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Introduction to the
Sixth Edition

Preface by Joseph A. De Feo, Editor-in-Chief

Dr. Joseph M. Juran and Juran’s Quality Handbook were unknown to me until my career led
me to meet this amazing person and resource. He was my teacher, mentor, boss, and later my
friend. Although I was less than half his age at the time we met, he helped me and my
colleagues implement his universal methods to improve our business performance. From
the Pareto Principle he named, to the universal breakthrough methods, to quality by design
to develop new products, we soon learned that these methods were indeed universal. These
methods improved our performance. They work in any country, industry, or organization,
and even in families. These methods can and will improve financial, organizational, and
cultural performance by simply implementing them across your organization.

Dr. Juran once stated, “To someone that has not seen the miracles, one will not believe
that they occurred.” I learned the methods he espoused and I saw the results, the miracles.
As a customer of the Juran Institute in 1986, our organization applied his methods and
tweaked them to fit our needs. In the end we witnessed the miracles. The company I worked
for improved quality and performance dramatically. We stayed in business and competed
head to head with the Japanese. I have seen many organizations improve their performance
in the same way. It is time to share one more edition of the handbook with another generation.

Unfortunately, Dr. Juran left us before this sixth edition of the handbook was completed.
He passed away in 2008 at the enduring age of 103! He left behind his wonderful wife, Sadie
(who passed away nine months later in 2008 also at 103), a remarkable family, an organization
bearing his name to promote the methods to improve performance, and many publications
for future generations to learn from. He trained thousands of “practitioners” in his methods.
CEOs, CFOs, COQOs, quality officers, and employees from many industries, in many countries.
They became disciples and applied his methods. Many are now advocates of performance
excellence in their own right. At Dr. Juran’s 100th birthday over 200 people from around the
globe came to thank him for what he did for them.

To Dr. Juran, I thank you, and to all the disciples, congratulations. To those who are just
beginning their careers as new practitioners, the best has yet to be learned.

We have chapters that were authored by Dr. Juran for this sixth edition of Juran’s Quality
Handbook. The chapters that Dr. Juran completed have only his name as the author.
He asked that others “fill in the blanks.” This is noted by my name appearing on Chapter 5,

Xi
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Quality Improvement: Creating Breakthroughs in Performance. For chapters he did not
complete, we had some of the finest practitioners—researchers—update those chapters. To
ensure this edition of the handbook is truly viewed as an important body of knowledge, we
added new chapters, such as Lean and Six Sigma, since the methods for managing for quality
have evolved and changed since the last edition was published in 1999. In these chapters we
included Dr. Juran’s input related to that subject. These were from his papers and other
publications. We want to appeal to new practitioners and new leaders so they can have the
same benefit and chance to learn methods and witness their own miracles. We also hope that
all our readers will become acquainted with a new generation of authors who someday may
be gurus as well.

I must admit this was not an easy undertaking. Following in the footsteps of giants in
our field, such as Dr. Juran, Dr. Blanton Godfrey, Dr. Armand Feigenbaum, Dr. W. Edwards
Deming, Dr. Noriaki Kano and many more, was overwhelming at times. The good news is
that Dr. Juran provided me a critique of the fifth edition. His critique provided direction,
what to add, what to remove, what to research prior to his passing. Although he was not
here when it was time to send this to the publishers, all readers of the handbook can rest
assured that Dr. Juran is present in this edition.

I hope anyone who reads this will grant me a little leeway when providing his or her own
critique. At times I wondered, did I do this book justice? In the end, our authors came through
and gave me an opportunity to shine. I feel I have done my best to honor all the gurus who
have gone before me and all those who have yet to come.

I'would like to thank Linda Ellrodt, my assistant, who fought with me many times and
in the end always won. Also I thank Brian Stockhoff, Tina Pietraszkiewicz, Jackie Allard,
Jeremy Hopfer, Matt Pachniuk, Geeno Carlone and so many others for helping me pull all
the materials together into one big pile of information. For the authors: Without you this
book would still be in production. In addition, I thank the staff of the Juran Institute and
Steve Chapman and his team at McGraw-Hill for caring so much about this text and the
next generation who will read it.

To the late Dr. Bill Barnard, Dr. Frank Gryna, and Mr. Bob Hoogstoel, my mentors while
growing up at the Juran Institute: Your guidance when I was a rookie made this all possible.
Who would have ever thought a wood shop teacher from a humble beginning could be the
co-editor someday with Dr. Juran? I believe each of you did. You encouraged me to be
pragmatic, to learn how to research, to make my customers successful, and to practice what
we preach. To you I offer my thanks.

To my three sons Christopher, Mark, and Joe—all who have learned that becoming a
lifelong learner, as Dr. Juran was, is the best way to provide value to society. Thank you for
putting up with me when so many evenings and weekends I was stuck typing on a computer.

To my wife, Monica, without you I would not be who I am today—a father, husband,
and now an author of a book with a great legacy. A big thank you.

Joseph A. De Feo

Highlights of the Introduction

1. The founding concept of the handbook was to create a compendium of knowledge
in the field of managing for quality. The emphasis has always been on universals—
“the principles that are valid no matter what the product, the process or function”
(Dr. Joseph M. Juran).
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Introduction to the Sixth Edition

2. These universal methods deliver superior results and performance excellence in
any company, organization, industry, country, or process. They can be used to
improve financial, organizational, and cultural performance by simply learning and
applying them.

3. This handbook is a reference text for all who are involved with creating, producing,
and delivering high-quality goods, services, and processes to attain superior
business results.

4. There are several tables of contents. At the beginning of the book is the list of section
and chapter headings, each of which describes, in the broadest terms, the contents of
that section or chapter.

5. The handbook is a condensation of each author’s knowledge; i.e., what she or he
wrote is derived from materials that are one or two orders of magnitude more
voluminous than the published work. In some cases it is worthwhile to contact the
author for further elaboration. Most authors have no objection to being contacted,
and some of these contacts lead not only to more information but also to visits and
enduring collaboration.

6. In many cases a practitioner is faced with adapting to a specific situation the
knowledge derived from a totally different technology, i.e., a different industry,
product, or process. Making this transition requires that he or she identify the
commonality, i.e., the common principle to which both the specific situation and the
derived knowledge correspond.

Dr. Juran on the Creation of Juran’s Quality Handbook

The idea of a handbook on quality control originated late in 1944 and was part of my decision to
become a freelance consultant after World War II. I had in mind a whole series of books: the
Quality Control Handbook, which was to be a comprehensive reference book; and separate manuals
on quality control for executives, engineers, foremen, and inspectors.

I prepared an extensive outline for the handbook plus a brief description for each of the
other books. My publisher was McGraw-Hill, who offered me a contract (a mere one-page
document!) in December 1945. Publication was in 1951. It became a flagship of the many
books I have written.

The concept of the handbook was to create a compendium of knowledge in the field
of managing for quality. The emphasis was on universals—“the principles that are valid
no matter what the product, the process or function.” I was only dimly aware that I
would be contributing to the evolution of a new science—managing for quality. I ended
up with fifteen chapters. I wrote six of those; other authors wrote the remaining nine,
which I often edited. From the outset, the handbook became the “bible” of managing for
quality and has increasingly served as an international reference book for professionals
and managers in the field. With the publication of the fifth edition the name was changed
to the Juran’s Quality Handbook; the joint editors-in-chief were Dr. A. Blanton Godfrey
and L. For the sixth edition, Joseph A. De Feo will be editor-in-chief. As a fine consultant
and practitioner, he has earned the recognition that comes with the publication of such a
book as this.

Joseph M. Juran

xiii
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Remembering Dr. Joseph M. Juran

From Dr. Armand V. Feigenbaum
President and CEO, General Systems Company

The issuance of the Juran’s Quality Handbook, sixth edition, is a continuation of Dr. Juran’s
economic, social and educational service to the future of quality in America as well as the world
community. I knew Dr. Joseph Juran for a very long time and I want to express the deep sense of
loss I feel because of his passing. Many, many people and organizations are much the better because
of his work, his writings and his guidance and this importance of his influence—already very great—
will continue to grow throughout the world.

I first came to meet and to know Joseph Juran before quality was recognized as a field and
before quality organizations and meaningful quality literature and guidance had come into being
as an area of explicit importance and attention. Already a man of high professional standing and
of major business and governmental experience, the very fact of Joseph Juran placing his personal
emphasis upon quality brought enormous attention and meaning to the subject of quality which
previously had been thought of as a technical factor in inspection. The subsequent more than half
century of the growth and evolution of quality into the importance of its global recognition and
high effectiveness throughout the world owes a very great deal to the contribution of Joseph Juran.
As he is no longer with us, we can, however, take some comfort that his guidance and influence
will continue through the availability of the content of his writings and of the spirit of his personal
commitment that continues to come through them.

From Dr. Noriaki Kano
Professor Emeritus, Tokyo University of Science

The most widely-utilized tools among those in the quality world are probably the “Pareto Chart”
and the “Cause and Effect Diagram” (also known as the “Fishbone Diagram” or the “Ishikawa
Diagram”). Among these two, the number of people who know the Pareto Chart was initially
proposed by Dr. Juran have drastically decreased in recent years while it is well known that “Cause
and Effect Diagram” was proposed by Dr. Ishikawa. The Pareto is named after the Italian Economist,
Vilfredo Pareto (1848-1923) who is known for his study of income distribution. Dr. Juran called it a
principle of “Vital few and Useful many” as the Pareto Principle because the cumulative curve of
frequency distribution by quality defects does have a shape similar to that of income distribution
Pareto revealed.

In response to Dr. Juran’s article (1975) on Pareto, a motion to rename the principle to the “Juran
Principle” was proposed. Dr. Juran (1975) responded that: “I hope I may be pardoned for suggesting that
such a change in name, if it comes to pass, await my journey to the Great Beyond. I hope I may also be
pardoned for hoping that this journey will be delayed for some decades to come.” and then the discussion
was left over. I tried to make this happen in the event of Dr. Juran’s 100th year celebration, but I had
to give it up without being able to receive consent from Dr. Juran. I am thinking to make a proposal
to change Juran Principle and Juran Chart from current Pareto Principle and Pareto Chart again in
the near future according to Dr. Juran’s wish of over a quarter century ago. I am certain it is the
contribution toward the Quality Innovation of Japanese products that Dr. Juran was most proud of
in his life and we thank him for that.
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From Ken Takatori
Acting Manager, International Relations
Union of Japanese Scientists and Engineers (JUSE)

Thank you for your email in providing JUSE an opportunity to give a tribute at the Juran 6th
edition handbook issuance. First of all, the Juran’s Quality Handbook was translated into Japanese,
and taught the Japanese top management that the Quality Management can be applied as the
significant “management tool.” We consider Dr. Juran as a foster parent who actually raised and
developed the Japanese Quality Management, whereas Dr. Deming as a birth parent.

From Dr. Lennart Sandholm
Sandholm Associates

Dr. Juran is the person, outside my family, who has had the greatest influence on my life, both
professionally and personally. The first time I met him was 1965. He was my mentor for almost
40 years. According to his memories he visited Sweden 31 times. It was a delight for me to
organize his courses and seminars in Sweden from 1966 to 1991. These events gave me a
tremendous insight in Dr Juran’s thinking and philosophy. The meetings didn’t just mean being
together professionally, but also personally. My wife and I had the pleasure to have Dr. Juran
several times as guest in our home. A personal and warm friendship emerged. He showed a
keen interest in the children. When I met him at conferences, he used to ask about the children
and always recalled the names of them. I will for ever keep Dr. Juran in grateful memory.

From Madam Tang Xiaofeng

Former Dean of Juran Institutes of Shanghai
Head of Shanghai Association for Quality
President of Shanghai Academy of Quality Management

On behalf of the Shanghai Association for Quality, Shanghai Academy of Quality Management
and myself, the passing of Dr. Juran still a shock and deep regret to us. Dr. Juran is a well-known
great father for modern quality management worldwide. I always remember the time when I
met with him in 1998 Spring, his happiness when I sent him the Chinese version of Architect of
Quality in 2006. His gentlemanly speaking, mentor style behavior and his great knowledge,
always make him unforgettable to me. Since 1960s, Dr. Juran and his Quality Trilogy made great
contribution to the worldwide quality management, and will be remembered all the time by
people. Especially the impact of his contribution to China and Shanghai quality management
will last forever. Both my organization and myself are benefit from his past encouragement and
support, we will commemorate him for long. In his autobiography, he used to wrote “When I'm
dying, don’t cry to me because my life is so splendid”. With his life journey, we observed the
colorfulness of the development of quality management as well as his excellent lifestyle. We
sincerely wish our quality business, Mr. Joe De Feo and his Juran Institutes grow continuously
under inspiration of Dr. Juran’s spirit.

From Hesam Aref Kashfi
Academician, International Academy for Quality

Dr. Joseph M. Juran who deservedly won the epithet, “Father of Quality Management,”
founded this new science on his Trilogy and specially on Quality Planning and sincerely
practiced it for the welfare of people all over the world and left us a thoughtful message: “My
job of contributing to the welfare of my fellow man is the great unfinished business.” He
solidly originated the theory and functionally evolved this new science. If we compare Quality

XV
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to a tree, which he prophesized to flourish in the 21st century, his legendary Quality Handbook
is the roots, and as he joined the selected eternals due to his admirable integrity, honesty and
conviction, his legacy, as his product, thanks to its authenticity and comprehensiveness, will be
increasingly appreciated as the unique pioneer classic on Quality.

From Tom Pyzdek
President, Pyzdek Institute

I've known Dr. Juran since that day in 1967 when I, a quality technician at a can factory,
picked up that thick green book and looked up control charts. It was the Quality Control
Handbook, second edition and it introduced me to the wonderful, magical world of quality.
The book divulged the secrets of statistics and quality management and inspired me, an
18 year old just entering college, to consider making quality a career. As the years went by, I
continued reading the work and investing in new editions of the handbook. When I made
my first presentation at an ASQC conference I joined Dr. Juran on an elevator trip to the
opening presentation, where he delivered the keynote address. I was surprised by how small
he was, physically. On the dais, however, he was a giant as he told those of us assembled
there that we had a big responsibility to help America recover her position as the world’s
quality leader. In 1988 he and I rode the bus together to the White House for the presentation
by President Reagan of the first Malcolm Baldrige National Quality Award. We chatted
briefly. That evening I was waiting for a restaurant table outside the door of the room where
the Baldrige Board of Overseers was about to meet. When he asked me to join the group I
was delighted. I was thrilled to be able to chat with so many of the leaders in the quality
movement. Of course, he sat at the head of the table, where he belonged. The last time we
met was in 2004, to celebrate his 100th birthday. It was only May 6 and his birthday wasn’t
until December 24 and he quipped that his people weren’t sure that he would make it to
December. He stood tall and his voice and handshake were strong and we in the audience
had no doubt that he would blow by 100 like it was no big deal. It has been over 40 years
since I first picked up his book. It’s still on my bookshelf. Like me, it’s physically showing its
age a bit these days. But like Dr. Juran, its creator, the ideas are fresh and full of meaning and
value. Today, somewhere, some young person is reaching for one of works, about to be
inspired by him. Inspired to consider a career of helping people and organizations achieve
excellence. Or maybe just inspired to try harder, to do things better. Dr. Juran is not gone. He
will never be gone.

From Paul Borawski CAE,
Executive Director and Chief Strategic Officer, American Society for Quality

I met Dr. Juran for the first time in 1986 and it didn’t take but a minute or two to know I was
in the presence of an extraordinary leader and a management prophet. Thad many subsequent
opportunities to learn from Dr. Juran. He taught us all about the science of management. The
language of executives. The process of improvement. He embodied the example of disciplined
devotion to excellence. I doubt we will again experience business wisdom as profound as
Dr. Juran’s or knowledge as practical as his teachings.

Uses of the Handbook

We set out to make this sixth edition handbook a reference for all who are involved with
leading, creating, producing, and delivering high-quality products (goods and services),
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and processes to attain superior results. Experience with the first five editions has shown
that “those who are involved” include the following;:

1.

All levels in the organizational hierarchy, from the board members, chief executives,
and operational managers to the workforce. It is a mistake to assume that the sole
purpose of the book is to serve the needs of just the quality managers and engineers.
The purpose of the book is to serve the entire organization including the workforce
at all levels of the organization.

. The various functions engaged in producing products (goods, services, or information),

such as research and development, market research, finance, operations, marketing and
sales, human resources, supplier relations, customer service, administration, and support
activities.

. The various specialists associated with the processes carrying out the strategic and

tactical tasks to ensure all products, and business processes are properly designed,
controlled, and continually improved to meet customer and societal needs.

. Thevariousindustries thatmake up the global economy: manufacturing, construction,

services of all kinds—high-tech, transportation, communication, oil and gas, energy,
utilities, financial, healthcare hospitality, government, and so on.

The handbook is also an aid to certain gatekeepers and stakeholders who, although
not directly involved in leading, producing, or marketing products, nevertheless have
“aneed to know” about the qualities produced and the associated positive and negative
side effects. These stakeholders include the executive leadership, quality officers,
and engineers who are given the responsibility to improve managing for quality from
day to day; customers looking to better understand how to improve their suppliers;
the supply chain; the users; the public; the owners; the media; and even government
regulators.

We have conducted many focus groups and learned that our readers, the practitioners,
make a wide variety of uses of Juran’s Quality Handbook. Experience has shown that usage is
dominated by the following principal motives:

1.

To use as a “one-stop shopping” reference guide for the methods, tools, and road maps
to create a sustainable business operation driven by high-quality products.

. To utilize as a guide to educate their specialists, such as quality management

and assurance departments, systems engineering, organizational and operational
effectiveness departments, finance, and the like.

. To find special tools or methods and examples of their use on topics such as

leadership’s role in leading quality, incorporating the voice of the customer in the
design of goods and services, reliability engineering, design of experiments, or
statistical tools.

. To study the narrative material as an aid to solving their own organizational and

business problems.

. To review subject matter for specific self-training or to secure material for teaching

or training others.

Using the handbook appears to be more frequent during times of change such as when
developing new business initiatives, working on new processes and projects, organizing
departments and functions, or just trying out new ideas.
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Organization of the Handbook

Irrespective of intended use, the information provided in this handbook must be found
easily. The problem for the user becomes one of (1) knowing where to find it and (2) adapting
the information to his or her specific needs. Although there is a great deal of know-how in
this book, it is important to understand how it is organized. There are four sections with a
total of 31 chapters. Each chapter is a topic on its own and collectively makes up a robust
performance excellence system. Here is a brief look at the layout of the book.

1. The Introduction answers the question, Why a handbook on quality? The Introduction
includes the preface, dedications, and acknowledgments and how to use the
handbook. There is a short but important section called “Remembering, Dr. Joseph
M. Juran” and his contribution to society. This part of the handbook has therefore
been designed to help the reader find and apply the specific content that relates to
the problem at hand. To know where to locate it requires understanding how the
handbook is structured. The handbook consists of the Introduction, Sections 1 to 4,
and the Appendix I and Appendix II. The sections are outlined as follows.

2. Section I: Key Concepts: What Leaders Need to Know about Quality (Chapters 1
through 10). This section deals with basic concepts through which quality is
managed (planning, control, and improvement) and why it is crucial to the success
of most organizations. It deals with the evolution of managing for quality in the
past to managing for organizational performance excellence in the future.

3. Section II: Methods and Tools: What to Use to Attain Performance Excellence
(Chapters 11 through 19). This section focuses on how to use the management of
quality methods, basic tools, and advanced statistical tools to obtain results. The
primary topics include:

e Six Sigma

¢ Lean techniques

e Root Cause Analysis

¢ Innovation and Design for Six Sigma

¢ Benchmarking

e International standards

e National awards for excellence

¢ Core and advanced tools to design, control, and improve

4. Section III: Applications: Most Important Methods in Your Industry (Chapters
20 through 25). This section includes industries that we felt have been most
effective in using the methods for managing for quality and where performance
excellence has worked:

¢ Manufacturing

e Service and self-service

¢ Healthcare systems

e Processing-based organizations
e Software development

e Defense
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5. Section IV: Key Functions: Your Role in Performance Excellence (Chapters 26
through 31). This section illustrates the roles that key functions must play to
enable the organization to attain superior results.

