to rethink how they do everything internally to face new threats and
opportunities (Porter and Heppelmann, 2014). In the scope of operational excellence practices, it is
expected that the integration of 14.0 technologies will optimize the collection and analysis of data
from manufacturing processes with high accuracy and speed, increasing the possibilities for

improving business performance (Agarwal and Brem, 2015; Tamas et al., 2016).

The fourth industrial revolution has created new opportunities and challenges for operational
excellence initiatives, enabling the use of the 14.0 technologies, such as the Industrial Internet of
Things (11oT), CPS, Radio-Frequency ldentification (RFID), and Big Data Analytics. (Tamaés et al.,



2016; Schwab, 2017). Given the considerations presented, it is believed that the interaction between
digital technologies and operational excellence practices may expand the scope of improvement
actions conducted under the light of the LM approach. Hence, three research questions emerge in this
context: RQ1 - What are the Contact Points (CPs) between 14.0 technologies and LM practices? RQ2
-How is it possible to integrate these two subjects empirically? RQ3 - What are the results of this

interaction?

The purpose of this paper is to present a case study carried out in a Brazilian factory to describe the
CPs between the newly 14.0 technologies and the LM practices investigated in the organization.
Therefore, a single and in-depth case study was conducted based on a theoretical framework. The
results show the adherence between the two subjects (LM and 14.0) and may represent a reference

guide for conducting future research towards Digital Lean Manufacturing (DLM) practices.

The present paper is organized as follows. The next section presents a brief literature review on the
14.0 and CPs. The next one presents the methodological approach chosen for the research. Then, a
discussion of the main results from the Brazilian case study is presented. The paper ends with a short

discussion of conclusions, limitations, and future research.

THEORETICAL BACKGROUND

The Fourth Industrial Revolution emerged at the turn of the 21st Century, primarily based on
advances in mobile internet, miniaturization, and the cheapening of sensors, along with artificial
intelligence and the creation of machine learning (Schwab, 2017). However, the term "Industry 4.0"
became globally recognized after an event held in 2011 in Germany (Hannover Fair) to stimulate
business around Smart Factories and to promote digital solutions into the CPS concept (Kagermann
et al., 2013; Sanders et al., 2016).

According to the report entitled "Industry 4.0: The Future of Productivity and Growth in
Manufacturing Industries”, published by Boston Consulting Group, a set of nine technologies
associated with 14.0 will transform the manufacturing environment in the next years. They are: (1)
Big Data Analytics; (2) Autonomous robotics; (3) Simulation; (4) Integration of horizontal and
vertical systems; (5) Industrial Internet of Things or Internet of Things - 110T; (6) Cybersecurity; (7)
Cloud computing; (8) Additive manufacturing; and (9) Augmented reality (Rif3mann et al., 2015).

The idea around CPS is consistent with the Smart Factory concept. However, it is necessary to
understand “how” the connection between the physical and virtual worlds can be operationalized in

an integrated system. Several authors refer to the classic pyramid automation model, which is



structured from hierarchical levels and starts with the connection of sensors until reaching the level
of business control (Brettel et al., 2014; Rumann et al., 2015; Bartodziej, 2016; Gilchrist, 2016;
Marques et al., 2017). The Reference Architecture Model for Industry 4.0 (RAMI 4.0) offers a guide
for converting to the 14.0 model, according to IEC 62264 and 61512 standards (Adolphs et al., 2015;
Kolberg et al., 2017; Ma et al., 2017).

In terms of shop floor management, 14.0 technologies will be aligned to the Smart Factory concept,
characterized by the use of CPS to enable the efficient connection between machines, robots, sensors,
people, products, transport vehicles and computers (Kagermann et al., 2013; Guo et al., 2014;
Marques et al., 2017). Therefore, the Smart Factory must deal with the complexities of the production
environment using decentralized communication and information structures, with the following
specificities (Lucke et al., 2008):

e Object recognition through tags, sensors, and readers.

e Positioning system and location recognition object to reduce idle times.

¢ Real-time machine and process monitoring.

e Embedded systems with low power consumption integrated into mobile devices.
e Wireless communication between manufacturing technologies and objects.

e Automatic identification of objects such as barcode and RFID devices.

e Systems for connecting different sensors and actuators on the shop floor.

Although the state-of-the-art of 14.0 emphasizes the CPS concept and the enabling technologies, it is
essential to understand how these technologies can be implemented on the shop floor in a context of
continuous improvement. In this sense, the literature highlights as technical requirements, the IT and
automation architectures involved in the implementation of the CPS (Kagermann et al., 2013; Brettel
et al., 2014; Guo et al., 2014; Adolphs et al., 2015; Bartodziej, 2016; Gilchrist, 2016; Pfeiffer et al.,
2016; Kolberg et al., 2017; Ma et al., 2017; Marques et al., 2017; Wagner et al., 2017), as well as the
skills and competencies requirements (RiBmann et al., 2015; Susskind and Susskind, 2015;
Schumacher et al., 2016; Romero et al., 2018).

The literature on 14.0 is still developing. Recent studies from different areas of knowledge, including
information sciences, operations management, industrial engineering, and computer sciences, have
addressed in a theoretical and practical way, clear examples of CPs between 14.0 technologies and
LM practices. Table 1 summarizes the primary studies on these CPs, which were identified through
a literature review. In addition to lean principles, these studies show the connection between specific

techniques of the LM approach, such as Value Stream Mapping (VSM), Overall Equipment



Effectiveness (OEE), among others. It is important to highlight that this reference gave rise to the

research framework used in the case study.

Table 1 — Contact Points extracted from the literature.

Contact Points

LM Practices

14.0
Technologies

Authors (Year)

CP.01

Value Stream Mapping (VSM) in
real-time, aided by Big Data

Tamas et al., (2016);

. , X CPS and Big Lugert et al., (2018);
Analytics from the integration VSM Data Analytics Ante et al., (2018);
between RFID and ERP/MES Mayr et al., (2018).
systems.

CP.02 Key Performance Indicators
(KPIs) automatically generated Hoshin Kanri
through CPS and monitored in and OEE CPS Ante etal., (2018).
real-time.

CP.03 Data generated in the CPS can be CPS, IoT, cloud sanders et al., (2016);
stored on the cloud and used to . computing and .

) . . Jidoka : Mrugalska and Wyrwicka
prevent equipment failures using Big Data (2017)
Big Data Analytics. Analytics '

: . Kolberg and Ziihlke (2015);

CP.04 Replacmg paper cards with CPS, RFID and Sanders et al., (2016);
electronic controls (e-kanbans) to . .

. : Pull System Vertical Mrugalska and Wyrwicka
control inventory levels in real- . )
time and promote the pull system Integration (2017);
' Wagner et al., (2017).

CP.05 Operators equipped with
smartwatches will receive Smartwatches
messages about failures in real- Andon / Jidoka ' Kolberg and Ziihlke (2015).

X . . 10T and CPS
time, and a CPS will respond with
corrective actions.
CP.06 Industrial robots will be used in .
. . o Hedelind and Jackson
inspection and control activities to . Advanced )
. Jidoka ; (2011);
prevent errors in the Robotics
; Maet al., (2017).
manufacturing process.

CP.07 Reduced setup time through plug- RFID, CPS and
and-play, RFID, and machine SMED Big Data Sanders et al., (2016).
learning solutions. Analytics

CP.08 Additive Manufacturing allows
printing of parts on—de_mand, 7 Wastes and Addltlve. Chen and Lin (2017).
man-machine separation, and Pull System Manufacturing
waste elimination.

CP.09 Preventive and predictive
maintenance activities can be CPS and Bi
optimized through CPS, giving TPM 9 Li et al., (2015).

! - Data Analytics
rise to the e-
maintenance” concept.

CP.10 Augmented reality can assist . Kolberg and Zuhlke (2015);
operational tasks and identifying Stanvt\jlgrrilzed Algergﬁ?ted Pfeiffer et al., (2016);
problems in real-time. y Sanders et al., (2017).

CP.11 Optimization of internal logistics Continuous- Simulation, CPS, Neradilova and Fedorko
through simulation, CPS, AGVs, flow AGVs and Big (2017);
and Big Data Analytics. Data Analytics Powell et al., (2018).




RESEARCH METHODOLOGY

This study can be classified as a descriptive approach since the research aims to describe a specific
phenomenon (a real case about the implementation of the CPs) without the interference of the
researchers. To respond to the research questions presented in the introduction section, a single and
in-depth case study was carried out. The research was conducted in a company that manufactures
metal structures and stringers for the heavy automotive industry, identified in this paper as "Alpha."
The study was carried out between June 2019 and February 2020, based on interviews, in loco
observations, and documents. The company has manufacturing plants located in six countries and
employs approximately 15,000 people worldwide. The unit chosen for the study employs 300 people.
Altogether, eight employees with different functions were interviewed, including directors, managers,
developers, and analysts. All participants graduated in different engineering areas and have worked
on internal projects related to CPs implementation. Experience in LM practices and participation in

digital transformation projects were the selection criteria for the interviewees.

The following aspects were considered for the selection of the company: (1) size of the organization;
(2) culture of operational excellence and experience of over five years in LM practices; and (3)
evidence of conversion to the 14.0 model. Figure 1 illustrates the research planning based on a
theoretical structure (Figure 1a), built from the literature synthesized in the previous section. This
structure can be understood through a bottom-up perspective, where the investigation begins with the
understanding of the manufacturing process (where), goes through the identification of the CPs
between 14.0 technologies and LM practices (what), evolving to the understanding of IT, automation
and people requirements (how), until finally reaching the results achieved (why). The steps for
carrying out the case study (Figure 1b) were properly structured in a research protocol.

The data collection was focused on the process with more evidence of digitization to specify where
the research would be carried out. A closed questions questionnaire using a Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree) was applied to respondents in order to verify the level of
implementation of CPs in the company, according to the interviewees' perceptions. Otherwise, the
open questions allowed the interviewees' free explanation regarding the requirements and results

obtained.

Yin (2009) explains that the case study is recommended for research that seeks to find answers to
questions such as “how” and “why” the phenomenon to be investigated occurs. All interviews were
transcribed through software NVivo (version 11) and subsequently analyzed using content analysis
techniques. The coding system and the frequency of occurrences of the codes allowed the construction

of a conceptual map to synthesize the elements present in the research framework.



(a) Conceptual framework

(b) Case study steps
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The content of the qualitative interviews was used to find out answers to the research questions and

empirical evidence. The research framework shown in Figure 1a synthesizes the main characteristics

used to describe the implementation of the CPs at Alpha. Next, the considerations regarding the

integration between these elements will be presented, as well as the analysis of the DLM practices

observed in the organization.

The data collection was aimed at the manufacturing process of structural components for trucks

representing the process with the highest adherence to 14.0 technologies. This process covers several

activities, such as cutting, forming tooling charge, and assembly. Multifunctional teams have led the

strategy of converting to the 14.0 model at Alpha by implementing proofs of concept. These projects

cover receiving inspection activities using augmented reality, systems integration (MES, ERP, and

Bl), automated quality control, and computer vision inspection systems. The prioritization of LM

practices at Alpha derives from the organizational strategy. Each year, the headquarters establishes a

strategic plan and deploys it in the units using the Hoshin Kanri method. To foster and disseminate

the LM culture, Alpha has implemented kaizen action called Material Information Flow Chart

(MIFC), which replaces the traditional VSM. Currently, kaizen events are implemented in a workshop

format with an average duration of five days and directed to specific topics, including MIFC,

standardization, and Single Minute Exchange of Die (SMED).



The identification of the CPs implemented at Alpha took place through the verification of the
questions with Favorable Response Indexes (FRI) greater than 50%, representing the sum of the
percentages obtained in items 4 "agree" and 5 "strongly agree.” Thus, of the eleven CPs present in
the framework, six were fully implemented, as shown in Table 2. Cronbach's alpha coefficient for
this group of questions was 0.6022, demonstrating the consistency of the answers obtained. After
prioritizing the PCs with the highest company adherence, the research was directed to the
implementation process of these PCs, seeking an understanding of the technical requirements, and
the results provided by this strategy. Next, a narrative about the practices evidenced in Alpha will be

presented, which was built from the content analysis of the interviews.

Table 2 — Perception of respondents regarding the implementation of PCs at Alpha.

1 2 3 4 5 Favorable
X Strongly . Strongly Response
Questions related to CPs disagree Disagree Neutral Agree agree o —
Frequency of responses (%) (FRI)
CP1. Digital Value Stream Mapping. 0,00 0,00 37,50 25,00 37,50 62,50
CP2. Real Time performance management
through CPS and Big Data. 0,00 0,00 0,00 37,50 62,50 100,00
CP3. Predictive maintenance using Big Data 12,50 12,50 37,50 0,00 37,50 37,50
and CPS.
P4. Pull 7 igital /!
C ull system aided by digital controls 12,50 0,00 12,50 50,00 25,00 75,00
(e-kanban).
CP5. Corrective action using CPS and 12,50 12,50 37,50 0,00 37,50 37,50
e-andon.
CP6. Inspection and mistake-proofing with
advanced robotics and CPS. 0,00 12,50 12,50 25,00 50,00 75,00
CP7. Reduction of setup time with the aid of
CPS and Big Data Analytics. 12,50 25,00 25,00 12,50 25,00 37,50
CP8. Waste ‘ellmlnat/on through additive 37,50 12,50 37,50 12,50 0,00 12,50
manufacturing.
CP9. “e-maintenance” activities. 75,00 12,50 0,00 0,00 12,50 12,50
CP10. Standardized .work aided 0,00 12,50 12,50 25,00 50,00 75,00
by Augmented Reality.
CP11. Digitization of internal logistics
62,50 12,50 12,50 0,00 12,50 12,50

activities.

Part of the manufacturing processes documentation, including operation sheets, work instructions,
control plans, and process maps, is already in electronic format. However, according to Technology
Director (TD1), the implementation of CP1 - Digital Value Stream Mapping could present real-time
information not previously detected. The activities are mapped based on the requirements of the
Advanced Product Quality Planning (APQP), which is widely used in the automotive industry.
Although the development of flowcharts and process maps can identify important characteristics for
the control of activities, the use of Big Data and simulation can help identify other less common
characteristics (TD1).



According to the opinion of this interviewee, a map with updated information on the process in real-
time would be useful to generate data that could be smoothed in a predictive way, as demonstrated in
the statement below.
TDO1: “To increase the process efficiency above 95%, it is necessary to have a
system for predicting quality problems instead only identifying failures. It is essential

to predict when these failures will happen. It is in this context that we need to expand
monitoring and use other analytical tools.”

The implementation of CP2 - Real-time performance measurement through CPS and Big Data was
conducted through a project that integrated the MES, 0T, PLC, BI systems, and cloud. According to
the Quality Manager (QM1), before implementing this project, Alpha managed its measurement
system through Microsoft Excel®. In 2014 the MES system was specifically implemented to control
production. In 2017, this system started to be integrated with Bl to monitor various indicators through
smartphones, monitors, and screens. In terms of operational excellence, the indicators of setup time,

productivity, quality, and OEE stand out.

All stages of the manufacturing process consume some material that must be available at the
appropriate time and in quantity needed for production. As explained by the Quality Analyst (QA1L),
although the replacement of these materials is not yet performed automatically, the partial
implementation of CP4 - Pull system aided by digital controls has allowed the real-time identification
of the quantities consumed through MES system, which is fed with the aid of barcode. When the
operator removes a certain quantity of specific material from the stock, this operation is registered
through bar codes and notes in the MES system. The update of stock levels is performed automatically
in the ERP system. From definitions of replacement point and minimum stock for each station, the

operator can be informed about the withdrawal of materials.

This inventory control system can work as an alternative to the kanban system. The implementation
of CP4 required the integration between the MES and ERP systems and the acquisition of printers,
labels, and barcode collectors. According to the interviewee's opinion, “The MES implementation has

to be considered a watershed moment.” (QA1).

The company has two applications of CP6 - Inspection and mistake-proofing with advanced
robotics and CPS with an emphasis on RFID technology. The first application was in the plasma
cutting area. Every 5 minutes, the operating system reads the tags installed on the operators' protective
equipment and compares it with a register of operators qualified to work in the area. In this way, the
machine is released only to the task-enabled operators. One of the significant problems in plasma



cutting and welding processes is eventually allocating someone who is not qualified in the function
(QM1).

The second application involved the calibration control and Measurement System Analysis. Each
equipment has a tag that connects to the machine's PLC for automatic release or blocking of the
operation, according to the observed situation (AQ2). It is important to highlight here that the MSA
activity aided by CPS was not identified in the literature. According to the opinion of an Engineering
Analyst (EAL):
EAL: “I think that this issue of blocking activities through an automated system is
an excellent gain for quality. | believe that industry 4.0 and all the tools it provides

have the potential further to improve production control in the sense of failure
prevention.”

Finally, the implementation of CP10 - Standardized work aided by augmented reality, is still
undergoing experimentation. One of the challenges to be overcome is the weight of the equipment.
However, this restriction can be offset by replacing the glasses with tablets. It is expected that the
quality of inspection on receipt of materials can significantly improve, as the technology can optimize

the task through 3D images, hologram, and instructional videos (QAZ2).

Among the most expressive IT requirements, systems integration (ERP-MES-CLP-BI),
communication protocols, out-tasking, ethernet, and connectivity aspects (IoT) stand out, as well as
the possibility of predictive analysis. As explained by the Senior Maintenance Analyst (MA1),
information security management included a hierarchy with permission levels. The operator's access
to the MES system is limited to monitoring production stages, with no possibility of changes in
product variables. Besides, the organization developed the data receiving software (wireless) in
partnership with a metrology solutions provider.

The investigation of automation requirements revealed that the most cited components regarding
architecture for the implementation of CPS include RFID, wireless, Bluetooth technologies, PLCs,
sensors, and actuators. Collection and transmission of shop floor data required PLC memory
structures available on a server allocated for the CPS application. Thus, the software works as a
gateway to capture the PLC memories and make the data possible in hardware resources. It should be
noted that the communication by cabling is necessary since the manufacturing process has steps that
consume too much electrical energy (plasma and solder), which interferes with wireless

communication technologies (QAL).

The analysis of people requirements highlighted online training actions, hiring professionals from the

IT area, and knowledge in the programming language, statistics and data analysis, network



architecture, software engineering, and understanding of the business. Actions for the development
of skills 4.0 involved not only training but also participation in workshops, congresses, and
international fairs. Such events are fundamental for acquiring knowledge on cutting-edge technology
and new suppliers representing an excellent opportunity to clarify doubts regarding the use of new
technologies and equipment (DT1). The skills development strategy at Alpha covers the allocation of
people with skills in software engineering, computer science, database, and M2M communication
directly in the factory operations (AQ2). It was observed that IT staff acts as a support to the
implementation of digitization projects and that this involvement is essential for the success of the

projects.

QM1: “I needed a lot of training in IT, but when the IT staff joined our team in 2015,

it became a revolution. If these people had not come to the process area and helped

with the projects, we would not have progressed.”
Finally, the results from the implementation of the CPs declared by the interviewees are consistent
with the literature on traditional LM, since they are aligned with the “House of Toyota” model, where
the roof is represented by three targets: highest quality, lowest cost, and shortest lead time (Stewart,
2011). In addition to these results, respondents also cited the benefits of implementing CPs as
eliminating waste in the process, increasing organizational competitiveness, and real-time
information. Figure 2 shows a conceptual map synthesizing the entire narrative that was built from
content analysis and codification. The comparison of this concept map with the research framework
provides answers to the research questions presented concerning DLM practices in the investigated

company.

CONCLUSIONS

The implementation of 14.0 technologies within the scope of operational excellence practices is still
developing. The evolution of the LM to DLM approach requires the implementation of CPs between
both areas. Although the specific literature on the topic presents some empirical studies combining
specific enabling 14.0 technologies with LM practices, examples of the application of frameworks

capable of integrating the two themes (LM and 14.0) still represent a research gap.

The present work mitigates this gap by presenting a real case study carried out in a Brazilian company
undergoing a digital transformation process. The research framework tested in this study can bring
together the managerial elements inherent to DLM in a single and simple structure, which can be used
by practitioners and researchers. As answers to the RQ1, the PCs evidenced at Alpha included: CP1

- Digital Value Stream Mapping; CP2 - Real-time performance measurement through CPS and Big



Data; CP4 - Pull system aided by digital controls; CP6 - Inspection and mistake-proofing with
advanced robotics and CPS; and CP10 - Standardized work aided by augmented reality.

- Quality

- Competitiveness
- Cost reduction

- Waste elimination
- Reliability
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Figure 4 — Conceptual Map.

The results revealed that the implementation of these CPs had demanded specific requirements
(RQ2), including IT requirements (integration of MES-ERP-PLC systems, outtasking, and
communication architecture), automation requirements capable of connecting sensors, actuators,
RFID, and PLC devices, as well as people requirements, with emphasis on digital culture and IT
skills. Besides, interviews with Alpha professionals revealed that the results from the implementation

of these CPs (RQ3) are in line with the LM theory, as they are aimed at reducing operating costs,



eliminating waste, increasing quality, reducing lead time, and real-time information. However, it was
also observed that the digitalization of LM practices increased the organizational competitiveness and
the reliability of manufacturing processes. Such results evidence that the DLM implementation

strategy can go beyond a simple "conversion™ to digital manufacturing.

It is also worth noting that the implementation of DLM has managerial implications. The need for
significant investments in technology and changes in shop floor routines is an example of these
implications. In this context, the importance of multidisciplinary teams involved in 14.0 projects is
highlighted. Regarding future research, this study will be extended to other companies, to allow a
cross-case analysis and evidence the implementation of other CPs not discussed in this study. The
analysis of a single case is the primary limitation research, as well as the impossibility of generalizing
the results obtained. However, it is expected that the research framework presented in this paper will

be able to be replicated in other studies related to DLM.
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ABSTRACT

Purpose: The purpose of this study is to understand the relationship between innovation and
technology with quality through the review of previous studies and the real perception of individuals.
Project/Methodology/Approach: The research method used is qualitative. This study carried out
based on a literature review and with the application of an online questionnaire, in order to understand

the perception of individuals when these terms are addressed.

Findings: The findings are useful for business managers as these three areas are increasingly
interconnected, being the path the organization’s success. This study contributed to develop this
concepts that be so important on nowadays. The focus on quality as a competitive tool is crucial but
insufficient, and innovation and technology emerge as a new way of meeting customer requirements

and expectations.

Research limitations/implications: The literature review was limited to a database. Future research
despite the little bibliography available on this topic, where the innovation and the technology are

related to the quality, it's a very pertinent topic to be deepened and suggested for future investigations.

Conclusions: This research concludes that the higher the level of investment in areas such as
innovation, technology and quality, the best competitiveness and production performance will have
the organizations. With the application of the questionnaire, it verifies that there isn't consensus
among individuals on the definition of innovation and quality and even on technology only half of

the participants had the same opinion.

Originality/Value: This study contributed to a better perception and systematization of the

relationship between quality and innovation.
Keywords: Innovation; Technology; Quality.

Paper type: Literature review.



1. INTRODUTION

In the economic landscape that exists today mind, from the globalization of rapid technological and
cultural change, the environmental pollution and the intense exploitation of scarce resources,
organizations are forced to improve the day-to-day d their processes to achieve secure its

competitiveness in the market and satisfy the needs of its customers.

In view of this situation, organizations are forced to innovate, offering their customers innovative and
high quality products and/or services, inorderto anticipate and satisfy market
needs. Therefore must make rational use of resources, and the innovation of the current most

important concepts in all aspects.

The dynamics of innovation and its technological aspects condition sharply our day-to-day at
both professional as personnel. People and organizations will have to adapt to change and participate

in it by overcoming the challenges they face.

Innovation, based on creativity, is embodied in inventions that in many cases involve new

technologies that become new tools, products, services, processes and methods.

Currently, the quality word appears in all walks of life and point out that organizations not to adopt

as a guiding principle, very soon cease to exist, since it is increasingly becoming a "must”.

Faced with a market that is constantly evolving, with several changes in consumption and business
patterns, research and development (R&D) disseminated and boosted innovation, in order to support

organizations to acquire competitive advantages.

Innovation and technology are two of the most striking features of today. During human evolution,
the pace of change has never been so fast as currently, observing that it tends to accelerate and not to
soften. In this context, people and organizations will have to adapt before the new challenges that

they will encounter, through something new and better, urging creativity and quality.

These changes can occur in our daily lives, such as airplanes, televisions, mobile phones, headsets

that currently connect without any wire, among many others.

This work will give-emphasis on approaches to innovation, the technology and the quality. A
qualitative analysis will be carried out through bibliographic research and through the analysis of a
questionnaire in order to understand how individuals approach this increasingly important topic

today.



2. PERCEPTION OF APPROACHED CONCEPTS: LITERATURE REVIEW
2.1. Innovation

Innovation makes a difference in all organizations, regardless of type or size. Products and services
must be in constant innovation so that organizations don’t run the risk of being overtaken by

competition (Tidd, Bessant, & Pavitt, 2008).

Innovation can be understood as the development and implementation of new ideas by people over
time and is based on four factors: new ideas, people, transactions and institutional context (Van de
Ven, 1986).

Innovation is the process of translating ideas into useful and usable products, processes or services
(Tidd, Bessant, & Pavitt, 2008). Innovation can take many forms and are known as the “4Ps of

innovation” as shown in table 1.

Table 1 - Dimensions of change - the 4Ps of innovation.

Innovation Definition
Product Alterations in the products and/or services that an organization offers.
Changes in the ways in which products and/or services are created and
Process presented to the consumer.
Position Changes in the context in which products and/or services are introduced.
Paradigm Changes in basic mental models that guide what the organization does.

Source: (Tidd, Bessant, & Pavitt, 2008), adapted.

The success of innovation depends on resources such as people, equipment, knowledge
and management capacity of the organization, the last being the most difficult to control, but it is
what makes or breaks the process (Tidd, Bessant, & Pavitt, 2008).

The organizations that want to innovate must invest in communication values and on objectives
related with innovation, in discussions that involve different areas and members of the
business, working with agents outside the organization, and also in setting limits that specify an action

camp for employees (Cruz, 2014).

As organizations intend to innovate in products or in production processes, the tasks become more

uncertain, referring that “(...) the main way to reduce uncertainties is to do things repeatedly, avoiding



innovation. Therefore, innovation becomes the main contingent factor underlying the contingency of

the task with uncertainties” (Donaldson, 2008).

The administration of organizations begins to realize that innovation creates lasting advantages and
produces changes in the competitive position (Dobni, 2008), being essential for organizational

survival in an increasingly competitive market (Serréo, 2009).

The innovation doesn’t exist without the invention. The inventionis a new idea, a model, a
prototype that arises for a new product or process and while innovation consists in putting this idea
into practice, being an economic and social application of the invention (Fagerbeg, 2009). The
innovation and the invention are clearly related, once innovation comes from the combination of
several inventions or adaptation of something that has been invented in other
circumstances. Resuming, the innovation assumes to be a multidimensional and systemic process,

being an invention with economic significance.

On the table 2 are describes some of the definitions of innovation from the standpoint of some

authors.
Table 2 - Some definitions of innovation.
Author Definition
The innovation underlies a rupture or discontinuity in relation to the past,
Schumpeter associating itself with the expression “creative destruction”, which
underlies a radical cut with the past.
Bruck The innovation is an instrument of entrepreneurs, through which they
rucker
explore change as a new opportunity for a new product and/or service.
The innovation is a cumulative process, with the impossibility
Lundvall o o _ -
of separating invention, innovation and diffusion.
Utterback Innovation is the conversion of an idea to a first use or sale.
The innovation is the first commercial application or production of a new
Freeman and Soete | product or process, taking up the crucial contribution of the entrepreneur
in connection process of new ideas with the market.
) Innovation is essentially related with the knowledge: creation new
Deakins and Freel o o
knowledge or recombination existing knowledge.