6. The Appendixes. This part of the text provides additional information and tools to
aid a leader, manager, or practitioner.

How to Find It

There are four main roads for locating information in the handbook:

Tables of contents
Index
Cross-references
Internet

Table of Contents

There are two tables of contents. At the beginning of the book is the list of sections and the
chapter titles within each section, which describes, in the broadest terms, the contents of that
chapter.

Next, there is the chapter contents list that appears on the first page of each chapter. Each
entry in the chapter contents is a major heading within that chapter.

In a good many cases, it will suffice merely to follow the hierarchy of chapter contents to
find the information sought. In many other cases it will not. For such cases, an alternative
approach is to use the index.

Use of the Index

A great deal of effort has gone into preparing the index so that the reader can locate all
the material bearing on a subject. For example, the topic “Pareto principle” is found in
several sections. The index entry for “Pareto principle” assembles all uses of the term
“Pareto principle” and shows the page numbers on which they may be found. The fact
that information about a single topic is found in more than one chapter (and even in
many chapters) gives rise to criticism of the organization of the handbook, i.e., Why can’t
all the information on one topic be brought together in one place? The answer is that we
require multiple and interconnected uses of knowledge, and hence these multiple
appearances cannot be avoided. In fact, what must be done to minimize duplication is to
make one and only one exhaustive explanation at some logical place and then to use
cross-referencing elsewhere. In a sense, all the information on one topic is brought together—
in the index.

Some key words and phrases may be explained in several places in the handbook.
However, there is always one passage that constitutes the major explanation or definition. In
the index, the word “defined” is used to identify this major definition, e.g., “Evolutionary
operation, defined.”

The index also serves to assemble all case examples or applications under one heading for
easy reference. For example, Chapter 5 deals with the general approach to quality improvement
and includes examples of the application of this approach. However, additional examples are
found in other chapters to illustrate and support their specific topics. The index enables the
reader to find these additional examples readily, since the page numbers are given.
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Cross-References

The handbook makes extensive use of cross-references in the text to (1) guide the reader to
further information on a subject and (2) avoid duplicate explanations of the same subject
matter. The reader should regard these cross-references, wherever they occur, as extensions
of the text. Cross-referencing is to either (1) specific major headings in various chapters or (2)
specific figure numbers or table numbers. Study of the referenced material will provide
further illumination.

A Note on Abbreviations

Abbreviations of names or organizations are usually used only after the full name has
previously been spelled out, e.g., American Society for Quality (ASQ). In any case, all such
abbreviations are listed and defined in the index.

The text of the handbook emphasizes the “main road” of quality management know-
how, i.e., the comparatively limited number of usual situations that nevertheless occupy the
bulk of the time and attention of practitioners. Beyond the main road are numerous “side
roads,” i.e., less usual situations that are quite diverse and require special solutions. (The
term “side road” is not used in any derogatory sense. The practitioner who faces an unusual
problem must nevertheless find a solution for it.) As to these side roads, the handbook text,
while not complete, nevertheless points the reader to available solutions. This is done in
several ways.

1. Citations. The handbook cites numerous papers, books, and other bibliographic
references. In most cases these citations also indicate the nature of the special
contribution made by the work cited to help the reader decide whether to go to the
original source for elaboration.

2. Special bibliographies. Some chapters provide supplemental lists of bibliographical
material for further reference under References. The editors have attempted to
restrict the contents of these lists to items that (1) bear directly on the subject matter
discussed in the text or (2) are of uncommon interest to the practitioner.

3. Literature search. Papers, books, and other references cited in the handbook contain
further references which can be found for further study. Use can be made of available
abstracting and indexing services. Various other specialized abstracting services are
available on such subjects as reliability, statistical methods, research and development,
and so on.

4. The Internet. It is now possible to find almost any book or article in print and many
that are out of print in just a few minutes by using a “Web search.” Using search
engines, one can find thousands of articles on numerous topics or by selected
authors. Many specialsites focus on performance excellence and quality management
in the broadest sense. A simple e-mail contact with a website author may bring forth
even more unpublished works or research in progress. Sites developed by university
departments doing research in quality are especially useful for searching for specific
examples and new methods and tools.

5. Author contact. The written book or paper is usually a condensation of the author’s
knowledge, i.e., what he or she wrote is derived from materials that are one or two
orders of magnitude more voluminous than the published work. In some cases it is
worthwhile to contact the author for further elaboration. Most authors have no
objection to being contacted, and some of these contacts lead not only to more
information but also to visits and enduring collaboration.
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6. Societies and other sources. Resourceful people are able to find still other sources of
information relating to the problem at hand. They contact the editors of journals to
discover which organizations have faced similar problems, so that they may contact
these organizations. They contact suppliers and customers to learn if competitors
have found solutions. They attend meetings, such as courses, seminars, and
conferences of professional societies, at which there is discussion of the problem.
There is hardly a problem faced by any practitioner that has not already been
actively studied by others.

Adapting the Handbook to Your Special Needs

In many cases a practitioner is faced with adapting to a specific situation the knowledge
derived from a totally different technology, i.e., a different industry, product, or process.
Making this transition requires that he or she identify the commonality, i.e., the common
principle to which both the specific situation and the derived knowledge correspond.

Often the commonality is managerial in nature and is comparatively easy to grasp. For
example, the concept of self-control is a universal management concept and is applicable to
any person in any organization.

Commonality of a statistical nature is even easier to grasp, since so much information is
reduced to formulas that are indifferent to the nature of the technology involved. Even in
technological matters, it is possible to identify commonalities despite great outward
differences. For example, concepts such as process capability apply not only to manufacturing
processes, but to healthcare services and administrative and support processes as well. In
like manner, the approaches used to make improvements by discovering the causes of
failures have been classified into specific categories that exhibit a great deal of commonality
despite wide differences in technology.

In all these situations, the challenge to practitioners is to establish a linkage between
their own situations and those from which the expertise was derived—the discovery of a
commonality.
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About This Chapter

This chapter defines the role and importance of the quality of products, services, and pro-
cesses in an organization. An organization that is superior to its competition in quality is
considered the market quality leader or, as used recently, in “a state of performance excel-
lence.” The goods and services that an organization produces must meet its customers’
needs. If they do, then customers purchase these goods and services, and the organization
receives sales revenue as a result. All organizations can achieve superior results through the
application of the universal methods to manage quality, which design, maintain, and con-
tinually improve the quality of goods and services.
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Key Concepts: What Leaders Need to Know about Quality

High Points of This Chapter

1. Organizations that engage in a relentless pursuit of delivering high-quality
products and services outperform those that do not. Customers’ satisfaction
depends on having the right quality of goods and services to meet their
needs.

2. High-quality goods and services impact an organization in two ways. First, quality
can improve financial results by delivering products, services, and processes that
are superior to those of the competition. Second, the relentless pursuit of high
quality transforms the culture which leads to sustainability.

3. High-quality goods and services can increase the sales revenue. Revenue can be
derived from sales, budget appropriations, tuition, government agency grants, and
SO on.

4. Quality superiority can be translated into higher market share, but it requires a
systematic approach that is moving at a pace greater than that of the competition.

5. Quality has come to mean “fitness for purpose.” This means that no matter what
you produce—a good or a service—it must be “fit” for its purpose. To be fit for
purpose, every good or service must have the right features to satisfy customer
needs with little or no failures (Six Sigma levels and greater).

6. Customers state their needs as they see them, in their language. Suppliers (producers)
need to understand the real needs behind the stated needs and translate those needs
into the suppliers’ language.

7. Organizations that were successful at creating superiority in quality made use of
numerous strategies. Our analysis shows that despite differences in these strategies
among the organizations, there was a long list of common practices.

8. This handbook provides both the details of those common strategies and insight
into how your organization can benefit from them.

Quality, Performance Excellence, and Superior Results

An organization that creates high-quality goods and services can be affected by this in two
ways. First, quality can affect its financial results because products and services that are
superior to the competitors” products are more salable, thereby increasing sales and lower-
ing costs and thus leading to greater profitability. Second, the pursuit of high quality trans-
forms a culture. This happens after repeated success in eliminating poor quality, process
waste, and customer dissatisfaction. The transformational changes required of an organiza-
tion do not happen haphazardly. They are a result of an organization’s relentless pursuit to
be the best in quality and implementing a systematic method to get there. This destination
has had multiple names over the decades. Organizations that attain superior results, by
designing and continuously improving the quality of their goods and services, are often
called world class, best practices, vanguard companies, and most recently performance excellence.
We define this as an organization that has attained a state of performance excellence because its
products and services exceed customers’ expectations; they are regarded by their peers and have supe-
rior, sustainable results.

This pursuit of performance excellence through quality creates high stakeholder and
employee satisfaction, which enables the organization to sustain the pursuit for the long
term. These organizations have reached a state of performance excellence.
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How to Think about Quality

One of the first tasks is to provide a definition of the word “quality.” We must first agree on
a meaning of the word so that an organization will know how to manage “it.” If one can define
it, then one can manage it; if one can manage it, one can deliver it to the satisfaction of
customers and stakeholders. If one does not agree on a common meaning of quality for an
organization, then one will not be able to manage it efficiently.

We have seen so many meetings where leaders argue when asked the question, “Does high
quality cost more, or does high quality cost less?” Seemingly they disagree. One-half agree that
it costs more, and the other half feel it costs less. The fact is that some people literally do not
know what the others are talking about. The culprit is the word “quality.” It is spelled the same
way and pronounced the same way, but has multiple meanings. To manage for results, one
must agree on the definition of the word “quality” from the perspective of customers—those
people who buy the goods, services, and even reputation of your organization.

At one financial services company the leaders would not support a proposal to reduce
wasteful business processes because the staff had labeled them “quality improvement.”
Some of the leaders felt improving quality would cost more money. In their view, higher
quality meant higher cost. Others felt it would cost less. The subordinates were forced to
rename the proposal “productivity improvement” to secure approval and avoid confusion.
Such confusion can be reduced if each organization makes clear the distinction between the
multiple meanings of the word “quality.” However, some confusion is inevitable as long as
we use a single word to convey very different ideas.

There have been efforts to clarify matters by adding supplemental words. To date, none
of these efforts has gained broad acceptance. There also have been efforts to coin a short
phrase that would clearly and simultaneously define both the major meanings of the word
“quality.” A popular definition was first presented in the third handbook. “Quality” was
defined as meaning “fitness for use.” Dr. Deming used “conformance to requirements.”
Robert Galvin, Chairman Emeritus of Motorola, used “Six Sigma” to distinguish the high
level of quality as it related to defects. Others stated that quality means world-class excellence
or best-in-class and now performance excellence.

For this sixth edition we have found that many of these definitions fall short for service
organizations. To find a term that is universal, and can be applied to any situation, we mod-
ified our previous definition found in prior Juran handbooks. For many decades we have
said that quality means fitness for use. The use is defined by the customers that purchase, use,
or are affected by the good or service. If an organization understands the needs of its many
customers, it should be able to design goods and services that are fit for use. However, as
more and more service industries use the methods of managing for quality, the prior defini-
tion of quality is not applicable enough.

We have settled on a new definition. Quality means fitness for purpose. So no matter what
you produce—a good or a service—it must be fit for its purpose. To be fit for purpose, every
good and service must have the right features to satisfy customer needs and must be deliv-
ered with few failures. It must be effective to meet the customer requirements and efficient
for superior business performance.

It is unlikely that any short phrase can provide the depth of meaning needed by leaders
and managers who are faced with choosing a course of action to improve quality. The best
you can do it to understand the distinctions set out in Figure 1.1 and define quality based on
these distinctions.

Figure 1.1 presents two of the many meanings of the word “quality.” These two are of
critical importance to managing for quality.
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Features That Meet Customer Needs Freedom from Failures
Higher quality enables organizations to Higher quality enables organizations to
# Increase customer satisfaction # Reduce error rates
# Make products salable & Reduce rework, waste
& Meet competition & Reduce field failures, warranty charges
& Increase market share & Reduce customer dissatisfaction
& Provide sales income & Reduce inspection, test
& Secure premium prices # Shorten time to put new products on the market
& Reduce risk # Increase yields, capacity
« Improve delivery performance
Major effect is on revenue. Major effect is on costs.
Higher quality costs more. Higher quality costs less.

Figure 1.1 The Meaning of Quality.

Quality Impacts Revenue and Costs

First, quality has a big effect on costs: In this case, “quality” has come to mean freedom from
troubles traceable to office errors, factory defects, field failures, and so on. “Higher quality”
means fewer errors, fewer defects, and fewer field failures. When customers perceive a ser-
vice or good as low-quality, they usually refer to the failures, the defects, the poor response
times, etc. To increase this type of quality, an organization must master the universal of qual-
ity improvement. This is often called breakthrough or Six Sigma. It is a systematic method to
reduce the number of such deficiencies or the “costs of poor quality” to create a greater level
of quality and fewer costs related to it.

Second, quality has an effect on revenue: In this case, “higher quality” means delivery of
those features of the good or service that respond better to customer needs. Such features
make the product or service salable. Since the customers value the higher quality, they buy
it and you get revenue from it. It is well documented that being the quality leader can also
generate premium prices and greater revenue.

The authors will periodically define words that often have multiple meanings. We have
provided a Glossary of Key Terms at the end of the book. This will make it easy for the prac-
titioner to have a common ground while using the handbook to drive performance.

These important terms will be used throughout the book:

“Organizations” include any enterprise, company, operating institution, an industrial
organization, a government agency, a school, a hospital, and so on.

“Revenue” means gross receipts, whether from sales, budget appropriations, tuition,
government agency grants, and so on.

“Costs” refer to the total amount of dollars spent by an organization to meet customer
needs. With respect to quality, costs include the expenditure to design and ensure
delivery of high-quality goods and services plus the costs or losses as the result of poor

quality.
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The effects on costs and on revenue interact with each other. Not only do goods or ser-
vices with deficiencies add to suppliers” and customers’ costs, but also they discourage
repeat sales. Customers who are affected by field failures are, of course, less willing to buy
again from the guilty supplier. In addition, such customers do not keep this information to
themselves—they publicize it so that it affects the decisions of other potential buyers, with
negative effects on the sales revenue of the supplier.

The effect of poor quality on organizational finances has been studied broadly. In con-
trast, study of the effect of quality on revenue has lagged. This imbalance is even more sur-
prising, since most upper managers give higher priority to increasing revenues than to
reducing costs. This same imbalance presents an opportunity for improving organization
economics through better understanding of the effect of quality on revenue. (See Chapter 12,
Six Sigma: Improving Process Effectiveness.)

Quality, Earnings, and the Stock Market

At the most senior levels of management and among board members, there is keen interest
in financial metrics such as net income and share price. It is clear that different levels of qual-
ity can greatly affect these metrics, but so do other variables. Variables such as market
choices, pricing, and financial policy can influence these metrics. Separating out the market
benefits of managing for quality has just become feasible.

During the early 1990s, some of the financial press published articles questioning the
merits of the Malcolm Baldrige National Quality Award, Six Sigma, and other similar initia-
tives to improve performance. These articles were challenged with an analysis of the stock
price performance of organizations known to practice these methods. The Baldrige winners
were compared to that of the S&P 500 as a whole. The results were striking. The Malcolm
Baldrige National Quality Award winners outperformed the S&P 500. The Baldrige winners
had advanced 89 percent, as compared to only 33 percent for the broad Standard & Poor’s
Index of 500 stocks (“Betting to Win on the Baldie Winners” 1993, p. 8.) This set of winners
became known as the “Baldie Fund.”

The impact of the quality universals is also clear for organizations that are not measured
by the performance of their asset values. Michael Levinson, City Manager of 2007 Award
Recipient for the City of Coral Springs stated it this way: “People ask, ‘Why Baldrige?” My
answer is very simple: Triple A bond rating on Wall Street from all three ratings agencies,
bringing capital projects in on time and within budget, a 96 percent business satisfaction rat-
ing, a 94 percent resident satisfaction rating, an overall quality rating of 95 percent, and an
employee satisfaction rating of 97 percent . . . that’s why we’re involved with Baldrige.”

Market Quality Leadership and Business Strategy

Building Market Quality Leadership

Market leadership is often the result of entering a new market first and gaining superiority
that marketers call a franchise. Once gained, this franchise can be maintained through con-
tinuing product or service improvement and effective promotion. However, another organi-
zation may decide to redefine that market by improving the performance of the good or
service—improving its quality—and gaining superiority over the market leader. Then it
becomes the “quality leader” in the eyes of the customers. Organizations that have attained
this leadership have usually done so on the basis of two principal strategies:
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o Let nature take its course. In this approach, organizations apply their best efforts,
hoping that in time these efforts will be recognized as the leader creates a failure or
gives up its position.

* Help nature out by adopting a positive strategy—establish leadership as a formal
business goal and then set out to reach that goal. That goal, once attained, can lead
to superior results and sustain that position for long periods.

Those who decided to take action to make superior quality a formal goal soon found that
they also had to answer the question, “Leadership in what?” Leadership in quality can exist
in any of the multiple aspects of fitness for purpose, but the focus of the organization will
differ depending on which aspects are chosen. If quality leadership is to consist of

1. Superior quality of design

2. Superior quality of conformance
3. Availability

4. Guarantees

5. Speed of field repairs
Then the organization must focus on

1. Product development of its goods and services

2. Strong quality control and systematic quality improvement
3. Operational controls

4. Reliability and maintainability programs

5. Creation of a field service capability that is rapid and free of defects

Once attained, quality leadership endures until there is clear cumulative evidence that
some competitor has overtaken the leadership. Lacking such evidence, the leadership can
endure for decades and even centuries. However, superior quality can also be lost through
some catastrophic change.

A brewery reportedly changed its formulation in an effort to reduce costs. Within several years,
its share of market declined sharply. The original formula was then restored but market share did
not recover. (See “The Perils of Cutting Quality,” 1982.)

In some cases, the quality reputation is built not around a specific organization but
around an association of organizations. In that event, this association adopts and publicizes
some mark or symbol. The quality reputation becomes identified with this mark, and the
association goes to great lengths to protect its quality reputation.

The medieval guilds imposed strict specifications and quality controls on their members. Many
medieval cities imposed “export controls” on selected finished goods in order to protect the qual-
ity reputation of the city (Juran 1995).

The growth of competition in quality has stimulated the expansion of strategic busi-
ness planning to include planning for quality and quality leadership. (For elaboration,
see Chapter 7, Strategic Planning and Deployment: Moving from Good to Great.)

One approach to superior quality is through product development in collaboration with
the leading user of the goods or services—a user who is influential in the market and hence
is likely to be followed. For example, in the medical field, an individual is “internationally
renowned; a chairman of several scientific societies; is invited to congresses as speaker or
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chairman; writes numerous scientific papers” (Ollson 1986). Determining the identity of the
leading user requires some analysis. (In some respects, the situation is similar to the sales
problem of discovering who within the client organization is the most influential in the deci-
sion to buy.) Ollson lists 10 leader types, each playing a different role.

Quality and Share of Market

Growth in market share is often among the highest goals of upper managers. Greater market
share means higher sales volume. In turn, higher sales volume accelerates return on invest-
ment disproportionally due to the workings of the break-even chart.

In Figure 1.2, to the right of the break-even line, an increase of 20 percent in sales creates
an increase of 50 percent in profit, since the fixed costs do not increase. (Actually, constant
costs do vary with volume, but not at all in proportion.) The risks involved in increasing
market share are modest, since the technology, product or service, facilities, market, and so
on are already in existence and of proved effectiveness.

Effect of Quality Superiority

Quality superiority can often be translated into higher share of market, but it may require
special effort to do so. The superior quality must be clearly based on the customer needs and
the benefits the customer is seeking. If the quality superiority is defined only in terms of the
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Ficure 1.2 Break-even chart. (Juran, J. M., Juran’s Quality Handbook, 5th ed., McGraw-Hill, New York,
1999, p. 7.13.)
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company’s internal standards, the customer may not perceive the value. Patients may be
willing pay the extra cost of a trip to the Mayo Clinic in the United States rather than visit a local
practice because they perceive the superior clinical outcomes available at the Mayo Clinic.

Superiority Obvious to the Buyer

In such cases, the obvious superiority can be translated into higher share of market. This
concept is fully understood by marketers, and from time to time they have urged product or
service developers to come up with product or service features, which can then be promoted
to secure higher share of market. Examples of such cases are legion.

Superiority Translatable into Users’ Economics

Some products or services are outwardly alike but have dissimilar performances. An
obvious example is the difference in the electric power consumption of appliances with
otherwise identical features. In this and similar examples, it is feasible to translate the
technological difference into the language of money. Such translation makes it easier for
amateurs in technology to understand the significance of the quality superiority.

The superior reliability of a power tool can be translated into the language of money to
secure a price premium. The superior reliability could also have been used to secure higher
share of market. The superior quality of a truck tire can be translated into cost per unit of
distance traveled.

The initiative to translate may also be taken by the buyer. Some users of grinding wheels
keep records on wheel life. This is then translated into money—grinding wheel costs per
1000 pieces processed. Such a unit of measure makes it unnecessary for the buyer to become
expert in the technology of abrasives.

Collectively, cases such as the above can be generalized as follows:

o There is in fact a quality difference among competing product or services.

e This difference is technological so that its significance is not understood by many
users.

e It is often possible to translate the difference into the language of money or into
other forms within the users’ systems of values.

Superiority Minor but Demonstrable
In some cases, quality superiority can secure added share of market even though the com-
petitive “inferior” product is nevertheless fit for purpose.

A manufacturer of antifriction bearings refined its processes to such an extent that its
product or services were clearly more precise than those of the competitors. However, the
competitors” product or services were fit for purpose, so no price differential was feasible.
Nevertheless, the fact of greater precision impressed the client’s engineers and secured
increased share of market.

In consumer goods or services, even a seemingly small difference may be translated into
increased market share if the consumers are adequately sensitized to the differentials and
value them.

An executive of a manufacturer of candy-coated chocolates seized on the fact that his
product did not create chocolate smudge marks on consumers’ hands. He dramatized this in
television advertisements by contrasting the appearance of the children’s hands after eating
his and the competitors’ (uncoated) chocolate. His share of market rose dramatically.
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Superiority Accepted on Faith

Consumers can be persuaded to accept, on faith, assertions of good or service superiority,
which they themselves are unable to verify. An example was an ingenious market research
on electric razors. The sponsoring organization (Schick) employed an independent labora-
tory to conduct the tests. During the research, panelists shaved themselves twice, using two
electric razors, one after the other. On one day, the Schick razor was used first and a compet-
ing razor immediately after. On the next day, the sequence was reversed. In all tests, the
contents of the second razor were weighed precisely. The data clearly showed that when
the Schick was the second razor, its contents weighed more than those of the competitors.
The implication was that Schick razors gave a cleaner shave. Within a few months, the Schick
share of market rose as follows:

e September, 8.3 percent

e December, 16.4 percent

In this case, the consumers had no way to verify the accuracy of the asserted superiority.
They had the choice of accepting it on faith or not at all. Many accepted it on faith.

No Quality Superiority

If there is no demonstrable quality superiority, then share of market is determined by mar-
keting skills. These take such forms as persuasive value propositions, attractive packaging,
and so on. Price reductions in various forms can provide increases in share of market, but
this is usually temporary. Competitors move promptly to take similar action. Such price
reduction can have permanent effect if the underlying cost of production has also been
reduced as the result of process improvements that give the company a competitive cost
edge over its competitors.

Consumer Preference and Share of Market

Consumers rely heavily on their own senses to aid them in judging quality. This fact has
stimulated research to design means for measuring quality by using human senses as mea-
suring instruments. This research has led to development of objective methods for measur-
ing consumer preference and other forms of consumer response. A large body of literature is
now available, setting out the types of sensory tests and the methods for conducting them.

At first, these methods were applied to making process control and product or service
acceptance decisions. But the applications were soon extended into areas such as consumer
preference testing, new-product or new-service development, advertising, and marketing.

For some products or services, it is easy to secure a measure of consumer preference
through “forced-choice” testing. For example, a table is set up in a department store and
passersby are invited to taste two cups of coffee, A and B, and to express their preference.
Pairs of swatches of carpet may be shown to panels of potential buyers with the request that
they indicate their preferences. For comparatively simple consumer goods or services, such
tests can secure good data on consumer preference. More complex products such as insur-
ance or financial instruments may require more sophisticated analysis such as conjoint anal-
ysis or discrete choice methods.

The value of consumer preference data is greatly multiplied through correlation with
data on share of market. Figure 1.3 shows such a correlation for 41 different packaged con-
sumer food products. This was an uncommonly useful analysis and deserves careful study.

Each dot on Figure 1.3 represents a food product sold on supermarket shelves. Each prod-
uct has competitors for the available shelf space. The competing products sell for identical
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Ficure 1.3 Consumer preference versus share of market. (Juran, J. M., Juran’s Quality Handbook,
5th ed., McGraw-Hill, New York, 1999, p. 7.17.)

prices and are packaged in identically sized boxes containing identical amounts of product
or service. What may influence the consumer?

¢ The contents of the package, as judged by senses and usage, which may cause the
consumer to prefer product A over product B

e The marketing features such as attractiveness of the package, appeal of prior
advertising, and reputation of the manufacturer

In Figure 1.3 the horizontal scale shows consumer preference over the leading competi-
tor as determined by statistically sound preference testing. The vertical scale shows the share
of market versus the leading competitor, considering the two as constituting 100 percent.

In Figure 1.3 no product showed a consumer preference below 25 percent or above
75 percent. The 75/25 preference levels mean that the product is so superior (or inferior) that
three users out of four can detect the difference. Since all other factors are essentially equal,
this result implies that a product that is preferred by more than 75 percent of consumers
eventually takes over the entire market, and its competition disappears.

In contrast to the vacant areas on the horizontal scale of consumer preference, the verti-
cal scale of share of market has data along the entire spectrum. One product (marked A in
Figure 1.3) lies squarely on the 50 percent consumer preference line, which probably means
(under forced-choice testing) that the users are guessing as to whether they prefer that prod-
uct or service or that of its competitor. Yet product or service A has only 10 percent share of
market and its competitor has 90 percent. In addition, this inequality in share of market has
persisted for years. The reason is that the 90 percent organization was the first to bring that
product to market. As a result, it acquired a “prior franchise” and has retained its position
through good promotion.
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The conclusion is that when competing products or services are quite similar in con-
sumer preference, any effect of such small quality differentials is obscured by the effect of the
marketing skills. In consequence, it is logical to conclude that when quality preferences are
evident to the user, such quality differences are decisive in share of market, all other things
being equal. When quality differences are slight, the decisive factor in share of market is the
marketing skills.

As a corollary, it appears that organizations are well advised to undertake quality
improvements, which will result in either (1) bringing them from a clearly weak to an accept-
able preference or (2) bringing them from an acceptable preference to a clearly dominant
preference. However, organizations are not well advised to undertake quality improvements
that will merely make minor improvements that are not largely perceived and valued by
their customers, since marketing skill is usually the dominant factor in determining the
share of market when the differences in quality are small.

It is easy for technologists to conclude that what they regard as important in the good or
service is also of prime concern to the user. In the carpet industry, the engineers devote much
effort to improving wear qualities and other technological aspects of fitness for purpose.
However, after a market research study was conducted, it was determined that consumers’
reasons for selecting carpets were primarily sensory, and not durability:

e Color 56 percent
¢ Pattern 20 percent
® Other sensory qualities 6 percent

¢ Nonsensory qualities 18 percent

For more complex consumer goods or services it is feasible, in theory, to study the rela-
tion of quality to market share by securing quantitative data on (1) actual changes in buying
patterns of consumers and (2) actions of suppliers that may have created these changes. In
practice, such information is difficult to acquire. It is also difficult to conclude, in any one
instance, why the purchase was of model A rather than B. What does emerge is “demo-
graphic” patterns, i.e., age of buyers, size of family, and so on, that favor model A rather than
B. For goods or services sold through merchants, broad consumer dissatisfaction with qual-
ity can translate into merchant preference, with extensive damage to share of market.

A maker of household appliances was competitive with respect to product or service
features, price, and promptness of delivery. However, it was not competitive with respect to
field failure, and this became a major source of complaints from consumers to the merchants.
Within several years the maker (B) lost all its leadership in share of market, as shown in the
table below. This table stimulated the upper managers of organization B to take action to
improve its product reliability.

Model Leaders in Market Share during:

Price Base Year Base Year Plus 1 Base Year Plus 2 Base Year Plus 3
High A C C C

Medium B B C C

Low C C C C

Special B B B C

13
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Industrial Products and Share of Market

Industrial goods or services are sold more on technological performance than on sensory
qualities. However, the principle of customer preference applies, as does the need to relate
quality differences to customer preference and to share of market.

Quality and Competitive Bidding

Many industrial products are bought through competitive bidding. Most government agen-
cies are required by law to secure competitive bids before awarding large contracts. Indus-
trial organizations require their purchasing managers to do the same. The invitations to bid
usually include the parameter of quality, which may be specified in detail or though perfor-
mance specifications.

To prospective suppliers the ratio of awards received to bids made is of great significance.
The volume of sales and profit depends importantly on this ratio. In addition, the cost of pre-
paring bids is substantial. Finally, the ratio affects the morale of the people involved. (Members
of a winning team fight with their competitors; members of a losing team fight with one
another.) It is feasible to analyze the record of prior bids in order to improve the percentage of
successful bids. Figure 1.4 shows such an analysis involving 20 unsuccessful bids.

To create Figure 1.4, a multifunctional team analyzed 20 unsuccessful bids. It identified the
main and contributing reasons for failure to win the contract. The team’s conclusions show
that the installation price was the most influential factor—it was a contributing cause in 10 of
the 14 cases that included bids for installation. This finding resulted in a revision of the process
for estimating the installation price and an improvement in the bidding/success ratio.

Carryover of Failure-Prone Features

Market leadership can be lost by perpetuating failure-prone features of predecessor models.
The guilty features are well known, since the resulting field failures keep the field service
force busy restoring service. Nevertheless, there has been much carryover of failure-prone
features into new models. At the least, such carryover perpetuates a sales detriment and a
cost burden. At its worst, it is a cancer that can destroy seemingly healthy product or service
lines.

A notorious example was the original xerographic copier. In that case the “top 10” list of
field failure modes remained essentially identical, model after model. A similar phenome-
non existed for years in the automobile industry.

The reasons behind this carryover have much in common with the chronic internal
wastes, which abound in so many organizations:

1. The alarm signals are disconnected. When wastes continue, year after year, the
accountants incorporate them into the budgets. That disconnects the alarm signals—
no alarms ring as long as actual waste does not exceed budgeted waste.

2. There is no clear responsibility to get rid of the wastes. There are other reasons as
well. The technologists have the capability to eliminate much of the carryover.
However, those technologists are usually under intense pressure from the marketers
to develop new product or service and process features in order to increase sales. In
addition, they share distaste for spending their time cleaning up old problems. In
their culture, the greatest prestige comes from developing the new.

The surprising result can be that each department is carrying out its assigned responsi-
bilities, and yet the product or service line is dying. Seemingly nothing short of upper manage-
ment intervention—setting goals for getting rid of the carryover—can break up the impasse.
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Bid Not Accepted due to
Contract  Quality of Product Installation Reciprocal ~ Other
Proposal Design Price Price Buying
Al X X X
A2 XX
A3 XX X
A4 XX X
A5 XX
A6 XX
A7 XX
A8 XX
A9 XX
A10 XX
Bl X X
B2 XX
B3 XX
B4 XX
B5 X X
B6 X XX
B7 XX
B8 X X
B9 X
B10 X X X
Totals 7 8 10 (out of 14) 4 1

X = contributing reasons; XX = main reason
Only 14 bids were made for installation.

Ficure 1.4 Analysis of unsuccessful bids. (Juran, J. M., Juran’s Quality Handbook, 5th ed., McGraw-Hill,
New York, 1999.)

Macroeconomic Influences on Results

The ability of an organization to secure revenue is strongly influenced by the economic cli-
mate and by the cultural habits that the various economies have evolved. These overriding
influences affect product or service quality as well as other elements of commerce.

National Affluence and Organization
The form of a nation’s economy and its degree of affluence strongly influence the approach
to its problems.

Subsistence Economies

In subsistence economies the numerous impoverished users have little choice but to devote
their revenue to basic human needs. Their protection against poor quality is derived more
from their collective political power than from their collective economic power. Much of the
world’s population remains in a state of subsistence economy.
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Shortages and Surpluses

In all economies, a shortage of goods (a “sellers” market”) results in a relaxing of quality
standards. The demand for goods exceeds the supply, so users must take what they can get
(and bid up the price to boot). In contrast, a buyers’ market results in a tightening of quality
standards.

Life with the Risk of Failure

As societies industrialize, they revise their lifestyle in order to secure the benefits of technol-
ogy. Collectively, these benefits have greatly improved the quality of life, but they have also
created a new dependence. In the industrial societies, great masses of human beings place
their safety, health, and even their daily well-being behind numerous “quality dikes.” For
instance, many pharmaceuticals often enable a person to receive quick short-term health
benefits, but in the long term the illness may get worse.

For elaboration, see Chapter 2, Quality’s Impact on Society and the National Culture.

Voluntary Obsolescence

As customers acquire affluence, economic organizations increasingly bring out new goods
or services (and new models of old ones) that they urge prospective users to buy. Many
of the users who buy these new models do so while possessing older models that are still
in working order. This practice is regarded by some reformers as a reprehensible eco-
nomic waste.

In their efforts to put an end to this asserted waste, the reformers have attacked the orga-
nizations who bring out these new models and who promote their sale. Using the term
“planned obsolescence,” the reformers imply (and state outright) that the large organiza-
tions, by their clever new models and their powerful sales promotions, break down the
resistance of the users. Under this theory, the responsibility for the waste lies with the orga-
nizations that create the new models.

In the experience and judgment of the author, this theory of planned obsolescence is
mostly nonsense. The simple fact, obvious to both producers and consumers, is that the
consumer makes the decision (of whether to discard the old product or service and buy the
new). Periodically, this fact is dramatized by some massive marketing failure.

e The early models of home refrigerators lacked many features of modern models:
freezer compartments, ice cube makers, shelves in the door, and so on. As these
features were added to new models, homeowners who had bought the original
models became increasingly unhappy until they bought a new model despite the
fact that the old model was still running. Note that the decision to buy the new
model was made by the customer, not by the manufacturer.

o The latter half of the 1970s saw the introduction of recorded entertainment into
the home of the consumer with the creation of the video cassette recorder (VCR).
For two decades this invention was a staple in millions of people’s domestic lives
across the globe. The introduction of the digital video disc (DVD) player, a
machine whose ultimate utility was the same as a VCR, replaced it within years,
not decades. Offered improved quality and additional features but with the same
basic function as a VCR, consumers chose the DVD even when they already had
an operating appliance with equivocal functionality in their homes. New forms
of downloadable video through the Internet are beginning to revolutionize this
market again.
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Involuntary Obsolescence

A very different category of obsolescence consists of cases in which long-life products con-
tain failure-prone components that will not last for the life of the product or service. The life
of these components is determined by the manufacturer’s design. As a result, even though
the user decides to have the failed component replaced (to keep the product or service
active), the manufacturer has made the real decision because the design determined the life
of the component.

This situation is at its worst when the original manufacturer has designed the product or
service in such a way that the supplies, spare parts, and so on are nonstandard, so that the
sole source is the original manufacturer. In such a situation, the user is locked into a single
source of supply. Collectively, such cases have lent themselves to a good deal of abuse and
have contributed to the consumerism movement.

Contrast in Views: Customers’ and Producers’

Industrial organizations derive their revenue from the sale of their goods or services. These
sales are made to “customers,” but customers vary in their functions. Customers may be
wholesalers, processors, ultimate users, and so on, with resulting variations in customer
needs. Response to customer needs in order to sell more goods or services requires a clear
understanding of just what those needs are and how the organization can meet them.
Human needs are complex and extend beyond technology into social, artistic, status, and
other seemingly intangible areas. Suppliers are nevertheless obliged to understand these
intangibles in order to be able to provide products or services that respond to such needs.

The Spectrum of Affluence

In all economies the affluence of the population varies across a wide spectrum. Suppliers
respond to this spectrum through variations in product or service features. These variations
are often called grades.

For example, all hotels provide overnight sleeping accommodations. Beyond this basic
service, hotels vary remarkably in their offerings, and the grades (deluxe suites, four-star,
and so on) reflect this variation. In like manner, any model of automobile provides the basic
service of point-to-point transportation. However, there are multiple grades of automobiles.
There are luxury brands such as Porsche, BMW, Mercedes, Cadillac, and Lexus; and there
are more affordable ones such as GM, Hyundai, Ford, and Toyota. The higher grades supply
services beyond pure transportation. They may provide more features that result in higher
levels of safety, comfort, appearance, and status.

Fitness for Purpose and Conformance to Specification

Customers and suppliers sometimes differ in their definition of quality. Such differences are
an invitation to trouble. To most customers, quality means those features of the product or
service that respond to customer needs. In addition, quality includes freedom from failures,
plus good customer service if failures do occur. One comprehensive definition for the above
is “fitness for purpose.”

In contrast, for years many suppliers had defined quality as conformance to specifica-
tion at the time of final test. This definition fails to consider numerous factors that influence
quality as defined by customers: packaging, storage, transport, installation, reliability, main-
tainability, customer service, and so on.

Figure 1.5 tabulates some of the differences in viewpoint as applied to long-life goods.
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Principal Views
Aspects Of Customers Of Producers
What is purchased? A product needed by the customer Goods made by the producer
Definition of quality Fitness for purpose Conformance to specification
during the life of the on final test
product or service
Cost Cost of use, including Cost of producers
« Purchase price
& Operating costs
& Maintenance
& Downtime
& Depreciation
& Loss on resale
Responsibility for Over the entire useful life During the warranty period
keeping in service
Spare parts A necessary evil A profitable business

Ficure 1.5 Contrasting views: customers’ and producers’.

The ongoing revolution in quality has consisted in part of revising the suppliers’ defini-
tion of quality to conform more nearly to the customers’ definition.

Cost of Use

For consumable goods or many services, the purchase price paid by the customer is quite
close to the cost of using (consuming) the good or service. However, for long-lived product
or services, the cost of use can diverge considerably from the purchase price because of
added factors such as operating costs, maintenance costs, downtime, depreciation, license
fees, new releases, and transaction service charges.

The centuries-old emphasis on purchase price has tended to obscure the subsequent
costs of use. One result has been suboptimization; i.e., suppliers optimize their costs rather
than the combined costs of suppliers and customers.

The concept of life-cycle costing offers a solution to this problem, and progress is being
made in adopting this concept.

Degrees of User Knowledge
In a competitive market, customers have multiple sources of supply. In making a choice,
quality is an obvious consideration. However, customers vary greatly in their ability to eval-
uate quality, especially prior to purchase. Figure 1.6 summarizes the extent of customer
knowledge and strength in the marketplace as related to quality matters.

The broad conclusions that can be drawn from Figure 1.6 are as follows:

o Original equipment manufacturers (OEMs) can protect themselves through their
technological and/or economic power as much as through contract provisions.
Merchants and repair shops must rely mainly on contract provisions supplemented
by some economic power.
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Aspects of the
Problem

Original Equipment
Manufacturers (OEMs)

Dealers and
Repair Shops

Consumers

Makeup of the market

Economic strength
of any one customer

Technological strength
of customer

Political strength of
customer

Fitness for purpose is
judged mainly by:

Quality specifications
dominated by:

Use of incoming
inspection

Collection and analysis
of failure data

A few, very large
customers

Very large, cannot
be ignored

Very high; has engineers
and laboratories

Modest or low

Qualification testing

Customers

Extensive test for
conformance to
specification

Good to fair

Some large customers
plus many smaller ones

Modest or low

Low or nil

Low or nil

Absence of consumer
complaints

Manufacturer

Low or nil for dealers;
in-use tests by repair
shops

Poor to nil

Very many, very
small customers

Negligible

Nil (requires technical

assistance)

Variable, but can be
very great collectively

Successful usage

Manufacturer

In-use test

Poor to nil

Ficure 1.6 Customer influences on quality. (Juran, J. M., Juran’s Quality Handbook, 5th ed., McGraw-Hill,

New York, 1999, p. 7.5.)

o Small users have very limited knowledge and protection. The situation of the small
user requires some elaboration.