Source: (Carvalho, 2008), adapted.



Proceedings of the 4th ICQEM Conference, University of Minho, Portugal, 2020

After analyzing table 2, it can be seen that the authors reveal different perceptions about the concept

of innovation.

The innovation is considered as a critical success factor, been necessary that it
be established as one competitive advantage, allowing to the companies consubstantiate, in fact, its

own differentiation ability in value.

The figure 1 illustrates briefly the concept of innovation.
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Figure 1 — Some definitions of innovation.

The innovation brings new challenges and advantages to the organization, such as: giving access to
new markets, increasing profits, creating jobs, strengthening brands and quality. These
advantages are crucial in a globalized world, in which organizations are obliged to compete as in the
external market as in internal market, with competitors installed anywhere in the world.

2.2. Technology

The technology can be defined as a group of practical knowledge applications used for a purpose,
including the skills and the competencies to apply that knowledge. One of the aspects to highlight
about technology is its ability to produce and increase the usefulness of products and/or services
(Negas, Carvalho, & Sousa, 2020).

204



The technology refers to form how an organization works, in other words, how this turns the raw
material in products, including in this procedure the machines, the tools, the materials, the people and
the knowledge (Chenhall, 2003).

The technology has occupied and occupies an important role throughout the evolution of humanity

and can be seen as a lever of human intelligence while species.

Like almost everything, the technology has positive (advantages) and negative (disadvantages)
consequences on humanity and it is sometimes difficult to differentiate one from the others. The

table 3 shows some advantages and disadvantages related with the technology.

Table 3 - Advantages and disadvantages of the technology.

Advantages Disadvantages
Increase of food production. Pollution.
Increase of production the goods and services. Depletion of natural resources.

Improvements in comfort.
Disturbances in the use of time.

Better use of natural resources.

Ease of traveling.
Risk of extinction of the human species.

Improvement in communications.

Improvement in health care. Great dependence of technology.

Currently, the evolution of technology is so fast that there are authors who classify it as a revolution,

once we live in a time of relevant changes due to technology that doesn’t tend to slow down (Negas,
Carvalho, & Sousa, 2020).

In the current technological revolution, this is replacing or at least changing the jobs that demand and
rely on intelligence and not on physical work as it did at the beginning of the 19" century in the

industrial revolution.

The technological revolution that we are experiencing today has led to the extinction of many
administrative  functions  performed by humans who performed more elaborate
activities. This revolution did, does and will make many people lose their jobs and have to adapt to
the new reality, including a reduction of the vast majority of salaries of those who can work. Only

individuals who control in the professional skills currently required, a minority, will wage gains.



A little detail about this new reality is that the machines are being used to carry out increasingly
elaborate functions, functions such that when performed by humans require many practice and
intelligence. As a common example, medical diagnoses arise where increasingly the machines replace
human intervention. This type of situation will tend to occur in many other areas and domains of
intelligent human work, since the new machines will be able to perform the tasks better and/or at least
in a cheaper way (Negas, Carvalho, & Sousa, 2020).

2.3. Quality

There is no concrete definition of quality, since it’s a subjective concept that is directly related to the
perceptions of each individual. There are several factors that directly influence the definition of
quality, such as the culture, the type of product or service, the needs and the expectations. As the term

has several uses, its meaning isn’t always clear and objective.

The quality is a term difficult to define but easy to recognize, being associated with something good
or exceptional. In this way, the quality of a product and/or service is related to its attributes and

characteristics that may or may not satisfy the needs of an individual (Gaster & Squires, 2003).

The table 4 presents some definitions of the main quality gurus.



Table 4 - Some definitions of quality.

Author Definition

There are two common aspects in quality. One is the person
who clings to the real and objective quality of something,
Walter A. Shewhart regardless of the existence of men. The other is linked to what

we think, feel or experience as a result of this objective

reality.
W. Edwards Deming The ability to satisfy desires.
Joseph M. Juran Suitability for the use.

) The ability to develop, design and produce (...) in the most
Kaoru Ishikawa _
economical, useful and pleasant way for the customer.

) The best for some customer requirements, being these
Armand V. Feigenbaum ) . ) )
requirements: utility and selling price of the product.

S ) The damage caused to society by the product, from the
Geinichi Taguchi o
moment it is sold to the customer.

Philip B. Crosbhy Compliance with requirements. Zero defects.

) Give to the customers what they want and try to overcome
Paulo Sampaio _ _
their expectations.

Portuguese Quality Association | The quality is the totality of the characteristics of a product or

(APQ) service that determine its ability to satisfy a given need.

Source: (Oakland, 1994), adapted.

According to the definitions presented, the quality has as main objective the satisfaction and well-
being of customers. However, the definition of the concept of quality involves other perspectives, as

can be seen in some of them outlined in figure 2.
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Figure 2 - Quality definitions.

According to the definition in the standard NP EN 1SO 9000: 2015 (9000, 2015), the quality is
understood as the "degree of satisfaction of requirements given by a set of intrinsic characteristics of
an object” and the success of any organization depends directly on the its ability to mobilize and
organize the means and the resources necessary to carry out products and/or services that satisfy the
requirements, needs and expectations of their customers. Therefore, the quality is the "engine" of the
success of any the organization and its recognition, the distinction factor and choice of products
and/or services. The development of a culture based on quality principles and their consequent values,
will pave the way for the effectiveness and continuous improvement of methods and processes (Pinto
& Soares, 2018).

The great competition between the organizations (between the various products and/or services),
enhanced by the challenge of increasing globalization of the economy, relaunches and stresses the
need to satisfy customers' requirements. Quality is thus a growing imposition whatever the market in
which the organization is inserted, in many cases being an important criterion for selection or
exclusion. However, the quality of products and/or services is not the result of inspiration or
chance: the organization must demonstrably proven that it have the means and resources necessary
for the development of quality products and/or services and their continuous improvement, for in

order to accompany the growing and natural increase in the demand of its customers.



The organizations began to realize that quality is a non-negotiable factor, that is, the consequences of
placing a “non-compliant” product or service on the market are catastrophic and can compromise the

organization's future viability.

The highly competitive scenario makes that organizations remain in constant improvement of their
products, processes and employees. Many Japanese organizations have adopted “Kaizen” which is a
philosophy of personal, organizational and social improvement, and it has contributed considerably
to the progress of quality concepts, promoting the concepts reported by Deming, such as, for example,
the well-known PDCA Cycle. The Kaizen protected the various Japanese administrative production

techniques, such as Total Quality Control, Zero Defect and Just in Time (Robles, 2003).

3. METHODOLOGY

This study is based on a bibliographic search, initially made through the reading of books related to
the subject and then through a search and selection of articles in the Google Academic database,
focused on the relationship between quality and innovation. The keywords used during the search of
the articles were: innovation, quality, technology, relationship between quality and innovation,
impact of quality and innovation, link between quality and innovation. The criterion used in the
selection of articles was the choice of those articles that directly addressed the relationship between
quality and innovation and where this was the central theme of the article.

An online questionnaire will be apply, in order to understand the perception of individuals when these

terms are addressed and the research method used will be gualitative.

4. RELATIONSHIP BETWEEN INNOVATION AND TECHNOLOGY WITH QUALITY

After conducting the research, no study has been found that relates the innovation and the technology

to quality. This relationship will be addressed between each one separately:
« Innovation and Technology;
« Innovation and Quality;
« Technology and Quality.

The relationship between the innovation and the technology with the quality will be addressed

according to the proposals presented in the questionnaire, covered in point 4.



4.1. The relationship between innovation and technology

When society refers to innovation, it is natural to associate the term with an instrument, equipment,
software, developed based on the most recent technological advances. Any innovation produces what
the author described as “creative destruction™ in which the "new stands next to the old" and later
takes its place, leaving behind "dead and wounded" but driving progress. In this sense, the innovation
may result from new combinations of productive means, designated per technological innovation,
which brings with it innovation of the product (goods or services) and innovation of the process
(Paiva, Cunha, Junior, & Constantino, 2017).

However, the concept of innovation can’t and shouldn’t exhaust in hillside of the technological
development. Currently, the term is also linked to non-technological innovation. Non-technological
innovation may include: the organizational or administrative innovation (namely new forms of work
organization or changes in organizational structures); the access to new markets; the adoption of
advanced management techniques (such as Total Quality Management or Just in Time on production,
or the use of new raw materials less polluting and more environmentally protective). With this, the
innovation has ceased to be exclusively focused on the technological aspect, to cover all internal areas

within an organization.

The advances in information technology have spurred innovation and change in the collection,
measurement, analysis and communication of the information within and between

organizations (Burns & Vaivio, 2001).

Analyzing the work of Hyvonen, information technology refers to the highlight of the company in
advanced applications of information systems and measurement only of variables that represent the
use of information technology innovation in general. These variables include the e-commerce, the
enterprise resource planning (ERP), the customer relationship management (CRM), the supply

chain management (SCM) and the data storage (Hyvonen, 2007).
4.2. The relationship between innovation and quality

In the business community, the relationship between the quality and the innovation has sparked some
controversy, given that there are studies that prove a positive relationship between the quality and the
innovation, but there are others that argue the opposite. However, some studies about innovation
consider total quality as a form of innovation (Cooper & Schindler, 2003). In this way, the discussion
of the relationship between total quality and innovation is fundamental for the success of

organizations.



The innovation  has several advantages such  as grantingaccess to  new  markets,
increase the profit, create new jobs, strengthen the brands and the quality. These advantages have
become crucial in a globalized world, where companies are forced to compete as in the external

market as in internal market, with competition in any part of the world.

On the other hand, the innovation can be seen at the level of strategy, resource management, design
or monitoring of processes, forms of organization and structures, financial aspects, production,
distribution, marketing and commercialization, brands, remuneration and reward policies, quality or
environmental management, in short, in all activities related to the way of being an organization,

which is also a characteristic shared with Total Quality Management.

A strong degree of innovation can be reflected in competition with other organization through the
creation of new products, which is generally seen as the influence of the environment. Thus, the
organizational structure is caused directly by the internal innovation factor and indirectly by the
external environment factor. Thus, as the task of uncertainty increases, through innovation, structural
simplicity is reduced and the costs are high, but is rewarded by the benefits of innovation (Donaldson,
2008).

The innovation of the process improves the relative quality, reduces the costs, and consequently,
improves the relative value of the product. The innovation of the product also affects the quality, but
the biggest effect is to rename and value, which together lead to the increase of the market space
(Tidd, Bessant, & Pavitt, 2008), as illustrated in figure 4.
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Source: (Tidd, Bessant, & Pavitt, 2008), adapted.
Figure 4 — The relationship between innovation and market performance.

The figure 4 shows a direct relationship between the innovation and the quality.



Next, two quality tools that are associated with innovation will be addressed: the Kaizen and the
PDCA cycle.

4.2.1. KAIZEN

The Kaizen is a small innovation in continuous improvement and sits on a philosophy which holds
that everything can be improved, involving all employees of an organization (Negas, Carvalho, &
Sousa, 2020). The main objective of Kaizen is to eliminate waste, being used mainly in the quality

area.

The Japanese companies were the pioneersin the use of this method after the Second World
War and after  the  divulgationand  achieving of great success, this method was
released worldwide and adopted in many places.

The Kaizen involves all employees of an organization and it consists in the implementation of small
improvements suggested by them (the s considered useful ideas are implemented on the same day in
which are proposed). This method goes beyond the continuous improvement in productivity once
it also contributes to humanize the workplace, such as example, reducing and if it’s possible

to eliminate hard work.

The good implementation of Kaizen requires the cooperation of the employees of the organizations,
once without this cooperation, it isn’t possible to obtain the benefits of using this method. The
implementation of this method requires changes to made and they should be evaluated, and taking

into account the evaluation, should be the adjustments made necessary.

For a good implementation of Kaizen individual suggestions from employees are used that focus on
the work they perform and then can be implemented in the workstation of the person who suggested
them. This is done with the involvement of asmall number of people and if the proposed
improvement is a success, it can (and in many cases should) be implemented in other sectors of the

organization where appropriate (Negas, Carvalho, & Sousa, 2020).
4.2.2. PDCA CYCLE

PDCA is a circular change process that facilitates the introduction of innovations in organizations
that adopt it (Rother, 2010). PDCA is an approach to solve problems, allowing to
experiment possible solutions to a given problem in order to identify the improvement before
executing it. The process, being circular, is endless and must be repeated indefinitely, having this

repetition the purpose of improvement continuously the processes and the products.

This process has similarities to the scientific method which can be summarized as a process where

hypotheses are placed, and then realized experiments in order to prove or disprove and



finally, should proceed to the evaluation of the results of these experiments confirming or not the
hypotheses initially proposals (Negas, Carvalho, & Sousa, 2020).

The implementation of the PDCA system can provide great benefits to organizations, such as:
continuous improvements through a standardized method; reduction and barrier to resources
spending in the implementation of inferior or ineffective solutions; promotion of group work and cost

reduction.

As for continuous improvements through a standardized method, the PDCA cycle is a standardized
method, which provides several advantages, such as the fact that it can be repeated numerous times
on new or recurrent issues and it permit go that decisions are made based on objective data and

information.

Regarding the reduction and barrier expenditure of resources in the implementation of solutions lower
or ineffective, the PDCA cycle is an experimentalist method, that is, it tests possible solutions on

a small scale in order to avoid big spending on ineffective solutions.

With regard to the promotion of group work, the PDCA method promotes group work by resorting

to the solution of solving problems by calling on everyone involved.

Finally, regarding the reduction costs, the costs of implementation of this method, when compared
with the advantages which provide organizations to remove obstacles and inefficiencies, result in an

investment completely useful (Negas, Carvalho, & Sousa, 2020).
4.3. The relationship between technology and quality

According to (Baines & Langfield-Smith, 2003), the implementation of advanced industrial
technology is a way that organizations present to respond to the high customers orders, ensuring
quality, flexibility and confidence in the supply of products. The authors considered for the research
some variables, such as: computer aided design (CAD), Just in Time (JIT), total quality management
(TQM), resource planning, integrated production by computer (CIM) and flexible production systems
(Baines & Langfield-Smith, 2003).

5. ANALYSIS AND DISCUSSION OF RESULTS

For this study, the method research realized was qualitative. This was done through bibliographic
research and through a shared questionnaire, in order to understand the concepts and the importance

of the terms under study for individuals. It was based on multiple choice and direct answers.
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The size of the sample in study is irrelevant, once just want toknow what itis
that the people understand by innovation, technology and quality through a group of options by

multiple choice.

Regarding the perception of the relationship of the three variables (innovation, technology and

quality), it is intended to understand the opinion of individuals in relation to the topic under study.
5.1. Perception of the concepts under study

According to the study, most individuals define "innovation™ as the process of translating ideas into
useful and usable products, processes or services and as a multidimensional and systemic process,

being an invention with economic significance, as shown in the figure 5.

Innovation is...

m ...the process of translating ideas
into useful and usable products,
processes or services.

™ ...a multidimensional and systemic
process, being an invention with
economic significance.

I ...converting anidea to a first use or
sale.

Figure 5 - Perception of the innovation by individuals.

According to the study, most individuals define "technology" as the reality where machines will be
used to perform increasingly elaborate functions, functions that when performed by humans require
a lot of practice and intelligence. In this concept, there is a consensus among the majority of

individuals who participated in the study, as shown in figure 6.
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Technology is...

m ...the set of practical knowledge
applications used for a purpose,
including the skills and
competencies to apply that
knowledge.

m ...the way an organization works,
that is, how it transforms raw
materials into products, including
machines, tools, materials, people
and knowledge in this procedure.

. ..the reality where machines will be
used to perform increasingly
elaborate functions, functions that
when performed by humans require
a lot of practice and intelligence.

Figure 6 - Perception of the technology by individuals.

According to the study, most individuals define "quality” as being a standardization to give the
customers what they want and trying to exceed their expectations, as shown in figure 7. This study
itself proves what is mentioned in the literature review, that is, quality is difficult to define and there
IS no one concrete definition for it.

Quality is...

B ...the totality of the characteristics
of a product or service that
determine its ability to satisfy a
given need.

¥ ...the degree of requirements
satisfaction given by a set of
intrinsic characteristics of an object.

» ...give customers what they want
and try to exceed their
expectations.

Figure 7 - Perception of the quality by individuals.
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5.2. The relationship between innovation and technology

The relationship between innovation and technology is undoubtedly the most noticeable by the

individuals who participated in the questionnaire, highlighting this relationship as:

Essential, since part of the innovation exists due to technological development and vice versa;
Modernization;

Doing more and better, reducing waste and increasing the value of products and / or services.
Direction of the organizations for Industry 4.0;

The mutual accompaniment of both;

Satisfaction of the needs to develop a product and / or service and transform it with the help
of technology;

Disruptive (technology helps to refine innovation as something new/different in society).

5.3. The relationship between innovation and quality

Although there is some grounded theory about this relationship, the relationship between innovation

and quality is not very noticeable to individuals. This relationship was addressed as:

Improvement;

Increased productivity with fewer defects;

Today's most important differentiating relationship;
One variable raises the other;

The quality brings benefits to innovation, when it helps to implement procedural controls,

improving it;

Improvement of internal processes.

5.4. The relationship between technology and quality

As for the relationship between technology and quality, there is almost no information, but it is the

most noticeable for individuals, perhaps because it follows the evolution of technology. This

relationship was addressed as:

Industry 4.0;

Decrease in human resources, therefore decrease in errors;



e Use a particular machine (technology) and achieve maximum quality from it;

e The technology helps to increase the quality, either through an improvement in management

system or as an improvement procedural.
5.5. Relationship between innovation and technology with quality

The relationship between innovation and technology with quality is the focus of this study, but in
order to understand this relationship, it was necessary to understand the isolated relationships of these

variables.

With the questionnaire applied and after all the bibliographic review covered in this study, it can say

that the relationship between innovation and technology with quality is seen as:
¢ Organizational effectiveness and efficiency;
e Facilitated production of a product with fewer defects (producing more and better);
e Evolution;

e The quality is an area that can be interconnected with all other areas. Innovation, sustained
with an adequate technological base, goes beyond the requirements of customers

through the implementation of quality management systems.

After analyzing the results obtained through the questionnaire applied, it should be noted that in open
and direct answers, there is no consensus on the relationship that each variable has with the other,
obtaining different opinions. This shows that this is an area that is rarely addressed when related to

the three variables, with uncertainties still remaining.

Despite the little bibliography available on this topic, where innovation and technology are related to

quality, it is a very pertinent topic to be deepened.

6. CONCLUSION

The quality is the engine of any organization's success. The development of a quality-based culture
paves the way for organizational effectiveness and efficiency, enabling the achievement of more for

less.

The Kaizen method is based on the idea of continuous improvement through the gradual adoption of
small innovations. The PDCA cycle is a process of circular change that involves four phases and aims
to identify the best solution to a problem before executing it, also based on the idea of continuous

improvement.



Innovating without quality can lead the organization to an ephemeral result. However, the market
may not recognize this innovation without quality. In this sense, it is possible to detect signs of
convergence between the concepts of quality and innovation, which may result in reciprocal benefits

within organizations.

The quality with a view to satisfying the end customer is the other side of innovation, whose purpose
will be to create value. In short, the result of the implementation of quality and innovation strategies
will lead to the creation of value and, consequently, to the increase in the competitiveness of

organizations.

(Alves & Saraiva, 2011) report that the implementation of innovation and quality strategies tend
to increase the competitiveness and create value, once your goal is focused on the satisfaction of the

end customer.

The presence of the innovation in the quality wuniverse becomes increasingly more
visible, especially in the design and the planning of quality in respect to the development of new
products and/or services, where innovation is focused on satisfying the needs of customers.

Due to the permanent and fast changing markets, organizations have to be creative and maintain the
quality of their products and/or services in order to survive. Thus, innovation and quality are
presented as  aspectscrucial in  the  functioning of organizations, able  to tackle
competitiveness, the instability and the requirement.

After conducting this research, it is concluded that the higher the level of investment in areas such as
innovation, technology and quality, the best competitiveness and production performance will have

the organizations.

As verified in the application of the questionnaire, there isn't consensus among individuals on the
definition of innovation and quality and even on technology only half of the participants had the same

opinion.

Despite the little bibliography available on this topic, where the innovation and the technology are

related to the quality, it's a very pertinent topic to be deepened and suggested for future investigations.
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ABSTRACT

Purpose - Supply Chain Management (SCM) is one of the most important parts of business, which
includes supply chain quality management (SCQM) and supply chain risk management (SCRM). One
of the consequences of an epidemic outbreak can be a lack of reliable data and difficulty in accessing
this information, which can simultaneously disrupt supply and demand. Because epidemics of
infectious diseases such as Covid-19 cause many deaths worldwide. Therefore, in order to effectively
control these epidemics and also to prevent the failure of health systems and laboratory services,
having a quality management program and supply chain risk management seems to be essential. The
main purpose of this article is to carefully review the studies that have analyzed the results of SCQM,
SCRM techniques of different countries and industries in response to the COVID-19 crisis.
Design/methodology/approach - In this research, studies pursue and assess the problems and
solutions based on a systematic literature review analysis.

Findings - By considering the researches which have been done related to disruptions of COVID-19,
— important disruptions and risk management plans are mentioned to provide a better comprehension
of this issue.

Research limitations/implications - Since this global pandemic is a completely new issue, analyzing
and gathering reliable statics from companies was very a complicated task. In a different
circumstance, exploring hidden disruptions costs and other related issues is continuing since thspread
of this disease is not finished yet. Therefore, access to the related data for experts is limited that leads
to publishing fewer case studies researches in this filed.

Originality/value — In this paper, the implication of the pandemic situation (COVID-19) is
investigated for SCQM.

Keywords: Supply Chain Quality Management, COVID -19, Global Pandemic, Disruptions.

Paper type: Literature review



INTRODUCTION

In the competitive marketplace, supply chain management (SCM) is one of the significant parts of all
business processes. Moreover, SCM involves challenges such as developing trust and collaboration
among supply chain partners, identifying best practices that can facilitate supply chain process
alignment and integration, and successfully implementing the latest collaborative information
systems and Internet technologies that drive efficiencies, performance, and quality throughout the

supply chain (Robinson and Malhotra, 2005).

Most companies expend specific plans to protect their strategic mission against unexpected problems
during the supply chain process. By understanding the different dimensions of the interconnectedness
of supply chain risks, decision-makers can create a coherence plan to reduce effective risks.
Regarding the recent increasingly complex environment, Supply Chain Risk Management (SCRM)
can adjust to improve financial performance and competitive advantage (Hauer, 2003). Risk
management strategies are provided and important experiences to strategy selection that should be
analyzed. Moreover, they argued that three moderators in the process of risk management are playing
an important role which is team composition, supply chain complexity and inter-organizational
learning (Manuj and Mentzer, 2008). The supply chain risks affect global supply chain decisions in
different aspects; consumer-facing changes, converting the source of components that create the same
functionality, and some changes that affect operational capabilities. Manuj and Mentzer (2008)
identified that risk management in global supply chains leads to a reduction in loss, probability, speed,
the frequency which harms the quality of the production process. In terms of supply chain perspective,
the unreliable conditions or disruptions affect the flows of information, inbound materials, and
products even by producer or supplier. In simple terms, supply chain risks refer to the possibility and
effect of a lack of reality in the production plan which is dependent on demand and supply (Juttner,
Peck and Christopher, 2003). The term of risk sources could be organizational, environmental or
supply chain-related variables that cannot be expected with certainty and that impact on the supply
chain outcomes. SCRM is focused on supply chain outcome variables like quality or cost in different
forms that the variance becomes visible that leads to managers to generate immediate plans and
actions to overcome barriers. It should mention that one of the weakest faults in supply chain
performance can happen in case when the facility recovery at different echelons in the supply chain
is aligned in time. Meanwhile, the most negative effect on the performance is generated when long
facility and demand disruptions downstream level regardless of the disruption period at the upstream

level.



The consideration about the time of starting and the percentage of supply which is based on the origin
region of factories is important, but the scale of the ripple effect should be analyzed precisely. Licker
et al. (2019), claimed that the observation of the simultaneous disruptions in demand and supply may
have a positive effect on the Supply Chain performance as a reaction to an epidemic eruption. To
some extent, these visions are partially in line and extending the existing body of knowledge on linked
disruption in supply chain risk management.

One of the important reasons that decision-makers should handle is related to the lack of reliable data
and the difficulty to achieve relevant data sets. Prasad et al. (2018) stated that the increasing
capabilities for and consideration of data collection and retrieval provides the possibility to have
usable big data for required operations. They added that in the humanitarian supply chain context
different value stream plans require a wide range of data attributes which is based on their specific
features. The simulation experiments can be one the practical tool to analyze the timing of the
restarting firm’s activities at different stages become the main factor that determines the pandemic
outbreak effects on the supply chain performance.

However, some factors such as lead-time, speed of epidemic propagation and downstream or
upstream disruption in the supply chain process should be considered (Anparasan and Lejeune, 2018)
Since Covid-19 is infectious diseases that cause a major of mortality, it is vital to have a plan of
supply chain risk management to provide effective control with the quality management in the
situation from the consequences of these disruptions. Accessible resources such as essential medical
supplies and well-trained personnel need to be deployed quickly and to be managed in combination
with available data and financial resources for containing the epidemic before it will expose more
locations and people.

The main purpose of this article is to carefully review the studies that have analyzed the results of
SCQM, SCRM techniques of different countries and industries in response to the crisis caused by
COVID-19.

Supply Chain and Quality Management:

The emerging of quality management and SCM in manufacturing and services go back to the early
1970s (Shewhart and Deming, 1986). Robinson & Malhotra (2005) claimed that several research
studies considered the different aspects of quality management within a supply chain perspective.
Moreover, they examine that SCQM is one of the integrations of the business process in all
organizations to evaluate and improve the products and services, as well as create value and
satisfaction for end clients in the marketplace. Kuei et al. (2011) stated that empirical studies the
reports from firms illustrates maintaining close relationships with suppliers tend to have the ability to



produce high-quality products. They designed and validated a global SCQM model through an
empirical case study, strongly suggesting future research to incorporate sustainability dimensions into
future SCQM modeling studies.

If the manufacturer knows that his purchasing order is being outsourced to the mainland of producers,
the supply risk management strategies would have a different vision. In fact, suppliers often provide
clear information about product quality risk than the main firm, since the private knowledge of
suppliers is linked to the state of operations, quality in production and input sources (Tse and Tan,
2012).

Quality infrastructure and standards are important in ensuring the availability of key medical devices,
diagnostic tests and personal protective equipment. “It is now very obvious that laboratory services
by ensuring the accuracy and quality of laboratory-developed tests will increasingly provide an
essential contribution to the diagnostic reasoning, managed care, and therapeutic monitoring the vast

majority of human diseases” (United Nations, 2020).
Management of Pandemic Situation:

One of the outstanding risks for the supply chain process is pandemic diseases such as SARS and
Covid-19. The coronavirus disrupts both demand and supply. Many companies believe that they have
been suffering from a shortage of materials from suppliers especially those located in china and
demand disruption in Europe which was seriously affected by Covid-109.

In these kinds of unstable situations, companies should make a specific plan to outbreak unexpected
disorders. Ivanov (2020) argues that the plan of risk management should cover the following
questions; how long SCQM can sustain a disruption, how long does it take. For a company to recover
after an epidemic outbreak, which supply chain policy like the accepting the temporal shortages or
reacting situational by changing the operation policies during the epidemic disease time, could be the
most efficient solution to overcome with disruptions at a different stage of this complex situation. He
stated that one of the case studies which were affected by SARS (Severe Acute Respiratory) and it
caused negative subsequence into a wide range of industries sections in different counties. Singapore
experienced it as the largest known outbreak of this virus in 2003, hit this country. The SARS virus
infected around 8,500 people worldwide and caused around 800 deaths. The SARS epidemic brought

about far-reaching public health economic consequences for the whole country.