With some exceptions, small users do not fully understand the technological nature of
the product or service. The user does have sensory recognition of some aspects of fitness for
use: the bread smells fresh-baked, the radio set has clear reception, the shoes are good-looking.
Beyond such sensory judgments, and especially concerning the long-life performance of the
product or service, the small user must rely mainly on prior personal experience with
the supplier or merchant. Lacking such prior experience, the small user must choose from
the propaganda of competing suppliers plus other available inputs (neighbors, merchants,
independent laboratories, and so on).

To the extent that the user does understand fitness for use, the effect on the supplier’s
revenue is somewhat as follows:
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As seen by the user, the good or service or service is

The resulting revenue to the supplier is

In the foregoing table, the terms “fitness for purpose,” “inferior,

Not fit for purpose

Fit for purpose but noticeably inferior to competitive products or services

Fit for purpose and competitive

Noticeably superior to competitive products or services

None, or in immediate jeopardy

Lower due to loss of market share or need to lower prices

At market prices

High due to premium prices or greater share of market

"o i

competitive,” and

“superior” all relate to the situation as seen by the user. (The foregoing table is valid as
applied to both large customers and small users.)

As Seen by the User, the Product or Service Is The Resulting Income to the Supplier Is

Not fit for purpose

None, or in immediate jeopardy

Fit for purpose, but noticeably inferior to
competitive products

Low due to loss of market share or need
to lower prices

Fit for purpose and competitive

At market prices

Noticeably superior to competitive products High due to premium prices or greater

share of market

Stated Needs and Real Needs

Customers state their needs as they see them, and in their language. Suppliers are faced with
understanding the real needs behind the stated needs and translating those needs into sup-

pliers’

language.

It is quite common for customers to state their needs in the form of goods, when their
real needs are for the services provided by those goods. For example:

Stated Needs of Customer

Real Needs of Customer

Food

A pleasant taste and nourishment

An automobile

Transportation, safety, comfort

A flat screen TV

Entertainment, news, movies in the home

Toothpaste

Clean teeth, sweet breath, etc.

7/24 Banking

Ability to deposit or get money anytime as
needed

Preoccupation with selling goods can divert attention from the real needs of customers.
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In the classic, widely read paper “Marketing Myopia,” Levitt (1960) stressed service
orientation as distinguished from product orientation. In his view, the railroads missed an
opportunity for expansion due to their focus on railroading rather than on transportation. In
like manner, the motion picture industry missed an opportunity to participate in the
growing television industry due to its focus on movies rather than on entertainment
(Levitt 1960).

Understanding the real needs of customers requires answers to questions such as these:
Why are you buying this product or service? What service do you expect from it?

Psychological Needs

For many products or services, customer needs extend beyond the technological features
of the good or service; customer needs also include matters of a psychological nature. Such
needs apply to both goods and services. “A person in need of a haircut has the option of
going to (1) a ‘shop’ inhabited by ‘barbers’ or (2) a ‘salon’ inhabited by ‘hair stylists.” Either
way, she/he is cut by a skilled artisan. Either way, her/his resulting outward appearance
is essentially the same. What differs is her /his remaining assets and her/his sense of well-
being.” (Juran, 1984)

What applies to services also applies to physical goods. There are factories in which
chocolate-coated candies are conveyed by a belt to the packaging department. At the end of
the belt are two teams of packers. One team packs the chocolates into modest cardboard
boxes destined for budget-priced merchant shops. The other team packs the chocolates into
satin-lined wooden boxes destined to be sold in deluxe shops. The resulting price for a like
amount of chocolate can differ by several fold. The respective purchasers encounter other
differences as well: the shop decor, level of courtesy, promptness of service, sense of impor-
tance, and so on. However, the goods are identical. Any given chocolate on that conveyer
belt has not the faintest idea of whether it will end up in a budget shop or in a deluxe shop.

Technologists may wonder why consumers are willing to pay such price premiums
when the goods are identical. However, for many consumers, the psychological needs are
perceived as real needs, and the consumers act on their perceptions. Most suppliers design
their marketing strategies to respond to customers’ perceived needs.

“User-Friendly” Needs

The “amateur” status of many users has given rise to the term “user-friendly” to describe a
condition that enables amateurs to use technological and other complex product or services
with confidence. Consider the following example.

The language of published information should be simple, unambiguous, and readily
understood. Notorious offenders have included legal documents, owners’ operating manu-
als, forms to be filled out, and so on. Widely used forms (such as federal tax returns) should
be field-tested on a sample of the very people who will later be faced with filling out the
forms.

Goods or services should be broadly compatible. Much of this has been done through
standardization committees or through natural monopolies. An example of the lack of such
compatibility during the 1980s was the personal computer—many personal computers were
able to “talk” to computers made by the same manufacturer but not to computers made by
other manufacturers.

The Need to Be Kept Informed

Customers sometimes find themselves in a state of uncertainty: Their train is late, and they
don’t know when to expect it; there is a power outage, and they don’t know when power

2
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will be restored. In many such cases, the supplier organization has not established the poli-
cies and processes needed to keep customers informed. In actuality, customers, even if kept
informed, usually have no choice but to wait it out. Nevertheless, being kept informed
reduces the anxiety—it provides a degree of assurance that human beings are aware of the
problem and that it is in the process of being solved.

The New York City subway system rules require conductors to explain all delays lasting
2 minutes or more. One survey reported that this rule was followed only about 40 percent of
the time. A City Hall report concluded that “shortage of information is a significant source
of public antagonism toward the Transit Authority” (Levine 1987).

In contrast, some airlines go to pains to keep their customers informed of the reasons for
a delay and of the progress being made in providing a remedy.

A different category of cases involves organizations secretly taking actions adverse to
quality but without informing the customer. The most frequent are those in which goods or
services not conforming to specification are shipped to unwary customers. In the great
majority of such cases, the products or services are fit for use despite the nonconformance.
In other cases, the matter may be debatable. In still other cases, the act of shipment is at least
unethical and at worst illegal.

The partnership between Firestone Tires and Ford Explorer SUVs in the late 1990s cre-
ated one of the most defective and ultimately deadly relationships in modern automotive
history. Firestone tires were continually failing under the frame of the Ford Explorer, often
causing the SUV to flip and roll. More than 250 people lost their lives because of this defect
while 3000 other incidents were reported due to this imperfection. What made this situa-
tion sordid was the fact that neither Ford nor Firestone took responsibility for this obvious
problem. Ford Explorers with Firestone tires were still being sold to the general public
even when, in the early stages, unusually high rates of crashes were taking place. Instead
of recalling the models in question, the manufacturer let this problem persist for years
until the incident rate and death count became so high that the problem could not be
ignored further.

Once discovered, any secretive actions tend to arouse suspicions, even if the product or
service is fit for customer use. The customers wonder, “What else has been done secretly
without our being informed?”

The usual reason for not informing the customer is a failure to raise the question, What
shall we tell the customers? It would help if every nonconformance document included a
blank space titled “What is to be communicated to the customers?” The decision may be to
communicate nothing, but at least the question has been asked.

Cultural Needs

The needs of customers, especially internal customers, include cultural needs—preservation
of status, continuity of habit patterns, and still other elements of what is broadly called the
cultural pattern. Some of the inability to discover customer needs is traceable to failure to
understand the nature and even the existence of the cultural pattern.

Cultural needs are seldom stated openly—mostly they are stated in disguised form. A
proposed change that may reduce the status of some employee will be resisted by that
employee. The stated reasons for the resistance will be on plausible grounds, such as the
effect on costs. The real reason will not emerge. No one will say, “I am against this because it
will reduce my status.” Discovery of the real needs behind the stated needs is an important
step toward a meeting of the minds. (For elaboration on the nature of cultural patterns and
the “rules of the road,” see Chapter 5, Quality Improvement: Creating Breakthroughs in
Performance.)
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Needs Traceable to Unintended Use

Many quality failures arise because the customer uses the product or service in a manner
different from that intended by the supplier. This practice takes many forms:

¢ Untrained patient care workers are assigned to processes requiring trained workers.

e Equipment is overloaded or is allowed to run without adherence to maintenance
schedules.

o The product or service is used in ways never intended by the supplier. For instance,
a screwdriver is used as a hammer. It was not designed to hit things! It can break
and cause harm to the user.

All this influences the relationship between quality and revenue. The critical question is
whether the product or service or service development should be based on intended use or actual
use. The latter often requires adding a factor of safety during the development. For example:

¢ Fuses and circuit breakers are designed into electrical circuits for protection against
overloads.

o Spell-check software is designed to detect grammar and spelling errors.

o Public utility invoicing may include a check of customers’ prior usage to guard

against errors in reading the meters.

Such factors of safety may add to the cost. Yet they may well result in an optimal overall
cost by helping to avoid the higher cost arising from actual use or misuse.

Needs Related to Dissatisfaction

When products or services fail to meet the needs of their customers, a new set of customer
needs arises—how to restore service and get compensated for the associated losses and
inconvenience. These new needs are communicated through customer complaints, which
then are acted on by special departments such as customer service or call centers. Inadequate
organizational response to consumer complaints and to the terms of warranties has contrib-
uted importantly to the rise of the “consumerism” movement. (See Chapter 2, Quality’s
Impact on Society and the National Culture.)

Studies of how to respond to customer complaints have identified the key features of a
response system that meets customer needs.

Complaints also affect product or service salability. This has been researched in studies com-
missioned by the U.S. Office of Consumer Affairs. The findings may be summarized as follows:

o Of customers who were dissatisfied with products or services, nearly 70 percent did
not complain. The proportions varied with the type of product or service involved.
The reasons for not complaining included these: the effort to complain was not
worth it; the customers believed that complaining would do no good; customers
lacked knowledge of how to complain.

o Over 40 percent of the complaining customers were unhappy with the responsive
action taken by the suppliers. Here again the percentage varied according to the
type of product or service involved.

Future salability is strongly influenced by the action taken on complaints. Figure 1.7 shows
broadly the nature of consumer behavior following dissatisfaction with a purchase. This strong
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100
90 A [] Potential loss over $100
80 1 Il Potential loss over $1 to $5
70%
70
60 -
54%
50 A 46%
40 37%
30 A
20 - 19%
10 4 9%
O .
Problem but Complaint not Complaint
no complaint satisfactorily satisfactorily
resolved resolved

Ficure 1.7 Behaviors of consumers after they experience product dissatisfaction. (Planning for Quality,
2d ed., Juran Institute, 1990, pp. 4-12.)

influence extends to brand loyalty. Figure 1.8 shows the extent of this influence as applied to
large-ticket durable goods, financial services, and automobile services, respectively.

That same research concluded that an organized approach to complaint handling pro-
vides a high return on investment. The elements of such an organized approach may
include

e Aresponse center staffed to provide 7/24 access by consumers
¢ A toll-free telephone number

e A computerized database

e Special training for the personnel who answer the telephones

e Active solicitation of complaints to minimize loss of customers in the future

Discovering Hidden Customer Needs

The most simplistic assumption is that customers are completely knowledgeable as to
their needs and that market research can be used to extract this information from them.
In practice, customer knowledge can be quite incomplete. In some cases the customer
may be the last person to find out. It is unlikely that any customer ever expressed the
need for a Walkman (a miniature, portable audiotape player) before such devices came
on the market. However, once they became available, many customers discovered that
they needed one.
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Ficure 1.8 Consumer loyalty versus complaint resolution: large ticket durable goods, financial
services, automotive services. (Planning for Quality, 2d ed., Juran Institute, 1990, pp. 4-14.)
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These gaps in customer knowledge are filled in mainly by the forces of the competitive
market and by the actions of entrepreneurs.

Inferior Available Product or Services

When available products are perceived as inadequate, a vacuum waiting to be filled emerges.
Human ingenuity then finds ways to fill that vacuum:

1. The number of licensed New York taxicabs has remained frozen for years while the
population has increased. The resulting shortage of cabs has been filled by unlicensed
cabs (“gypsy cabs”), limousines, buses, and even bicycles.

2. Government instructions for filling out tax forms have been confusing to many
taxpayers. One result has been the publication of some best-selling books and
software on how to prepare tax returns.

3. The service provided by tradesmen has been widely regarded as expensive and
untimely. One result has been the growth of a large do-it-yourself industry.

Reduction of Time for Service

Some cultures exhibit an urge to “get it over with.” In such cultures, those who can serve
customers in the shortest time are rewarded by a higher share of market. A spectacular
example of this urge is the growth of the fast-food industry. This same need for fast food and
quick service is an essential element in the urge of a producer to employ “just-in-time” man-
ufacturing techniques.

Changes in Customer Habits

Customer habits can be notoriously fickle. Obvious examples are fashions in clothing or con-
cerns over health. Consumerism is now driving lifestyles. Many people have reduced the con-
sumption of beef and increased that of poultry and fish. Such shifts are not limited to consumers.
Industrial organizations often launch “drives,” most of which briefly take center stage and then
fade away. The associated “buzzwords” similarly come and go.

Perfectionism

The human being exhibits an instinctive drive for precision, beauty, and perfection. When
unrestrained by economics, this drive has created the art treasures of the ages. In the arts and
in aesthetics, this timeless human instinct still prevails.

In the industrial society, there are many situations in which this urge for perfection coin-
cides with human needs. In food and drug preparation, certain organisms must be com-
pletely eliminated, or they will multiply and create health hazards. Nuclear reactors,
underground mines, aircraft, and other structures susceptible to catastrophic destruction of
life require a determined pursuit of perfection to minimize dangers to human safety. So does
the mass production of hazardous materials.

However, there are numerous other situations in which the pursuit of perfection is
antagonistic to society, since it consumes materials and energy without adding to fitness for
purpose, either technologically or aesthetically. This wasteful activity is termed perfectionism
because it adds cost without adding value.

Quality: Brief History of Quality and the Management of It

A young recruit who joins an organization soon learns that it has in place numerous pro-
cesses (systems) to manage its affairs, including managing for quality. The recruit might
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assume that humans have always used those processes to manage for quality and will con-
tinue to so in the future. Such assumptions would be grossly in error. The processes used to
manage for quality have undergone extensive change over the millennia, and there is no end
in sight.

Primitive Societies—The Family

Quality is a timeless concept. The origins of ways to manage for quality are hidden in the
mists of the ancient past. Yet we can be sure that humans have always faced problems of
quality. Primitive food gatherers had to learn which fruits were edible and which were poi-
sonous. Primitive hunters had to learn which trees supplied the best wood for making bows
or arrows. The resulting know-how was then passed down from generation to generation.

The nuclear human organizational unit was the family. Isolated families were forced to
create self-sufficiency—to meet their own needs for food, clothing, and shelter. There was
division of work among family members. Production was for self-use, so the design, produc-
tion, and use of a product were all carried out by the same persons. Although the technology
was primitive, the coordination was superb. The same human beings received all inputs and
took all remedial action. The limiting factor for achieving quality was the primitive state of
the technology.

The Village—Division of Labor

Villages were created to serve other essential human requirements such as mutual defense
and social needs. The village stimulated additional division of labor and development of
specialized skills. There emerged farmers, hunters, fishers, and artisans of all sorts—weavers,
potters, shoemakers. By going through the same work cycle over and over, the artisans
became intimately familiar with the materials used, the tools, the steps in the process, and
the finished product. The cycle included selling the product to users and receiving their
feedback on product performance. The experience derived from this intimate familiarity
then enabled human ingenuity to take the first steps toward the evolution of technology.

The Village Marketplace—Caveat Emptor

As villages grew, the village marketplace appeared where artisans and buyers met on sched-
uled market days. In this setting, producers and users met face to face with the goods
between them. The goods typically were natural products or were made from natural mate-
rials. The producers and purchasers had long familiarity with the products, and the quality
of the products could be judged to a high degree by the unaided human senses.

Under such a state of affairs, the village magistrates tended to avoid being drawn into
quality disputes between seller and buyer. This forced buyers to be vigilant so as to protect
themselves against poor quality. In effect, the seller was responsible for supplying the goods,
but the buyer became responsible for supplying the quality “assurance.” This arrangement
was known as caveat emptor, which is Latin for “let the buyer beware.” Thus buyers learned
to beware through product inspection and test. They looked closely at the cloth, smelled the
fish, thumped the melon, and tasted a grape. Any failure to beware was at their own peril.
In the village marketplace, caveat emptor was quite a sensible doctrine. It is widely applied
to this day in villages all over the world.

A further force in the village marketplace was the fact of common residence. Producer
and buyer both lived in the same village. Each was subject to scrutiny and character evalua-
tion by the villagers. Each also was subject to village discipline. For the artisan, the stakes
were high. His or her status and livelihood (and those of her or his family) were closely tied
to the person’s reputation as a competent and honest artisan. In this way, the concept of
craftsmanship became a quiet yet powerful stimulus to maintain a high level of quality.
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Effects of the Growth of Commerce

In due course villages expanded into towns and cities, and improved transport opened the
way to trade among regions.

A famous example of organized multiregional trade was the Hanseatic League which
was centered among the cities of northern Europe from about the 1200s to the 1600s. Its
influence extended into Scandinavia and Russia as well as to the Mediterranean and Black
Sea (von der Porten 1994).

Under trade among regions, producer and user could no longer meet face to face in the
marketplace. Products were now made by chains of suppliers and processors. Marketing
was now done by chains of marketers. The buyers” direct point of contact was now with
some merchant rather than with the producer. All this reduced the quality protections inher-
ent in the village marketplace to a point requiring invention of new forms of quality assur-
ance. One such invention was the quality warranty.

Quality Warranties

Early quality warranties were no doubt in oral form. Such warranties were inherently diffi-
cult to enforce. Memories differed as to what was said and meant. The duration of the war-
ranty might extend beyond the life of the parties. Thus the written warranty was invented.

An early example was on a clay tablet found amid the ruins of Nippur in ancient Baby-
lon. It involved a gold ring set with an emerald. The seller guaranteed that for 20 years the
emerald would not fall out of the gold ring. If it did fall out of the gold ring before the end
of 20 years, the seller agreed to pay to the buyer an indemnity of 10 mana of silver. The date
is the equivalent of 429 B.C. (Bursk et al. 1962, vol. I, p. 71).

Quality warranties are now widely used in all forms of trade and commerce. They stim-
ulate producers to give priority to quality and stimulate sellers to seek out reliable sources
of supply. So great is their importance that recent legislation has imposed standards to
ensure that the wording of warranties does not mislead the buyers.

Quality Specifications

Sellers need to be able to communicate to buyers the nature of what they have to sell. Buyers
need to be able to communicate to sellers the nature of what they want to buy. In the village
marketplace, oral communication could take place directly between producer and buyer.
With the growth of commerce, communication expanded to include chains of producers and
chains of merchants who often were widely separated. New forms of communications were
needed, and a major invention was the written quality specification. Now quality informa-
tion could be communicated directly between designer and producer or between seller and
buyer no matter how great the distance between them or how complex the nature of the
product.

Like warranties, written specifications have an ancient origin. Examples have been
found in Egyptian papyrus scrolls over 3500 years old (Durant 1954). Early specifications
focused on defining products and the processes for producing them. In due course the con-
cept was extended to defining the materials from which the products were made. Then as
conflicts arose because sellers and buyers used different methods of test, it became necessary
to establish inspection and test specifications as well.

Measurement

The emergence of inspection and test specifications led to the evolution of measuring instru-
ments. Instruments for measuring length, volume, and time evolved thousands of years ago.
Instruments have continued to proliferate, with ever-increasing precision. In recent centuries,
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the precision of the measurement of time has increased by more than 10 orders of magnitude
(Juran 1995, Chapter 10).

Artisans and Guilds

The artisan’s possession of the skills of a trade was a source of income and status as well as
self-respect and respect from the community. However, as villages grew into towns and
cities, the numbers of artisans grew as well. The resulting competition was perceived by
artisans as threatening the benefits they derived from their trade.

To perpetuate their benefits, the artisans within a trade organized trade unions—guilds.
Each guild then petitioned the city authorities to confer on guild members a monopoly on
practicing their trade.

Guilds flourished for centuries during the Middle Ages until the Industrial Revolution
reduced their influence. They used their monopolistic powers chiefly to provide a livelihood
and security for their members. The guilds also provided extensive social services to their
members. (For elaboration, see Bursk et al. 1962, vol. III, pp. 1656-1678.)

The Guild Hierarchy

Each guild maintained a hierarchy of (usually) three categories of workers: the apprentice,
the journeyman, and the master. Considerable formality surrounded the entry into each
category.

At the bottom was the apprentice or novice, whose entry was through an indenture—a
formal contract that bound the apprentice to serve a master for a specified number of years.
In turn, the master became responsible for teaching the trade to the apprentice.

To qualify for promotion, the apprentice was obliged to serve out the full term of the
indenture. In addition, he or she was required to pass an examination by a committee of
masters. Beyond the oral part of the examination, the apprentice was required to produce a
perfect piece of work—a masterpiece—that was then inspected by the examination commit-
tee. Success in the examination led to a ceremonial admission to the status of journeyman.

The journeyman’s right to practice the trade was limited. He or she could become an
employee of a master, usually by the day. The journeyman also could travel to other towns,
seeking employment in his or her trade. Only after admission to the rank of master could the
journeyman set up shop on his or her own.

Admission to the rank of master required first that there be an opening. Guilds imposed
limits on the numbers of masters in their areas. On the death or retirement of an active master,
the guild would decide whether to fill that opening. If so, a journeyman would be selected
and admitted, again through a formal ceremony.

Guilds and Quality Planning

Guilds were active in managing for quality, including quality planning. They established
specifications for input materials, manufacturing processes, and finished products as well as
for methods of inspection and test.

Guilds and Quality Control

Guild involvement in quality control was extensive. They maintained inspections and audits
to ensure that artisans followed the quality specifications. They established means of “trace-
ability” to identify the producer. In addition, some applied their “mark” to finished products as
added assurance to consumers that quality met guild standards. Control by the guilds also
extended to sales. The sale of poor-quality goods was forbidden, and offenders suffered a
range of punishments—all the way from fines to expulsion from membership. The guilds
also established prices and terms of sale and enforced them.
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Guilds and Quality Improvement

An overriding guild policy was solidarity—to maintain equality of opportunity among
members. To this end, internal competition among members was limited to “honest” com-
petition. Quality improvement through product or process innovation was not considered to
be “honest” competition. This limitation on quality improvement did indeed help to main-
tain equality among members, but it also made the guild increasingly vulnerable to competi-
tion from other cities that did evolve superior products and processes.

Guilds and External Forces

The guilds were able to control internal competition, but external competition was some-
thing else. Some external competition came in the form of jurisdictional disputes with other
guilds, which consumed endless hours of negotiation. More ominous was competition from
other cities, which could be in quality as well as in price and value.

The policy of solidarity stifled quality improvement and thereby became a handicap to
remaining competitive. Thus the guilds urged the authorities to restrict imports of foreign
goods. They also imposed strict rules to prevent their trade secrets from falling into the
hands of foreign competitors. (The Venetian glass industry threatened capital punishment to
those who betrayed such secrets.)

Inspection and Inspectors
The concepts of inspection and inspectors are of ancient origin. Wall paintings and reliefs in
Egyptian tombs show the inspections used during stone construction projects. The measur-
ing instruments included the square, level, and plumb bob for alignment control. Surface
flatness of stones was checked by “boning rods” and by threads stretched across the faces of
the stone blocks.

As shops grew in size, the function of inspection gave rise to the full-time job of inspector. In
due course, inspectors multiplied in numbers to become the basis for inspection departments,
which in turn gave birth to modern quality departments (Singer et al. 1954, vol. I, p. 481).

Government Involvement in Managing for Quality

Governments have long involved themselves in managing for quality. Their purposes have
included protecting the safety and health of citizens, defending and improving the economics
of the state, and protecting consumers against fraud. Each of these purposes includes some
aspect of managing for quality.

Safety and Health of the Citizens

Early forms of protection of safety and health were after-the-fact measures. The Code of
Hammurabi (c. 2000 B.C.) prescribed the death penalty for any builder of a house that later
collapsed and killed the owner. In medieval times, the same fate awaited the baker who
inadvertently had mixed rat poison with the flour.

Economics of the State
With the growth of trade between cities, the quality reputation of a city could be an asset or
a liability. Many cities took steps to protect their reputation by imposing quality controls on
exported goods. They appointed inspectors to inspect finished products and affix a seal to
certify the quality. This concept was widely applied to high-volume goods such as textiles.
Continued growth of commerce then created competition among nations, including
competition in quality. Guilds tended to stifle quality improvement, but governments
favored improving the quality of domestic goods in order to reduce imports and increase
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exports. For example, in the late sixteenth century, James VI of Scotland imported craftsmen
from the Low Countries to set up a textile factory and to teach their trade secrets to Scottish
workers (Bursk et al. 1962, vol. IV, pp. 2283-2285).

Consumer Protection

Many states recognized that concerning some domestic trade practices, the rule of caveat
emptor did not apply. One such practice related to measurement. The states designed official
standard tools for measuring length, weight, volume, and so on. Use of these tools was then
mandated, and inspectors were appointed to ensure compliance. (See, e.g., Juran 1995, Chap-
ter 1.) The twentieth century witnessed a considerable expansion in consumer protection
legislation. (For elaboration, see Juran 1995, Chapter 17.)

The Mark or Seal of Quality

A mark or seal has been applied to products over the centuries to serve multiple purposes.
Marks have been used to

o Identify the producer, whether artisan, factory, town, merchant, packager, or still
others. Such identification may serve to fix responsibility, protect the innocent
against unwarranted blame, enable buyers to choose among multiple makers,
advertise the name of the maker, and so on.

e Provide traceability. In mass production, use of lot numbers helps to maintain
uniformity of product in subsequent processing, designate expiration dates, make
selective product recalls, and so on.

¢ Provide product information, such as type and quantities of ingredients used, date
when made, expiration dates, model number, ratings (such as voltage, current), and
SO on.

e Provide quality assurance. This was the major purpose served by the marks of the
guilds and towns. It was their way of telling buyers, “This product has been
independently inspected and has good quality.”

An aura of romance surrounds the use of seals. The seals of some medieval cities are
masterpieces of artistic design. Some seals have become world-renowned. An example is the
British “hallmark” that is applied to products made of precious metals.

The Industrial Revolution

The Industrial Revolution began in Europe during the middle of the eighteenth century. Its
origin was the simultaneous development of power-driven machinery and sources of
mechanical power. It gave birth to factories that soon outperformed the artisans and small
shops and made them largely obsolete.

The Factory System—Destruction of Crafts

The goals of the factories were to raise productivity and reduce costs. Under the craft sys-
tem, productivity had been low due to primitive technology, whereas costs had been high
due to the high wages of skilled artisans. To reach their goals, the factories reengineered the
manufacturing processes. Under the craft system, an artisan performed every one of the
numerous tasks needed to produce the final product—pins, shoes, barrels, and so on. Under
the factory system, the tasks within a craft were divided up among several or many factory
workers. Special tools were designed to simplify each task down to a short time cycle.

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



32

Key Concepts: What Leaders Need to Know about Quality

A worker then could, in a few hours, carry out enough cycles of his or her task to reach high
productivity.

Adam Smith, in his book The Wealth of Nations, was one of the first to publish an explana-
tion of the striking difference between manufacture under the craft system and under the
factory system. He noted that pin making had been a distinct craft, consisting of 18 separate
tasks. When these tasks were divided among 10 factory workers, production rose to a per-
worker equivalent of 4800 pins a day, a level that was orders of magnitude higher than
would be achieved if each worker were to produce pins by performing all 18 tasks (Smith
1776). For other types of processes, such as spinning or weaving, power-driven machinery
could outproduce hand artisans while employing semiskilled or unskilled workers to reduce
labor costs.

The broad economic result of the factory system was mass production at low costs. This
made the resulting products more affordable and contributed to economic growth in indus-
trialized countries as well as to the associated rise of a large “middle class.”

Quality Control under the Factory System

The factory system required associated changes in the system of quality control. When craft
tasks were divided among many workers, those workers were no longer their own custom-
ers, over and over. The responsibility of workers was no longer to provide satisfaction to the
buyer (also customer, user). Few factory workers had contact with buyers. Instead, the
responsibility became one of “make it like the sample” (or specification).

Mass production also brought new technological problems. Products involving
assemblies of bits and pieces demanded interchangeability of those bits and pieces. Then
with the growth of technology and of ever-wider commercial territories, the need for
standardization emerged as well. All this required greater precision throughout—machinery,
tools, measurement. (Under the craft system, the artisan fitted and adjusted the pieces as
needed.)

In theory, such quality problems could be avoided during the original planning of the
manufacturing processes. Here the limitation rested with the planners—the “master mechan-
ics” and shop supervisors. They had extensive, practical experience, but their ways were
empirical, being rooted in craft practices handed down through the generations. They had
little understanding of the nature of process variation and the resulting product variation.
They were unschooled in how to collect and analyze data to ensure that their processes had
“process capability” to enable the production workers to meet the specifications. Use of such
new concepts had to await the coming of the twentieth century.

Given the limitations of quality planning, what emerged was an expansion of inspection
by departmental supervisors supplemented by full-time inspectors. Where inspectors were
used, they were made responsible to the respective departmental production supervisors.
The concept of a special department to coordinate quality activities broadly also had to await
the coming of the twentieth century.

Quality Improvement

The Industrial Revolution provided a climate favorable for continuous quality improvement
through product and process development. For example, progressive improvements in the
design of steam engines increased their thermal efficiency from 0.5 percent in 1718 to 23.0
percent in 1906 (Singer et al. 1958, vol. IV). Inventors and entrepreneurs emerged to lead
many countries into the new world of technology and industrialization. In due course, some
organizations created internal sources of inventors—research laboratories to carry out product
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and process development. Some created market research departments to carry out the func-
tions of entrepreneurship.

In contrast, the concept of continuous quality improvement to reduce chronic waste
made little headway. One likely reason is that most industrial managers give higher priority
to increasing income than to reducing chronic waste. The guilds’ policy of solidarity, which
stifled quality improvement, also may have been a factor. In any event, the concept of qual-
ity improvement to reduce chronic waste did not find full application until the Japanese
quality revolution of the twentieth century.

The Taylor System of Scientific Management
A further blow to the craft system came from F. W. Taylor’s system of “scientific management.”
This originated in the late nineteenth century when Taylor, an American manager, wanted to
increase production and productivity by improving manufacturing planning. His solution was
to separate planning from execution. He brought in engineers to do the planning, leaving the
shop supervisors and the workforce with the narrow responsibility of carrying out the plans.
Taylor’s system was stunningly successful in raising productivity. It was widely adopted
in the United States but not so widely adopted elsewhere. It had negative side effects in
human relations, which most U.S. managers chose to ignore. It also had negative effects on
quality. The U.S. managers responded by taking the inspectors out of the production depart-
ments and placing them in newly created inspection departments. In due course, these
departments took on added functions to become the broad-based quality departments of
today. (For elaboration, see Juran 1995, Chapter 17.)

The Rise of Quality Assurance

The anatomy of “quality assurance” is very similar to that of quality control. Each evaluates
actual quality. Each compares actual quality with the quality goal. Each stimulates corrective
action as needed. What differs is the prime purpose to be served.

Under quality control, the prime purpose is to serve those who are directly responsible
for conducting operations—to help them regulate current operations. Under quality assur-
ance, the prime purpose is to serve those who are not directly responsible for conducting
operations but who have a need to know—to be informed as to the state of affairs and hope-
fully to be assured that all is well.

In this sense, quality assurance has a similarity to insurance. Each involves spending a
small sum to secure protection against a large loss. In the case of quality assurance, the pro-
tection consists of an early warning that may avoid the large loss. In the case of insurance,
the protection consists of compensation after the loss.

Quality Assurance in the Village Marketplace

In the village marketplace, the buyers provided much of the quality assurance through their
vigilance—through inspection and test before buying the product. Added quality assurance
came from the craft system—producers were trained as apprentices and were then required
to pass an examination before they could practice their trade.

Quality Assurance through Audits

The growth of commerce introduced chains of suppliers and merchants that separated con-
sumers from the producers. This required new forms of quality assurance, one being quality
warranties. The guilds created a form of quality assurance by establishing product and pro-
cess standards and then auditing to ensure compliance by the artisans. In addition, some
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political authorities established independent product inspections to protect their quality
reputations as exporters.

Audit of Suppliers’ Quality Control Systems

The Industrial Revolution stimulated the rise of large industrial organizations. These bought
equipment, materials, and products on a large scale. Their early forms of quality assurance
were mainly through inspection and test. Then, during the twentieth century, there emerged
anew concept under which customers defined and mandated quality control systems. These
systems were to be instituted and followed by suppliers as a condition for becoming and
remaining suppliers. This concept was then enforced by audits, both before and during the
life of the supply contracts.

At first, this concept created severe problems for suppliers. One problem was the lack of
standardization. Each buying company had its own idea of what was a proper quality con-
trol system, so each supplier was faced with designing its system to satisfy multiple custom-
ers. Another problem was that of multiple audits. Each supplier was subject to being audited
by each customer. There was no provision for pooling the results of audits into some com-
mon data bank, and customers generally were unwilling to accept the findings of audits
conducted by personnel other than their own. The resulting multiple audits were especially
burdensome to small suppliers.

In recent decades, steps have been taken toward standardization by professional societ-
ies, by national standardization bodies, and most recently by the International Organization
for Standardization (ISO). ISO’s 9000 series of standards for quality control systems are now
widely accepted among European organizations. There is no legal requirement for com-
pliance, but as a marketing matter, organizations are reluctant to be in a position in which
their competitors are certified as complying with ISO 9000 standards but they themselves
are not.

There remains the problem of multiple audits. In theory, it is feasible for one audit to
provide information that would be acceptable to all buyers. This is already the case in qual-
ity audits conducted by Underwriters Laboratories and in financial audits conducted by
leading financial auditing firms. Single quality audits may become feasible in the future
under the emerging process for certification to the ISO 9000 series, but considerably greater
maturity would be required.

Extension to Military Procurement

Governments have always been large buyers, especially for defense purposes. Their early
systems of quality assurance consisted of inspection and test. During the twentieth century,
there was a notable shift to mandating quality control systems and then using audits to ensure
conformance to the mandated systems. The North Atlantic Treaty Organization (NATO)
evolved an international standard—the Allied Quality Assurance Publications (AQAP)—that
includes provisions to minimize multiple audits. (For elaboration, see Juran 1977.)

Resistance to Mandated Quality Control Systems

At the outset, suppliers resisted the mandated quality control systems imposed by their
customers. None of this could stop the movement toward quality assurance. The economic
power of the buyers was decisive. Then as suppliers gained experience with the new
approach, they realized that many of its provisions were simply good business practice.
Thus the concept of mandated quality control systems seems destined to become a perma-
nent feature of managing for quality.
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Shift of Responsibility

Note that the concept of mandating quality control systems involves a major change in
responsibility for quality assurance. In the village marketplace, the producer supplies the
product, but the buyer has much of the responsibility for supplying the quality assur-
ance. Under mandated quality control systems, the producer becomes responsible for
supplying both the product and the quality assurance. The producer supplies the quality
assurance by

¢ Adopting the mandated system for controlling quality
e Submitting the data that prove that the system is being followed

The buyers’ audits then consist of seeing to it that the mandated system is in place and
that the system is indeed being followed.

The Twentieth Century and Quality

The twentieth century witnessed the emergence of some massive new forces that required
responsive action. These forces included an explosive growth in science and technology,
threats to human safety and health and to the environment, the rise of the consumerism
movement, and intensified international competition in quality.

An Explosive Growth in Science and Technology

This growth made possible an outpouring of numerous benefits to human societies: longer
life spans, superior communication and transport, reduced household drudgery, new forms
of education and entertainment, and so on. Huge new industries emerged to translate the
new technology into these benefits. Nations that accepted industrialization found it possible
to improve their economies and the well-being of their citizenry.

The new technologies required complex designs and precise execution. The empirical
methods of earlier centuries were unable to provide appropriate product and process
designs, so process yields were low and field failures high. Organizations tried to deal with
low yields by adding inspections to separate the good from the bad. They tried to deal with
field failures through warranties and customer service. These solutions were costly, and they
did not reduce customer dissatisfaction. The need was to prevent defects and field failures
from happening in the first place.

Threats to Human Safety and Health and to the Environment

With benefits from technology came uninvited guests. To accept the benefits required
changes in lifestyle, which, in turn, made quality of life dependent on continuity of service.
However, many products were failure-prone, resulting in many service interruptions. Most
of these were minor, but some were serious and even frightening—threats to human safety
and health as well as to the environment.

Thus the critical need became quality. Continuity of the benefits of technology depended
on the quality of the goods and services that provided those benefits. The frequency and
severity of the interruptions also depended on quality—on the continuing performance and
good behavior of the products of technology. This dependence came to be known as “life
behind the quality dikes.” (For elaboration, see Chapter 10, A Look Ahead: Eco-Quality for
Environmental Sustainability.)
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Expansion of Government Regulation of Quality

Government regulation of quality is of ancient origin. At the outset, it focused mainly on
human safety and was conducted “after the fact”—laws provided for punishing those whose
poor quality caused death or injury. Over the centuries, there emerged a trend to regulation
“before the fact”—to become preventive in nature.

This trend was intensified during the twentieth century. In the field of human health,
laws were enacted to ensure the quality of food, pharmaceuticals, and medical devices.
Licensing of practitioners was expanded. Other laws were enacted relating to product safety,
highway safety, occupational safety, consumer protection, and so on.

Growth of government regulation was a response to twentieth-century forces as well as
a force in its own right. The rise of technology placed complex and dangerous products in
the hands of amateurs—the public.

Government regulation then demanded product designs that avoided these dangers. To
the organizations, this intervention then became a force to be reckoned with. (For elabora-
tion, see Juran 1995, Chapter 17.)

The Rise of the Consumerism Movement

Consumers welcomed the features offered by the new products but not the associated new
quality problems. The new products were unfamiliar—most consumers lacked expertise in
technology. Their senses were unable to judge which of the competing products to buy, and
the claims of competing organizations often were contradictory.

When products failed in service, consumers were frustrated by vague warranties and
poor service. “The system” seemed unable to provide recourse when things failed. Individ-
ual consumers were unable to fight the system, but collectively they were numerous and
hence potentially powerful, both economically and politically. During the twentieth century,
a “consumerism” movement emerged to make this potential a reality and to help consumers
deal more effectively with these problems. This same movement also was successful in stim-
ulating new government legislation for consumer protection. (For elaboration, see Juran
1995, Chapter 17.)

Intensified International Competition in Quality

Cities and countries have competed for centuries. The oldest form of such competition was
probably in military weaponry. This competition then intensified during the twentieth cen-
tury under the pressures of two world wars. It led to the development of new and terrible
weapons of mass destruction.

A further stimulus to competition came from the rise of multinational organizations.
Large organizations had found that foreign trade barriers were obstacles to export of their
products. To get around these barriers, many set up foreign subsidiaries that then became
their bases for competing in foreign markets, including competition in quality.