As a positive aspect of an effective response to this issue, the outbreak was eventually limited via a
series of risk-mitigating indexes illustrated by the Singapore government and practical participation

of all Singaporeans. It should mention that this kind of risk-mitigating measures, depending on the



public’s compliance, were swiftly adjusted to address the volatile conditions —such as when more
epidemiological cases were unclear (Lai and Tan, 2015).

RESEARCH METHODOLOGY

This research study will pursue and assess based on a systematic literature review analysis. The
question of this research is “What are the main implications and challenges of Covid-19 on SCQM?”
The systematic literature review conducted in this research has as its main objective of the most recent
relevant and significant research of Covid-19 and similar pandemic situation to provide a framework
of implications and challenges to SCQM. A five-step process is considered in this research after
defined aspects for this paper, the selection of the articles was specified. Figure. 1 presents a
schematic overview of the research methodology. The first step examined the research questions
based on the research gap found by literate review. These keywords were searched in all databases
considering related literature. The third step is related to the screening process which after analyzing
the titles of all resulting papers from the initial search, in a first iteration, only seventeen papers were
identified. However, in the fourth step after critically reading the identified nine papers entirely in a
second iteration. Finally, in the fifth step, six papers relevant to this research were determined the
relevant literature for this critical review paper. The limited number of relevant papers and this new
pandemic situation indicate the novelty of the topic. The analysis and synthesis of the results were
undertaken breaking down each study in the year of publication and special notes. Finally, a
discussion section regarding the main findings was undertaken and a novel comprehensive framework

was proposed as a result of this review analysis.



Object /Research Question

What are the main implications and challenges of COVID-19 supply
chain quality management?

STEP1

Keywords Search

(@) Supply Chain (b) Quality Management (c) Covid-19 (d) Pandemic
Situation (e) Supply Chain Risk Management (f) Supply Chain Quality
Management (g) Challenges and implications (h) SARS (i) Frameworks
(3) Critical review, (k) Corona Virus.

STEP 2

Screening Process

Keywords, Title, Abstract (n=17) / Selecting the relevant Articles

Analysis and Synthesis

STEP | STEP

Full articles Reading for assessment (n=6) / Framework Proposal

Result and Conclusion

STEP S5

Final relevant article (n=5) / Discussion about Challenges and
Opportunities

Figure 1- Schematic for Methodology adopted in this Paper.

RESULTS AND DISCUSSION

The studies illustrate that clear situation of supply chain disruption some statistics of Covid-19
pandemic problem which are presented in the following:

“Maersk” one of the biggest logistics companies in the world, has had to decline many of container
ships, while that chines factories have been operating 50-60 % of their capacity. On the other hand,
shipping goods to Europe from Asia through seas takes about five weeks, therefore goods belong to
previous orders are still getting to ports that lead to over inventory costs. The international chamber
of shipping states that Covid-19 is led to losing $350m a week. Companies have been forced to reduce
350 000 containers and it was 49% fewer sailing by container ships from China during mid-January
and mid-February (Baldwin & Mauro, 2020; Chetty, Friedman, Hendren, & Stepner, 2020)

Simultaneously, ports and terminals are facing the same time an outstanding drop in income, mostly
from extra costs in yard congestion due to buildup of empty containers and requests from companies
to waive storage costs based on these special situations. In other sections like airlines industries, the
worrying statistic is clear; IATA (International air transfer association) estimates that the aviation



industry could face a loss of 29 million US dollars of passenger revenues (lacus, Natale, Santamaria,
Spyratos, & Vespe, 2020)

To reduce and reduce the impacts of COVID-19, lockdown is mostly linked to the number of
countries striking restrictions since the losses are more sensitive to the duration of lockdown than its
strictness. Meanwhile, a longer containment that can eliminate the disease imposes a smaller loss than
shorter ones, on the other hand in the earlier stage, minor lockdown can minimize overall losses.
(Guan et al., 2020) state that a “go-slow”” approach to lifting restrictions may reduce overall damages
if further lockdown won’t be required. Base on this strategy, this difficult situation of the global
supply chain will expand value losses through the direct effects of COVID-19. Therefore, risk
management as a public requires that collective efforts and support to lower-capacity zones is a

noticeable effort.

To provide more details of the effects of Covid-19 on industries of different countries figure.2 and

figure.3 are illustrated.
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Figure 2 - Effects of Covid19 on GDP and Export adopted by (Maliszewska, Mattoo and
Mensbrgghe, 2020).

Maliszewska, Mattoo and Mensbrgghe (2020) argue that exports at a worldwide level will be
decreased around 2.5%. China, as a world’s factory, suffers a decline in the production process in
different sectors because of the underutilization of labor and capital. Moreover, the increase in trade
costs leads to the import budgets for all countries affected global exports. It is shown that China is
dealing with a contraction in export by 3.7%. Vietnam faced a decline in its total exports by only 1%
since it has a chance to an extent from the gap left by reducing Chinese esports. Other countries in

East Asia and Pacific region have been affected by decreasing the export such as Hon Kong SAR,



China suffering the noticeable percentage (5.2%), followed by the Lao People”s Democratic Republic
(3.6 %), Cambodia (3.9 %) and Singapore (4.4 %).
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figure 3 - Impacts of Covid-19 adopted by (Guan et al., 2020).

The effect of disruption from different suppliers which are related to the German automobile industry
is a suitable case to review the effects of disruption which is caused by Covid-19. Since this problem
has massive impacts on different industries all around the world, therefore highly specialized
suppliers that make a short-term substitution to recover deviation in different aspects of productions.
As Fig.2 shows, some Value-add loses percentage that has affected from electronics suppliers on
different European producers. According to theses statics among mentioned countries, Germany
affected in major volume by -40% in the added value stream that results in a value-added loss in USA
producers as upstream producers. In similar conditions, Malaysia lost 40 % of its value-added and
has reciprocal around -24.3% on UK producers. According to ACAP (Automobile Association of
Portugal) in March 2020 13,686 light passenger vehicles were produced which is 47.1 % is less than
March 2019. It should mention that there is 18.3 % decrease in the total amount of all kinds of
automobile productions in Portugal, regarding 77,204 units manufactured, with decreases to 20.5
%,4.5% and 36.4 % in the production of passenger cars, light commercial vehicles and heavy vehicles,
respectively in comparison to the first quarter in 2019 (Garcia-Olivares, Solé, Samso, & Ballabrera-
Poy, 2020)

In the recent decade, the nature of SCM dependencies has been changed sharply. Firms are
encouraged to expand relationships with suppliers and customers to decrease disruptions during

unexpected issues. Simultaneously, companies have also been adopted to follow Quality Management



(QM) tools and techniques if they wish to survive and remain validity and credibility of firms during
the epidemic’s outbreak period (Dasaklis, Pappis and Rachaniotis, 2012).

To manage the disruption of this destructive phenomenon, certain control protocol should be stated
for suppliers along with human resources and be available to be applied to reduce the containment
effort. In terms of control of effects of Covid-19 on SC process, the establishment of an emergency
supply chain as a plethora of logistics issues is increased regarding the management strategy adopted
and the agent causing the unexpected effects. To have coherence supply chain quality strategies that
be able to reduce effects of unexpected situations it should be noted that the ability to change
production volumes rapidly, quality and long-term relationships with a different type of suppliers is
an important issue. Besides, the quality flexibility and minimum order are two vital factors in terms
of risk management for both producers and retailers. Due to demand uncertainty, a manufacturer
would prefer contracts that would retailers to commit their orders, meanwhile, a retailer would prefer
contracts that would allow them to adjust their orders when necessary (Tang, 2006). Regarding the
lack of access to correct statics in results of Covid-19 on industries and economics, envisage model
is proposed and configured based on the following assumption (Maliszewska, Mattoo and
Mensbrgghe, 2020):

e Production elasticities have been reduced to around zero, therefore it is possible excess inputs

in production.

e Inorder to get the strong relationship within global value chains, trade flexibility for products
has been decreased from their standard values to illustrate the short-run inability to swap

imported parts and final goods with products from other zones.

e Labor requirements are an important factor since the wages are deepened to demand and
supply of labor.

In order to illustrate the importance of Quality Management role in responding to the impacts of

Covid-19, figure 4 is illustrated .
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figure 4 — Impacts of COVID -19 and responses

Since there is few of researches related to the COVID-19 and its effects on industries have been
published and reliable statics from companies is not accessible which is based on companies' policies,
it is suggested to mention solutions to the declined effects of this pandemic problem in a supply chain
process. Hence, information from literature reviews and summaries of them in fig4 help to gather risk

management techniques against to impacts of COVID-19.

CONCLUSIONS

The global pandemic like COVID-19 requires coherence urgent response from all departments of
organizations and firms in all countries. The disruption impacts not just on public health but also on
finance, trade, economic policies, and regulations. The goal of this paper is to carefully review the
studies that have analyzed the results of SCQM, SCRM techniques of different countries and
industries in response to the crisis caused by COVID-19. The reviewed literature that focuses on
quality and risk management provides further insights on practices, performance measurement by
relying on statistics. Since the effects of the pandemic problem on different aspects of industrial
activities are not recognized completely so it is suggested that merging the TQM (total quality
management) tools with formal process improvement methodologies can process-oriented could and
lead to building the reliable path to for continual improvements in terms of quality of products and

services. Since there is missing research on effects of Covid-19 on supply chain quality management



in more details, this paper suggests effective responses by reviewing similar cases, but it is vital for
further research by using quality tools in more details and updated data in a specific area such as

reviewing cooperation between suppliers and producers and propose a coherence model.
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STRUCTURED ABSTRACT

Purpose: The implementation of comprehensive quality management systems in higher education
institutions (HEIs) implies the need to consider not only its main mission processes but also support
processes, including those providing internal services to students and teaching staff. This paper

intends to illustrate how the SERVPERF instrument can contribute to HEIs quality management.

Design/methodology/approach: An empirical case was carried out to illustrate the potential of the
SERVPEREF instrument for the quality management of HEIs. A specific-designed questionnaire based
on the SERVPERF instrument was used to collect data on students and teaching staff perceptions of
post-service performance of three different support services of a selected HEI. An interview was later
conducted to the institution’s director to gain a richer understanding of the results obtained and

pertinence of the study.

Findings: —Overall, students and teaching staff have a positive view of the services provided. Still,
improvement actions were proposed to address the critical aspects identified. The SERVPERF
instrument was an adequate tool to collect data on the services’ performance and address the need for

support processes quality management.

Practical implications: The research highlights the potentialities of the SERVPERF instrument in

supporting managerial decisions addressing the quality of HEIs support processes.

Originality/value - The design and implementation of quality management systems in HEI has been

mainly focused in the teaching and learning process, dismissing support processes. The paper sheds



some light on the potentiality of service quality instruments in improving these processes. It also
contributes to the validation of the SERVPERF instrument in the higher education context.
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INTRODUCTION

Different reforms have affected the public sector over the last decades. Of special relevance for higher
education are the Bologna process (1999) and the Lisbon agenda (2000), which in line with the
inspiration brought by new public management led national governments in Europe to explore new
modes of governing higher education. These new modes include an increase in institutions autonomy,
which has been counterbalanced by accountability demands, namely regarding their quality and the
quality of their main processes, particularly teaching and learning. As such, external and internal
quality assurance mechanisms have been developed in Europe since the mid-80s and are now a reality

in all European countries (Amaral and Rosa, 2010; Rosa et al., 2019).

Regarding internal quality assurance, universities all over Europe have been developing and
implementing their own systems, under the assumption that the responsibility for quality assurance
lies ultimately with them (Cardoso et al., 2017). The Bologna Declaration has had a significant
influence regarding internal QM systems design and implementation in European HEI in the last two
decades. Following the declaration, many national evaluation and accreditation agencies prepared
and adopted guidelines for institutions to set up their systems, especially in the cases where
institutional audits of internal QM systems are in place. Furthermore, these guidelines have been
inspired in most of the countries by another relevant European development, which was the draft of
the European Standards and Guidelines for Quality Assurance in the European Higher Education
Area (ESG). In their Part 1, the ESG refer the need for HEIs to have QM systems in place, while
providing guidelines for their implementation in line with the preconized standards for “quality
assurance related to learning and teaching in higher education, including the learning environment

and relevant links to research and innovation” (ESG, 2015: 7).

Similarly to what has been occurring in most European countries, in Portugal the European references
on internal QM systems, namely the ESG Part 1, were translated into the QA legal framework and
specific references defined by the national QA agency (A3ES). Institutions are expected to develop a

quality policy closer to quality enhancement and the adequate procedures for its pursuit, a quality



culture and a strategy for continuous improvement (Rosa and Sarrico, 2012), which should
materialize in an internal QM system, in line with the ESG and the applicable legal requirements
(Santos, 2011).

Both the ESG (2015) and the A3ES Reference Framework for Internal Quality Assurance Systems in
Portuguese Higher Education (A3ES, 2016) assume HEIs as organizations built around the three
nuclear processes of their institutional mission: teaching and learning, research, and relation with
society. Guidelines are then established for the adequate management of the quality of these
processes, with a special relevance being given to the teaching and learning one, especially in the
ESG (Manatos et al., 2017). Besides the nuclear processes, the two frameworks also address support
ones, mainly in relation to the processes which support teaching and learning. In particular, ESG 1.6

and Reference 10 of the A3ES Framework state, respectively:

ESG1.6 - Learning resources and student support: Institutions should have appropriate
funding for learning and teaching activities and ensure that adequate and readily accessible
learning resources and student support are provided. (ESG, 2015)

Reference 10 — Material resources and services: The institution adopts mechanisms which
enable it to plan, manage and enhance services and material resources with a view to appropriate

development of student learning and other scientific and pedagogic activities. (A3ES, 2016)

The guidelines provided in both standards call for the need of institutions not only providing a series
of resources and services to support teaching and learning (e.g. libraries, study facilities, IT
infrastructure, human support), but also having in place mechanisms for the collection and analysis
of information on their maintenance, management and suitability. Furthermore, institutions should
establish procedures to regulate and guarantee the corresponding decision-making around services
and resources (A3ES, 2016). And their internal quality management systems should ensure that all
resources are fit for purpose, accessible, and that students are informed about the services available
to them (ESG, 2015).

Although the ESG and the A3ES Framework establish guidelines to help universities develop their
internal quality management systems, each university should design and implement them according
to its institutional mission and culture (ESG, 2015; Rosa and Amaral, 2014; Santos, 2011).
Institutions are then free to decide on the best mechanisms and instruments to use to manage the

quality of their processes, both nuclear and support ones.

Support processes include several services provided to students, teaching and non-teaching staff with
the main goal of assisting the teaching and learning, research, and relation with the society processes

(Manatos et al., 2017). Although these are not key organizational processes, they still need to be



considered within the HEIs QM system, since they provide and maintain resources for all other
processes (this is evidenced by their consideration under the ESG and A3ES Framework).
Furthermore, the importance of considering administrative aspects in the assessment of quality in
HEIls, as a complement of the core academic issues, has lately been emphasized (Mahmoud and
Khalifa, 2015) . The question is then how to adequately manage the quality of support processes and
what methodologies or tools can a HEI use to continuously monitor and improve their quality.

The fact that these support processes are mainly related with the provision of services to HEIs internal
stakeholders calls for the possibility of using instruments specifically designed to measure services
quality, such as SERVQUAL, SERVPERF or HEJPERF. The literature shows that these instruments
have already been used in the educational context, namely in HEIs, helping to identify service areas
that need improvement (Kawshalya, 2016; Galeeva, 2016). In particular, and as presented in the next
section of this paper, the SERVPERF instrument has been mainly used to assess the quality of

educational services based on students’ perceptions.

However, and at least to the best of our knowledge, the use of these instruments has never been
equated in the scope of the implementation of internal QM systems within HEIs, which is the purpose
underlying the present study. In fact, our assumption is that the use of such instruments can indeed
contribute to gather information on support services quality and as such assist managerial decisions
addressing the quality of HEIs support processes. Under this context, this paper intends to illustrate
how the SERVPERF instrument can contribute to HEIs quality management, by providing relevant
information on users’ perceptions of the quality of support services. This is of utmost interest not only
for HEIs government bodies, namely those in charge of their quality management systems, but also
for research on this area. So far, the literature on the design and implementation of quality
management systems in HEI has been mainly focused on the teaching and learning process,
dismissing support processes. This paper contributes to enlighten the need for research on quality
management in higher education to also consider these processes, including the potentiality of using

service quality instruments for their adequate improvement.

The paper proceeds as follows. In the next section the SERVQUAL, the SERVPERF and the
HEJPERF instruments are briefly discussed, including their benefits and limitations, and their use in
higher education analyzed. Then an empirical case is presented to illustrate the SERVPERF
instrument relevance to measure the quality of three different services provided by an HEI (library;
academic services; and reprography) according to students and teaching staff perceptions of their

performance. The results of this case are then discussed to test the potential of the SERVPERF as an



instrument to manage and improve the quality of HEIs support processes. The paper concludes with

a summary of the most relevant lessons learned and with some final remarks.

SERVPERF IN THE HIGHER EDUCATION CONTEXT

Research on service quality has started with the so-called Nordic school. Within this school,
Gronroos's (1984) distinction between technical and functional service quality dimensions —

representing the “what” and “how” of service delivery — has attracted substantial attention.

Among the models typically used to evaluate services quality, the mostly widely used in Higher
Education are the SERVQUAL, the SERVPERF and the HEJPERF instruments (Kawshalya, 2016).
The first two are claimed to be generic and have been applied to different services, whereas the latter

was specifically developed to the HEIs context.

The SERVQUAL instrument was proposed by Parasuraman, Berry and Zeithaml in the eighties
(Parasuraman, Zeithaml and Berry, 1988) and is based on the assumption that consumers use their
expectations to assess service quality by comparing them with the perceptions of the service received.
If expectations are met (or exceeded), service quality is regarded as positive and that ultimately leads
to satisfaction. Therefore, the disconfirmation paradigm provides the main foundation for
SERVQUAL. According to this model, service quality comprises 22 items, grouped in five key

dimensions:

e Tangibles: physical facilities, equipment, and appearance of personnel.

e Reliability: ability to perform the promised service dependability and accurately.

e Responsiveness: willingness to help and provide prompt service.

e Assurance: knowledge and courtesy of employees and their ability to convey trust and
confidence.

e Empathy: caring, individualized attention that a firm provides to its customers.

Due to some of the criticism (e.g. Cronin and Taylor, 1992; Teas, 1993; Buttle, 1996) raised about
the disconfirmation model and the SERVQUAL instrument properties of dimensionality,
applicability and validity, Cronin and Taylor (1992) argued that service quality is better understood
as a consequence of performance rather than as comparison between expectations and perceptions.
Moreover, according to the authors, perceived service quality can predict customer satisfaction, and
satisfaction plays a stronger role in future purchase intentions than service quality. Thus, the
SERVPERF model is based on the perception paradigm. It uses the same 22 items and 5 dimensions

of the SERVQUAL questionnaire for measuring the delivery of the service provided.



The HEJPERF model, proposed by Firdhaus Abdullah in 2005, is based on the previous, but was
specifically developed to the Higher Education context, from a student’s perspective. In the modified
version of the scale, Abdullah(2006) suggests five evaluation criteria (dimensions): non-academic

aspects, academic aspects, reputation, access and program issues.

As stressed by Galeeva (2016), using these kind of instruments to measure service quality in HEIs is
quite appealing since they potentially help to identify service areas that need improvement, without

requiring any prerequisites for implementation.

In line with the authors who suggest that performance-based measures explain more of the variance
in an overall measure of service quality, are more reliable and allow for better discriminant validity
(e.g. Cronin and Taylor, 1992), the SERVPERF instrument is used in the current paper. Despite the
appeal of HEdPERF, this model was discarded because it is more complex (it implies collecting data
on 41 items —13 items adapted from SERVPERF, and 28 items generated from literature review) and
lacks wider acceptance, affecting its reliability and generalization (Law, 2013; Danjuma et al., 2018).
Furthermore, it involves dimensions that are not totally suitable to support services (e.g. program

issues), which are the focus of this research.

In order to have a better understanding of the use of the SERVPERF instrument in the higher
education context, a systematic analysis of the literature using it in the higher education context was
conducted. Thirty papers were identified using the EBSCO Discovery Service, having
[“SERVPERF” AND (“higher education” OR “universities™)] in the title, abstract or key words. Only
papers published in English in peer-review journals were considered. Conference Proceedings,
Working Papers and Dissertations were excluded from the sample. The results were cross-checked
by searching the Emerald and Scopus databases. By screening the abstracts, three papers were
excluded: one because it was not published in English and two because HE students were used in the
samples, but measurement of service quality was not applied to university activities and services.
Next, the abstracts and complementary information for the final 27 papers (see Table A in appendix)
were once again read in order to collect information on the nature of the research (conceptual vs.
empirical), instruments used (SERVPERF only or in combination with other questionnaires) and
countries, institutions and services used in the empirical studies. When such information was not
delivered in the abstract or was not totally clear the full text was used (in particular, the research

design/methods section).

As depicted in Figure 1, selected papers cover the 2005-2019 timespan, with the number of papers
published yearly varying from 1 to 4. Even if the absolute number of studies using the SERVPERF



instrument remains relatively small, from 2015 onwards the number of publications on the matter has

clearly increased.
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Figure 1. SERVPERF studies in HE over time

Except for two literature reviews, the remaining papers are empirical. The geographical coverage is

quite broad (see Table 1), with an emphasis on Asian countries.

Table 1. SERVPERF studies in HE: countries

Country N. of studies
Bangladesh 1
China
Croatia
India
Iran
Irag
Malaysia
Nigeria
Pakistan
Portugal
Romania
Russia
South Africa
Syria
Taiwan
Turkey
Zambia

RN RPN RR RN RO R R[NP




Table 2 shows the journals where the identified studies have been published. Research is scattered
among 21 journals, although the “Quality Assurance in Education” journal emerges as a main source

of SERVPERF studies in higher education.

Table 2. SERVPERF studies in HE - Journals

Journal Education Journal N° of papers
Quality Assurance in Education Yes 5
Procedia - Social and Behavioral Sciences No 3
Annals of Library & Information Studies No 1
Asian Journal of University Education Yes 1
Congent — Business and Management No 1
Dirasat, Educational Sciences Yes 1
Education and Training Yes 1
Expert Journal of Business and Management No 1
Global Management Journal for Academic and No 1
Corporate Studies

Indian Journal of Pharmaceutical Education & Yes 1
Research

Interdisciplinary Management Research No 1
International Journal of Research & Method in Yes 1
Education

International Journal of Social Sciences & Educational Yes 1
Studies

Journal of Education and Training Studies Yes 1
Journal of Management and Business Administration No 1
Library Management No 1
Malaysian Journal of Library & Information Science No 1
Marketing Intelligence & Planning No 1
Quality Management Journal No 1
TQM Journal No 1
Turkish Online Journal of Distance Education Yes 1

As shown in Table 3, studies have been covering both public and private institutions. A considerable
number of papers (9) have focused on a single case study. Interestingly, 11 out of the 27 papers have
simultaneously applied more than one service quality instrument (SERVPERF and SERVQUAL -5
papers; SERVPERF and HEJPERF — 5 papers; SERVPERF, SERVQUAL and HEdPERF - 1). For
the most cases, the instruments have been applied at the institutional level with the main purpose of
assessing service quality of educational services based on students’ perceptions. Three papers have
used the SERVPERF scale to measure the quality of the service provided by libraries, but only one
(Demir, 2017) has considered other kinds of support services, namely student affairs, accounting,
academic departments, dean of students, and cafeteria. Moreover, all the papers have administered

questionnaires to students, without considering other stakeholders.



Table 3. Summary of the empirical papers using the SERVPERF instrument

Paper Context Instrument Methods used | Participants
Abdullah, F. (2005) Public and Private HEIs | HEJPERF + SERVPERF questionnaire Students
Abdullah, F. (2006a) Public and Private HEIs | HEJPERF + SERVPERF questionnaire Students
Abdullah, F. (2006b) Public and Private HEIs | HEJPERF + SERVPERF questionnaire Students
Azar (2012) 1 private HEI SERVQUAL + SERVPERF | questionnaires + | Students

focus group
Bayraktaroglu, G. and | 1 HEI SERVQUAL + SERVPERF | questionnaire Students
Atrek, B. (2010)
Brochado, A. (2009) 1 public HEI HEJPERF + SERVQUAL + | questionnaires + | Students
SERVPERF focus group
(experts)
Demir, A. (2017) 1 HEI SERVPERF questionnaires + | Students
workshops
Galeeva, R. B. (2016) | n.s. SERVQUAL guestionnaires Students
Hamid, F. S. and Yip, | Public and Private HEIs | SERVPERF guestionnaires Students
N. (2019)
Hassan, N. and Jafri, | 10 private HEIs SERVQUAL + SERVPERF | questionnaires Students
M. H. (2017)
Hossain, M. J., Islam, | Libraries of 4 private SERVPERF questionnaires Users
A. and Saadi, M. S. | HEIs
(2014)
Johari, R. and Zainab, | Libraries of private HEIs | SERVPERF guestionnaires Students
A. N. (2007)
Law, D. C. (2013) n.s. HEJPERF + SERVPERF guestionnaires Students
Legcevi¢, J. (2010) 8 HElIs HEJPERF + SERVPERF guestionnaires Students
Mahmoud, A. B. and | Public and Private HEIs | SERVPERF questionnaires Students
Khalifa, B. (2015)
Mandal, K. and Gupta, | 6 private HEIs SERVQUAL + SERVPERF | questionnaires Students
H. (2019)
Manea, N. P. and | 1Public HEI SERVPERF questionnaires Students
latagan, M. (2015)
Mwiya, B. et al. (2019) | 1 Public HEI SERVPERF questionnaires Students




Nejati, Mehran and | A library of 1 public SERVPERF questionnaires Users
Nejati, Mostafa (2008 | HEI

Oluwunmi, A., | Libraries of 4 private SERVPERF questionnaires Students
Durodola, ©O. and | HEIs
Ajayi, C. (2016)

Rajab, A. etal. (2011) | 1 HEI SERVPERF questionnaires Students
Rodrigues, L. L. R. et | 1 HEI SERVQUAL + SERVPERF | questionnaires Students
al. (2011)
Soni, S. and Govender, | 1 HEI SERVPERF questionnaires Students
K. (2017)
Soni, S. and Govender, | 2 HEIs SERVPERF questionnaires Students
K. (2018)
Wu, Y.-C., Hsieh, L.- | 3 HEIs (distance None questionnaires Students

F.and Lu, J.-J. (2015) | learning)

EMPIRICAL CASE

In this section the empirical case used to test the potential of the SERVPERF as an instrument to
manage and improve the quality of HEIs support processes is described. The section starts with an
account of the methodology followed for the application of the SERVPERF to measure the quality of
three support services in one Portuguese HEI. Then the main findings obtained from this instrument

application are presented.
Empirical Case Methodology

To test the potential of the SERVPERF instrument to assess the quality of support services of HEIS,
a Technological and Management School of a Portuguese polytechnic was used. The School offers
15 bachelor’s degrees and 13 technical courses, having more than 2000 students enrolled. Among the
various support services provided, three were selected — academic services, reprography, and library
— as they are the most used by both students and teaching staff. It follows a brief description of the

three services selected for this study.

Academic Services

Placed in the first floor of the Administrative Building, these services occupy 4 rooms. Six
people work in the academic services, each one with its own computer. Opening hours are
from 9.00 to 12.00 and from 14.00 to 16.30, except on Tuesdays when the service is open

from 9.00 to 20.00 without interruption. Students and teaching staff can also use the telephone
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or the email to send their requests to the academic services. These services are in charge of
students records and communicate with students and applicants with the support of the

academic portal.