The most spectacular twentieth-century demonstration of the power of competition in
quality came from the Japanese. Following World War II, Japanese organizations discovered
that the West was unwilling to buy their products—Japan had acquired a reputation for
making and exporting shoddy goods. The inability to sell became an alarm signal and a
stimulus for launching the Japanese quality revolution during the 1950s. Within a few
decades, that revolution propelled Japan into a position of world leadership in quality. This
quality leadership in turn enabled Japan to become an economic superpower. It was a phe-
nomenon without precedent in industrial history.
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The Twenty-First Century and Quality

The cumulative effect of these massive forces has been to “move quality to center stage.” Such
a massive move logically should have stimulated a corresponding response—a revolution in
managing for quality. However, it was difficult for organizations to recognize the need for such
a revolution—they lacked the necessary alarm signals. Technological measures of quality did
exist on the shop floors, but managerial measures of quality did not exist in the boardrooms.
Thus, except for Japan, the needed quality revolution did not start until very late in the twen-
tieth century. To make this revolution effective throughout the world, economies will require
many decades—the entire twenty-first century. Thus, while the twentieth century has been the
“century of productivity,” the twenty-first century will be known as the “century of quality.”

The failure of the West to respond promptly to the need for a revolution in quality led to
a widespread crisis. The 1980s then witnessed quality initiatives being taken by large num-
bers of organizations. Most of these initiatives fell far short of their goals. However, a few
were stunningly successful and produced the lessons learned and role models that will serve
as guides for the West in the decades ahead.

Today all countries can attain superiority in quality. The methods, tools, and know-how
exist. A country that is an emerging country today may provide higher quality than one that
has been producing it for centuries. Today and into the foreseeable future all organizations
in all industries must continue to strive for perfection. They need to be in a state of perfor-
mance excellence. That is why this sixth edition handbook is subtitled The Complete Guide to
Performance Excellence.

Lessons Learned

Organizations that were successful in their quality initiatives made use of numerous strate-
gies. Analysis shows that despite differences among the organizations, there was much com-
monality. These common strategies included the following:

1. Customers and quality have top priority. Thus customer satisfaction was the chief
operating goal embedded in the vision and strategic plans. This was written into
corporate policies and scorecards.

2. Create a performance excellence system. All organizations that attained superior results
did so with a change program or a systematic model for change. This model enables
organizational breakthroughs to occur.

3. Do strategic planning for quality. The business plan was opened up to include quality
goals and balanced scorecards, year after year.

4. Benchmark best practices. This approach was adopted to set goals based on superior
results already achieved by others.

5. Engage in continuous innovation and process improvement. The business plan was
opened up to include goals for improvement. It was recognized that quality is a
moving target; therefore there is no end to improving processes.

6. Offer training in managing for quality, the methods and tools. Training was extended
beyond the quality department to all functions and levels, including upper managers.

7. Createan organization-wide assurance focus. This focusis onimproving and ensuring
that all goods, services, processes, and functions in an organization are of high
quality.
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8. Project by project, create multifunctional teams. Multifunctional teams, adopted to give
priority to organization results rather than to functional goals, and later extended to
include suppliers and customers, are key to creating breakthroughs in current
performance. They focus on the “vital few” opportunities for improvement.

9. Empower employees. This includes training and empowering the workforce to
participate in planning and improvement of the “useful many” opportunities.
Motivation was supplied through extending the use of recognition and rewards for
responding to the changes demanded by the quality revolution. Measurements were
developed to enable upper managers to follow progress toward providing customer
satisfaction, meeting competition, improving quality, and so on. Upper managers
took charge of managing for quality by recognizing that certain responsibilities were
not delegable—they were to be carried out by the upper managers, personally.

10. Build an adaptable and sustainable organization. Quality is defined by the customers.
Customers are driven by societal problems. Quality now includes safety, no harm to
the environment, low cost, ease of use, etc. To succeed, all organizations must focus
on attaining sustainable organizations.
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About This Chapter

The subsequent growth of commerce and of science and technology greatly expanded the
extent and variety of nonnatural goods and services. As a result, human beings in many
modern industrial societies live longer and safer lives. They are largely shielded from the
perils that their ancestors faced. However, all those nonnatural goods and services have cre-
ated a new dependence and therefore new risks. Years ago I coined the phrase “life behind
the quality dikes” to designate these risks (Juran 1969). This chapter is about the effects of
poor quality on our society and environment.

High Points of This Chapter

1. Human society has depended on quality since the dawn of history. In industrial
societies, we place our safety, health, and even daily well-being behind numerous
protective “dikes” of quality control. However, all these nonnatural goods and
services have created a new dependence and therefore new risks on our society.
These risks must be mitigated, or we will have many losses, both financial and
cultural.

|
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. The goal of high quality is common to all countries. This common goal must compete

with other national goals amid the massive forces—political, economic, and social—
that determine the national priorities.

. Consumerism is the name for the movement to help consumers solve their problems

through collective action. No one knows whether the rate of consumer grievances
has grown over the centuries. However, we know that the volume of grievances has
grown to enormous numbers due to the growth in volume of goods and services.

. Consumers exhibit a wide range of product knowledge, including the lowest. In

consequence, actual use of the product can differ significantly from intended use.
Many designed products and services are designed not for actual usage but rather
for intended usage. Many lawsuits occur because people are hurt as a result of using
a product in a way that was not “fit for purpose.”

. Governing bodies have established and enforced standards of quality. Some of these

have been political: national, regional, local. Others have been nonpolitical: guilds,
trade associations, standardization organizations, and so on. These governing
bodies have attained a status that enables them to carry out programs of regulation
and can become a hidden customer to the salability of our products and services.
All organizations must plan for these regulations or face penalties.

. During the twentieth century these lawsuits have, in the United States, grown

remarkably in numbers. This growth in number of lawsuits has been accompanied
by an equally remarkable growth in the sizes of individual claims and damages. All
products and services must be created to minimize potential suits brought because
of poor quality.

Life Behind the Quality Dikes

Human society has depended on quality since the dawn of history. In primitive societies this
dependence was on the quality of natural goods and “services.” Human life can exist only
within rather narrow limits of climatic temperature, air quality, food quality, and so on. For
most primitive societies, life even within these narrow limits is marginal, and human beings
in most primitive societies live precariously. Hours of work are often long and exhausting.
Life spans are shortened by malnutrition, disease, natural disasters, and so on. To reduce
such risks, primitive societies created nonnatural aids to their mental and physical capabili-
ties, aids such as

Division of labor
Communal forms of society, such as villages
Artificial shelter, e.g., houses

Processing of natural materials to produce nonnatural goods such as pottery, textiles,
tools, and weapons

Lessons learned from the experience of the past, such as when to plant crops and
which berries are poisonous, handed down from generation to generation

The subsequent growth of commerce and of science and technology greatly expanded the
extent and variety of nonnatural goods and services. As a result, human beings in many mod-
ern industrial societies live longer and safer lives. They are largely shielded from the perils that
their ancestors faced. However, all those nonnatural goods and services have created a new
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dependence and therefore new risks. Years ago I coined the phrase “life behind the quality
dikes” to designate these new risks (Juran 1969).

In industrial societies, great masses of human beings place their safety, health, and even
daily well-being behind numerous protective “dikes” of quality control. For example, the
daily safety and health of the citizenry now depends absolutely on the quality of manufac-
tured products: drugs, food, aircraft, automobiles, elevators, tunnels, bridges, and so on. In
addition, the very continuity of our lifestyle is built around the continuity of numerous vital
services: powet, transport, communication, water, waste removal, and many others. A major
power failure paralyzes the lives of millions.

There are numerous minor breaks in the quality dikes—occasional failures of goods and
services. These are annoying as well as costly. Far more serious are the terrifying major
breaks such as occurred at Chernobyl and Bhopal.

Not only individuals but also nations and their economies live dangerously behind the
dikes of quality control. National productivity relies on the quality of product and process
design. National defense relies on the quality of complex weaponry. The growth of the
national economy is keyed to the reliability of its systems for energy, communication, trans-
port, and so on.

So while technology confers wonderful benefits on society, it also makes society depend-
ent on the continuing performance and good behavior of technological goods and services.
This is life behind the quality dikes—a form of securing benefits but living dangerously. Like
the Dutch who have reclaimed much land from the sea, we secure benefits from technology.
However, we need good dikes—good quality—to protect us against the numerous service
interruptions and occasional disasters. These same risks have also led to legislation that at
the outset was bitterly opposed by industrial organizations. Since then it has become clear
that the public is serious about its concerns. What is encouraging is that users (whether indi-
viduals or nations) are willing to pay for good dikes.

The ability to cope with breaks in the quality dikes varies remarkably among users.
Large organizations (industrial organizations, governments) employ technologists or other-
wise use their economic and political strengths to plan, control, and improve quality. In
contrast, individuals (consumers, the citizenry) find themselves pitted against forces that
seem to them as mysterious and overpowering as natural forces appeared to their primitive
ancestors.

Any one individual has only a very limited capacity to deal with these forces. How-
ever, there are very many individuals. Collectively their economic and political powers
are formidable. These powers have emerged as a movement generally called consumer-
ism. This movement, though loosely organized, has become influential in providing
individual members of society with protection and recourse when faced with breaks in
the quality dikes.

The Growth of Consumerism

Consumerism is a popular name for the movement to help consumers solve their problems
through collective action. No one knows whether the rate of consumer grievances has grown
over the centuries. However we know that the volume of grievances has grown to enormous
numbers due to the growth in volume of goods and services. By the middle of the twentieth
century, consumer frustrations had reached levels that stimulated attacks on industrial
organizations for their alleged responsibility for consumers’ problems. Then when most
organizations failed to take appropriate action, the resulting vacuum attracted numerous
contenders for leadership of a consumerism movement: government agencies, politicians,
social reformers, consumer advocates, consumer associations, standardization organizations,
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independent test laboratories, and still others. A risk arose that a bargaining agent would
emerge to intervene between industrial organizations and their customers.

Note: The text for this topic includes some extracts and paraphrases of material from
Juran’s Quality Handbook (1995, Chapter 17).

Consumer Perceptions

Starting in the 1970s, researchers began to identify the dominant consumer problems as well
as the perceptions of the groups in interest: consumers, consumer organizations, govern-
ment, business, insurance organizations, and so on. Table 2.1 lists the major quality-oriented
consumer problems as derived from one such study.

Consumer expectations sometimes rise faster than the market rate of improvement.
In addition, consumer perceptions can differ from the realities. For example, many consum-
ers believed that quality of product was getting worse, that “products don’t last as long as
they used to.” Yet the author’s studies of specific product lines have almost always found
that quality has kept improving.

Consumers are generally more negative than positive on the attitudes of business toward
problems of consumers. Consumers strongly favor competition as a means of ensuring
higher quality, safer products, and better prices. They also feel that most advertising is mis-
leading, and that much is seriously misleading.

During the late 1970s consumer perceptions of quality in specific industries varied
widely. The favorable perceptions included banks, department stores, small shopkeepers,
telephone organizations, supermarkets and food stores, and airlines. At the other end of the
spectrum, consumers had poor perceptions of car manufacturers, the advertising industry,
the oil industry, local garages, auto mechanics, and used car dealers (Sentry 1976, p. 13).

While consumer perceptions are sometimes in error, the perceptions are important in
their own right. People act on their perceptions, so it is important to understand what their
perceptions are.

Consumers generally felt that there was much they could do to help themselves rela-
tive to quality. They felt that the necessary product information was available but the

Poor reliability of many products

Failure to live up to advertising claims

Poor quality and slow responsiveness of after-sales service and repairs
Misleading packaging and labeling

Futility of making complaints—nothing substantial will be done

Costly guarantees and warranties

Failure of organizations to handle complaints properly and quickly

Too many dangerous products, especially toys for children

The absence of reliable information about service quality, particularly in health care
Too many self-serve diagnostics

Not knowing what to do when something goes wrong with a purchased product

Too many similar, but different models to choose from

TasLe 2.1 Major Consumer Quality-Oriented Problems
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information was not being used by consumers. They had similar views with respect to
product safety. They generally felt that most products were safe if used properly and that
many product safety problems arose because of failure to read the instructions properly
(Sentry 1976).

Remedial Proposals

There are a number of proposals for remedies, amid much difference of opinion. The differ-
ences arise in part because of the impact on costs and prices (see below). In addition there are
differences due to a contest for power. The various consumer organizations and government
departments all feel that they should play larger roles, and that certain traditional powers of
business should be restricted.

Ideally, the remedies should eliminate the causes of consumer problems at the source.
The consumerism movement has been skeptical that such prevention will take place at
the initiative of the industrial organizations. Hence the main proposals have related to
establishing ways to enable consumers to judge beforehand whether they are about to
buy trouble.

Access to Information before Purchase

Consumers could make better buying decisions if they had access to information on com-
petitive product test data, field performance, and so on. Many industrial organizations
possess such information but will not disclose it—they regard it as proprietary. They do
disclose selected portions, but mainly to aid in sale of the product. The risk of bias is obvi-
ous. Consumers’ needs for information extend also to after-sale service, response to com-
plaints, and so on. Here again, the organizations regard such information as proprietary. The
lack of information from industrial organizations has created a vacuum that has attracted
alternative sources of product information to help consumers judge which products to buy
and which to avoid. One such source is test laboratories that are independent of the organi-
zations making and selling the products.

Under this concept a competent laboratory makes an expert, independent evaluation of
product quality so that consumers can obtain the unbiased information needed to make
sound purchasing decisions. Adequate consumer test services require professionals and
skilled technicians, well-equipped test laboratories, acquisition of products for test, and dis-
semination of the resulting information. Financing of all these needs is so severe a problem
that the method of financing determines the organization form and the policies of the test
service.

Product Testing: Consumer-Financed

In this form the test laboratory derives its income by publishing its test results, usually in a
monthly journal plus an annual summary. Consumers are urged to subscribe to the journal
on the grounds that they will save money by acquiring the information needed to make bet-
ter purchasing decisions. Advertisements of these test laboratories raise questions such as
“Would you pay $100 for an appliance when independent tests show that a $75 appliance is
just as good?”

In their operation, these consumer-financed test laboratories buy and test competitive
products, evaluate their performance and failures, compare these evaluations with the prod-
uct prices, and rate the products according to some scale of relative value. The ratings, test
result summaries, descriptions of tests conducted, and so on are published in the laboratory’s
journals. The industrial organizations play no role in the testing and evaluation. In addition,
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the organizations are not permitted to quote the ratings, test results, or other material pub-
lished in the journals.
Thus the service offered to consumers consists of

1. The laboratory’s test results, which are mainly objective and unbiased.

2. Judgments of values that are subjective and carry a risk of bias. That is, the stress
of the advertising (showing the consumer that some lower-priced products are as
good as higher-priced products) creates a bias against higher-priced products.
More importantly, the judgments are not necessarily typical of consumers’
judgments.

Despite the obvious problems of financing a test service from numerous consumer sub-
scriptions, there are many such services in existence in affluent and even developing coun-
tries. In the United States, the most widely known source of such tests is Consumers Union.
The test results are published in the journal Consumer Reports.

Product Testing: Government-Financed

Governments have long been involved in matters of product quality, to protect the safety
and health originally of the citizenry and later of the environment. For elaboration, see later,
under Government Regulation of Quality.

The most recent extension has been in the area of consumer economics. Some of this has
been stimulated by the consumerism movement. A by-product has been the availability of
some product test results and other quality-related information. This information is made
available to the public, whether in published form or on request.

Government-Subsidized Tests

In some countries, the government subsidizes test laboratories to test consumer products
and to publish the results as an aid to consumers. The rationale is that there is a public need
for this information and hence the costs should be borne by the public generally.

Mandated Government Certification

Under this concept, products are required by law to be independently approved for ade-
quacy before they may be sold to the public. This concept is applied in many countries to
consumer products for which human safety is critical (e.g., pharmaceuticals, foods). For
other products, there has been a sharp division in practice. Generally, the market-based
economies have rejected mandated government certification for (noncritical) consumer
products, and they have relied on the forces of the competitive marketplace to achieve
quality. In contrast, the planned economies, as exemplified by the former Soviet Union,
went heavily into the setting of standards for consumer products and the use of govern-
ment laboratories to enforce compliance to these standards (which had the force of
law).

Product Testing: Company-Financed

In this form, industrial organizations buy test services from independent test laboratories in
order to secure the mark (certificate, seal, label) of the laboratory for their products. In some
product categories it is unlawful to market the products without the mark of a qualified test-
ing service. In other cases it is lawful, but the mark is needed for economic reasons—the
insurance organizations will demand extraordinarily high premiums or will not provide
insurance at all.
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An example of a sought-after mark is that of Underwriters Laboratories, Inc. (UL). Orig-
inally created by the National Board of Fire Underwriters to aid in fire prevention, UL (now
independent) is involved in the general field of fire protection, burglary protection, hazard-
ous chemicals, and still other matters of safety. Its activities include

* Developing and publishing standards for materials, products, and systems

¢ Testing manufacturers’ products for compliance with these standards (or with other
recognized standards)

¢ Awarding the UL mark to products that comply, known as “listing” the products

Numerous other laboratories are similarly involved in safety matters, e.g., steam boilers
and marine safety. Some of these laboratories have attained a status in their specialty that
confers a virtual monopoly on performing the tests.

Another purpose of securing a mark from an independent test service is to help mar-
ket the product. Organizations vary in their views of the value of such “voluntary” marks.
Strong organizations tend to feel that their own brand or mark carries greater prestige
than that of the test laboratory, and that the latter has value only for weak organizations.
The test services that offer this category of marks vary widely in their purpose and in their
objectivity.

In some countries the voluntary mark is offered by the national standardization bodies,
such as Japan Standards Association or the French AFNOR. The mark is awarded to prod-
ucts that meet their respective product standards. Organizations that wish to use the Japan
Industrial Standards (JIS) mark or the Normale Francais (NF) mark must submit their prod-
ucts for test and must pay for the tests. If the products qualify, the organizations are granted
the right to use the marks.

Data Banks on Business Practices

Many consumer grievances are traceable to company business practices, such as evasiveness
in meeting the provisions of the guarantee. The Pareto principle applies—a comparative few
organizations are named in the bulk of the grievances. In this way, a data bank on company
business practices can help to identify the vital few “bad guys” and aid in reducing their
influence.

Consumer Education

Beyond product tests and data banks on business practices, still other forms of before-
purchase information are available to consumers. Some government departments publish
information describing the merits (or lack of merits) of products and product features in
general. However, the most often used source of product information is advice received
from relatives and friends who have experience to share. Consumers regard such advice as
reliable.

The Standards Organizations

There are many of these. For example, in the United States, those of importance to consum-
ers include

* Leading manufacturers and merchants, whose standards exert wide influence on
their suppliers and competitors

Y|
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¢ Industry bodies such as the American Gas Association (AGA) or the Association of
Home Appliance Manufacturers (AHAM)

* Professional organizations such as the American Society for Testing and Materials
(ASTM)

¢ Independent agencies such as Underwriters Laboratories (UL)

* The American National Standards Institute (ANSI), which is a recognized
clearinghouse for committees engaged in setting national standards and is the
official publisher of the approved standards

* The National Institute of Standards and Technology (NIST), formerly the National
Bureau of Standards (NBS), the government agency that establishes and maintains
standards for metrology

Standards for Consumer Products

Awarding a mark presupposes the existence of some standard against which the product can
be tested on an objective basis. Provision of such standards for consumer products has not
received the priorities given to standards for metrology, basic materials, and other techno-
logical and industrial needs. However, the consumerism movement has very likely stimu-
lated the pace of developing these standards. Industry associations especially have been
stimulated to undertake more of this type of activity.

A serious limitation on creating standards for consumer products is the pace of product
obsolescence versus the time required to set standards. Usually, it takes years to evolve a
standard due to the need for securing a consensus among the numerous parties in interest.
For subject matter such as metrology or basic materials, the standards, once approved, can
have a very long life. However, for consumer products the life is limited by the rate of obso-
lescence, and for many products the life of the standard is so short as to raise serious ques-
tions about the economics of doing it at all.

In some cases the obsolescence is traceable to the zeal of the marketers. For example, one
measure of the quality of mechanical watches has been the number of jewels. Then some
manufacturers began to include nonfunctional jewels to provide a basis for claiming higher
quality. It became necessary to redefine the word “jewel.”

A further problem in standards for consumer products is that the traditional emphasis
of the standardization bodies has been on time zero—the condition of the product when
tested prior to use. However, many products, especially the most costly, are intended to give
service for years. Many consumer problems are traceable to field failures during service, yet
most consumer product standards do not adequately address the “abilities”—reliability,
maintainability, and so on.

Objectivity of Test Services

Unless the testing service is objective, consumers may be misled by the very organization on
which they thought they could rely. The criteria for objectivity include the following:

o Financial independence. The income of the test service should have no influence on
the test results. This independence is at its best when the income is derived from
sources other than the company whose products are under test. Failing this, the
payments by the company should be solely for the testing service and in no way
contingent on the test results. One example of failure to meet this criterion is any
test service that carries on the dual activities of (1) offering a mark based on product
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test and approval and (2) publishing a journal of general circulation in which
organizations that receive the mark are required to place advertisements. In such
cases the risk of conflict of interest is very high, so consumers should be cautious
about giving credence to such marks.

o Organizational independence. The personnel of the test service should not be sub-
ordinate to the organizations whose products are undergoing test.

o Technological capability. This obvious need includes a qualified professional staff,
adequate test equipment, and competent management. Whether the managers
should be the sole judges of such capabilities is open to question.

So important is the question of objectivity that in cases of government controls on qual-
ity it is usual to write into the statute the need for defining criteria for what constitutes a
qualified test laboratory. The administrator of the act then becomes responsible for certifying
laboratories against these criteria.

The Resulting Information
Consumer test services offer consumers a wide range of information. The principal forms
include these:

o Comparative data on competitive products for (1) price and (2) fitness for use, plus
judgments of comparative values. In this form, the information is also a recommen-
dation for action.

¢ Data on product conformance to the standards. In this form, consumers are on their
own to discover competitive prices and to make a judgment on comparative fitness
for use. For many consumers, it is a burden to provide this added information.

e Evidence of product conformance to the standard (through the mark). Here the
consumer is largely asked to equate the standard with fitness for use and to use
other means to discover competitive differences and competitive prices.

Information on conformance to standard is quite useful to industrial buyers, but less so
to consumers. For consumers the optimal information consists of comparative data on fit-
ness for use plus comparative data on cost of usage.

Traditional test services do not provide adequate information as to certain important
quality problems faced by consumers: products arrive in defective condition; products fail
during use; response to consumer complaints is poor.

o Products defective on arrival. Test services typically conduct their tests on a small
sample of one or a few units of product. These nevertheless enable the test service to
judge whether the product design can provide fitness for use. However, the sample
is too small to provide information on how often units will be defective on arrival.

o Products fail during use. Traditionally, test services have evaluated consumer products
at time zero—prior to use. For long-life products this is no longer good enough—there
is a need for information on field failure rates. Some test services now do conduct a
degree of life testing, but the number of units tested is too small to predict field failure
rates. There are some efforts to secure such information through questionnaires sent
to consumers. An alternative source is to secure information from the repair shops.

e Poor response to customer complaints. Here the situation is at its worst. The test
laboratory and its instruments are irrelevant, since the needed information relates to
the competence, promptness, and integrity of the service organizations.
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Remedies after Purchase

Consumers who encounter product quality problems during the warranty period have a
choice of approaches. They may be able to resolve the problem unaided; i.e., they study the
product information and then apply their skills and ingenuity. More usually they must turn
to one of the organizations directly in interest: the merchant who sold them the product or
the manufacturer who made the product. If none of these provides satisfaction, consumers
have still other alternatives for assistance (see below).

Warranties

Quality warranties are a major after-purchase aid to consumers. However, many con-
sumers feel that warranties are not understandable. In addition, most feel that warran-
ties are written mainly to protect manufacturers rather than consumers. Nevertheless,
consumers are increasingly making the warranty an input to their buying decisions. This
means also that warranties are increasingly important as marketing tools (Sentry 1976,
pp- 14, 15).

Consumer Affairs...The Ombudsman

“Ombudsman” is a Swedish word used to designate an official whose job is to receive citizens’
complaints and to help them secure action from the government bureaucracy. The ombuds-
man is familiar with government organization channels and is able to find the government
official who has the authority or the duty to act. The ombudsman has no authority to compel
action, but has the power to publicize failures to act.

The concept of the ombudsman has been applied to problems in product quality. Some
organizations have created an in-house ombudsman and have publicized the name and tele-
phone number. Consumers can phone (free of charge) to air grievances and to secure infor-
mation. In the United States a more usual title is Manager (Director), Consumer Affairs
(Relations). Such a manager usually carries added responsibilities for stimulating changes to
improve relations with consumers on a broad basis. In one company these efforts resulted in
programs to effectuate a consumer “bill of rights,” which includes rights to safety, to be
informed, to choose, to be heard, and to redress.

Another form is the industry ombudsman. An example is the Major Appliance Con-
sumer Action Panel (a group of independent consumer experts) created by the Association
of Home Appliance Manufacturers to receive complaints from consumers who have not
been able to secure satisfaction locally.

Still another form is the Joint Industry-Consumer Complaint Board. Examples are the
government-funded boards that mediate and adjudicate consumer disputes in some Scandi-
navian industries. The boards have no power to enforce their awards other than through
publicity given to unsatisfied awards. Yet they have met with wide acceptance by and coop-
eration from the business people.

The concept of the ombudsman is fundamentally sound. It is widely supported by con-
sumers and regulators as well as by a strong minority of business managers (Sentry 1976,
p- 77). Some newspapers provide an ombudsman service as part of their department of
Letters to the Editor.

Mediation

Under the mediation concept, a third party—the mediator—helps the contestants to work
out a settlement. The mediator lacks the power of enforcement—there is no binding agree-
ment to abide by the opinion of the mediator. Nevertheless mediation stimulates settlements.
Best (1981) reports that the New York City Department of Human Affairs achieved a 60 percent
settlement rate during 1977 and 1978.

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



Quality’s Impact on Society and the National Culture

The mediation process helps to open up the channels of communication and thereby to
clear up misunderstandings. In addition, an experienced mediator exerts a moderating
influence which encourages a search for a solution.

Arbitration

Under arbitration the parties agree to be bound by the decision of a third party. Arbitration
is an attractive form of resolving differences because it avoids the high costs and long delays
inherent in most lawsuits. In the great majority of consumer claims, the cost of a lawsuit is
far greater than the amount of the claim. Nevertheless there are obstacles to use of the arbi-
tration process. Both parties must agree to binding arbitration. There is a need to establish
local, low-cost arbitration centers and to secure the services of volunteer arbitrators at nom-
inal fees or no fees. These obstacles have limited the growth of use of arbitration for con-
sumer complaints.

Consumer Organizations

There are many forms of consumer organizations. Some are focused on specific products or
services such as automotive safety or truth in lending. Others are adjuncts of broader organ-
izations such as labor unions or farm cooperatives. Still others are organized to deal broadly
with consumer problems. In addition, there are broad consumer federations, national and
international, that try to improve the collective strength of all local and specialized con-
sumer groups.

Government Agencies

These exist at national, state, and local levels of government. All invite consumers to bring
unresolved complaints to them as well as to report instances of business malpractice. These
complaints aid the agency in identifying widespread problems, which, in turn, become the
basis for

1. Conducting investigations in depth
2. Proposing new legislation

3. Issuing new administrative regulations

The agencies also try to help complaining consumers, either in an ombudsman role or by
threat of legal action. However, in practice, broad government agencies are unable to become
involved in specific consumer grievances due to the sheer numbers. See The Enforcement
Process later, under Government Regulation of Quality.

No Remedy

Under the prevailing free-enterprise, competitive market system, many valid consumer com-
plaints result in no satisfaction to the consumer. Nevertheless the system includes some built-
in stabilizers. Organizations that fail to provide such satisfaction also fail to attract repeat
business. In due course they mend their ways or lose out to organizations that have a better
record of providing satisfaction. In the experience of the author, every other system is worse.

Perceptions of the Consumer Movement

There is wide agreement, including among business managers, that “the consumer move-
ment has kept industry and business on their toes.” There is also wide agreement that the
consumer movement’s demands have “resulted in higher prices.” Despite this, most of the
public feels that the “changes are generally worth the extra cost.” Consumers feel strongly
that the consumer advocates should consider the costs of their proposals. However, a
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significant minority of the consumers believe that the advocates do not consider the costs
involved (Sentry 1976, pp. 39, 40, 42, 47).

Quality and the National Culture

The goal of high quality is common to all countries. This common goal must compete with
other national goals amid the massive forces—political, economic, and social—that deter-
mine the national priorities. This section examines these forces and their effect on the prob-
lems of attaining quality.

The growth of international trade and of multinational organizations has required that
attention be directed to understanding the impact of national culture on managing for
quality. To aid in this understanding, the subject is organized under the following general
subdivisions:

In all types of national economy, there are natural resources and limitations that influ-
ence the priority of goals. However, an even greater force is that of human leadership and
determination. Historically, these human forces have been more significant than natural
resources in determining whether goals are attained.

The words “capitalistic,” “socialistic,” and “developing” are simple labels for some very
complex concepts. The broad definition of “capitalism” is private ownership of the means of
production and distribution, as contrasted with state ownership under socialism. Yet all self-
styled capitalistic countries include a degree of state ownership, e.g., in matters of health,
education, transport, and communication. Similarly, the self-styled socialistic countries con-
tain, in varying degrees, some private ownership of organizations for production of goods
and services. In like manner, countries that are “developing” in the industrial sense may be
developed in terms of other aspects of national maturity, e.g., political or social. The reader
is urged to keep in mind that the words “capitalistic,” “socialistic,” and “developing” are
used in a relative sense and cannot be considered as absolutes.

The subject matter of this chapter is of obvious interest and importance to those engaged
(or contemplating engagement) in operations of an international nature. Such operations are
becoming ever more extensive as trade barriers are progressively removed. However, removal
of government barriers has little effect on cultural barriers. These remain a continuing
problem until the cultural patterns (and the reasons behind them) are understood, appreci-
ated, and taken into account.

In the economic sense, the capitalistic developed countries are the “vital few.” The devel-
oping countries are the most numerous, occupy most of the land surface, and include most
of the human population. However, it is the capitalistic developed countries that produce
the bulk of the world’s goods and services. This great importance (in the economic sense)
suggests that those who engage in international trade should acquire a working knowledge
of the cultures that prevail in other countries.

Quality in Global Economies

All capitalistic economies exhibit some basic similarities that influence the importance of
quality in relation to other goals in the economy.

Competition in Quality
Capitalistic societies permit and even encourage competition among organizations, including
competition in quality. This competition in quality takes multiple forms.
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Creation of New Organizations

A frequent reason for the birth of new organizations is poor quality of goods or services. For
example, a neighborhood has outgrown the capacity of the local food shop or restaurant, so
the clients must wait in long queues before they can receive service. In such cases, entrepre-
neurs will sense a market opportunity and will create a new organization that attracts clients
by offering superior service.

The ease of creating new organizations is a far greater force in quality improvement than
is generally realized. All economies, whether capitalistic or socialistic, suffer poor quality
during shortages of goods. Creation of new organizations is one means of alleviating short-
ages, and thereby of eliminating an invariable cause of poor quality.

Product Improvement

A common form of competition in quality is through improving products so that they have
greater appeal to the users and can therefore be sold successfully in the face of competition
from existing products. These product improvements come mainly from internal product
development carried on by existing organizations. In addition, some product improvements
are designed by independents that either launch new organizations or sell their ideas to
existing organizations.

New Products
These may be “products” or even new systems approaches, e.g., designs that minimize user
maintenance. The industrial giants of today include many members founded on new sys-
tems concepts. As with product improvements, the new products may originate through
development from within or through acquisition from the outside.

Competition in quality results in duplication of products and facilities. Such duplication
is regarded as wasteful by some economists. However, the general effect has been to stimu-
late producers to outdo one another, with resulting benefit to users.

Direct Access to Marketplace Feedback

In the capitalistic economies, the income of the organization is determined by its ability
to sell its products, whether directly to users or through an intermediate merchant chain.
If poor quality results in excessive returns, claims, or inability to sell the product, the
manufacturers are provided with the warning signals that are a prerequisite to remedial
action.

This severe and direct impact of poor quality on the manufacturers’ income has the use-
ful by-product of forcing manufacturers to keep improving their market research and early
warning signals, so as to be able to respond promptly in case of trouble.

Direct access to the marketplace is not merely a matter of receiving complaints and other
information about bad quality, important though that is. Even more important is the access
to the marketplace before products are launched and sales programs are prepared. In the
capitalistic economies, the autonomous organizations all make their own forecasts on how
much they expect to sell. Their ability to thrive depends on how well they are able to realize
their forecasts. The potential benefits and detriments force the organizations to pay attention
to the needs of the marketplace, since it provides their income.

Protection of Society

The autonomy of capitalist organizations may permit them to misrepresent their products, sell
unsafe products, damage the environment, fail to live up to their warranties, and so on, until
these misdeeds become significant enough to generate extensive preventive legislation.
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Cultural Differences

There are many of these, including the following:

Language. Many countries harbor multiple languages and numerous dialects. These
are a serious barrier to communication.

Customs and traditions. These and related elements of the culture provide the
precedents and premises that are guides to decisions and actions.

Ouwnership of the organizations. The pattern of ownership determines the strategy of
short-term versus long-term results, as well as the motivations of owners versus
nonowners.

The methods used for managing operations. These are determined by numerous factors
such as reliance on system versus people, extent of professional training for
managers, extent of separation of planning from execution, and careers within a
single company versus mobile careers.

Suspicion. In some countries, there is a prior history of hostilities resulting from
ancient wars, religious differences, membership in different clans, and so on. The
resulting mutual suspicions are then passed down from generation to generation.

It is clearly important to learn about the nature of a culture before negotiating with
members of that culture. Increasingly, organizations have provided special training to
employees before sending them abroad. Similarly, when organizations establish foreign sub-
sidiaries, they usually train local nationals to qualify for the senior posts.

Government Regulation of Quality

From time immemorial, “governments” have established and enforced standards of quality.
Some of these governments have been political: national, regional, local. Others have been
nonpolitical: guilds, trade associations, standardization organizations, and so on. Whether
through delegation of political power or through long custom, these governing bodies have
attained a status that enables them to carry out programs of regulation as discussed next.

Standardization
With the evolution of technology came the need for standardizing certain concepts and
practices.

Metrology. One early application of standardization was to the units of measure for
time, mass, and other fundamental constants. So basic are these standards that they
are now international in scope.

Interchangeability. This level of standardization has brought order out of chaos in
such day-to-day matters as household voltages and interchangeability of myriad
bits and pieces of an industrial society. Compliance is an economic necessity.

Technological definition. A further application of standardization has been to define
numerous materials, processes, products, tests, and so on. These standards are
developed by committees drawn from the various interested segments of society.
While compliance is usually voluntary, the economic imperatives result in a high
degree of acceptance and use of these standards.
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The foregoing areas of regulation are all related to standardization, and have encoun-
tered minimal resistance to compliance. Other areas do encounter resistance, in varying
degrees.

Safety and Health of the Citizenry

A major segment of political government regulation has been to protect the safety and
health of its citizens. At the outset the focus was on punishment “after the fact”—the laws
provided punishment for those whose poor quality had caused death or injury. Over the
centuries there emerged a trend to regulation “before the fact”—to become preventive in
nature.

For example, in the United States there are laws that prescribe and enforce safety stand-
ards for building construction, oceangoing ships, mines, aircraft, bridges, and many other
structures. Other laws aim at hazards having their origins in fire, foods, pharmaceuticals,
dangerous chemicals, and so on. Still other laws relate to the qualifications needed to per-
form certain activities essential to public safety and health, such as licensing of physicians,
professional engineers, and airline pilots. Most recently these laws have proliferated exten-
sively into areas such as consumer product safety, highway safety, environmental protec-
tion, and occupational safety and health.

Safety and Economic Health of the State

Governments have always given high priority to national defense: the recruitment and train-
ing of the armed forces and the quality of the weaponry. With the growth of commerce, laws
were enacted to protect the economic health of the state. An example is laws to regulate the
quality of exported goods in order to protect the quality reputation of the state. Another
example is laws to protect the integrity of the coinage. (Only governments have the right to
debase the currency.) In those cases where the government is a purchaser (defense weapons,
public utility facilities), government regulation includes the normal rights of a purchaser to
ensure quality.

Economics of the Citizenry

Government regulation relative to the economics of the citizenry is highly controversial in
market economies. Some of the resistance is based on ideological grounds—the competitive
marketplace is asserted to be a far better regulator than a government bureau. Other resistance
is based on the known deficiencies of the administration of government regulation (see below).
Some of the growth of this category of regulation has been stimulated by the consumerism
movement.

The Volume of Legislation
Collectively, the volume of quality-related legislation has grown to formidable proportions. A

desk reference book (Kolb and Ross 1980) includes lists (in fine print) of appendixes as follows:
e 21 pages of exposure limits for toxic substances
e 93 pages of hazardous materials and the associated criteria for transportation
e 24 pages of American National Standards for safety and health
o 36 pages of federal record-retention requirements

¢ 38 pages of standards-setting organizations

)
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In the United States, much of this legislation is within the scope of the Federal Trade
Commission, which exercises a degree of oversight relative to “unfair or deceptive practices
in commerce.” That scope has led to specific legislation or administrative action relative to
product warranties, packaging and labeling, truth in lending, and so on.

In a sense these actions all relate to representations made to consumers by industrial organ-
izations. In its oversight the Federal Trade Commission stresses two major requirements:

1. The advertising, labeling, and other product information must be clear and unequi-
vocal as to what is meant by the seller’s representation.

2. The product must comply with the representation.

These forms of government regulation are a sharp break from the centuries-old rule of caveat
emptor (let the buyer beware). That rule was (and is) quite sensible as applied to conditions in the
village marketplaces of developing countries. However it is not appropriate for the conditions
prevailing in industrialized, developed countries. For elaboration, see Juran (1970).

The Plan of Regulation

Once it has been decided to regulate quality in some new area, the approach follows a well-
beaten path. The sequence of events listed below, while described in the language of regula-
tion by political government, applies to nonpolitical government as well.

The Statute
The enabling act defines the purpose of the regulation and especially the subject matter to be
regulated. It establishes the “rules of the game” and creates an agency to administer the act.

The Administrator

The post of administrator is created and given powers to establish standards and to see that
the standards are enforced. To this end he or she is armed with the means for making awards
and applying sanctions on matters of great importance to the regulated industries.

The Standards

The administrator has the power to set standards and may exercise this power by adopting exist-
ing industry standards. These standards are not limited to products; they may deal with materi-
als, processes, tests, descriptive literature, advertising, qualifications of personnel, and so on.

Test Laboratories

The administrator is given power to establish criteria for judging the qualifications of “inde-
pendent” test laboratories. Once these criteria are established, he or she also may have the
power to issue certificates of qualification to laboratories meeting the criteria. In some cases
administrators have the power to establish their own test laboratories.

Test and Evaluation

Here there is great variation. In some regulated areas, agency approval is a prerequisite to
going to market, e.g., new drug applications or plans for the operation and maintenance of
a new fleet of airplanes. Some agencies put great stress on surveillance, i.e., review of the
organizations’ control plans and adherence to those plans. Other agencies emphasize final
product sampling and test.

The Seal or Mark
Regulated products are frequently required to display a seal or mark to attest to the
fact of compliance with the regulations. Where the regulating agency does the actual
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testing, it affixes this mark; e.g., government meat inspectors physically stamp the
carcasses.

More usually, the agency does not test and stamp the product. Instead, it determines, by
test, that the product design is adequate. It also determines, by surveillance, that the organi-
zations’ systems of control are adequate. Any company whose system is adequate is then
authorized to affix the seal or mark. The statutes always provide penalties for unauthorized
use of the mark.