Reprography

It is located in the ground floor and has two rooms: the main room (which includes a waiting
area and the attendance area) and a storage room. At the counter, there are two computers:
one for the students/teachers to make their requests and one other to the reprography staff
member who is attending. Printing requests can equally be made using the net and collected
later. The service has only one staff member at full time. Among other services, the
reprography prints examination papers and for the distribution of supplies for the rooms and

laboratories. Opening hours are from 9.00 to 12.30 and from 14.00 to 17.30, every weekday.

Library

It occupies rooms in the 4 floors of the Administrative Building. It assists the academic
community in teaching and research tasks, by providing books, papers, and other resources,
both physically and online. It also promotes training courses and organizes cultural events. It
includes rooms for reading, working in groups and offices for the staff. Four people work in
the documentation center, each one with his/her own computer. There are 5 computers for
students use. Library is open Monday to Thursday from 9.00 to 20.00 and on Fridays from
9.00 to 18.00.

The research design is summarized in Figure 2.
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Data was collected by means of a questionnaire survey applied online to all the students and teaching
staff being part of the School in the academic year 2018/19 (the questionnaire was available for data
collection between June and August 2019). 176 usable successfully completed questionnaires were
received (139 from students and 37 from teaching staff), corresponding to an overall response rate of
7% (the population comprised 2306 students and 191 teachers and the questionnaire was sent to all
of them).

The source for the questionnaire was the SERVPERF instrument with the items wording adapted to
the specific context of the support services of a HEI. Twenty-five items were used to cover the five
proposed dimensions (see Tables B to F in the appendix — the tables contain all the items included in
the questionnaire grouped according to the SERVPERF five dimensions). Table 3 illustrates the main
changes introduced. Items were measured on 7-points Likert scale. The use of a 7-points Likert scale
was thought to be the most adequate to potentially generate some variability between user groups and
among items. At the end of the questionnaire, there was also an open question to give room for

comments and suggestions.

Table 3. SERVPERF adaptation

Dimension Items changed
Tangibles Accessibility to disabled people (Added)
Internal signs (Added)
Reliability Services delivered with error-free records (Deleted)
Responsiveness Functioning of the IT system (Added)
Procedures explained to the user (Added)

Collected data were analyzed using the Excel and SPSS software. Descriptive statistics and non-
parametric Mann Whitney tests were used to statistically treat the data. The tests were meant to
uncover differences in the perceptions of students and teaching staff regarding all the items in

analysis.

Internal consistency was analyzed using the Alpha-Cronbach. As recommended in the literature, the

indexes for all dimensions were well above 0.8 (see Table 4).



Table 4. Internal consistency assessment

Dimension N. of items | Service Cronbach alpha
Tangibles 6 Academic Service 0.893
Reprography 0.854
Library 0.897
Reliability 4 Academic Service 0.930
Reprography 0.915
Library 0.913
Responsiveness 6 Academic Service 0.925
Reprography 0.923
Library 0.925
Assurance 4 Academic Service 0.956
Reprography 0.956
Library 0.955
Empathy 5 Academic Service 0.933
Reprography 0.934
Library 0.951

Following the questionnaire administration and data analysis, an exploratory semi-structured
interview was conducted with one of the school vice-deans on the 5™ of November 2019. The aim
was to improve the knowledge regarding the results obtained from the questionnaires, analyzing the
possibilities of defining improvement actions for the assessed services and discussing the potential
use of the SERVPERF instrument to support the quality management of the support processes
characterizing these services. More specifically, an interview guideline was developed with the

following questions:

i.  How far do you think the assessment of the degree of satisfaction of students and teaching

staff with the three support services will improve these services provision?

ii.  Can you anticipate the main results obtained from the analysis of the data collected (answers

of students and teaching staff to the questionnaire)?

iii.  Would you like to comment on the results obtained? Was it expectable to have differences in

perceptions among students and teaching staff?

iv.  Considering the results obtained, which improvement actions can the school activate to

improve the worst perceived aspects identified by the respondents?
Empirical Case Main Findings

This subsection presents the main findings obtained from the analysis of the questionnaires, looking
at the perceptions of students and teaching staff on the three different services and according to the

five dimensions of the SERVPERF instrument. Such perceptions were later discussed with the



director of the school and his views on the matter are also reported. Table 5 summarizes the key
results (in the appendix detailed information is given for each questionnaire item composing the
SERVPERF questionnaire: means, standard deviations and results of the non-parametric tests,

considering the answers of students and teaching staff for the three services under analysis).

Globally, all the dimensions got average scores between 4 and 5, which means that overall students
and teaching staff are satisfied with the services being provided to them (even if not very satisfied).
The dimensions of Reliability and Assurance were the ones showing a better performance according
to the respondents’ perceptions about the three services. On the contrary, the Tangibles was the
dimension considered to have a lower performance. These results are consistent across the two groups
under analysis, considering the three services as whole. Interestingly though there is a significant
statistical difference between students and teaching staff perceptions for each one of the SERVPERF
dimensions in analysis, considering again the services as a whole. The mean scores obtained are
higher for teaching staff than for students, which allows concluding that globally the teaching staff is
more satisfied with the services provided by the HEI than the students.

Table 5 — Mean, standard deviation and results of the Mann-Whitney test for students and teaching

staff perceptions of each service according to the SERVPERF dimensions.

Dimension Service Students Teaching staff MW test
Mean SD Mean SD (p)

Academic Services 4,48 1,37 5,04 1,46 0,004
. Reprography 4,28 1,40 4,58 1,46 0,056
Tangibles Library 4,48 1,40 5,26 1,27 0,000
Global 4,41 1,39 4,96 1,51 0,012
Academic Services 4,75 1,33 5,72 1,16 0,000
- Reprography 4,90 1,27 5,82 1,09 0,000
Reliability Library 4,82 1,29 5,80 1,10 0,000
Global 4,82 1,30 5,78 1,11 0,000
Academic Services 4,56 1,34 5,47 1,38 0,000
Responsiveness Repr_ography 4,67 1,31 5,54 1,34 0,000
Library 4,66 1,31 5,59 1,31 0,000
Global 4,63 1,32 5,53 1,34 0,000
Academic Services 4,69 1,30 5,72 1,19 0,000
Assurance Reprography 4,76 1,28 5,78 1,08 0,000
Library 4,77 1,25 5,85 0,96 0,000
Global 4,74 1,28 5,79 1,08 0,000
Academic Services 4,53 1,34 5,49 1,24 0,000
Reprography 4,54 1,34 5,56 1,15 0,000
Empathy Library 4,59 1,32 5,72 1,01 0,000

Global 4,55 1,33 5,59 1,14 0,000




Considering each service separately, the results highlight that for the students the highest performance
occurs in the Reliability dimension for all services. As for the teaching staff the highest performant
dimensions are Reliability and Assurance for the academic services, Assurance for the library and

Reliability for the Reprography.

Tangibles is the dimension getting the lowest perceptions of satisfaction regarding the services
performance, both for teaching staff and students. The reprography is the service regarded as the one
having the lowest performance in this dimension (it was the only service/dimension for which the
mean score of the teaching staff answers was bellow 5). The Mann-Whitney tests confirm that for all
services teaching staff is more satisfied than students for all dimensions in analysis, except for the
Tangibles of the reprography where no statistical significant difference has been identified between

the answers of the two groups.

Tables 6 and 7 highlight the items that got the highest and lowest scores for each of the groups
analyzed. For both groups, the worst perceived items mainly relate to different aspects of the
Tangibles dimension, while the strongest points are scattered among the various dimensions, even if
Reliability gets most of the positive highlights. Interestingly, students tend to concentrate their best
and worst perceived items in the reprography, while the teaching staff points strengths and
weaknesses in other areas: the academic services in terms of the worst perceived items and the library
in the top perceived ones.

Students are especially critical of the attractiveness of furniture and technological equipment in the
three services; they also perceive different aspects of the reprography (facilities’ pleasantness;
opening hours; facilities internal signals) as not being so good. As for the teaching staff the worst
perceived items also correspond to the physical characteristics and equipment of the different
services, mainly the reprography, but also the academic services. Furthermore, the teaching staff
perceives the informatic system of both the reprography and the academic services as not being

sufficiently operational.

As for the best perceived items, other quality dimensions emerge, namely the reliability and the
responsiveness in the views of both students and the teaching staff. Students mainly appreciate the
verbal and oral language used by reprography and library employees and tend to emphasize different
aspects of the reprography service, related mainly with their employees and with the service being
delivered on-time and errors-free. Teaching staff also highlights the reprography employee’s
behavior, but in this case specific aspects of the library also emerge, again related with the way the

employees interact with them.



Table 6 — Top best and worst perceived items (students’ perceptions)

Bottom 5 Top 5
Item Service Mean Item Service Mean
The .SChOOI support The school support
Sel&;’égﬁzoﬁaﬁgfﬂs services’ employees use
. g simple and clear oral and .
equipment and Reprography 3,92 . . . Library 4,97
. . written language in their
furniture) arlg visually interaction with users.
appealing. .
(Tangibles) (Responsiveness)
The school support
'I;vasigl;g’o I')E;giizit services are provided at the
facilities are visually Reprography 4,01 tlr\:lve;] ::Eﬁ); :/;/E;LZ E;gggllseed, Reprography 4,94
appealing. (Tangibles) (Reliability) '
The school support
services’ materials The school support
(tec_hnologlcal Academic services are provided
equipment and : 4,06 Reprography 4,92
2 . Services correctly and error-free.
furniture) are visually (Reliability)
appealing. y
(Tangibles)
The school support
. . Reprograph 4,09 | sympathetic Reprography 4,91
adequate mt_ernal SIgns. ProgiEPTY yanz reassuring to users. PSPy
(Tangibles) (Reliability)
The school support
The school support services’ employees use
services opening hours simple and clear oral and
are convenient to users. Reprography 4,26 written language in their Reprography 4,91
(Empathy) interaction with users.
(Responsiveness)
The school support
services’ materials The school support
(technological services’ employees give
equipment and Library 4,26 individual attention to Reprography 4,91
furniture) are visually users.
appealing. (Empathy)

(Tangibles)




Table 7 — Top 5 best and worst perceived items (teaching staff perceptions)

Bottom 5 Top 5
Item Service Mean Item Service Mean
The school support
services’ materials The school support
(technological services’ employees are
equipment and Reprography 3,81 | sympathetic Reprography 5,95
furniture) are visually and reassuring to users.
appealing. (Reliability)
(Tangibles)
The school support The school support
services’ physical services’ employees are Academic
facilities are visually ~ Reprography 4,05 | sympathetic Servi 5,92
. . ervices
appealing. and reassuring to users.
(Tangibles) (Reliability)
The school support
The school support services are provided at
services have up-to- Academic the time they were
date equipment. Services 4,38 promised, which are Reprography 5,92
(Tangibles) reasonable.
(Reliability)
The .SCthOI support The school support
services’ materials .,
(technological _ services employees use
equipment and Acadgm|c 4,43 S"T!p'e Andiclear qral ar!d Library 5,92
furni ' Services written language in their
urniture) are visually . - ;
appealing, interaction Wlth users.
(Tangibles) (Responsiveness)
The school support The school support
services’ IT system is Academic services’ employees’ .
operational. Services 4,46 behavior is polite. Library 5,92
(Responsiveness) (Assurance)
The school support
Semg;sergijz;t .em 1S Reprography 4,59 T_he s,chool support
(Responsiveness) services employ_ees give _
personal attention to Library 5,92
The school support USErs
e s FoprOOY 459 | (Empay)
(Tangibles)

The interview with the school vice-dean occurred after the SERVPERF data has been collected and
analyzed. As previously mentioned, the purpose was to better understand the results obtained from
the questionnaires and to discuss the relevance of the use of this particular instrument to assess
students and teaching staff satisfaction with the services and, based on that assessment, better manage

their quality.

The results obtained from the answers to the questionnaire matched to a great extent the school’s

vice-dean perspective. He anticipated positive results from the study in terms of overall satisfaction



level, as well as the existence of differences between the perceptions of students and teaching staff
regarding the three services. Differences would arise mainly because teaching staff has been working
in the school for several years and, as such, knows better the services staff with whom has an empathic
relationship. The differences detected between services, mainly regarding the tangibles dimension,
were also foreseen due to their physical location which differs considerably in terms of spaces

occupied.

Regarding the worst perceived items, the vice-dean assumed his will to address them and improve
the situation. Some aspects were already being addressed, such as the informatic system, while others,
such as the opening hours of the reprography services, depend on the possibility of hiring more staff
which is a decision that cannot be solely taken by the school leadership. He also regrets not being
able to allocate the reprography to a more pleasant space, but unfortunately the school does not have
any other physical spaces available to install this service. In the future, and if there are additional
funding available, the vice-dean intends to overcome the deficiencies pointed out in the services both
by students and teaching staff, as well as address other aspects of these services, in order to improve

the satisfaction level of its users.

The vice-dean found the use of the SERVPERF instrument pertinent and relevant, and raised his
willing to use the same questionnaire in the future to monitor the users’ satisfaction with these services
and to validate improvement actions implemented to solve the causes behind the worst perceived
items. He also argued that the study could be useful for other higher education institutions, as they
could have “a more concrete idea of how certain services are perceived by those using them, namely

students and teaching staff”.

The findings obtained with the SERVPERF application and the interview with the school vice-dean
led to a set of recommendations meant to improve the support services quality and the degree of

satisfaction of their users:
e areview of accessibility and signaling aspects;

¢ identification of the needs for new equipment for the reprography and reformulation of its

allocation within the available facility;

e if additional funding is available, hiring of new staff; if not, exploring other alternatives to
have more staff allocated to some services (e.g. internships; students association support; new

ways of welcoming new students);
e extension of opening hours;

e improvement of the service's response capacity during peak service periods;



e development of a specific survey to find out what are the main weaknesses of the informatic

system;

e check, in a systematic way, the collection of information from the users' suggestion boxes,
ensuring a careful analysis of their complaints/suggestions and assess whether there are

concrete measures aimed at improving users’ satisfaction;

e periodically apply short questionnaires to assess users’ satisfaction in order to verify if

improvement actions implemented in the services are being effective.

LESSONS LEARNED AND CONCLUDING REMARKS

The purpose of this paper was to illustrate how the SERVPERF instrument can contribute to HEIs
quality management, by providing relevant information on users’ perceptions of the quality of support

services. The results of the empirical case clearly corroborate this contribution.

Firstly, it was possible to adapt the instrument for the school context and to make it clear and simple
enough to be able to collect a significant number of answers from both students and teaching staff. In
fact, the adhesion of both groups to the survey denotes to a certain extent their willingness to give
their perceptions on the analyzed services and to contribute to their quality improvement. In a time
where students’ voice should be given a significant attention in the scope of HEIs quality management
systems, this instrument may indeed be a good option to take this group’s views into account when
managing the quality of support processes, ensuring that all resources are fit for purpose and
accessible, as foreseen in the ESG (2015).

Secondly, the results obtained through the application of the SERVPERF instrument allowed to
identify some of the weakest aspects of the services assessed and to propose a set of recommendations
to improve them. Furthermore, these aspects matched the perspectives of the school vice-dean, which
to a certain extent confirms the validity of the instrument as a mechanism capable of collecting
relevant and pertinent data for decision-making about the quality of support services. As such, this
instrument provides the opportunity for HEIs to respond to both ESG (2015) and A3ES References
since it is a mechanism for the collection and analysis of information on the maintenance,
management, and suitability of services. Besides, the data collected with the application of
SERVPERF contributes to guarantee the corresponding decision-making around services and
resources (A3ES, 2016).

Overall, and in the same line of previous studies (e.g. Brochado, 2009; Azar and Khan, 2012; Law,
2013; Hamid and Yip, 2019), it was possible to conclude that the SERVPERF is adequate to measure



the perceived quality of an HEI support services, which is one more contribution to further validate
the SERVPEREF instrument in the higher education context. Moreover, and even more pertinent, is
the fact that the data collected through such an instrument can indeed boost decision making around
support services and, as such, contribute to the implementation of more effective quality management

systems in HElISs.

Additionally, the current study has also highlighted the importance of comparing students and
teaching staff perceptions in order to have a sounder identification of strengths and improvement
areas. As shown in the literature review, the simultaneous consideration of more than one stakeholder

when measuring service quality in HE is an originality of our research.

The study has however some limitations the authors acknowledge, namely the fact that it is based on
a sole HEI. Also, the results obtained from the assessment of the three support services’ quality have
only been discussed with one of the school’s vice-deans. In the future, it would be good to extend the
study to other HEIs in Portugal, to be able to further validate the potential of the SERVPERF
instrument as a useful tool for the quality management of these organizations’ support processes. This
validation would imply the discussion of the results of each HEIs to its several decision-making

bodies, particularly with those in charge of the institutions’ quality management systems.

Furthermore, it is fair to say that despite the proved usefulness of the used SERVPERF instrument in
the higher education context, in the future it would be interesting to think about the possibilities of
improving the instrument itself, by including a scale of importance for the items/dimensions in
analysis. This improvement could further help decision makers in their tasks, by allowing them to put

their improvement efforts in the service aspects more important for students and teaching staff.
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Table B — Perception analysis by service quality item
(SERVPEREF Instrument) — Tangibles
. . Students Teaching staff Test
Item Tangibles Service Mean sD Mean sD MW (p)
The school support services Academic Services 4,31 1,23 4,38 1,48 0,730
1.1. have up-to-date equipment Reprography 4,37 1,19 4,70 141 0,175
" Library 4,33 1,21 4,70 1,13 0,067
The school support services’  Academic Services 4,53 1,22 4,86 1,44 0,068
1.2. physical facilities are Reprography 4,01 1,34 4,05 1,65 0,864
visually appealing. Library 4,63 1,35 5,32 1,20 0,004
The school support services’  Academic Services 4,51 1,35 5,43 1,24 0,000
1.3. facilities have adequate Reprography 4,09 1,41 4,59 1,54 0,076
internal signs. Library 4,29 1,47 541 1,19 0,000
The school support services  Academic Services 4,65 1,46 5,51 1,45 0,001
1.4. are accessible to disabled Reprography 4,58 1,50 5,08 1,80 0,042
people. Library 4,55 1,50 5,41 1,59 0,001
The school support services’  Academic Services 4,06 1,46 4,43 1,42 0,317
15. materials (technological Reprography 3,92 1,41 3,81 1,66 0,639
\e/‘i‘suu'g’lr;;e;‘;sg:l i‘;g_mt“re) A€ Library 426 149 503 124 0,008
The school support services’  Academic Services 4,78 1,35 5,62 1,26 0,000
1.6. employees are well dressed Reprography 4,72 1,36 5,22 1,70 0,013
and appear neat. Library 4,82 1,30 5,68 1,08 0,000




Table C — Perception analysis by service quality item

(SERVPEREF Instrument) — Reliability

- . Students Teaching staff MW test
ltem Reliability Service Mean sD Mean sD ®)
2.1 The school support services Academic Services 4,83 1,35 5,54 1,19 0,003

are provided as planned Reprography 4,83 1,27 5,57 1,24 0,002

' Library 4,81 1,27 5,62 1,14 0,001

2.2. The school support services’  Academic Services 4,70 1,41 5,92 1,16 0,000
employees are sympathetic Reprography 4,91 1,27 5,95 1,08 0,000

and reassuring to users. Library 4,80 1,41 5,89 1,17 0,000

2.3. The school support services ~ Academic Services 4,79 1,25 5,62 1,21 0,000
are provided correctly and Reprography 4,92 1,17 5,84 1,07 0,000
error-free. Library 4,85 1,22 5,84 1,07 0,000

2.4, The school support services ~ Academic Services 4,68 1,33 5,78 1,08 0,000
are provided at the time they  Reprography 4,94 1,37 5,92 0,95 0,000
xz;%rﬁ’;g?;'sed whichare | irary 481 129 58 1,03 0,00

Table D — Perception analysis by service quality item
(SERVPERF Instrument) — Responsiveness
Item Responsiveness Service Sl I lcachinglotall MW
Mean SD Mean SD  test (p)

3.1.  The school support services’ Academic Services 4,86 1,17 5,86 1,13 0,000
employees use simple and Reprography 4,91 1,22 5,86 1,18 0,000
clear oral and written language  Library 4,97 1,22 5,92 1,09 0,000
in their interaction with users.

3.2, The school support services’  Academic Services 4,59 1,34 5,76 1,26 0,000
employees explain the Reprography 4,69 1,36 5,76 1,12 0,000
procedures to the users. Library 4,70 1,27 5,78 1,11 0,000

3.3.  The school support services’ Academic Services 4,60 1,26 5,70 1,13 0,000
employees provide prompt Reprography 4,73 1,27 5,81 1,10 0,000
services to the users. Library 471 1,23 5,81 1,13 0,000

3.4. The school support services’ Academic Services 4,60 1,39 5,84 1,09 0,000
employees are always willing Reprography 4,78 1,30 5,89 0,99 0,000
to help students. Library 4,65 1,41 5,89 0,99 0,000

3.5.  The school support services’ Academic Services 4,34 1,39 5,22 1,29 0,001
employees are never too busy Reprography 4,46 1,30 5,30 1,27 0,000
to respond to users requests Library 4,53 1,35 5,43 1,19 0,000
promptly.

3.6. The school support services’ Academic Services 4,37 1,42 4,46 1,76 0,622
IT system is operational Reprography 4,43 1,35 4,59 1,80 0,313

' Library 4,37 1,33 4,68 181 0,109




Table E — Perception analysis by service quality item

(SERVPEREF Instrument) — Assurance

ltem Assurance Service Students Teaching Staff MW
Mean SD Mean SD  Test(p)
4.1. The school support services’ Academic Services 4,75 1,29 5,84 1,19 0,000
employees’  behavior is Reprography 4,80 1,24 5,89 1,05 0,000
adequate. Library 4,82 1,22 5,89 0,97 0,000
4.2. The school support services’ Academic Services 4,61 1,34 5,73 1,15 0,000
employees transmit a feeling  Reprography 4,72 1,28 5,76 1,04 0,000
of safeness in  their Library 469 1,27 584 096 0,000
transactions with users.
4.3, The school support services” Academic Services 4,65 1,28 5,78 1,16 0,000
employees’  behavior is Reprography 4,75 1,30 5,86 1,03 0,000
polite. Library 4,72 1,25 5,92 0,89 0,000
4.4, The school support services’ Academic Services 4,73 1,31 5,54 1,30 0,000
employees’ have the Reprography 4,78 1,31 5,62 1,21 0,000
knowledge to give adequate Library 485 1,26 5,76 1,06 0,000
answers to users’ requests.
Table F — Perception analysis by service quality item
(SERVPEREF Instrument) — Empathy
. Students Teaching Staff MW
e i getnyy SR Mean SD Mean SD  Test (p)
5.1. The school support services’ Academic Services 473 1,35 5,76 1,16 0,000
employees give individual Reprography 491 1,34 5,76 1,12 0,000
attention to users. Library 469 1,31 5,86 0,92 0,000
5.2. The school support services Academic Services 430 1,42 4,97 1,28 0,006
opening hours are convenient to  Reprography 426 1,43 5,05 1,18 0,001
USers. Library 445 141 5,59 0,90 0,000
5.3. The school support services’ Academic Services 461 1,32 5,78 1,15 0,000
employees  give personal  Reprography 4,63 1,30 5,86 1,00 0,000
attention to users. Library 464 1,28 5,92 0,98 0,000
5.4. The school support services’ Academic Services 442 1,25 5,43 1,21 0,000
employees have users’ best Reprography 449 1,28 5,54 1,12 0,000
interests at heart Library 450 1,28 5,57 1,09 0,000
5.5. The school support services’ Academic Services 458 1,33 5,51 1,28 0,000
employees understand users’ Reprography 4,61 1,29 5,59 1,19 0,000
specific needs. Library 465 1,33 5,65 1,14 0,000
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ABSTRACT

Purpose: The purpose of this study is to understand the relationship between quality management
and innovation, since although quality and innovation issues are dealt with extensively, there is still

little information on this relationship.

Project/Methodology/Approach: For this study, an exploratory bibliographic research was
conducted in order to extract the most important ideas from the literature.

Findings: Most studies suggest a positive link between quality management practices and innovation
performance in firms, although there are also studies suggesting a neutral or negative relationship.
The focus on quality as a competitive tool is crucial but insufficient, and innovation emerges as a new
way of meeting customer requirements and expectations. The coexistence of quality management

practices and innovation management practices seems to be important although difficult to achieve.
Research limitations/implications: The literature review was limited to a database.

Practical Implications: The implementation of quality management systems in parallel with
innovation poses enormous challenges, as the philosophy governing the two areas can be
contradictory. This requires that companies have well-structured and knowledgeable teams.

Originality/Value: This study contributed to a better perception and systematization of the

relationship between quality and innovation.
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INTRODUCTION

The introduction of total quality management has played an important role in the development of
contemporary management practices. Quality is considered an essential strategic factor to achieve
success in companies' businesses. To improve the competitive position in the market and improve
business performance, most companies around the world, whether large or small, have applied the
principles of total quality (Hoang, Igel, & Laosirihongthong, 2006). However, in a knowledge-based
society, high quality alone is not enough. Quality is not a basis for sustainable competitive advantage

and needs to be complemented by innovation practices.

Innovation has been a major concern for researchers and professionals, as the literature provides
conflicting theoretical arguments on the relationship between total quality management and
innovation. It is not certain whether total quality management practices support or hinder the
development of innovation (Prajogo & Sohal, 2001). The contribution of total quality management
to innovation, although it attracts considerable attention, has not been sufficiently exploited in
previous research, so that there is still not enough information about the relationship between the two
(Perdomo-Ortiz, Gonzalez-Benito, & Galende, 2006).

This study aims to investigate, in an exploratory way, the relationship between quality management
and the innovation performance of a company, as well as the contribution of specific practices that
quality management may have. There are two distinct thoughts on the relationship between quality
management and innovation. Some believe that quality management supports innovation, implying
that organizations that have implemented a quality management system will succeed in innovation.
Others argue that a quality management system hinders innovation (Kim D. Y., 2010). The intention
is to explore the nature of this relationship.

METHODOLOGY

This study is based on a bibliographic search, initially made through the reading of books related to
the subject and then through a search and selection of articles in the Google Academic database,
focused on the relationship between quality and innovation. The keywords used during the search of
the articles were: innovation, quality, technology, relationship between quality and innovation,
impact of quality and innovation, link between quality and innovation. The criterion used in the
selection of articles was the choice of those articles that directly addressed the relationship between
quality and innovation and where this was the central theme of the article.



BASIC CONCEPTS

This section will address the basic concepts related to quality and innovation, as well as the respective

standards on which they are based.

Quality

There is no single definition of quality, since it is a subjective concept that is directly related to the
perceptions of each individual. Its meaning is not always clear and objective, being a term difficult
to define but easy to recognize, being associated with something good or exceptional. Thus, the
quality of a product and/or service is related to its attributes and characteristics that may or may not

satisfy the needs of an individual.

As defined in NP EN ISO 9000:2015 (IPQ, 2015a) Quality is understood as the "degree of satisfaction
of requirements given by a set of intrinsic characteristics of an object" and the success of any
organization depends directly on its ability to mobilize and organize the means and resources
necessary for the realization of products and/or services that meet the requirements, needs and
expectations of its customers. Therefore, quality is the "engine™ of any organization's success, and its
recognition is the distinguishing factor for the choice of products and/or services. The development
of a culture based on quality principles and its consequent values will pave the way for the

effectiveness and continuous improvement of methods and processes (Pinto & Soares, 2018).

In 1980, total quality management spread globally as a management philosophy (Goldman, 2005).
Total Quality Management is defined as "an integrated approach to achieve and sustain high quality
results, with a focus on maintenance and continuous process improvement and defect prevention at
all levels and in all functions of the organization, in order to meet or exceed customer expectations"
(Flynn, Schroeder, & Sakakibara, 1994).

Quality standards are published by national or international agencies and serve two main purposes.
They constitute a systematic repository of knowledge about quality management and are a multi-
purpose management tool. A standard is a document of voluntary application, unless there is a legal
document that makes it mandatory. Standards are considered a suitable reference for the market for
which they are intended and are therefore used in processes of legislation, accreditation, certification,

metrology, technical information and commercial relations (IPQ, 2020a).
In the area of quality, three standards stand out:

1. 1SO 9000 describes the concepts and fundamental principles of quality management that are
applied globally, i.e. this standard specifies the terms and definitions that are applicable to all



quality management and quality management systems standards that are developed by
ISO/TC 176, the largest technical committee of 1SO (IPQ, 2015a).

2. 1SO 9001 is the most widely used management system standard worldwide and is the
international reference for the certification of quality management systems. This standard was
created in international terms in order to define the best quality practices to be adopted, with
a central focus on customer and other stakeholders’ expectations of the organization. ISO
9001 adopts a process approach, which incorporates the PDCA cycle of continuous
improvement (a methodology that promotes continuous improvement, developed in four
phases, planning, executing, verifying, acting, and can be applied to each process and to the
whole system) and integrates risk-based thinking, allowing not only customer loyalty but also

the competitiveness of the organization based on the pillars of sustainability (IPQ, 2015b).

3. 1SO 9004 provides guidelines that enable any organization to achieve sustained performance
in a complex, demanding and continually changing environment through a quality
management approach. It can be used to assess the maturity of a quality management system
and is aimed at organizations wishing to achieve excellence (defined as a high degree of
execution of requirements and satisfaction of expectations), in addition to meeting the
requirements of 1SO 9001 (IPQ, 2011).

Quality management is a holistic management philosophy that promotes all the functions of an
organization through continuous improvements and organizational changes (Kaynak & Hartley,
2005).

Innovation

Innovation can be understood as the development and implementation of new ideas over time and is

based on four factors: new ideas, people, transactions and institutional context (Van de Ven, 1986).

Innovation does not exist without invention. The invention is a new idea, a model, a prototype that
appears for a new product or process, while innovation consists in putting that idea into practice,
either an economic or a social application of the invention (Fagerbeg, 2009). Innovation and invention
are clearly related, since innovation arises from invention, from the combination of several inventions
or the adaptation of something that has already been invented in other circumstances. In short,

innovation is a multidimensional and systemic process.

The definition of innovation is somewhat ambiguous. There is an approach that views the concept in

dual terms, according to the level of novelty, considering as radical innovation the discovery of a new



idea and incremental innovation as the exploitation of an existing idea (Negas, Carvalho, & Sousa,
2020).

Another duality of the definition has to do with the technological and non-technological dimension.
Technological innovation is often associated with technology-based product and process innovation.
This technological vision of innovation has been the target of some criticism, namely not being able
to capture innovation in services, and innovation in companies does not relate only to the development
of technological applications, but also to organizational restructuring and the adoption of relations
with the market through new marketing practices. The importance of product, process and
organizational system integration for the implementation of new ideas and new business opportunities
in the market is highlighted. For these reasons, the concept of innovation should encompass the non-

technological dimension (Negas, Carvalho, & Sousa, 2020).

In the study conducted by (Crossan & Apaydin, 2010) the authors confront the types of innovation
by mentioning another duality: a process to create ideas and implement them properly; and the results,
that is, the final results of implementation, which can be a product or a process. According to (Bon &
Mustafa, 2013) the process is the way and techniques by which an idea is created and implemented,
while the results are the products, services or business processes. There are two main inputs that are
essential to the results performed. First, an organization's team must be able to create and sustain the
configurations that support innovative ideas, and second, decide which ideas have potential.
Understanding and knowing the types of innovation is essential for organizations. Each type of

innovation needs specific treatment and responses from the organization.

The Oslo Manual (OECD/Eurostat, 2018) tries to clarify and standardise these concepts. The term
innovation can be used in different contexts to refer to a process or an outcome. To avoid this
confusion, this manual uses the term “innovation activities” to refer to the process and the term
“innovation” limited to outcomes (OECD/Eurostat, 2018). Innovation activities include all research,
development, production, financial and commercial activities carried out by a company that result in

innovation in the companies. The document proposes two main categories of innovation:

e Product Innovation: is a new or improved good or service that differs significantly from
previous goods or services of the company and has been introduced to the market;

e Business Process Innovation: is a new or improved business process for one or more business
functions that differs significantly from previous business processes of the company and that

have been used in the company.

Product innovation is divided into two types (goods and services) and business process innovation is

divided into six broad types (production of goods or services, distribution and logistics, marketing



and sales, information and communication systems, administration and management, product and

business process development).

In the area of innovation there have been efforts to produce innovation management standards which
are inspired by quality standards. Spain was the first country to implement an innovation management
standard, followed closely by Portugal (IPQ, 2006a; IPQ, 2006b; IPQ, 2006¢; IPQ, 2006d). The
European Union is currently studying the possibility of implementing a European standard.

RELATIONSHIP BETWEEN QUALITY AND INNOVATION
Positive relationship between quality management and innovation

Most of the articles obtained in this study suggest a positive relationship between quality management
and innovative performance. Several articles present empirical results that positively relate a set of
quality management practices to innovation (Prajogo & Hong, 2008; Kim, Kumar, & Kumar, 2012;
Martinez-Costa & Martinez-Lorente, 2008; Bourke & Roper, 2017; Perdomo-Ortiz, Gonzalez-
Benito, & Galende, 2006; Hoang, Igel, & Laosirihongthong, 2006; Baldwin & Johnson, 1996; Flynn,
Schroeder, & Sakakibara, 1994; Samson & Terziovski, 1999). The studies highlight that quality
management practices can provide opportunities to apply quality management principles and
techniques in innovative activities, allowing for the efficient detection of customer needs, originate
knowledge sharing and foster systems and processes improvement. The adoption of a quality
management system helps companies to innovate according to customer needs, minimizing activities
without value and reducing the time and costs of developing new products. Quality management
conceives customer satisfaction, innovation and the improvement of the performance of most

businesses. These articles are briefly described below.

A study (Kim, Kumar, & Kumar, 2012) analysed eight different quality management practices to see
which of these practices related directly or indirectly to five types of innovation. Using a sample of
ISO 9001-certified product and/or service companies, the authors verified that process management
is directly and positively related to incremental, radical and administrative innovation. The
organizational capacity to manage processes plays a vital role in identifying routines, establishing a

learning basis and supporting innovative activities.

In an empirical study of 451 companies, the authors found that the use of quality management tools
leads to product and process innovation (Martinez-Costa & Martinez-Lorente, 2008). Implementing
quality management tools can help identify potential areas for innovation, develop innovation plans

and produce innovative products and processes (Martinez-Costa & Martinez-Lorente, 2008).



Another study (Perdomo-Ortiz, Gonzélez-Benito, & Galende, 2006) analyses the links between the
broader concepts of total quality management and entrepreneurial innovation capacity. The study
involved 102 companies from the machinery and instruments sectors for measurement, analysis and
control. The study suggests that both concepts are compatible and allow identifying which dimensions

of total quality management explain the creation of entrepreneurial innovation capacity.

(Bourke & Roper, 2017) use data from a group of Irish companies to verify the influence of adopting
quality improvement methods on the performance of innovation in the short and long term. The
temporal effects are complex but there appears to be destabilising effects in the short term but
beneficial in the long term. The results suggest that maximising the return on innovation and quality
improvement requires an adaptive implementation of quality improvement methods, time and

sequence of their adoption.

Studies have identified a positive relationship between total quality management and innovation in
terms of market speed (Flynn, Schroeder, & Sakakibara, 1994) and the level of innovation in

organizations (Baldwin & Johnson, 1996).

Most studies agree that quality will always be critical for competitiveness, but innovation is likely to
continue to grow as a key element of competitive strategy (Leavengood, Anderson, & Daim, 2014).

One of the challenges of today's companies is to determine how to integrate the two.

The study of (Schniederjans & Schniederjans, 2015) seeks to address the relationship between social
and technical quality management and innovation. The authors argue that social and non-technical
quality management practices are positively associated with innovation. The positive relationship
between quality management and innovation is moderated by the effects of the organisational
dimension, task and ethics of the manager. However, there is no significant relationship between

technical quality management and innovation.

The strength of the relationship between total quality management practice (independent variables)
and organizational performance (dependent variables) was tested by (Samson & Terziovski, 1999).
The authors consider innovation as a dependent variable that represents the organizational
performance measured by the number of new products produced. Total quality management has a
significant positive relationship with product quality and product innovation performance, although
the magnitude of the relationship seems to be greater in relation to product quality. The study does
not confirm a significant positive effect on innovation. However, the correlation between the two

variables seems to depend on the specific sector under study.



(Zhao, 2011) addresses key issues of innovation and quality, helping to develop strategies to improve
the integration between innovation and quality, suggesting that the critical factors of successful
innovation management incorporate and are interrelated to the main concepts associated with quality
management. The challenge for organizations to gain competitive advantage in the marketplace is to
exploit innovative opportunities and deliver what the customer wants in the fastest, most effective

and economically viable way.

In general, and to conclude this section, there are two general arguments put forward by studies
suggesting a positive relationship between quality and innovation. One argument is that innovation
is the result of combining different activities such as research and development, process development,
design, marketing, organizational restructuring, resource management and employee development
and is therefore likely to be supported by total quality management practices that enhance the
combination of multifunctional activities. The other argument is that total quality management
practices help create an environment and culture that supports innovation. One of the main
requirements of total quality management is customer satisfaction. Companies implementing a total
quality management system need to explore and find ways to best meet customer needs and
expectations and this makes companies innovative in developing and launching new products and/or

services to meet customer needs (Hoang, Igel, & Laosirihongthong, 2006).
Negative relationship between gquality management and innovation

Although a minority, there are studies which argue that total quality management can hinder
innovation (Kim & Marbougne, 1999; Prajogo & Sohal, 2001). The main argument is that the
customer focus is on product conformity (product quality) but not on product novelty (product
innovation), and that these perspectives are in practice conflicting or do not feed off each other
(Atuahene-Gima, 1996).

The study of (Singh & Smith, 2004) does not find sufficient statistical evidence to suggest that total
quality management is related to innovation performance in enterprises. They suggest that the
relationship between these concepts may be more complex than suggested by the mentioned studies.
However, they do not completely reject the arguments that total quality management can support
innovation and admit that total quality management can facilitate innovation, but only to a very

limited extent.

While admitting evidence of a positive influence on innovation, advocates of the opposite view
believe that the implementation of total quality management is likely to create more disadvantages

for innovation over time than advantages (Prajogo & Sohal, 2001).



A negative relationship between quality management and green innovation

The study of (Li, Zhao, Zhang, Chen, & Cao, 2017) identified a negative relationship between quality
and green innovation, which seems to give additional substance to the arguments presented in the
previous section. The study analysed the impact of quality management on green innovation,
considering the moderating role of environmental regulation. With a sample of 407 observations
obtained from the top 100 listed companies in China from 2008 to 2014, the results indicate that
quality management was significantly correlated negatively with green technological innovation and
green innovation management. In addition, environmental regulation significantly mitigates the
negative impact of quality management on green innovation management and green technology
innovation. The results seem to indicate that quality management limits corporate focus on
developing existing production and management systems rather than exploiting green innovation
geared towards sustainable development. Thus, quality management tools and practices may not
necessarily be in line with sustainability considerations (Maxwell & Vorst, 2003; Luttropp &
Lagerstedt, 2006) and may not be properly integrated with more environmentally sustainable business
models (Asif, Searcy, Zuthi, & Fisscher, 2013). The significant mitigating effect of environmental
regulation illustrates the importance of better institutional design and implementation (Ford, Steen,
& Verreynne, 2014). Appropriate environmental standards and strict environmental monitoring can
trigger green innovations within companies and can thus reduce compliance costs (Li, Zhao, Zhang,
Chen, & Cao, 2017).



SUMMARY OF RESULTS

Table 1 summarizes the essential points (objectives and conclusions) of the studies analyzed for this work.

Table 2 - Summary of objectives and conclusions of the various studies analyzed.

Authors

Objective

Conclusions

(Prajogo & Hong,
2008)

Demonstrate the effect of total quality
management practices on research and
development performance in terms of

product quality and innovation.

Total quality management, as a set of generic principles, can be adapted in

environments of different manufacturing or production areas.

(Kim, Kumar, &
Kumar, 2012)

Analyse the different quality management
practices and investigate which of these
practices related directly or indirectly to

five types of innovation.

A set of quality management practices, through process management, have
a positive relationship with five types of innovation under study. Process
management is directly and positively related to incremental, radical and

administrative innovation.

(Martinez-Costa &
Martinez-Lorente,
2008)

Clarify the relationship between total
guality management and organisational

innovation.

Evidence that total quality management promotes innovation in companies.
Evidence that companies that apply total quality management and therefore
develop organizational innovation get more benefits. Firms where
innovation is continuous can see total quality management not only as a
good way to improve quality, but as a way to facilitate the innovation

process.




Authors

Objective

Conclusions

(Perdomo-Ortiz,
Gonzalez-Benito, &
Galende, 2006)

To study the relationship between quality
and innovation through the analysis of the
existing links between the broader
concepts of total quality management and
the capacity for business innovation.

Total quality management favours the development of entrepreneurial
innovation capacity. The study revealed that both concepts are compatible
and make it possible to identify which dimensions of total quality

management explain the creation of entrepreneurial innovation capacity.

(Bourke & Roper,

Highlight the short and long term
beneficial effects of adopting quality

Maximizing the return on innovation and quality improvement requires an

adaptive consideration of the nature of quality improvement methods, the

2017) improvement methods on product time and the sequence of their adoption.
innovation performance.
Companies that focus only on quality saw innovation as an end and not as a
Research quality and performance means to achieve a certain business goal. The main result was based on the
(Leavengood,

Anderson, & Daim,
2014)

management practices in relation to quality
and innovation of forest product

manufacturers.

way companies interact with customers, i.e. companies focused on
innovation proactively seek to identify and meet the needs demanded by
customers, while companies focused on quality mainly emphasize

responding to customer complaints.




Authors

Objective

Conclusions

(Zhao, 2011)

To contribute to the theory and practice of
research and development management in
order to develop strategies for integrating

innovation and quality

Effective innovation management, combined with the principles of total
quality management, improves the quality of research and development by

promoting cutting-edge applications of the results researched.

(Schniederjans &
Schniederjans, 2015)

Address the relationship between social
and technical quality management and

innovation.

Social quality management practices and non-technical practices are
positively associated with innovation. The positive relationship between
quality management and innovation is moderated by the effects of
organisation dimension, task and ethics of the manager. However, there is
no significant relationship between technical quality management and

innovation.

(Hoang, Igel, &
Laosirihongthong,
2006)

To investigate the relationship between
total quality management practices and

innovation performance.

It confirms that total quality management has a positive impact on the
company's ability to innovate, but not all total quality management
practices increase the company's ability to innovate. Only leadership and
people management, strategic and process management and open

organization have shown a positive impact on innovation performance.

(Li, Zhao, Zhang,
Chen, & Cao, 2017)

Highlighting the preliminary impact of
corporate quality management on green
innovation and the moderating role of
environmental regulation in this

relationship.

Quality management is significantly correlated negatively with green
technological innovation and green innovation management. In addition,
environmental regulations significantly mitigate the negative impact of
both.




CONCLUSION

This article contributes to enrich the literature on the relationship between quality management and

innovation, a topic which, although pertinent, is still under researched.

Two main arguments are put forward by studies suggesting a positive relationship between quality
and innovation. One argument is that innovation, as a process, is made up of various business
activities and, as such, total quality management practices have a positive impact on those activities
that lead to innovation. The other argument is that total quality management practices help to create

an environment and culture that supports innovation.

The main argument of studies suggesting a negative relationship is the finding that the two practices
(quality and management) are based on different assumptions and objectives, which are by nature

antagonistic or conflicting, and which will lead to problems sooner or later.

Most of the articles selected in this literature review and cited in this study point to a positive
relationship between quality and innovation, but there are articles that point to a marginal, negative
or non-existent positive relationship between both terms. All sides present empirical evidence.

It seems pertinent to point out from this review that the integration of the two dimensions, more or
less explicitly or in a more or less intense way, seem to be a necessity dictated by the competitive
contingencies of the current market. Quality without innovation does not give the company a
sustainable competitive advantage, and innovation without quality does not allow the maintenance of
the competitive advantage that innovation gives. On the one hand, quality is an essential requirement
for market acceptance and reputation, and on the other hand, innovation confers sustainability and
long-term vision. Thus, the interconnection between the two concepts seems irrefutable. However, it
is still not well understood, and the limited available literature that directly addresses the relationship

between quality and innovation seems to indicate an area that needs further study.
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ABSTRACT

Purpose — This paper aims to demonstrate the empirical study regarding the implementation of a
Lean Six Sigma project through the DMAIC method to reduce the percentage of broken drops in the

manufacturing process of a food factory.

Design/methodology/approach — The research was carried out through a single and longitudinal
case study, where the interviews followed the sequence of steps and practices observed in the

theoretical framework.

Findings - The analysis performed in this project indicated that the presence of bubbles in the dough
had influenced the percentage of broken drops. The main root causes of the problem were identified
as conveyor belt, nozzles, and cold chamber. The project allowed an increase of 4.79% in the final

process yield index and the sigma level evolved from 2.87¢ to 3.25c.

Research limitations/implications - The research results are limited to a single case study, and it is

not intended to generalize the results to other types of industry.

Practical implications — This paper can be used as a reference guide for researchers and practitioners
to implement operational excellence projects in their organizations, following the steps presented in

this study.

Originality/value — This paper is a real case study on Lean Six Sigma practices in a food factory.
This sector still lacks empirical studies regarding the implementation of operational excellence

strategies.
Keywords: Lean Six Sigma, DMAIC, Operational Excellence, Food Industry.

Paper type: Case study.



INTRODUCTION

The implementation of operational excellence strategies in industrial organizations has generated
significant results in terms of cost, quality, and speed. The adoption of principles, techniques, and
tools inherent to Lean Six Sigma (LSS) methodology is directly associated with this type of strategy.
It requires the implementation of improvement projects with financial impact implemented by ad hoc
teams and led by professionals with proficiency in the various techniques inherent in this approach.
Currently, the adoption of this strategy has enabled companies to meet and exceed customer

expectations in a changing and competitive global environment (Byrne et al., 2007).

While the Lean Manufacturing (LM) approach discusses the importance of waste across all process
and focusses on speed and time, the Six Sigma (SS) methodology focusses on reducing defects and
process variability as well as reducing costs, which makes it evident that the joint-use LSS strategy
offers a solution that creates more robust, flexible and cost-efficient process (Andersson et al., 2014).
The integration of these two approaches (LSS) increases the possibility of efficiency and effectiveness
gains. It helps to achieve superior performance faster than the implementation of each strategy in
isolation (Salah et al., 2010).

The food industry can be characterized by technological product disruptions and incremental
improvements associated with the acquisition of new process technologies (Raimundo et al., 2017).
Moreover, the perishability of food products and the distances traveled in the supply chain, demand
innovations in the areas of logistics, organization, production, and marketing (De Mori, 2011).
Factors such as food safety, quality, and level of services are fundamental in this sector, where
industrial costs must be carefully controlled to maintain organizational competitiveness (Dudbridge,
2011).

LSS projects have been widely applied to a variety of industries including automotive assembly
processes (Lee-Mortimer, 2006; Pugna et al., 2016), telecommunications (Psychogios et al., 2012;
Andersson et al., 2014), pharmaceutical industry (Goodman, 2012), health products (Jirasukprasert
et al., 2014), and so on. However, the literature on the implementation of LSS projects in the food
industry highlights some specific applications, for example, initiatives to reduce the variation in the
weight of processed food (Desai et al., 2015; Dora and Gellynck, 2015), lead time and customer
complaints reduction (Nabhani and Shokri, 2009), as well as the reduction in the dimensional
variation of the product (Seow et al., 2004). Given these considerations, studies with applications
aimed at reducing breakages in food products are scarce in the literature on LSS.

The purpose of this article is to present an empirical study regarding the implementation of an LSS
project through the DMAIC method, whose objective is to reduce the percentage of broken drops in



the manufacturing process of candies and drops factory. Based on the investigation performed, the
paper reveals the activities carried out in each stage of the DMAIC method, as well as the tools and
techniques implemented in these stages. Therefore, this paper can be used as a reference guide for

researchers and practitioners to implement operational excellence projects in food industries.

This article is structured as follows. In the next section, a previous literature review on LSS is
presented. Section 3 describes the methodological procedures defined to achieve the objective of this
study. Section 4 presents the results of the empirical research following the sequence of steps
performed in the implementation of the LSS project. Finally, the last section presents the main

insights and conclusions, as well as suggestions for future work.

LITERATURE REVIEW

The LM approach gained worldwide popularity after the publication of the book The Machine that
Changed the World, written based on research on trends in the automobile industry, with emphasis
on the efficient Toyota Production System (TPS) developed at Toyota by Taiichi Ohno after the
Second World War in the 1940s (Womack et al., 1990). LM principles focus on the value stream
analysis to identify and eliminate seven forms of waste (muda) on the shop floor: over-production,
defects, unnecessary inventory, inappropriate processing, waiting, motion and excessive

transportation (Womack and Jones, 1996).

The Six Sigma methodology was conceived at Motorola in 1987 to improve the quality of its products
dramatically. Two years after this initiative, the company received the Malcolm Baldrige National
Quality Award in recognition of the results obtained with the program (Pande et al., 2001). However,
the success of this approach was reinforced in the following decade, based on the results obtained at
General Electric, under the leadership of Jack Welch, who at that time held the position of CEO (Chief
Executive Officer) at the company (Black and Revere, 2006). Since then, this approach has been
adopted by several organizations to improve products, services, and processes (Evans and Lindsay,
2014).

LSS approach can be defined as “a business strategy and methodology that increases process
performance resulting in enhanced customer satisfaction and improved bottom-line results” (Snee,
2010). The proposal for integration between the two approaches was presented in the book Lean Six
Sigma: Combining Six Sigma with Lean Speed (George, 2002). Although these approaches have
different origins and can be differentiated by their specificities, the effectiveness of complementarity

between them has become common sense among practitioners and researchers.



The isolated application of the SS techniques cannot remove all types of waste from the process and
applying only LM principles cannot control the process statistically and remove variation from the
process (Corbett, 2011). Regarding the organizational structure, it is observed that SS techniques are
implemented by few trained individuals in the company, while LM principles cover all levels and
require that all employees should receive training and empowerment to identify and eliminate
activities that do not add value (Higgins, 2005).

The programmes SS prescribe that improvement actions are performed in a project-by-project fashion
(De Koning and De Mast, 2006). However, projects that involve LM tools implemented for existing
products and processes through the DMAIC (Define, Measure, Analyze, Improve, and Control)
methodology are recognized as Lean Six Sigma Projects (Snee, 2010). Still, for product and process
development activities (Design for Six Sigma), the DMADV methodology (Define, Measure,
Analyze, Design, and Verify) is recommended (Mehrjerdi, 2011). Thus, the logical sequence of
actions for implementing an LSS project in existing processes includes five phases (De Koning and
De Mast, 2006; Montgomery and Woodall, 2008; Ismyrlis and Moschidis, 2013):

(1) Define: Establish the characteristics-specifications of product that satisfy the customer.
Defines the problem to be solved, including customer impact and potential benefits. Develop

project charter and build a team.

(2) Measure: Translate the problem into a measurable form. Identify potential root causes.
Develop and validate measurement systems. Estimate the short-and long-term process

capability and determine the sigma performance level.

(3) Analyze: Identify key process variables that cause defects. Benchmarking key product
performance metrics (gap analysis). Formulate, investigate, and verify root cause hypotheses.

Find areas that need to be addressed.

(4) Improve: Design an effective and efficient solution to the process to improve the performance

of the CTQs. Verify and gain approval the final solution.

(5) Control: Implement a mistake-proof process. Monitor and control critical process. Develop
out of control action plans. Transfer responsibility, share learning, and best practice.

Critical Success Factors (CSF) are very important for the effectiveness of operational excellence
strategies in companies. In this context, Jeyaraman and Teo (2010), highlight the following CSF:
established LSS dashboards; effective training program; projects stories, best practices sharing and

benchmarking; project prioritization selection; frequent communication and assessment on the result;



company financial capability; competency of MBB/BB; reward and recognition system; management

engagement and commitment; and organization belief and culture.

RESEARCH METHODOLOGY

In order to achieve the objectives of this research, a single and longitudinal case study was carried
out. Because it is characterized as a qualitative approach, the case study can be essentially interpretive,
where the researcher describes the scenario through a constructivist perspective, using data analysis
to identify themes or categories through a personal lens (Creswell, 2007 ). This type of research is
recommended for studies that have as characteristics the need to find answers to the “how” and “why”
questions, little or no control over the event by the researcher, and focus on contemporary problems
within a real context (Yin, 2009).

The research was carried out in the second half of 2019 at a company that produces candies and
cookies, which will be called “Alpha”. The company is located in the State of Sdo Paulo, Brazil and
has more than 500 direct employees. The selection criteria considered the current context of the
company, which in recent years has implemented several LSS projects and provided green belt, black
belt, and lean practitioners training. A case study protocol was developed to structure the data
collection. Semi-structured questionnaires were used to capture the interviewees' perspectives. Thus,

only people who had active participation in the execution of the project were interviewed.

Data were collected and recorded through interviews involving employees who participated in the
project and document analysis. The interviews were conducted in a semi-structured manner. The
application of a case study must cover the development of a conceptual framework based on the
literature on the research topic and explain narratively the main elements of the research, including
the variables involved, the main constructs and possible causal relationships (Voss et al., 2002). An
analysis regarding “how” the company has implemented the LSS project was carried out as well as
the sequence of activities and the techniques and tools used. The analysis was guided by the DMAIC

model and contrasted with the recommended practices in the relevant literature.

RESULTS

In the last five years, Alpha has implemented several actions related to the LSS approach as part of
its operational excellence strategy to reduce quality costs, due to failures in the manufacturing
process, and increase customer satisfaction. This strategy includes the internal training of green belts,

black belts, and lean practitioners. The green belt program certification at Alpha includes an 80-hour



training program, the application of a theoretical test, as well as the implementation of a project with
a financial impact on the organization. These projects follow the steps of the DMAIC method where
project teams can use various techniques and tools present in the LSS toolbox. The project to reduce

the percentage of broken drops emerged from this context and its breakdown will be presented below.
Define phase

LSS projects must include the definition of metrics and key indicators to guide the selection of the
project and identify its objectives, as well as the definition of a specific problem of the process to be
improved (Snee, 2010). These actions were recorded in a project charter that presents a clear
definition of the problem observed, the Project Team (PT), the scope of the project, the Critical to
Quality (CTQs) factors, the expected benefits and the schedule of the steps provided for in the

DMAIC method. Table 1 summarizes the information contained in the project charter.

Table 1 — Project Charter.

Project title Reduction the percentage of broken drops

Broken drops represent a significant quality defect generated during the manufacturing
process, which causes imperfections in the packaged product and contributes to the
increasing waste in the manufacturing line. This problem has generated some complaints
from Alpha’ customers for not receiving the product as expected.

1 trainee (project leader), 3 machine operators, 1 maintenance supervisor, 1 process

Problem Statement

Project team analyst, and 1 quality assistant.

CTQs Broken / Chipped Drops. Non-conformity nc_)ticeable to the nz_ﬁked eye and which can be
caused due to the fragility of the product or incorrect processing.

Expected Reduction of quality costs related to product disposal, reprocessing, and returns.

Benefits Increased customer satisfaction.

The project started in April 2018 and was completed in February 2019. Seven people from different
areas participated in the project, which was led by a trainee, who during the project's execution period,
was a candidate for green belt certification at the company. After the production director has approved
the project charter, the first step was to visualize the data on the historical percentage of broken drops
(%BD) in a time series plot shown in Figure 1.
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Figure 1 — Percentage of broken drops.

The time series plot was elaborated by PT to understand the historical nature of the average of the
percentage of breakage in the drops. Figure 1 shows data from February 2017 to April 2018. Thus,
there is a significant increase in the percentage of BD from July 2017. The investigation then focused
on verifying this hypothesis, finding ways to understanding the causes, and finally mitigating the
causes to improve the process so that the BD percentage is reduced to a level where the company can

be more successful in marketing its products.

To define the goal of the project, PT carried out a gap analysis between the current performance of
the process and a benchmark value. The target was then defined considering a subtraction of 50
percent of that reference value from the average observed in the period. Therefore, the final goal
established for the project was “reduce the percentage of broken drops from 9,51% to 7.11% by the
end of February, 2019". Define phase was concluded after PT has prepared a SIPOC matrix
(Suppliers, Input, Process, Output, and Customers) to identify the main activities related to the

manufacturing process as well as their inputs (x’s) and outputs (Y’s), as shown in Table 2.

Table 2 — SIPOC matrix.

Suppliers Input Process Output Customers
Warehouse Approv;c;t:}er?;?e I raw Weigh Ingredients weighted Cooker 3,000
Scale / pot Ing;enddiegfcsk\;vdeil?gted Cooking the dough Dough cooked Uniplast
Coﬁkﬁirp?égtoo / Dougr}(():lc()jcél((jed and Stamp drops Drops stamped Cooling Tunnel
Stamping / Chiller Drops stamped Cool drops Crystallized drops Packing]gw’aschines
Cooling Tunnel / Crystallized drops and Pack drops Finished drops Storage

Warehouse packaging




Measure phase

Measure phase includes the translation of the problem addressed into a measurable and quantitative
way as well as the measure and estimation of the current performance of the process through the
sigma level. An essential activity in this phase is the formulation of the transfer function, which can
be explained in mathematical terms such as Y= £(x1, X2,... Xn), where the root causes “x’s” represent

the inputs of the process that are converted into outputs “y’s” (Pyzdek and Keller, 2003).

The activity of identifying and selecting the root causes for the formulation of the transfer function
was carried out systematically by PT. Figure 2 illustrates the sequence of steps performed for this
purpose. The first step was performed during a brainstorming section where the participants
developed a high-level map (Figure 2a) identifying the process parameters (PP) for each stage of the
process as well as their inputs (x’s) and CTQs (Y’s). Then the section was directed to the construction
of a fishbone diagram (Figure 2b) to complement the identification of the variables inherent to the
project problem. Among the 41 variables identified, 13 were submitted to a prioritization matrix
(Figure 2c), where six key variables were finally selected: x1 — bubbles in the dough; x2 — uniformity
of dough; x3 — GDs operation (packing machine); x4 — mix of flavor; xs — uniplast operation (product

molding machine); and xs — falling drops.
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Figure 2 — Steps to identify and select root causes.

The next activity was to estimate the current capacity of the process through the sigma level.
However, to validate the quality of the data collected, the PT performed an “Attribute Agreement
Analysis” with three inspectors in each work shift. Inspection by attribute implies a binary

classification of the type "approved™ or "failed”. Analysis Between Appraisers can be performed



using Minitab software by examining the frequency with which each inspector agrees with the
classification made by the other inspectors or by the Fleiss Kappa coefficient of correlation.
According to Bass and Lawton (2009), this coefficient is within the range of -1 to +1. If it is equal to
+1, there is a perfect agreement and if it is -1, there is complete disagreement. Besides, the Kappa

value of 0.7 indicates an acceptable measurement system.

A total of 30 samples randomly chosen were examined by three inspectors, revealing a low agreement
between the appraisers (Kappa coefficient equal to 0,3162). To solve this problem, the PT developed
an operational definition and instructed all inspectors in this standard. After performing this training,
a new study revealed that the new Kappa coefficient was equal to 1, thus evidencing agreement

between appraisers and measurement system reliability.

The calculation of the sigma level must be performed according to the type of data referring to the
characteristic of the measured quality. For continuous data, the sigma level can be obtained from
process capacity indices (Cp and Cpk). For discrete data, which refer to the percentage of samples
that contain one or more defects, measures of defect proportion and Final Process Yield are used,
according to expressions (1) and (2).

. . __ Number of defective
Proportion Defective = ———— rrm (1)

Final Yield = 1 — Proportion Defective (2)

The sigma level correspondent to the final yield was obtained from a query on a conversion table
between final yield and sigma levels that consider the “discount” of 1.5, considering the hypothesis
that in the long term the process it can deviate by more or less 1.5¢ (Pande et al., 2001). A sample of
3,000 units was randomly taken from the process, and 253 defectives (broken drops) were identified.
Thus, the current sigma level for the drops manufacturing process was reported as 2.87¢ since the

final yield is equal to 0.916.
Analyze phase

The main objective of the Analyze phase is the identification of the root causes of broken drops
through data analysis techniques. The data analysis approach used at Alpha encompasses the
application of LM tools, Failure Modes and Effects Analysis (FMEA), as well as statistical analysis
through basic graphics and hypothesis testing. After selecting the probable causes that affect the “}”
of the project, the PT conducted a sequence of analyzes involving statistical techniques appropriate

to the characteristics of the project.



Considering that two of the potential causes are categorical variables (x1 - bubbles in the dough; and
x4 — flavor mix), the PT has considered that the most suitable hypothesis test for the project would be
the chi-square test (¥?). To perform the tests, random samples were taken in different work shifts,
according to an operational definition. According to Berenson et al., (2002) the y? test statistic is equal
to the square difference between the observed and expected frequencies, divided by the expected
frequency in each cell, added over all cells, as shown in expression 3:

— e)z
y2=X Bt ®

Where fpis the frequency observed in the real count in a given cell of a contingency table, and /¢ is
the expected or theoretical frequency, that is expected to be found in a given cell if the null hypothesis
IS true. A first test was performed to verify the hypothesis that the various types of flavors (x4)
influence the percentage of broken drops. The null (Hg) and alternative (H,) hypotheses for

conducting this test are shown below:
Ho: The occurrence of broken drops is independent of the flavor mix.
Hi: The occurrence of broken drops is dependent of the flavor mix.

Once formulated, the hypotheses were tested through the Chi-Square test for association running on
Minitab software. According to Montgomery and Runger (2010), the independence hypothesis must
be rejected if the value of the x? statistic test is too large. Moore et al., (2009) point out that the  p-
value represents the rejection when this value is less than a significance value. As seen in Table 3,
Pearson's Chi-square statistic is 4.278 (p-value = 0,370) and the Likelihood Ratio Chi-Square statistic
is 4,111 (p-value = 0,391). Thus, with a 5% significance level, the EP did not reject the null hypothesis
and so there was not enough evidence to conclude that the percentage of broken drops depends on
the flavor mix. Furthermore, Table 3 also presents the contribution values for the Chi-square statistic
(contribution x?), which represents the squared standardized residues for each cell. These show that
the largest difference between the frequencies observed occurs in the case of strawberry flavor but

the overall difference, considering all flavors, is not statistically significant.



Table 3 — Chi-Square test for association between broken drops and the flavor mix.

Strawberry  Eucalyptus Cherry Melon Grape All

Count 12 6 12 8 7 45
Broken Expected count 7,61 9,51 11,73 7,61 8,56
Contribution ¥ 2,538 1,293 0,006 0,020 0,283

Count 228 294 358 232 263 1375
Not broken Expected count 232,39 290,49 358,27 232,39 261,44
Contribution ¥ 0,083 0,042 0,000 0,000 0,009

All 240 300 370 240 270 1420

Pearson Chi-Square = 4,278; DF = 4; P-Value = 0,370
Likelihood Ratio Chi-Square = 4,111; DF = 4; P-Value = 0,391

A second statistical analysis involved other hypothesis test considering the possibility of an
association between the breakage of drops and the presence of bubbles in the dough. This hypothesis
was formulated by PT, who considered that the formation of bubbles (x1), which can occur at different
stages of the manufacturing process, could make drops more fragile and susceptible to breakage. The

hypothesis pair was formulated as follows:
Ho: The occurrence of broken drops is independent of the presence of bubbles in the dough.
Hi: The occurrence of broken drops is dependent of the presence of bubbles in the dough.

The data were submitted to the chi-square test for the statistical confirmation of the formulated
hypotheses. Table 4 shows that Pearson's Chi-square statistic is 146,597 (p-value = 0,000) and the
Likelihood Ratio Chi-Square statistic is 108,831 (p-value = 0,000). Both p-values are smaller than
the 0.05 significance level. This time the EP rejected the null hypothesis concluding that there is
statistical evidence to conclude that the percentage of broken drops depends on the presence of
bubbles in the product. It is seen that the frequency of products with bubbles observed in the broken
drops is 3.66 times the expected frequency and in fact the cell Chi-squares are all significantly large,
which indicates a strong relationship between the type of the drop (broken or not) and the whether or

not there were any bubbles.

Table 4 — Chi-Square test for association between broken drops and bubbles.

With bubble  Without bubble All

Count 57 32 89
Broken Expected count 15,57 73,42
Contribution ¥ 110,18 23,37

Count 118 793 911
Not broken Expected count 159,43 751,58
Contribution ¥ 10,76 2,28

All 175 825 1000

Pearson Chi-Square = 146,597; DF = 1; P-Value = 0,000
Likelihood Ratio Chi-Square = 108,831; DF = 1; P-Value = 0,000




Then, PT decided to investigate the percentage of breaks in the different control points of the process
of cooling and packaging, which presented a higher incidence of bubbles and broken drops. Random
samples of 100 drops were taken for each control point in the different work shifts. The results of this
measurement were presented in the form of a Pareto chart illustrated in Figure 3. It is possible to
observe that three specific points of the process (conveyor belt, cold chamber, and spout) are
responsible for 85.3% of the broken drops. Therefore, these variables were selected as the main root
causes of the problem addressed in the project. In addition to these variables, causes not treated
statistically (xs — GDs operation; xs — uniplast operation; and xe — falling drops) were also considered

as opportunities for improvement in the next phase of the project.
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Figure 3 — Pareto Chart for percentage of broken drops.
Improve phase
After verifying and selecting the root causes of the project in the Analyze phase, the next step was
the generations of ideas and solutions to act on these root causes to improve the performance of the
process. The functionality of the actions characterizes this phase through the design and
implementation of adjustments to the process to improve the performance of the CTQs (De Koning
and De Mast, 2006). In this context, PT conducted a brainstorming meeting to discuss and select the

best solutions. An action plan was developed to guide the implementation of the following actions:

e Replacement of the squeegee used to fold the dough.
¢ Implementation of conveyor temperature control.

e Adjustment of the spout.

e Review of the GD's operational standard.

e Implementation of one-point lessons at Uniplast 03.

¢ Implementation of a control plan for the adjustment of the nozzles and operation of the
cold chamber.

It should be noted that part of these actions did not require any financial approval and was

implemented through a kaizen event with the mobilization of operators. After carrying out all these



actions, PT conducted a new study following the same procedure adopted in the Measure phase to
estimate the new sigma level for the improved process, which evolved from 2.87¢ to 3.25¢, resulting
in a new final yield index of 95.99%. Although the percentage change for this index seems small
(only 4,79%), it corresponds to a 52,57% reduction in the occurrence of defects per million

opportunities, according to the six sigma conversion table previously cited.

Before starting the Control phase, PT prepared a time series graph to verify the sustainability of the
improvements obtained with the project. Figure 4 shows the significant decrease in the percentage of
broken drops from the implementation of the Measure, Analyze, and Improve phases started in June
2018. The target established for the project (7.11%) was reached in October 2018, and the percentage
of broken drops remained below that value in the following months. This performance shows the

effectiveness of the actions implemented.
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Figure 4 — Percentage of broken drops (after improvement actions).

Control phase

In the Control phase, the responsibilities assigned to the project team are transferred to the people
who operate the process benefited by the LSS initiative. During this phase, it is necessary to
implement actions that ensure the control of activities to avoid deterioration of the process in the long
term. Therefore, the activities carried out in the Control phase are directed towards the establishment
of standards measures to maintain the performance, and correct any possible problem, as needed

(Ismyrlis and Moschidis, 2013).

The first action implemented in this phase refers to the implementation of a control plan for the
operation of the nozzles and the cold chamber in the cooling stage. This plan included a visual

inspection method in the cooling stage, clarifying the inspection points (spout and GD’s), those



responsible for this activity, the new measurement method, and its frequency, as well as the corrective
action procedure when deviations are observed. Besides, a review of the inspection plan was carried

out where those responsible for this activity receive training in the new standard.

To monitor the proportion of defects and identify any special causes of variation a P Chart was
elaborated according to the expressions (4), (5), and (6), where: D is the number of defective units
(broken drops) in a random sample of size n, and P is the proportion estimated from preliminary
samples. The control limits (Upper Control Limit and Lower Control Limit) are estimated based on

+ 3 standard deviations for a binomial distribution.

—= D

P=- (4)
UCL= 7 +3 /@ 5)
LcL=p-3 [FP 6)

The implementation of Statistical Process Control (SPC) involves two distinct phases, known as
Phase | and Phase Il (Chakraborti et al., 2009). While Phase 1 is retrospective in nature and the
primary interest is to understand the process better and assess process stability, Phase 11 (monitoring
phase), consists of trying to bring a process in control by analyzing historical or preliminary data to
eliminate any assignable causes of variation. However, in the context of implementing LSS projects,
control charts are used to ensure that the improved performance of the process is sustained after the

PT has completed its work and moved onto another project (Snee, 2010).

Regarding these considerations, the P Chart was initially developed to verify the stability of the
process after the implementation of the improvement actions (Phase 1). Figure 5 shows a P chart
running on Minitab software, referring to 25 samples of 30 drops randomly taken from the packaging
process. When the calculation of the lower control limit (LCL) results in a negative number, LCL is
assumed to be equal to 0. Therefore, it is possible to verify that the percentage of defects varies around
the average proportion (4.13%) without the presence of special causes or points outside the control
limits. Also, there is no trend line formed by consecutive points close to any control limit, which

shows a process under statistical control.
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Figure 5 — P Chart for monitoring the percentage of broken drops.

After the end of the project, the statistical monitoring of the proportion of broken drops started to be
conducted daily in the packaging process in a standardized way to verify the occurrence of assignable

causes of variation (introduction to Phase II).

CONCLUSIONS

LSS approach is understood as a useful strategy of operational excellence suitable for the food
industry and able to improve the organizational performance in terms of quality, cost, and speed. The
current study started with the aim of reducing the percentage of broken drops in a Brazilian food
factory. To achieve this objective, the company implemented an LSS project according to the DMAIC
method. The project was defined from a bottom-up perspective, as part of a green belt certification

program at the company.

The actions carried out in the Measure and Analyze phases revealed that some variables inherent to
the manufacturing process contribute to the increase in the percentage of broken drops. These
variables represent the following factors: (i) presence of bubbles in the dough; (ii) conveyor belt
temperature; (iii) GD’s operation; (iv) nozzle adjustment at Uniplast; and (v) operation of the cold
chamber. The investigation also highlights the use of statistical tools to solve problems. The
implementation of improvement actions resulted in a 66% decrease in the defective drops. As a result,

the sigma level evolved from 2.88c to 3.35c.

This research is limited to the implementation of a single case, where some statistical techniques were
used at a basic level. It can be assumed that operational excellence strategies differ in other companies

and industries. However, although this study does not intend to generalize the results, this paper can



be used as a reference guide for researchers and practitioners to implement operational excellence
projects in food industries.
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STRUCTURED ABSTRACT

Objective: This article has as the main purpose to make known the results collected during a research
study focused on the development of a model aiming at the evaluation of organizational culture of
food safety, taking into account the relative importance of potential indicators/metrics that may be

suitable to assess it.

Project/methodology/approach: Metrics and indicators potentially suitable to assess the culture
towards food safety were identified through bibliographic review. In addition, audit reports were
consulted and contacts within the area of the food sector were gathered. The identified
metrics/indicators were clustered considering the model proposed by the paper published by GFSI
"Food Safety Culture”. The indicators/metrics identified were evaluated through two online surveys,
where the respondents were first asked to assess their importance (classification according to an
importance 5-point Likert scale (1- not important,..., 5-extremely important)), and later the
respondents were asked to identify in which sub-dimensions the metrics indicated should be included,
taking into account each proposed dimension (survey still in progress). Later, statistical tests were
performed to assess the normality of the variables (Kolmogorov-Smirnov test) and their statistical
relevance according to several grouping variables (Kruskal-Wallis test). These statistical tests were
developed in the IBM SPSS v.26 software program. Afterwards, a preliminary structural equations

model was developed using the AMOS Software program.

Conclusions: The results show different perceptions of experts in the food field, it was possible to

conclude several aspects regarding the importance of each dimension and its impact on the evaluation



of the food safety culture in an organization. Comparing the results obtained from the respondents
and the SEM model the main conclusions were that the dimension with the highest importance score
was the DIM2 "People”, for respondents and DIM1 "Mission and Vison" by the analysis with
Structural equation model. It was also possible to determine the most important or relevant metrics
for each dimension. In this way for some dimensions the metrics coincided between respondents and
the model, but for others the results where different. It was also possible to conclude the different
impacts of the dimensions in the level of food safety culture, through direct and indirect paths

(mediating analysis).

Research limitations/implications: The data used in this research was gathered in 2019 so, a more
recent data collection should be carried out in order to ascertain at which extent these conclusions are
valid. Also, it will be necessary explain the remain 69% of variables not considered in this study that

affects the level of food safety culture.

Practical implications: These results will be adopted to develop an improved, more reliable and
rigorous model in the future. This work will have an impact on academia (the proposal to evaluate
the culture of food safety) and on companies (the evaluation of the commitment to the culture of food

safety).

Originality/value: Currently, there are scarce instruments/tools that allow the evaluation of the Food
Safety culture, both in terms of effectiveness and efficiency. The reported results will support the
development of a new proposal to evaluate the commitment of the Food Safety Culture that, in the
final analysis, will indicate to companies an optimized path to reach a higher level of maturity (within

this area).
Keywords: Food Safety Culture; Food Safety; Metrics; Evaluation Model; SEM model.

Type of work: Research work

INTRODUCTION

The culture of food safety is a specific form of organizational culture that represents the way an
organization deals with food safety and has been defined (Griffith et al., 2010a) as “the aggregation
of predominant, constant, learned attitudes, values, and beliefs, shared and that contribute to the
hygiene and food safety behavior used in a specific food handling environment . The research theme
“Contributions to the development of an Organizational Culture Assessment Model for Food Safety”
is a scarce explored topic, but with a growing interest in the present. However, the theme “Food

Safety Culture” has been addressed by many authors over the past few years. After an extensive and



comprehensive bibliographic review on the subject, it was possible to conclude that few authors have
developed evaluation models aiming at the assessment of the commitment towards the culture of food
safety and that those that exist are not very specific and usually very rudimentary. This study is based
on the model proposed by the Global Food Safety Initiative (GFSI) on the commitment towards
culture of food safety, which is characterized by five dimensions, 1) Mission and Vision; 2) People;
3) Consistency; 4) Adaptability; 5) Dangers and Risk Awareness. It should be stated that each
dimension is associated with several critical success factors. The main goal of this project is to
develop a model for evaluating the culture of food safety in order to highlight the importance of safety
in food handling throughout the life cycle of the foodstuff, and also to incorporate a positive mindset
and efficient and fluid communication throughout the organization so that it can be achieved
excellence in the quality of its products and workers. For this, it is necessary to define indicators,
which will be the variables to be measured and which will subsequently populate each of the
dimensions and sub-dimensions. After the identification of these metrics, the importance of each sub-
dimension and consequently each dimension will be assessed. Once the metrics are gathered and
organized, the scale supported by the proposed model will be effectively developed and validated.
Initially, data collection was carried out through the contacts available in platforms such as LinkedIn
and LimeSurvey. In addition, to support the information gathered, audit reports were analyzed, and a
thorough bibliographic review was carried out on the metrics/indicators usually adopted to monitor

the performance of organizations in the agrifood sector.

LITERATURE REVIEW
Food safety

Currently, food safety is a topic of great impact on the public opinion. Consumers are increasingly
demanding improved food safety of the products they eat and, therefore, it is necessary to keep this
topic in mind. Food safety can be defined as the assurance that the food consumed does not cause any
harm to the consumer, as long as it is prepared or ingested following the rules of intended use, being
intrinsically linked to the hygiene of foodstuffs. Thus, according to Regulation (EC) No. 852/2004, it
is defined as the set of measures and essential conditions to control the hazards and risks of

contamination, ensuring that foodstuffs are fit for human consumption (WHO / FAO; 2003).
Organizational Food Safety Culture

Organizational culture is the foundation of an organization and encompasses common beliefs that

are manifested in habits and traditions (Mintzberg, 2000). On the other hand, it is the dynamic result



existing in organizations (Schein, 2004) and also, the result of the cultural dynamics of the society in
which the organizations/companies are inserted. The concept of organizational culture can then be
referred as the system and norms that determine the behavior of the members of an organization,
which is directly influenced by the cultural context in which an organization is included, i.e., being
the result of the reality and the cultural dynamics of the society in which the organization is included
(Hofstede, Hofstede, & Minkov, 2010; Vaitsman, 2000). The food safety culture is a specific form of
organizational culture that represents the way an organization deals with food safety and was
conceptualized as “the aggregation of predominant, relatively constant, learned, shared attitudes,
values, and beliefs, contributing to the behavior of hygiene used in a specific food handling
environment ~ (Griffith et al., 2010a). Taking into account some of the cultural elements found in
occupational safety and health, several authors have proposed components of the food safety culture
applicable to the agrifood sector (Griffith et al., 2010b; Yiannas, 2009). In a simple way, the culture
of food safety encompasses the set of beliefs that employees of food companies have about food
safety, what they think is correct and incorrect, important or irrelevant to do to protect food against
possible hazards and risks and, consequently, to protect the consumer being the most visible

expression of this culture its behavior.
Evaluation and different types of Food Safety Culture models

Assessing culture is an approach to discovering transparencies to cultural strengths and weaknesses,
which can help prevent disease and mortality for consumers, caused by contaminated food during its
life cycle. Some manufacturers adopt cultural assessment systems to prevent their consumers from
being exposed to food-borne risks and for brand protection and job security (Cameron & Quinn, 2006;
Jespersen e Huffman, 2014; Seward,2012; referenced by (Jespersen, 2017). In this way, if culture
evaluation systems exist and are adopted, it is necessary to determine the reliability of the results in
relation to the accepted methods to evaluate their viability and rigor. However, over the years,
different models for assessing food safety culture have emerged, which are presented below: Ball
System (Ball, Wilcock, & Aung, 2009; Wilcock, Ball, & Fajumo, 2011); De Boeck System (Boeck,
Jacxsens, Bollaerts, Uyttendaele, & Vlerick, 2016; Boeck, Jacxsens, Bollaerts, & Vlerick, 2015);
Denison System (Denison & Mishra, 1995; Denison, 1997; Denison, Hooijberg, Lane & Lief, 2012,
referred by (Jespersen, 2017)); Jespersen system (Jespersen e Huffman, 2014; Jespersen et al., 2016
referenced by Jespersen, 2017); TSI system (Taylor; Garat; Simreen; & Sarieddine, 2015, referenced
by Jespersen, 2017); Wright system (referenced by (Jespersen, 2017); CEB model (CEB, 2016
referenced por (Jespersen, 2017); NFS model (NFS, 2016 referenced by (Jespersen, 2017).



Indicators and metrics

Management indicators are understood as the basic tools for the management of the organizational
system, that is, they are measures adopted to aid describe the current situation of a given phenomenon,
making comparisons, verifying changes or trends and evaluating the execution of the planned actions
during a period, in this case, regarding food quality and safety. The quality of the indicators is defined
as the measures of customer satisfaction and the characteristics of the product/service, that is, they
are attributes that demonstrate the performance of certain activities and that are adopted by the food
safety management system, regardless of whether their impact is positive or negative on customer
service (Saraiva & Camilo, 2011). A set of associated, consistent and complementary indicators can
give rise to a “dashboard”. The "dashboard" aims to provide global and synthetic information,
allowing the development and implementation of a strategy, by monitoring the evolution of the

defined goals. A system of indicators allows the organization to:
* Measure the state of the organization;

* Assess performance;

» Compare performances;

* Identify strengths and weaknesses;

* Track progress and changes over time.

In turn, the analysis of the indicators allows the organization to:
* Define objectives;

* Plan strategies and actions;

* Share results in order to inform and motivate people.

The selected key performance indicators must be measurable, allowing the organization to outline
and define measurable goals, capable of predicting trends and identifying potential corrective and
preventive actions, as well as promoting continuous improvement. The choice of the proper key
performance indicators must be made by the top management, based on the needs for strategic and

tactical decision making.

“Food Safety Culture - a position paper from the global food safety initiative, GFSI”’

The document “A culture of food safety - a position paper from the global food safety initiative
(GFSI)” was prepared by a GFSI technician from the working group (TWG) as a model for
incorporating and maintaining a positive food safety culture in any company, regardless of size or

focus. The purposes defined for a food safety culture is to investigate how shared values, beliefs and



norms affect the mindset and behavior regarding food safety throughout the organization. The
document was designed to aid the promotion of food industry professionals to improve and maintain
a positive culture of food safety in their respective organizations. It offers the vision of experts from
different industry segments who collectively bring international perspectives to this important issue

of food safety culture. The emphasis is placed on:

» The essential role of leaders and managers throughout the organization, from the CEO to the
workers; field and factory supervisors; from grocery stores to large franchises of restaurant

organizations;

* Why communication, education, regular metrics, teamwork, and personal responsibility are vital to

promote a positive food safety culture;

» How skills learned, including adaptability and awareness of hazards and risks in food safety,

promote important practices in addition to a theoretical conversation about food safety.

The GFSI believes that practices dedicated to maintaining a safe food supply, globally, should be
habitual and systemic. In addition, it is believed that these qualities can be developed naturally within
a positive culture environment - although it requires conscious investment, strategic supervision and
ongoing involvement on the part of the organization. The purpose of this document is to provide
global information to GFSI stakeholders, to position on which organizational dimensions drive the
maturity of food safety and how the organization's culture can be sustained over time. As such, the
document is addressed to a wide range of stakeholders, including entrepreneurs, manufacturers,
retailers, restaurant managers and food safety experts. The content presented is divided into five
chapters each, addressing each of the five dimensions of the food safety culture (Fig. 1). These
dimensions are based on the analysis of existing models adopted to assess food safety and
organizational culture. Each chapter defines a specific dimension and explains why it is important to
promote a culture of food safety. The chapters provide the reader with critical information on the
areas an organization should examine if it wants to better understand its current food safety culture

and make improvements to strengthen it.
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Figure 1: The five dimensions and critical compoents of food safety culture,
by GFSI

DIMENSIONS PROPOSED BY GFSI
Mission and Vision

Organizational leadership sets the tone and the different contributions to food safety culture. The
objectives of the vision and mission need not mention food safety specifically, although their
importance must be reflected in company communications. Defining the direction, the organization
should take helps to establish a good culture of food safety because it requires a clear, shared and
embedded vision across the organization. The investment alignment ensures that the organization has
adequate resources for food safety initiatives. The effective use of positive food safety messages
across the organization is essential. The messages must be clear, consistent and adapted to different
stakeholders. A good message structure and its respective tools must distribute vital food safety
messages throughout the organization. The credibility of the organization's food safety messages

depends on the value the organization attaches to food safety.
People

People are one of the critical components of a food safety culture. Employee behavior and activities
contribute to food safety and potentially reduce or increase the risk of foodborne illness. It is
important to establish a food security framework, with clearly defined individual roles and

responsibilities. Key elements of this dimension include educating employees and reinforcing good



behavior to create a safe environment and metrics to be met. To the extent that people have the power
to promote food safety that will impact the organization's ability to adapt, improve and sustain its
food safety culture. Good communication ensures that food safety messages are understood by
everyone within the organization. All leaders must "walk the talk" and remain consistent in their
messages to ensure that there is a clear understanding that food safety is a period of continuous

improvement.
Consistency

Consistency refers to ensuring the alignment of food safety priorities, with people, technology,
sources, and processes, to effectively implement a food security program and support its culture.
Consistency occurs across a Vvariety of related decisions, actions, and behaviors, including
accountability, compliance, performance measurement, and documentation. Other essential processes
where consistency is crucial, including risk definition, investment and consistent communications on
food safety. Consistency needs to flow through all decisions, actions, and behaviors related to the

organization, from top management to actions.
Adaptability

Adaptability refers to an organization's ability to adjust to changing influences and conditions. The
change can be anticipated, or it can take the form of an event, such as a product or customer recall in
question. In any company with a strong culture of food safety, its adaptability is reflected in its ability
to participate, prepare, respond and adapt to change. Strong and ingrained leadership plays a
significantly important role in how well a commercial company adapts to change and responds to
crisis

Hazard and risk awareness

Understanding the dangers of all organizational levels and the functions performed, it is essential to
establish an effective food safety culture. This can be done through continuing education, the use of
metrics, rewards, disciplinary actions and recognition, and reinforcing the importance of recognizing

and controlling food security risks

RESEARCH METHODOLOGY

An extensive, comprehensive, and thorough literature review was carried out aiming at the
identification of the soundest published studies on this topic. It was possible to conclude that many
published studies made it possible to collect information on the different subjects that this project

covers. The collected data were later analyzed using statistical techniques. According to the literature,



a specific, totally reliable technique is absent, i.e., all existing research on techniques and methods is
attributed to pros and cons, depending on the context in which they are adopted, being the most
important characteristic the adaptation of the method to each specific goal. For this study, a survey
was designed, developed, implemented, and held online in order to validate the information collected
during a previous and complete review of the literature. Therefore, for the elaboration of the proposed
methodology, the following topics were considered: 1) Existence of a set of indicators/metrics related
to the organizational culture of food safety; 2) presentation of the indicators/metrics to a group of
experts with knowledge in the food field, using an online survey and application of questionnaires to
obtain concordant results among the specialists; 3) statistical analysis of the collected data and,
finally, 4) development of the structural equation model.

As mentioned previously the work started with a high bibliographic search, for that, different
methodologies were used, such as gray literature (use of doctoral and master's theses; scientific and
technical reports; working papers or unpublished conference papers) and also, through databases of
multidisciplinary scientific articles such as Scopus; Web of Science or Academic Search Complete;
or even using digital document repositories, such as the repository of the University of Porto and the
University of Minho, among others. In the last elements cited as research methodology, the process
only consisted of inserting keywords on the topic of interest and then making a selection of the
documents that most interested us, in the case and this work, issues related to food security;
organizational culture; development of indicators and metrics; development of measurement models,

etc.

Simultaneously with the bibliographic research, with the support of a large certification company,
case studies were carried out in two companies in the agri-food sector that allowed the identification

of metrics and indicators. In total, 57 metrics/indicators were identified, as can be seen in the table.

Subsequently, having the metrics identified, a questionnaire was developed to assess the importance
of each metric in the respective dimension inserted having been disseminated through social
networks, via LinkedIn, together with dissemination by e-mail. to some companies in the agri-food
sector. At the end of the active period of the survey, 563 responses were collected, of which 383 were
partial (which were excluded from analysis) and 180 complete, which were validated for the work in

this study.

Then, the statistical treatments of the 180 validated responses were proceeded, with a descriptive
statistical analysis and some statistical tests such as normality (Kolmogorov-Smirnov) and Kruskal-
Wallis, with the help of the IBM SPSS Statistics 26 software.



Having successfully performed the statistical analysis, the structural equations model was developed
and validated using the IBM SPSS AMOS 26 Graphics Software. Then, having the results of interest
selected, the “Safety Culture Ladder” was used, which recognizes five stages that indicate the level
of development at which the company operates in the field of food safety awareness. After the
development of the model, its interpretation was made through a numerical scale, with intervals that
delimit different levels to be reached or overcome. Between each level there are different objectives

to be taken into account, which allow the company to raise or maintain at that level
1. Identification of metrics/indicators

After the literature review on the topic several metrics/indicators were identified on the domain of
the culture of food safety and, with the help of experts in the food field, it was possible to determine
a series of indicators (Table 1) for each dimension proposed for the GFSI. 57 indicators were

identified, as can be seen in the table 1 below:

Table 3: Metrics and indicators found for each dimension

Dimension Variable name | Metrics/Indicators
Mision and Vision DIM1

V15 DiM1 Existence of objectives and a defined policy,
both at the level of purpose and intention,
either at food safety management system
planning level or at Risk Assessment level, or
company strategic level

V16_DiM2 % of top managers with knowledge of Risk
Assessment results.
V17_D1M3 % of middle managers involved in Non-

Conformity management

V18 DiM4 % of production supervisors with knowledge
of HACCP methodology (besides legal
obligation)

V19 D1M5 Number of annual food safety objectives and
how relevant it is for those objectives to be
accomplished.

V20 D1M6 No. of Food Safety certificates

V21 D1IM7 Internal communication effectiveness

V22 D1IM8 Verify if there is a commitment to the culture
in food security policy.

V23 D1M9 Top management commitment to continuous
improvement

V24 D1M10 % of top management replies to Quality or
Food Safety department communications

V25 D1M11 Influence of Food Safety on corporate decision
making (eg. whether actions are based on risk,




profit, reputation, or as a standard business
procedure).

VV26_D1M12 % of organization's investment associated with
Food Safety

V27_D1M13 Update of Food Safety communication

V28 D1IM14 Recognition for good conducts and
accountability for bad behaviors

V29 D1IM15 Existence of a specific Food safety budget

People DIM2

V30_D2M1 Communication with stakeholders about Food
Safety responsibilities

V31_D2M2 % of employees with knowledge of Food
Safety objectives

V32_D2M3 Communication of NC's by employees from
the "ground floor”.

V33_D2M4 % of employees involved in the production /
handling of foods with high understanding of
your commitment to Food Safety.

V34 _D2M5 % of employees involved in the production /
handling of foods with high understanding of
the implications of NCs

V35 _D2M6 % of incentives due to good results obtained in
Food Safety

V36_D2M7 Importance given to Food Safety in the
recruitment of workers

V37_D2M8 % Investment in training dedicated to Food
Safety area

V38 D2M9 Investment / existence of a continuous training
program in Food Safety

V39 D2M10 Performance evaluation in Food Safety-related
activities

Consistency DIM3

V40 D3M1 % of NC's related to breach of responsibilities

V41 D3M2 % of NC'srepeats by same suppliers

V42 D3M3 % of analysis plan compliance

V43 _D3M4 % of analysis results not meeting established
criteria

V44 D3M5 % of NC's related to lack of documentation in
Food Safety

V45 _D3M6 Consistency between proposed strategies and
actual actions

V46_D3M7 Compliance of workers Food Safety
responsibilities

V47 D3M8 Failure in following Food Safety instructions

V48 _D3M9 Work performance assessment planning for
top management and workers

V49 D3M10 % of consumer complaints

V50 _D3M11 Verification of food safety manuals based on

the plans proposed by the organization




V51 _D3M12 Existence of documents with clear description
of tasks/responsibilities

V52_D3M13 % of standard operating procedures
implemented and understood

PAGEPEDIANNNN  DIM4

V53 D4M1 % compliance with actions in: improvement
opportunities, smaller NC's, larger NC's and
NC's critical within the deadline

V54 D4M2 % of Corrective Actions implemented timely
and effectively

V55 D4M3 % of compliance with deadlines resulting from
Food Safety Review Output

V56_D4M4 Effectiveness of customer complaint handling
procedure

V57 D4M5 Occurrences of Market Withdrawals/Recalls

V58 D4M6 NC's average correction time and
improvement opportunities

V59 D4M7 Response to verification plan failures

V60_D4M8 Customer Satisfaction (Response Rate and
Customer Satisfaction Index)

Hazard and Risk DIM5
Awareness

V61 D5M1 % of employees complying with Food Safety
Training Plan

V62_D5M2 % of employees with in-depth knowledge of
CCP's and the importance of their control

V63 _D5M3 % of NCs resulting from behaviors that put
Food Safety at risk

V64 _D5M4 Compliance with procedures related to CCP
deviations

VV65_D5M5 General knowledge of
microbiological/chemical/physical criteria

V66_D5M6 Performance evaluation of employees in
emergency situations/simulations

V67 _D5M7 Number of instructions and training on how to
minimize Food Safety risks across the
enterprise and throughout the production chain

V68 _D5M8 Internal ~ communication  about  new
technical/scientific information

V69 _D5M9 Information and understanding about hazards
and risks identified in the organization.

V70_D5M10 Developed materials that provide consumer
insight into food safety risks

V71 D5M11 Procedures for updating Food Safety training




2) Presentation and application of metrics online, via survey.

Once the metrics and indicators were identified, contact was made with qualified agents or food
workers, in various ways, such as via email or LinkedIn, in addition to the contacts created during the

performance of the various audits, to conducting surveys.

Therefore, two surveys were created as mentioned above, in which the first focused on the evaluation
of the importance of each metric within each dimension (following a 5-point Likert scale). The second
survey asked to insert the metric/indicator in the sub-dimension where the respondent found it most
appropriate. It should be noted that the two surveys had two versions, one in Portuguese and one in
English. These surveys were carried out in the LimeSurvey program, which was provided by the
University of Minho's system and production department. The survey structure consisted of an
introductory part where the theme of the work was presented, followed by the sociodemographic
characterization part, and finally 5 parts corresponding to questions about each dimension proposed

by GFSI. Some excerpts of the survey are in the following figures (Figures 2A; 2B; 2C).

ociodemographic
Evaluate the Food Safety Culture secoskmegreph

= N
e |
Figure 2A: Excerpt of the inicial part of Figure 2B: Excerpt of the
the survey developed sociodemographic characterization of

the survey developed



Figure 2C: Excerpt of one dimension

questions of the survey developed

3) Statistical analysis of the data collected

The data collected from the questionnaires carried out, in English and Portuguese, were analyzed
using the statistical program IBM SPSS 26, and different tests were carried out, namely those of
descriptive analysis that allows to summarize the set of data collected in an investigation according
to the interest groups, which in this study were: gender; age; business dimension; market activity;
number of establishments; organization's certification and, consequently, the total number of
certifications. This descriptive study shows that our sample of responses is not biased, pointing out
that there are statistically equal responses between the different groups studied. Then, normality tests
were performed, as they allow to determine whether the data set of a random variable is well

moderated by a normal distribution or not.

Thus, the Kolmogorov-Smirnov (K-S) test, in which HO: the sample has a normal distribution and
H1: the sample does not have a normal distribution, was developed to determine the normality of the
variables. However, the Kruskal-Wallis test was also performed, which tells us whether or not the
distribution of means is the same among the groups under study, taking into account HO: the sample
has a normal distribution within the study group and H1: the sample does not have a normal

distribution within the study group.



4) Construction of the structural equation model.

The analysis of structural equation models is a generalized modeling technique, which allows testing
the validity of theoretical models to define causal or hypothetical relationships between variables.
These relationships are represented by parameters that indicate the magnitude of the effect of the
variables, called independent, present on other variables, called dependent, in a set of hypotheses
regarding patterns of associations between the variables in the model.

Therefore, once the statistical analysis of the data was performed, the SOFTWARE IBM AMOS 26
Graphics was used to perform the construction of a measurement model and, subsequently, the final

model of structural equations, together with its validation.

Firstly, it was necessary to insert all variables understudy in the program, from the sociodemographic
characterization groups, to the independent variables - the metrics/indicators identified - and, finally,
the dependent variable of the study, the level of food security culture. Then, it will be necessary to
insert the independent variables taking into account the dimension to which they are associated, being
necessary to covariate the dimensions. Subsequently, it will be necessary to adjust the data to
determine whether all variables are correctly suited to the model, to obtain the final measurement

model.

Once the measurement model is defined, it will be necessary to insert the dependent variable in this
case, it will be the level of food safety culture, and to carry out a series of hypothetical models that
will allow us to determine which is the best structure to obtain the highest R2 in the dependent
variable, after numerous attempts, it was found that the best structure would be in the form 3: 2 as
can be seen in figure 11. As can be seen, the covariance was removed, assuming that the dimensions
would not be related to each other. Then, the fit of the model was verified to make sure that the model

was well built.

Finally, the model of structural equations was moderated to determine if the model is robust among
the different groups in studies identified in the sociodemographic characterization, through

multigroup analysis.

RESULTS AND DISCUSSION

Research sample

A total of 180 respondents, from 46 countries, with food safety training or workers, contributed by
answering the survey. As previously mentioned, the first part of the survey encompassed the

sociodemographic characterization considering the following variables: gender (Figure 3A) — 47.8%
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of respondents were female; age of the participants (Fig. 3B) — mainly respondents between 31 to 50
years; business dimension (Fig.4A) — mainly companies above 51 employees; market activity (Fig.
4B) — mainly national and international; number of compounds (Fig.5) — mainly companies with four
or more establishments; company certification (Fig. 6A) — mainly with certification; and number of

certification (Fig.6B) — mainly with 1 to 3 certifications.

B Female
Male

Frequéncia

20-30vyears 31-40years 41- 50 years 51-80 years 60 or mare years
AGE

Figure 3A: Gender characterization Figure 3B: Age characterization

[
O ietematonal enly
I Mational and intermational

Percentage

Upto 10 employees 11 - 50 employees 51-250 employees 250 or more employees

BUSSINESS DIMENSION

Figure 4A: Bussiness dimension Figure 4B: Market activity
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& vEs
[ R3)

Percentage

No establishments, only Only one establishment Two or more Four or more
digital establishments establishments

NR OF COMPOUNDS

Figure 5: Characterization of the Figure 6A: Certification of the

number of compounds organizations

Percentage

1103 3 or more

NR OF CERTIFICATIONS

Figure 6B: Number of certifications

In addition to the descriptive analysis presented, normality tests were performed, and it was observed
that according to the non-parametric K-S test and considering a significance of 1% (0.01), our sample

did not present a normal distribution, given that all values were lower at 0.01.

For the Kruskal-Wallis test, we can see the results in table 2, for significance values of 5% (0.050),
as the results show that each dimension does not have a normal distribution. On the other hand, as
most of the results were shown to have a normal distribution (HO was accepted) it was possible to
identify the software program to be used for the construction of the structural equation model. Thus,
the approach used to create the structural equation model was the use of the IBM SPSS Amos 26
Graphics program, for the reason presented above. If our sample presented mostly H1 acceptance
results, the program to be used should be SmartPLS 3 as it would best adapt to the normality of the

sample.
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Table 4: Study of the significance by Kruskal-Wallis test in the diferent dimensions

MEASURED VARIABLES
GROUPING VARIABLES DIMENSION 1 - MISSION AND VISION
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 m13 M4 M15
Gender H1 HO HO HO HO HO HO HO HO HO HO HO HO HO HO
Age HO HO HO HO HO HO HO HO HO HO HO HO HO HO HO
i di i HO HO HO H1 HO HO HO HO HO HO HO HO HO HO HO
Market activity HO H1 HO HO HO HO HO HO HO HO HO HO H1 HO HO
Nr d H1 H1 HO HO HO HO HO HO HO HO HO HO HO HO HO
Company certification HO HO HO HO HO H1 HO HO HO HO HO HO HO HO HO
Nr of certifcations HO HO HO HO HO HO HO HO HO HO HO HO HO HO HO
MEASURED VARIABLES
GROUPING VARIABLES DIMENSION 2- PEOPLE
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Gender HO HO HO HO HO HO HO HO HO H1
Years/Age HO HO HO HO HO H1 HO HO HO HO
i di i HO HO HO HO Ho H1 HO HO HO HO
Market activity HO HO HO HO HO HO HO HO H1 H1
Nr P d HO HO HO HO HO HO HO HO HO HO
Company certification HO HO HO HO HO HO HO HO HO HO
Nr of certifcations HO HO HO HO HO HO HO HO HO HO
MEASURED VARIABLES
GROUPING VARIABLES DIMENSION 3 - CONSISTENCY
M1 M2 m3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13
Gender HO HO HO HO HO HO Ho HO HO HO HO HO HO
Years/Age HO HO HO Ho HO HO Ho HO HO HO HO HO HO
i dii i HO HO HO HO HO HO HO HO HO HO HO HO HO
Market activity HO HO H1 HO H1 HO HO H1 HO HO HO HO HO
Nr d HO HO HO HoO HO HO HoO HO HO HO HoO HO HO
(¢ y certification HO HO HO HO HO HO HO HO HO HO HO HO HO
Nr of certifcations HO HO HO HO HO HO HO HO HO HO HO HO HO
MEASURED VARIABLES
GROUPING VARIABLES DIMENSION 4 - ADAPTABILITY
M1 M2 M3 M4 M5 M6 M7 M8
Gender HO HO HO HO HO HO HO HO
Years/Age HO HO HO HO HO HO HO HO
Bussiness dimension HO HO HO HO HO HO HO HO
Market activity HO HO HO HO HO HO HO HO
Nr compounds HO HO HO HO HO HO HO HO
Company certification HO HO H1 HO HO HO HO HO
Nr of certifcations HO HO HO HO HO HO HO HO
MEASURED VARIABLES
GROUPING VARIABLES DIMENSION 5 - HAZARD AND RISK AWARENESS
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 Mi1
Gender HO HO HO HO HO HO HO HO H1 HO HO
Years/Age HO HO HO HO HO HO HO HO HO HO HO
Bussiness dimension HO HO HO HO H1 HO HO HO HO HO HO
Market activity HO HO HO HO HO HO HO HO HO HO HO
Nr compounds HO HO HO HO HO HO HO HO HO HO HO
Company certification HO HO HO HO HO HO HO H1 HO HO HO
INr of certifcations HO HO HO HO HO HO HO HO HO HO HO

Later on the average, standard deviation and median, broken down by variable, and by dimension
were calculated: of the five dimensions presented, the one that was referred to as the most important
(according to the average) was the dimension 2 “Personal”, with an average of 4.214 (figure 7). It
was possible to verify which metric, indicated by the respondents, is most important in each
dimension, as can be seen in the following graphics (Fig. 8A; 8B; 8C; 8D; 8E). By analyzing the data
and the respective graphs of the averages of the various metrics/variables in each dimension, it is
possible to state that for Dimension 1 “Mission and Vision” the metric that had the greatest
importance was V23 DIM9 “Top management commitment to continuous improvement “, for
Dimension 2" People "was the metric V33 _D2M4"% of employees involved in the

production/handling of foods with high understanding of your commitment to Food Safety. "; for
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Dimension 3 “Consistency” was V42 D3M3 “% of analysis plan compliance”; for Dimension 4
“Adaptability” was V54 D4M2 “% of Corrective Actions implemented timely and effectively”; and
finally, for Dimension 5 it was V64 D5M4 “Compliance with procedures related to CCP deviations”.

5,0000
5,0000
4,206 4,214 4,100 4,133 4,089 4,0000
4,0000
3,0000
3,0000
2,0000
2,0000
1,0000
1,0000 0,0000
EDM1 ©DM2 ®mDIM3 EDM4 EDIMS 1 2 3 456 7 8 9101112131415
Figure 7: Mean of variables of each Figure 8A: Mean of variables of
dimension Dimension 1 "Mission and Vision"
5,0000 5,0000
4,0000 4,0000
3,0000 3,0000
2,000 2,0000
1,0000
1,0000
0,0000
0,0000 1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10

Figure 8B: Mean of variables of Figure 8C: Mean of variables of Dimension

Dimension 2 "People” 3 "Consistency

5,0000 5,0000
4,0000 4,0000
3,0000 3,0000
2,0000 2,0000
1,0000 1,0000
0,0000 0,0000
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 10 11
Figure 8D: Mean of variables of Figure 8E: Mean of variables of
Dimension 4 "Adaptability" Dimension 5 "Hazard and Risk

Scale reliability

A reliability analysis was carried out on the perceived importance (rated through a 5-point Likert type
scale) comprising the 57 items that were assessed by the respondents. Cronbach’s alpha (Table 3)

showed the questionnaire to reach acceptable reliability (o = 0,979) suggesting a high internal
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consistency and a reliable questionnaire. Additionally, none of the items results in an increase in the
alpha if deleted (not shown) (all the items can be retained).

Table 3: Reability analysis by dimension and totally

Reliability analysis
Dimension Cronbach’s alpha N° of items
Total 0,979 57
D1 - Mission and vision 0,931 15
D2 - People 0,931 10
D3 - Consistency 0,933 13
D4 - Adaptability 0,916 8
D5 - Hazard and Risk Awareness 0,934 11

Analyzing each dimension individually, we can observe that the dimensions D1, D2, D3, and D5
obtained very close values and were considered of high reliability. Only dimension 4 resulted from a

lower coefficient compared to the other dimensions, without, however, losing its high value.

Dimension 2 of the questionnaire deals with aspects of adaptability in an organization. Thus, it is
possible that due to the technical nature of the questions together with the reduced number of items,

a lower value of Conbrach's alpha was appreciated in relation to the other dimensions.

It should be noted that in dimension 1 “Mission and Vision” it was possible to detect an item that
presented a higher Conbrach’s alpha when removed (0.937 in relation to 0.931), this being the item
D1M6. Likewise, for dimension 2, the item D2M1, which when removed the value of Conbrach's

alpha exceeded the standard value, 0.932 in relation to 0.931.

STRUCTURAL EQUATION MODELING
Measurement Model

The primary purpose of modeling structural equations is to obtain a model that adequately describes
the data in a sample. If any signs of lack of adjustment are found, the next step will be to detect the
source of the error, for this, the Model Fit of our model of structural equations must be observed.

Figure 9 represents the measurement model based on covariance before adjusting the variables.
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Figure 9: Representation of the model based on covariance before adjusting the variables

Not all variables affect the corresponding dimension in the same way, which implied that some of the
variables were removed from the measurement model. In order to adjust our model, and as previously
mentioned, after the reliability analysis study, two values were detected (D1M6 and D2M1) which,
when removed, increased the reliability of the dimensions, so they were eliminated, this being the
first step for the construction of the measurement model (Fig. 10). Next, it is necessary to use the
observation of the covariance table obtained through the output of the software used for the
development of the model, and in this we must take into account the errors of each variable presented,
in the case of this study, the errors of each dimension. If the errors between the variables of the
respective dimension are very high, it means that we can “covariate” between them. Subsequently,
we must remove the metrics that have the lowest loading after this covariance between errors, as they
are those that receive less influence from the corresponding dimension and thus disturb the results.

Comrey and Lee (1992) referenced by (Laros, 2014), suggest that loads greater than 0.71 are



excellent, greater than 0.63 are very good, greater than 0.55 good, greater than 0.45 reasonable and
greater that 0.32 poor. Therefore, in this measurement model, the criterion of removing variables with
loads below 0.63 was used, in order to obtain a more reliable model. Thus, the variables were removed

for each dimension and are identified in table 4.

Table 4: Removed items for the construction of mediation model

Dimension Removed items
D1 — Mission and vision D1M6; D1M13
D2 — People D2M1; D2M10
D3 — Consistency D3M6; D3M7; D3M9
D4 — Adaptability D4M4; D4AMS
D5 — Hazard and Risk Awareness

In this way, we obtained the model represented in figure 10. Then, a confirmatory factor analysis
(CFA) was performed to verify if there is a good model fit. The indices presented in Table 5 suggest
an adequate adjustment of the model to the data, after the removal of unnecessary variables. Many
publications adopt the following criteria: CFI (comparative adjustment index) > 0.90; RMSEA (root
mean square error) <0.08; that is, the scores achieved by the measurement model are aligned with the
criteria established in the current literature (Byrne, 2010; Hair Jr., Gabriel, & Patel, 2014), and the
model was accepted.
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Figure 10: Final mediation model
The next step was to examine the reliability of our model. Table 5 also shows the extracted average

variances (AVE). The stroke is a measure of the convergent validity of the model and must be 0.50
or higher (Hair, Sarstedt, & Ringle, 2012). For this model, the strokes ranged from 0.5100 - 0.6433

and thus, all constructs showed convergent validity.

Table 5: Model fit of mediation model

Index Score

CFlI 0,892

RMSEA 0,065

90% I.C. [0,060; 0,070]
CMin 1594,254; p<=0,001
CMin/df 1594,254/909=1,7539 < 5
AVE Diml 0,5100>0,5

AVE Dim2 0,5925>0,5

AVE Dim3 0,6071>0,5

AVE Dim4 0,6433>0,5

AVE Dim5 0,5655 > 0,5




After the adjustments and the reliability check, the results obtained from the measurement model are
considered globally robust, thus allowing them to proceed to the elaboration of the structural

equations model.
Covariance Based-Structural Equations Modelling

Figure 11, present the model of structural equations, showing the relationships between the five
dimensions and the impact they have on the evaluation of the food safety culture, that is, the impact
on the dependent variable of the study in question, this being the “Level of Food Safety Culture -
LEVELFSC ” having been measured by a section of the questionnaire, as previously described.
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Figure 11: Final model of structural equations to evaluate Food Safety



Through the analysis of figure 11 we can conclude that the model of structural equations obtained
explains 31% of the objective of the work, that is, of the measurement of the level of culture of food
security. Despite being a relatively low value, it should be noted that initially there was no model to
explain this topic, we must also show that the dispersion of the model may be associated with the lack
or ambiguity of the indicators, so the 69% in the absence of explanation may be related to the lack of
data.

In addition, by interpreting figure 11 and, specifically, the influence of metrics on the dimension -
observing the loadings - we can conclude the following: in dimension 1 (Mission and Vision) the
metrics with the greatest impact (highest loadings) are D1M9 (0 , 81); D1M8 (0.78) and D1M10
(0.71); in dimension 2 (Personnel) they are D2M4 (0.78); D2M2 (0.76) and D2M3 (0.76); in
dimension 3 (Consistency) they are D3M8 (0.86); D3M2 (0.82) and D3M4 (0.82); in dimension 4
(Adaptability) they are D4M7 (0.82); D4M6 (0.81) and D4M3 (0.80) finally, in dimension 5 (danger
and awareness of risk) are D9 (0.81); D5M11 (0.79) and D5M10 (0.77).

It is also possible to observe the different impacts of the dimensions on the “Food Safety Culture
Level” (LEVELFSC), so it is possible to state that the dimension with the greatest direct effect is
dimension 1 (Mission and Vision) with 0.36 load and also dimension 4 (Adaptability) with a load of
0.25. However, observing alternative paths (mediation analysis), that is, those that have a path with
two dimensions as opposed to the direct method (only one dimension), it is possible to observe that
the most efficient paths (always taking into account the highest average value loadings) will then be:
Dimension 4 + Dimension 1 with loading of 1.07; Dimension 4 + Dimension 5 with loading of 0.78
and Dimension 3 + Dimension 1 with loading of 0.53. These loads indicate the importance,
effectiveness, or value of the impact of dimensions on the Culture and Food Security Level; and

therefore, the higher the value, the more important and effective.

The indices presented in Table 6 suggest an adequate adjustment of the structural model to the data,

according to the criteria previously adopted.

Table 6: Model fit of the structural equation model

Index Score

CFlI 0,853

RMSEA 0,074

90% I.C. [0,069; 0,079]

CMin 1894,810

CMin/df 1894,810/953= 1,988




CONCLUSIONS

This paper presented a research study aimed at evaluating the assessment of food safety culture. An
online survey was answered by 180 respondents (Food safety experts) and contributes with a different
perspective than previous studies on this domain (previously mentioned). This research sheds a new
light on the assessment of food safety culture. The results show different perceptions of experts in the
food field, based on the document of the GFSI of the food safety culture, thus it was possible to
conclude several aspects regarding the importance of each dimension and its impact on the evaluation
of the food safety culture in an organization. A SEM model was developed based on the answers
provided by the respondents. The main conclusions were that the dimension with the highest
importance score -in terms of the respondents’ assessment- was the DIM2 "People”. However,
contrasting the information with the model of structural equations, the dimension with the highest
importance/weight was DIM1 "Mission and Vison". On the other hand, to evaluate the metrics of
each dimension, through the results it was possible to observe that for dimensions 1 and 2, both
respondents and the structural equation model concluded that the most relevant metric were D1M9
and D2M4, respectively. However, for the remaining dimensions, the metrics did not match, so
respondents determined that for DIM 3, 4 and 5 the most important metrics were D3M3, D4M2 and
D5M4, respectively, instead of the one concluded by the structural model by AMOS model that
determined the metrics D3M8, D4AM7 and D5M9, respectively to the dimensions mentioned, as being
the most important/with the greatest impact. It was also possible to conclude the impact of the
dimensions on the observable variable (level of food safety culture) through the different paths that
can be taken, direct or indirect (mediation analysis). Therefore, through direct paths, dimensions 1
and 4 are those that positively affect the culture of food safety culture. However, the indirect routes
determine that the most favorable path will be the union of DIM4+DIM1, having recorded a loading
of 1.07 of effectiveness on the food safety culture, i.e, there are mediating effects that should be
considered. The results suggest that the relationships between the dimensions should be considered
and should be considered when aiming at improved perception of food safety by the employees, i.e,

there emerge several mediating issues that were not previously identified.

LIMITATIONS

Since this study is supported by data gathered in 2019 a more recent data collection should be carried
out in order to ascertain at which extent these conclusions are valid. The total variance explained by

the model (0,31) clearly points that other variables (not considered in this study) impact on the



perception of the food safety culture by the employees. So, further studies should be carried out in
order to identify those missing variables or dimensions.
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STRUCTURED ABSTRACT

Purpose- The main purpose of this article is to assort different impacts of the 1SO 22000
implementation considering internal or external impacts, positive or negative impacts. It also intends
to provide a worldwide overview on the topic, to distinguish companies from different sectors and to
gather different methodologies that are used in previously published articles related with this

implementation.

Design/methodology/approach- Different articles of the 1ISO 22000 implementation from different
countries were gathered and singled out according to the information that was provided. The

information of interest was analyzed and rewritten according to the initially established categories.

Findings- The results from several studies, researches and points of view from different authors show
that the 1ISO 22000 implementation carries positive impacts. Negative impacts are hard to find. Most
of the impacts are directly related to the organizations themselves, hence being internal impacts.

Studies are mainly carried out with the help of questionnaires that are presented to the companies.

Research limitations/implications- The main goal was to come across different impacts and classify
them either as positive and negative or internal and external. However, it’s unusual to find authors
that consider negative impacts from the 1SO 22000 implementation. Also, external impacts are not so

common.

Originality/value- This article mainly highlights the 1ISO 22000 implementation positive impacts in
worldwide organizations. It summarizes the different countries views towards Food Safety

Management Systems (FSMS) and how they affect the performance of their companies.
Keywords: ISO 22000, Food industry, Impacts, Worldwide organizations

Paper type: Literature review



INTRODUCTION

As food safety represents a matter of public health, there is a higher demand of better and more
purposive food safety systems. Therefore, this aspect has risen over the past three decades (Voca,
2014). Due to the affection of the safety of food products, caused by the recurrent crisis in food chains,
there emerged a need to create precautionary measures for this type of problems (Teixeira and
Sampaio, 2011). Moreover, consumers also became more concerned with this aspect which made
food standards and regulations to be more developed in order to increase food safety standards, being
set in developed countries first, and established in developing countries later (Kok, 2009; Teixeira
and Sampaio, 2011). It was then perceived large improvements in food management systems through
the combination of both national and international standards with consumer’s demands and other
aspects (Voca, 2014).

HACCP (the acronym to Hazard Analysis and Critical Control Points) is a system of safety
management, in which the monitoring and the control of biological, chemical and physical risks are
insured in every single step of the production (Varzakas et Arvanitoyannis., 2008). Since its
development in the 1960’s, it has been effectively implemented in several food industries in order to

reduce and control risks that can cause food unsafe to consume (Voca, 2014).
HACCP system includes seven principles:

1. To conduct a hazards analysis;

2. To determine Critical Control Points;

3. To establish critical limits for each CCP;

4. To establish a monitoring system for each CCP;

5. To establish corrective actions;

6. To establish verification procedures;

7. To establish documentation and record keeping.

The 1SO 22000, developed in 2005, appeared to strengthen the HACCP system. This standard
comprises the preliminary HACCP steps/principles, defines management responsibility and it also
uses an approach to the systems that aims to avoid new hazards in the food production process again
(Warren, 2015). The main goal of this standard is to attune the food safety management globally

among food chains organizations (Zimon and Domingues., 2019).

ISO 22000:2005 was published by the International Organization for Standardization (ISO) in 1st
September and it was reviewed for the last time in 2018. It is both an international ISO standard and


https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6k%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=19833051

European EN standard (Teixeira and Sampaio, 2011). This type of standards establishes the
requirements that can be objectively audited for certification purposes (APCER, 2011). Additionally,
the “Plan-Do-Check-Act” (PDCA) methodology is applied to the ISO 22000: 2005.

This methodology focuses on an ongoing improvement and can be described in the following steps:

e Plan: to set both goals and procedures to propound the results according to client’s

requirements and the politics of the organization;
e Do: to put in practice the previously planned procedures;

e Check: to verify and monitor, not only the procedures, but also the product itself, comparing

politics, goals and requirements for the product and to report the results obtained;

e Act: to take actions in order to improve the performance of the procedures in a continuous
way (APCER, 2011).

Regarding the standards’ implementation, the gathered information and the assessment and analysis
of the magnitude of cost of planning before the actual implementation, play a major role (Maldonado,
2005). Also, implementing this type of standards carries along several impacts: internal, which brings
benefits to the organization throughout the process of implementation, or external, which privileges
other parts, external to the organization; and on the other hand, positive, when the procedure of
implementation results on the improvement of quality of something, or negative, when there is a clear
damage to the quality of something, or even neutral, when the impact doesn’t have neither a positive
or a negative effect. Different countries and cultures are expected to experience different impacts

when implementing this system.

RESEARCH METHODOLOGY

Acrticles and documents on the ISO 22000 implementation and its impacts were mainly researched in
platforms such as Google Scholar and Research Gate, using keywords such as “ISO 220007, “ISO
22000 implementation”, “impacts of ISO 2200 implementation” and “ISO 22000 worldwide”. The
APCER website and several documents were also an excellent source of information. After analyzing
approximately 25 articles and documents, adhering to 12 of them, this review about the impacts of
the implementation of the ISO 22000 in seven countries was developed. The selection was done
choosing those about positive and negative aspects of the standard implementation, the effects of the
standard in the organization and in external entities and also about the implementation in several

countries and different sectors of activities.



RESULTS

There are several studies concerning the 1SO 22000 implementation and impacts of the standard.
After the analysis of existing literature related to the theme, different positive impacts were observed

in various countries and sectors, as described below.

Most studies include questionnaire testing to organizations to understand the impact of the standard

implementation in different departments.
ISO 22000 brings positive impacts to the organizations that adopt the implementation procedure.
According to Zimon and Domingues (2019), this standard, in a wider way, contributes to:

e The production and the relinquish of safe products;

e The organizations having a good agreement with the legal requirements and with food safety
regulations;

e Better communication between individual links and external stakeholders;

e Diminishing of the non-conformities in the procedures;

e Increase confidence in organizations working throughout the supply chain;

e Ensure to the institutional clients the quality and the safety of the products;

e Increase the staff awareness of its impact in food quality and safety.
Despite these broad considerations, the perception of the 1SO 22000 implementation impact is
different according to the geographical region. The dimension of the company and Food Safety

Management System don’t seem to affect that perception (Zimon and Domingues, 2019).

=Pgsitives

World\wde (onfidence

Purposes F()Od in Id UStryPubllc

(orrectwe actions iz lurkey

H/\((P
(osts Poland GOBIS
Sales
Sudan g

HAC(P Foodchams Consumers
t China

Portugal
Production [ntema|
Pol aﬂdHEBlth \‘Jorld\ |d[ 0rga mzahons ania
Systems
Qu l] FOO Sa ety{%.;g?rs

Slovakia Romama
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Different methodology to study the impact of the 1SO 22000

1. Portugal

Teixeira and Sampaio (2010) developed a questionnaire composed of 6 groups of questions. With
this questionnaire, authors intended to collect information about the company, to identify motivations
that led to the standard implementation, to understand which had been the benefits of Food Safety
Management Systems implementation and also the main difficulties and drawbacks from the
implementation, to know about the implementation and certification costs and impact on the final
consumer and, finally, to evaluate the evolution perspectives concerning the 1ISO 22000 certification.
The scale adopted in the questionnaire was a 5-point Likert scale. Data were analyzed using SSPS.

2. Poland, Slovakia and Portugal

To assess the impact of standardized Food Safety Management Systems on food safety in the supply
chain in Poland, Slovakia and Portugal, Zimon and Domingues (2019) presented a questionnaire to

several organizations.

The authors’ main focus was if the company was certified by the ISO 22000, how many employees
are part of it, how many years the company have the 1ISO 22000 MS implemented, if the
implementation impacted (successfully) in the food safety of products, the level of impact of the
standard on production, purchase, distribution and design and development processes and process
control, the improvement on the detection of potential errors and mistakes, the improvement of the
integration of individual partners and if the implementation of FSMS in companies operating in the
food supply chain is needed. All the questions were formulated with “I don’t know”, “Yes” and “No”
answers, except the question about the level of impact of the standard, presented as a 5-point Likert
scale. At last, companies were asked to express in words an opinion on the legitimacy of

implementing the ISO 22000 standard in supply chains.
3. Sudan

The authors used a descriptive method in their research. To conclude about the impact of the ISO
22000:2005 implementation on a food organization, a questionnaire test about the effects of the
standard on marketing, sales, quality control and supply chain departments was used. The
questionnaire was developed with a 5-point Likert scale, from strongly disagree to strongly agree.

Data were analyzed using SSPS (Khames, 2017).



4. Romania

The study developed by Paunescu et al. (2017) included a quantitative research which builds upon a
questionnaire-based survey. It was presented to Romanian companies distributed at all levels of the

food supply chain, but mainly at the production level.

The questionnaire was organized with six sections: a general question about the achievements of the
ISO 22000 certification, a question about the certification motivations, a question about the
effectiveness of certification, a question about the difficulties of the ISO 22000 adoption, a question
about food safety methods in use, and a question regarding the company’s and respondent’s general
profile. Most of the answers were indicated with a 5-point Likert scale. The answers to the
questionnaire were analyzed using SSPS.

5. Turkey

This research aims to holistically examine the implement ability of the ISO 22000 in food and
beverage Turkish companies. The data were collected through face-to-face interviews with the help
of an interview form, sound recordings of the interview as well as notes taken by the researchers -
“semi-structured interview” technique. Researchers presented questions mainly related with
companies’ characteristics, performance of the standard used before the ISO 22000, facilities and
difficulties involved in the transition process to the ISO 22000, safe product planning and realization,
contribution of the ISO 22000 to revenues and expenses and reliability and image and evaluation of
redundancy/insufficiency status of the items in the 1ISO 22000.

The data collected were organized in tables and posteriorly interpreted using 8 of the companies

interviewed (Mercan and Bucak, 2013).
6. China

In China, to investigate the status of FSMS implemented at pork slaughter plants, Xiong et al. (2016),
prepared a questionnaire and checklist with scoring system. The questionnaire was developed with
the aim to collect companies’ information. Checklist was used to analyses the Food Safety
Management System - for example, specifications including product release, management
responsibility, procedures, purchasing - Good Manufacturing Practices - personal hygiene, facility
layout and process flow, staff facilities - and Control of Food Hazards - control of allergens, HACCP,

food defense.

Data analysis and statistic were developed using Kruskal-Wallice nonparametric tests (Xiong et al.,
2016).



To summarize all the methodologies used in the different studies, for different countries, information
was graphically organized (Figures 2 and 3), considering the questioning method and scale used, data
analysis method and the main topics addressed with the questionnaires. The information used to

construct the graphics is organized in tables in Annex 1.

It’s possible to conclude that the preferred methodology used to data collection were questionnaires
using 5-point Likert scale (Figure 2). The data collected were analyzed mainly with SSPS. Also, table

analysis and Kruskal-Wallice nonparametric tests were used (Figure 3).
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Figure 2: Methodology used for data collection Figure 3: Methodology used for data analysis

Finally, the main topics addressed with the questionnaires, common to most of the studies, were
information about the companies and benefits of FSMS. The distribution of those and other topics are

presented on Figure 3.

Main topics

Information of the company

Successful impact in the food safety of products

Benefits of food safety management system

Impact on the final consumer

Main difficulties and drawbacks from the implementation
Effects on marketing

Impact on production, purchase, design/development process
Improvement of integration of individual partners

Legitimacy of implementing the 1SO 22000 standard
Motivations to the implementation

Effects on supply chain departments

Evolution perspectives concerning the 150 22000 certification
Implementation and certification costs

Improvement on the detection of potential errors and mistakes
Performance of the standard used before the IS0 22000

Figure 4: Main topics addressed in the questionnaires used in different studies by different authors

Impacts from the implementation of the 1ISO 22000 in different countries
1. Portugal

Zimon and Domingues (2019) analyzed in their paper a total of 38 Portuguese enterprises throughout
a survey. They claimed that all the companies (100%) answered “yes” when they were asked if there
was a successful impact when the 1ISO 22000 standard and its requirements were implemented. After



that, it was introduced a question to rate from 1 (negative) to 5 (positive) the impacts of the ISO 22000

implementation in some key procedures.

The highest rate of positive impacts of the standard implementation was given to the control
procedure. The 1SO 22000 standard requires records of deliveries and processing and tracking system
in order to relate individual batches of products to a specific batch of raw material. Such requirements
aimed only at the improvement of the level of safety in the food chain that turns on an increased
confidence between its individual cells and between the companies and the customer(s) (Zimon and
Domingues, 2019). In addition to the control process, the production, purchase and distribution

process rated high values of positive impacts.

The strengths of cooperation within the supply chain was other positive impact observed by Zimon
and Domingues (2019) in Portugal. Furthermore, when asked, companies answered that the I1SO
22000 helped improving the integration of individual partners and additionally it eased the

identification of eventual errors and mistakes.

Teixeira and Sampaio (2010) also analyzed food safety management systems in Portugal. The
majority of the surveyed companies were large companies (51,6%), and part of the sector of the
“Manufacture of other food products” (25,8%).

Analyzing companies’ answers about the benefits of ISO 22000 certification, authors noted that most
of the companies determined the “improvement of food safety methodologies and practices, and
management system related documentation” as the main benefit (50% of the answers) followed by
“improvement of customers and other interested parts satisfaction” (32,2%). Other positive impacts
were likewise registered: “consumers’ confidence improvement”, “food safety improvement”, among
others (Teixeira and Sampaio, 2010), which sustains the information of the above article. These
impacts can be simultaneously considered as positive and internal impacts due to their internal

influence nature (Teixeira and Sampaio, 2010).

2. Poland and Slovakia

To understand the 1SO 22000 implementation impact on the running of the supply chain in Poland
and Slovakia, Zimon and Domingues (2019) included 43 organizations in their research. Similar to
what had been done with Portuguese organizations, several questions were made to Polish and Slovak

organizations.

About the standard implementation, having a positive effect on improving the food safety throughout
the food chain, 67% of the companies involved in the research confirmed a positive impact, whereas

15% didn’t consider any effect and the remaining 18% were not familiar with the topic. Those who



didn’t find positive impacts on the implementation of this standard on food safety, defend that the
ISO 22000 in order to fulfill the main goals should be backed by other systems, since it doesn't seem
to affect the growth of food safety in itself in a very significant way. According to the authors, these
derogatory opinions about ISO 22000 may result from anomalies in the standardized systems

implementing. (Zimon and Domingues, 2019)

In the same research, companies were questioned on the 1SO 22000 impact in some key processes in
the food supply chain improvement. Polish and Slovak organizations considered that the standard
implementation had a greater impact in the production process, control process, and design and
development process. The less affected procedures were the ones of purchase and distribution, which
might be connected by the fact that Eastern European companies don’t have a very important role in

the food supply chain so the norm impact in the distribution phase it wasn’t substantial.

Both in Poland and Slovakia, 65% and 16% of the enquired companies agreed and strongly agreed,
respectively, that the ISO 22000 favored to the integration of several partners as being part of the
supply chain. However, 5% and 2% of the organizations disagreed or strongly disagreed, and the
remaining 12% neither agreed nor disagreed. Polish and Slovak organizations also agreed on the
importance of the implementation of this standard in what the identification of potential errors and
mistakes are concerned. 21% and 67% of these organizations strongly agreed and agreed,
respectively, that 1SO 22000 eased the identification of errors and mistakes. Only 2% strongly
disagreed, 5% disagreed and the remaining 5% neither agreed nor disagreed. To conclude, several
organizations were asked if the Food Safety Management Systems in companies operating in the food
supply chain was needed. Only 4% of them answered negatively. The majority of the Polish and
Slovak organizations (86%) considered that the implementation is needed. The remaining 10%

answered that they didn’t know (Zimon and Domingues, 2019).
3. Sudan

In Sudan, a study was developed by Khames (2017) about the impact of the 1SO 22000:2005
application on a food organization, with results obtained through a questionnaire testing which
included the departments of marketing, sales, quality control and supply chain. Based on the obtained

results, the author concluded that the ISO 22000 implementation set several positive impacts.

Considering the profit of the company, this implementation increased the sales, and the marketing
department was impacted by an increase in the market share. The 1ISO 22000:2005 also had a positive
impact in what the resource management is concerned when based on the optimum distribution of the

resources and the customer satisfaction/retention was also impacted positively by enhancing customer



confidence. Moreover, it had a positive impact on internal procedures, and this is due to the reduction

of waste and enhanced performance.

Finally, the ISO 22000 had a positive impact on the quality of the product by upgrading the safety
and the quality on the final product (Khames, 2017).

4. Romania

In Romania, a study based on the motivations, difficulties and key benefits of the 1SO 22000
implementation was developed and it was carried out through a questionnaire. The Romanian food
companies were the subject of study, being companies that act in different levels of the food supply

chain.

According to the review literature, Paunescu et al. (2018) registered 16 benefits pointed by the
certified companies with the standard. The classification of the extent to which each company
achieved the benefits mentioned above, due to the application (implementation and certification) of

the 1SO 22000 was achieved through a 5-point Likert scale (1- not important to 5- very important).

Based on the obtained results, it was viable to acknowledge which were the main obtained benefits

in the studied companies:
e Improvement in food safety;
e A reduction in foodborne illnesses and other dangers;
e Consumer confidence had been increased,

e Customer and stakeholder satisfaction were improved- increasing the volume of sales
(Paunescu et al., 2018)

5. Turkey

Other similar survey made in Turkey aimed to study the application and the ISO 22000 standard
impacts in food and beverages certified companies from Izmir/Turkey (Mercan and Bucak, 2013). In
this survey, it was reported material benefits with the standards implementation, such as material
benefits as in waste and loss reduction in the system due to the standardization of operations.
Moreover, the catering sector highlighted that companies that adhered to the standard provided trust
to customers. The same certification allows companies to gain a higher status and reputation in the

market too (Mercan and Bucak, 2013). These impacts can be considered as positive and internal.



6. China

In China, the Food Safety Management Systems status was assessed in the Chinese pork slaughter
plants, by Xiong et al. (2016).

60 different companies were included in this study, 78,3% of them had the 1SO 22000 certification.
In this research, the organizations answered to a scoring checklist so that researchers could assess the
impact of the implemented system by checking the compliance of the requirements. After analyzing
all the data, the higher scores were related to a complete compliance of the requirement, which

corresponds to a good consequence of management systems implementation, a positive impact.

Implementation performance was better in FSMS that got a score of 82,9%, including specifications
related with product release, traceability, corrective actions, procedures, product analysis, etc. After,
with a score of 73,8%, Control of Food Hazards, and, at last, Good Manufacturing Practices, such as
personal hygiene, cleaning and disinfection, pest control and water quality, with a 62,7% score.
Considering these results, authors considered that there was a need to help food business operators
improve their actions so the organizations could take full advantage of this type of systems,
particularly in this case, of the 1ISO 22000 (Xiong et al., 2016).

The ISO 22000, implemented in worldwide organizations, carried a wide range of positive impacts
(Figure 5).
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CONCLUSIONS

The analysis of the several studies previously mentioned associate different impacts from the 1SO
22000 implementation to diverse food industries and systems. The results obtained were mainly
qualitative, acquired through surveys and questionnaires presented to the different enterprises. In
general, the implementation of the ISO 22000 standard leads to positive impacts regardless of the
country and food sector. The outcome benefits from the standard implementation in the companies
seemed to develop increased confidence in consumers and clients, and consequently the enterprise’s
status. The benefits observed were also mainly internal impacts, since they directly influenced the
company and their products. The improvement of the identification of potential errors and mistakes
is one example of these internal benefits, which translates in less waste and loss, and better food

security.

It can thus be concluded that getting a company certified by the 1SO 22000, is an investment to the
company that, in a long term, will bring several benefits to the industry in question and therefore to

the consumer and client that will buy the product of that company in the future.
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ANNEX 1 - INFORMATION REGARDING QUESTIONNAIRES AND SCALES; DATA
ANALYSIS; AND MAIN TOPICS ADDRESSED

Table 1: Type of questionnaire and scale used to collect data by different authors in different articles

Type Countries Authors Total
studies
5-point likert scale Portugal; Poland, Slovakia | Teixeira and Sampaio (2010); Zimon | 4
and Portugal; Sudan; and Domingues (2019); Khames
Romania (2017); Paunescu et al. (2017)
Questionaire and China Xiong et al. (2016) 1
checklist
Semi-structured Turkey Mercan and Bucak (2013) 1
interview
Written answer Poland, Slovakia and Zimon and Domingues (2019) 1
Portugal
“Yes”, ”No”, “I don’t Poland, Slovakia and Zimon and Domingues (2019) 1
know” Portugal

Table 2: Data analysis by different authors in different articles

Program Countries Authors Total
studies
Kruskal-Wallice non-parametric test China Xiong et al. (2016) 1
SSPS Portugal; Teixeira and Sampaio (2010); |3
Sudan; Khames (2017); Paunescu et
Romania al. (2017)
Tables analysis Turkey Mercan and Bucak (2013) 1

Table 3: Main topics addressed in the questionnaires by different authors in different articles

Topics Countries Authors Total
studies
Benefits of food safety Portugal; Romania; Teixeira and Sampaio (2010); 4
management system Turkey; China Paunescu et al. (2017); Mercan
and Bucak (2013); Xiong et al.
(2016)




Effects on marketing

Sudan; Turkey

Khames (2017); Mercan and
Bucak (2013)

Effects on supply chain Sudan Khames (2017)
departments
Evolution perspectives Portugal Teixeira and Sampaio (2010)

concerning 1SO 22000
certification

Impact on production, purchase,
design/development process

Poland, Slovakia and
Portugal; China

Zimon and Domingues (2019);
Xiong et al. (2016)

Impact on the final consumer

Portugal; Sudan; Turkey

Teixeira and Sampaio (2010);
Khames (2017); Mercan and
Bucak (2013)

Implementation and
certification costs

Portugal

Teixeira and Sampaio (2010)

Improvement of integration of
individual partners

Poland, Slovakia and
Portugal; China

Zimon and Domingues (2019);
Xiong et al. (2016)

Improvement on the detection
of potential errors and mistakes

Poland, Slovakia and
Portugal

Zimon and Domingues (2019)

Information of the company

Portugal; Poland, Slovakia
and Portugal; Romania;
Turkey; China

Teixeira and Sampaio (2010);
Zimon and Domingues (2019);
Paunescu et al. (2017); Mercan
and Bucak (2013); Xiong et al.
(2016)

Legitimacy of implementing the
ISO 22000 standard

Poland, Slovakia and
Portugal; Turkey

Zimon and Domingues (2019);
Mercan and Bucak (2013)

Main difficulties and drawbacks
from the implementation

Portugal; Romania;
Turkey

Teixeira and Sampaio (2010);
Paunescu et al. (2017); Mercan
and Bucak (2013)

Motivations to the
implementation

Portugal; Romania

Teixeira and Sampaio (2010);
Paunescu et al. (2017)

Performance of the standard
used before I1ISO 22000

Turkey

Mercan and Bucak (2013)

Successful impact in the food
safety of products

Poland, Slovakia and
Portugal; Sudan; Romania;
Turkey; China

Zimon and Domingues (2019);
Khames (2017); Paunescu et al.
(2017); Mercan and Bucak
(2013); Xiong et al. (2016)
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ABSTRACT

Certification of an ISO 14001 Environmental Management System is a widely accepted standard in
the international market and a good sense of a company’s environmental conscience for the public.
In recent years, an increasing amount of companies seek certification and the present paper serves to
summarize the studied impacts of said certification in different kinds of companies, from the
construction to the chemical sector. We found that the impacts do not necessarily come from
certification, and many of the desired impacts come from implementation alone, like reduced costs
and lower waste emissions. We also used available ISO survey data to better illustrate 1SO
certification over the years in different regions of the world and which industry sector has the most
certificated companies.
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INTRODUCTION

Environmental management is a subject that has become of great importance, worldwide, with more
and more companies concerned with its sustainability. Then came the need for a comprehensive set
of standards that would satisfy both companies and the environment. In 1996, a set of standards for
environmental management was published by the International Organization for Standardization.
This set of standards was named ISO 14001 (https://www.is0.0rg/2015/11/Ref2013.html). In 2015
the standard was revised and now presents a new structure that is common to all management systems
of the International Organization for Standardization. The ISO 14001 standard is currently the most
widely used environmental certification worldwide. During the past few years, the number of
companies seeking and obtaining this certification has grown significantly (annual average growth of
23%), leading to a total of more than 300,000 certified companies in 2017 (Sartor et al. 2019). Most
companies certified with this standard do so voluntarily, as the benefits outweigh the costs. The
potential costs of this implementation vary from sector to sector, however some that are common to
all can be identified, such as costs with specialized training, reorganization of the production process,
alteration of decision-making processes, large technological investment and rates of consulting and
obtaining certificates. The future benefits that this implementation can bring are the increase of profits
and the reduction of costs, that is, the implementation of ISO 14001 can identify opportunities that
mean a lower cost of production, thus increasing sales and, at the same time, pleasing a public
increasingly concerned with environmental sustainability (Welch and Mori and Aoyagi - Usui 2002).
This increase in the number of certifications has attracted the interest of many researchers looking to
study a very wide range of topics related to the standard, for example, what are the motivations for
companies to seek this certification (Treacy et al 2019) and effects on the company's performance
(Manurung and Rachmat 2019).

According to figure 1, one can observe the evolution that the number of certifications, in each
industry, only those that were considered most relevant are represented, recorded from 2012 to 2017.
As can be seen, the construction industry has always been the one which held the greatest number of
certifications, with great advantage. Next up are the metal industry and the electronic and optical
material industry. All the industries presented show a greater increase in the number of certifications
from 2012 to 2013, having, in the sense bet, decreased from 2016 to 2017, with the exception of the
construction industry which has never seen a decrease in their numbers. The food, chemical and
textile industry have their numbers quite constant without major fluctuations, except for the year 2012
to 2013 as previously mentioned. In the period considered, all industries showed an increase in

certifications, with the construction industry standing out in the first place with an increase of 130%.



Certified companies in ISO 14001 over the year