Sanctions
The regulatory agency has wide powers of enforcement, such as the right to

¢ Investigate product failures and user complaints

¢ Inspect organizations’ processes and systems of control
o Test products in all stages of distribution

e Recall products already sold to users

e Revoke organizations’ right to sell or to apply the mark
o Inform users of deficiencies

e Issue cease-and-desist orders

Effectiveness of Regulation

Regulators face the difficult problem of balance—protecting consumer interests while avoid-
ing creation of burdens that in the end are damaging to consumer interests. In part the dif-
ficulty is inherent because of the conflicting interests of the parties. However, much of the
difficulty is traceable to unwise agency policies and practices in carrying out the regulatory
process. These relate mainly to the conceptual approach, setting standards, the enforcement
process, and cost of regulation.

The Conceptual Approach
An example is seen in the policies employed by the National Highway Traffic Safety Admin-
istration (NHTSA) for administering two laws enacted in 1966:

1. The National Traffic and Motor Vehicle Safety Act, directed primarily at the vehicle

2. The Highway Safety Act, directed primarily at the motorist and the driving
environment

Even prior to 1966, the automobile makers, road builders, and so on had improved tech-
nology to an extent that provided the motorist with the means of avoiding the “first crash,”
i.e., accidents due to collisions, running off the road, etc. The availability of seat belts then
provided the motorist with greatly improved means of protection against the “second crash.”
This crash takes place when the sudden deceleration of a collision hurls the occupants
against the steering wheel, windshield, and so on.

At the time NHTSA was created, the U.S. traffic fatality rate was the lowest among all
industrial countries. It was also known, from overwhelming arrays of data, that the motorist
was the limiting factor in traffic safety:

e Alcohol was involved in about one-half of all fatal accidents.

¢ Young drivers (under age 24) constituted 22 percent of the driver population but
were involved in 39 percent of the accidents.

|
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o Excessive speed and other forms of “improper” driving were reported as factors in
about 75 percent of the accidents. (During the oil crisis of 1974 the mandated
reduction of highway speeds resulted in a 15 percent reduction in traffic fatalities,
without any change in vehicles.)

o Most motorists did not buy safety belts when they were optional, and most did not
wear them when they were provided as standard equipment.

In the face of this overwhelming evidence, NHTSA paid little attention to the main prob-
lem—improving the performance of the motorists. Instead, NHTSA concentrated on setting
numerous standards for vehicle design. These standards did provide some gains in safety
with respect to the second crash. However, the gains were minor, while the added costs ran
to billions of dollars—to be paid for by consumers in the form of higher prices for vehicles.

The policy is seen to have been one of dealing strictly with a highly visible political
target—the automobile makers—while avoiding any confrontation with a large body of
voters. It was safe politically, but it did little for safety. For elaboration, see Juran (1977).

Setting Standards
A major regulatory question is whether to establish design standards or performance
standards.

¢ Design standards consist of precise definitions, but they have serious disadvantages.
Their nature and numbers are such that they often lack flexibility, are difficult to
understand, become very numerous, and become prohibitive to keep up to date.

¢ Performance standards are generally free from the above disadvantages. However, they
place on the employer the burden of determining how to meet the performance standard,
i.e., the burden of creating or acquiring a design. Performance standards also demand
level-of-compliance officers who have the education, experience, and training needed to
make the subjective judgments of whether the standard has been met.

These alternatives were examined by a presidential task force assigned to review the safety
regulations of the Occupational Safety and Health Administration (OSHA). The task force rec-
ommended a “performance/hazard” concept. Under that concept, the standard would “codify
into a requirement the fact that a safe workplace can be achieved only by ensuring that employ-
ees are not exposed to the hazards associated with the use of machines. Under this standard, the
employer would be free to determine the most appropriate manner in which to guard against
any hazard which is presented, but his compliance with the requirement is objectively measur-
able by determining whether or not an employee is exposed to the hazard.”

The Enforcement Process

A major deficiency in the regulatory process is failure to concentrate on the vital few prob-
lems. Regulatory agencies receive a barrage of grievances: consumer complaints, reports of
injuries, accusations directed at specific products, and so on. Collectively the numbers are
overwhelming. There is no possibility of dealing thoroughly with each and every case.
Agencies that try to do so become hopelessly bogged down. The resulting paralysis then
becomes a target for critics, with associated threats to the tenure of the administrator, and
even to the continued existence of the agency.

In the United States the Occupational Safety and Health Administration faced just such a
threat in the mid-1970s. In response it undertook to establish a classification for its cases based
on the seriousness of the threats to safety and health. It also recalled about 1000 safety regula-
tions that were under attack for adding much to industry costs and little to worker safety.
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With experience, the agencies tend to adopt the Pareto principle of the vital few and the
useful many. This enables them to concentrate their resources and to produce tangible
results.

Choice of the vital few is often based on quantitative data such as frequency of injuries
or frequency of consumer complaints. However, subjective judgment plays an important
role, and this enables influential special pleaders to secure high priority for cases that do not
qualify as being among the vital few.

How to deal with the “useful many” needs for assistance has been a perplexing problem
for all agencies. The most practical solution seems to have been to make clear that the agency
is in no position to resolve such problems. Instead the agency provides consumers with
information and educational material of a self-help nature: where to apply for assistance;
how to apply for assistance; what are the rights of the consumer; what to do and not to do.

The failure of regulators to deal forthrightly with such consumer problems has no doubt
contributed to the mediocre status given to regulators by the public, in response to the ques-
tion, Which (of four options) would you like to be primarily responsible for the job of seeing
that consumers get a fair deal?

A Rule for Choosing the Vital Few
In 1972 the author proposed the following as a quantitative basis for separating the vital few
from the rest, on matters of safety:

Any hour of human life should be as safe as any other hour.

To effectuate such a policy, it is first necessary to quantify safety nationally, on some
common basis such as injuries per million worker-hours of exposure. In general, the data for
such quantification are already available, although some conversions are needed to arrive at
a common unit of measure.

For example, statistics on safety at school are computed on the basis of injuries per
100,000 student-days, motor vehicle statistics are on a per 100 million miles of travel basis,
and so on.

The resulting national average will contain a relatively few situations that are well above
the average and a great many that are below. Those above the average would automatically
be nominated to membership in the vital few. Those below the average would not be so
nominated; the burden of proof would be on any special pleader to show why something
below the national average should take priority ahead of the obvious vital few. For elabora-
tion, see Juran (1972).

The Costs and Values of Regulation
The costs of regulation consist largely of two major components:

1. The costs of running the regulatory agencies. These are known with precision. In the United
States they have risen to many billions of dollars per year. These costs are paid for by
consumers in the form of taxes that are then used to fund the regulatory agencies.

2. The costs of complying with the regulations. These costs are not known with precision,
but they are reliably estimated to be many times the costs of running the regulatory
agencies. These costs are in the first instance paid for by the industrial organizations,
and ultimately by consumers in the form of higher prices.

The value of all this regulation is difficult to estimate. (There is no agreement on the
value of a human life.) Safety, health, and a clean environment are widely believed to be

39

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



60

Key Concepts: What Leaders Need to Know about Quality

enormously valuable. Providing consumers with honest information and prompt redress is
likewise regarded as enormously valuable. However, such general agreements provide no
guidelines for what to do in specific instances. Ideally, each instance should be examined
as to its cost-value relationship. Yet the statutes have not required the regulators to do so.
The regulators have generally avoided facing up to the idea of quantifying the cost-value
relationship.

Until 1994 the support for studying the cost-value relationships came mainly from the
industrial organizations. For example, a study of mandated vehicle safety systems found that

“... states which employ mandatory periodic inspection programs do not have lower
accident rates than those states without such requirements.”

“... only a relatively small portion of highway accidents—some 2 to 6 percent—are
conclusively attributable to mechanical defects.”

“...human factors (such as excess speeds) are far more important causes of highway
accidents than vehicle condition.” Crain 1980.

The indifference of regulators to costs inevitably creates some regulations and rigid enforce-
ments so absurd that in due course they become the means for securing a change in policy. The
organizations call such absurdities to the attention of the media, which relish publicizing them.
(The media have little interest in scholarly studies.) The resulting publicity then puts the regula-
tors on the defensive while stimulating the legislators to hold hearings. During such hearings
(and depending on the political climate) the way is open to securing a better cost-value balance.

The political climate is an important variable in securing attention to cost-versus-value
considerations. During the 1960s and 1970s the political climate in the United States was
generally favorable to regulatory legislation. Then during the 1980s the climate changed,
and with it a trend toward requiring cost justifications. This trend then accelerated in late
1994, when the elections enabled the opponents of regulation to gain majority status in the
national legislatures.

Product Safety and Product Liability

Growth of the Problem

Until the early twentieth century, lawsuits based on injuries from use of products (goods and
services) were rarely filed. When filed, they were often unsuccessful. Even if they were suc-
cessful, the damages awarded were modest in size.

During the twentieth century these lawsuits have, in the United States, grown remark-
ably in numbers. By the mid-1960s they were estimated to have reached over 60,000 annu-
ally and by the 1970s to over 100,000 per year. (Most are settled out of court.) This growth in
number of lawsuits has been accompanied by an equally remarkable growth in the size of
individual claims and damages. From figures measured in thousands of dollars, individual
damages have grown to a point where awards in excess of $100,000 are frequent. Damages
in excess of $10,000,000 are no longer a rarity.

In some fields the costs of product liability have forced organizations to abandon spe-
cific product lines or go out of business altogether.

Twenty years ago, 20 organizations manufactured football helmets in the United States.
Since that time, 18 of these organizations have discontinued making this product because of
high product liability costs (Grant 1994).

Several factors have combined to bring about this growth in number of lawsuits and in
size of awards. The chief factors include the “population explosion” of products. The industrial
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society has placed large numbers of technological products into the hands of amateurs. Some
of these products are inherently dangerous.

o Other products are misused. The injury rate (injuries per million hours of usage) has
probably been declining, but the total number of injuries has been rising, resulting
in a rise in total number of lawsuits.

o There is erosion of organization defenses. As these lawsuits came to trial, the courts
proceeded to erode the former legal defenses available to organizations.

Formerly, a plaintiff’s right to sue a manufacturer rested on one of two main grounds:

A contract for sale of the product, with an actual or implied warranty of freedom from
hazards. Given the contract relationship, the plaintiff had to establish “privity,” i.e., that
he or she was a party to the contract. The courts in effect have abolished the need for
privity by taking the position that the implied warranty follows the product around,
irrespective of who is the user.

Negligence by the company. Formerly the burden of proof was on the plaintiff to show
that the company was negligent. The courts have tended to adopt the principle of “strict
liability” on the ground that the costs of injuries resulting from defective products should
be borne “by the manufacturers that put such products on the market rather than by the
injured persons who are powerless to protect themselves.” In effect, if an injury results
from use of a product that is unreasonably dangerous, the manufacturer can be held
liable even in the absence of negligence. (Sometimes the injured persons are not
powerless. Some contribute to their injuries. However, juries are notoriously sympathetic
to injured plaintiffs).

Defensive Actions

The best defense against lawsuits is to eliminate the causes of injuries at their source. All com-
pany functions and levels can contribute to making products safer and to improving company
defenses in the event of lawsuits. The respective contributions include the following:

o Top management. Formulate a policy on product safety; organize product safety
committees and formal action programs; demand product dating and product
traceability; establish periodic audits of the entire program; and support industry
programs that go beyond the capacity of the unaided company. To this list should be
added a scoreboard—a measure of the injury rate of the company’s products relative
to an appropriate benchmark. A useful unit of measure is the number of injuries per
million hours of usage, since most major data banks on injuries are already expressed
in this form or are convertible to this form.

o Product design. Adopt product safety as a design parameter; adopt a fail-safe
philosophy of design; organize formal design reviews; follow the established codes;
secure listings from the established laboratories; publish the ratings; and utilize
modern design technique.

o Manufacture. Establish sound quality controls, include means for error-proofing
matters of product safety; and train supervisors and workers in use of the product
as part of the motivation plan; stimulate suggestion on product safety; and set up
the documentation needed to provide traceability and historical evidence.

o Marketing. Provide product labeling for warnings, dangers, antidotes; train the field
force in the contract provisions; supply safety information to distributors and
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dealers; set up exhibits on safety procedures; conduct tests after installation, and
train users in safety; publish a list of dos and don’ts relative to safety; and establish
a customer relations climate that minimizes animosity and claims. Contracts should
avoid unrealistic commitments and unrealistic warranties. Judicious disclaimers
should be included to discourage unjustified claims.

o Advertising. Require technological and legal review of copy, and propagandize product
safety through education and warnings. Avoid “puffing”—it can backfire in liability
suits, e.g, if a product is advertised as “absolutely safe.” During advertising review,
one of the questions should be, How would this phrase sound in a courtroom?

o Customer service. Observe use of the product to discover the hazards inherent during
use (and misuse); feed the information back to all concerned; and provide training
and warnings to users.

o Documentation. The growth of safety legislation and of product liability has
enormouslyincreased the need for documentation. A great deal of this documentation
is mandated by legislation, along with retention periods.

Consumers exhibit a wide range of product knowledge, including the lowest. In conse-
quence, actual use of the product can differ significantly from intended use. For example,
some stepladders include a light platform that is intended to hold tools or materials (e.g.,
paint) but is not intended to carry the weight of the user. Nevertheless, some users do stand
on these platforms with resulting injury to themselves.

Most modern policy is to design products to stand up under actual usage rather than
intended usage.

Defense Against Lawsuits

The growth of product liability lawsuits has led to reexamination of how best to defend
against lawsuits once they are filed. Experience has shown the need for special preparation
for such defense, including

e Reconstruction of the events that led up to the injury

¢ Study of relevant documents—specifications, manuals, procedures, correspondence,
reports

¢ Analysis of internal performance records for the pertinent products and associated
processes

¢ Analysis of field performance information

¢ Physical examinations of pertinent facilities

¢ Analysis of the failed hardware

All this should be done promptly, by qualified experts, and with early notification to the
insurance company.
Whether and how to go to trial involves a great deal of special knowledge and experience.

Defense Through Insurance

Insurance is widely used as a defense against product liability. But the costs have escalated
sharply, again because of the growth in number of lawsuits and size of awards. In some
fields insurance has become a major factor in the cost of operations. (Soaring insurance rates
have forced some surgeons to take early retirement.)
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Prognosis
As of the mid-1990s there remained some formidable unsolved problems in product liability.
To many observers the U.S. legal system contained some serious deficiencies:

e Lay juries lack the technological literacy needed to determine liability on
technological matters.

¢ In most other developed countries, judges make such decisions.
e Lay juries are too easily swayed emotionally when determining the size of awards.

¢ Inthe United States, “punitive damages” may be awarded along with compensatory
damages and damages for “pain and suffering.” Punitive damages contribute
greatly to inflated awards.

¢ In the United States, lawyers are permitted to work on a contingency fee basis, a
concept that stimulates lawsuits. This arrangement is illegal in most countries.

o The adversary system of conducting trials places the emphasis on winning rather
than on rendering justice.

e Only a minority of the award money goes to the injured parties. The majority goes
to lawyers and to pay administrative expenses.

By the mid-1990s some elements of this legal system were under active review in the
national Congress. However, the system that has endured these deficiencies is deeply rooted
in the U.S. culture, so it is speculative whether it will undergo dramatic change. A major
obstacle has been the lawyers. They have strong financial interests in the system, and they
are very influential in the legislative process—many legislators are lawyers.

In most developed countries the legal system for dealing with product liability is gener-
ally free from the above asserted deficiencies. Those same countries are also largely free from
the extensive damage that product liability is doing to the U.S. economy.

Personal Liability

An overwhelming majority of product liability lawsuits have been aimed at the industrial
organizations; they and their insurers have the greatest capacity to pay. As a corollary, such
civil lawsuits are rarely aimed at individuals, e.g., design managers or quality managers.
These individuals have little cause for concern with respect to civil liability. They are not
immune from lawsuits, but they are essentially immune from payment of damages.

Criminal liability is something else. Now the offense (if any) is against the state, and the
state is the plaintiff. Until the 1960s, prosecution for criminal liability in product injury cases
was directed almost exclusively at the corporations rather than the managers. During the
1960s and the 1970s the public prosecutors became more aggressive with respect to the per-
sons involved. The specific targets were usually the heads of the organizations but sometimes
included selected subordinate managers such as for product development or for quality.

A contributing factor has been an earlier provision of the Food, Drug and Cosmetic Act
making it a crime to ship out adulterated or misbranded drugs. This provision was interpreted
by the U.S. Supreme Court to be applicable to the head of a company despite the fact that she
or he had not participated in the events and even had no knowledge of the goings-on.

For the great majority of industrial managers the threat of criminal liability is remote.
Before there can be such liability, the manager must be found guilty of (1) having knowingly
carried out illegal actions or (2) having been grossly negligent. These things must be proved
to a jury beyond a reasonable doubt. It is a difficult proof. (Many guilty criminals escape
conviction because of this difficulty.)
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Environmental Protection

A special category of government regulation is environmental protection (EP). On the face of
it, EP is a twentieth-century phenomenon. However, there is a school of thought suggesting
that EP originated in a conservation movement to preserve lands that were being exploited
by European colonists during the seventeenth and eighteenth centuries.

The Industrial Revolution of the mid-eighteenth century opened the way to mass pro-
duction and consumption of manufactured goods at rates that grew exponentially. To sup-
port this growth required a corresponding growth in production of energy and materials.
The resulting goods conferred many benefits on the societies that accepted industrialization.
However, there were unwelcome by-products, and these also grew at exponential rates.

Generating the needed energy produced emissions that polluted the air and water.
Nuclear power created the problem of nuclear waste disposal as well as the risk of radiation
leaks. Mining for raw materials damaged the land, as did disposition of toxic wastes. Omi-
nous threats were posed by ozone depletion and the risk of global warming. Disposition of
worn-out and obsolete products grew to problems of massive proportions. All this was in
addition to problems posed by the numerous inconveniences and occasional disasters
caused by product failures during service. (See above under Life behind the Quality Dikes.)

Industrial organizations were generally aware that they were creating these problems,
but their priorities were elsewhere. Public awareness lagged, but by the mid-twentieth cen-
tury the evidence had become overwhelming. Responding to public pressures, governments
enacted much legislation to avoid worsening the problem, and they provided funds to undo
some of the damage.

The new legislation was at first strongly resisted by industrial organizations because of
the added costs it imposed. Then as it became clear that EP was here to stay, the ingenuity
of industry began to find ways to deal with the problem at the source—to use technology to
avoid further damage to the environment. A striking example is Japan’s achievement in
energy conservation. During the 1973-1990 period, despite continuing growth in industrial
production, there was no increase in energy consumption (Watanabe 1993).

Public and media preoccupation with specific instances of environmental damage has
tended to stimulate allocation of funds to undo such damage. However, the long-range trend
seems to be toward prevention at the source.

Recognition of the importance of EP is now evident in many ways, e.g.,

e Many countries have created new ministries to deal with the problem of EP.
e Many industrial organizations have created high-level posts for the same purpose.

e Numerous conferences are being held, including at the international level, with
participation from government, industry, and academia (Strong 1993).

e An extensive and growing body of literature has emerged. Some of this is quite
specific.
¢ Organizations have also evolved specific processes for addressing the problems of
EP. These generally consist of
Establishment of policies and goals with respect to EP

Establishment of specific action plans to be carried out by the various company
functions

Audits to ensure that the action plans are carried out

In addition, the ingenuity of organizations has begun to find ways to reduce the costs
of providing solutions. Table 2.2 lists some of the identified problems and the associated
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Air pollution

Smog, tropospheric ozone, indoor air quality, volatile organic
compound

Climate change

Global warming, global dimming, fossil fuels, sea level rise,
greenhouse gas, ocean acidification

Conservation

Species extinction, pollinator decline, coral bleaching, Holocene
extinction event, invasive species, poaching, endangered species

Consumerism

Consumer capitalism, planned obsolescence, overconsumption

Dams Environmental impacts of dams

EMF Electromagnetic radiation and health

Energy Energy conservation, renewable energy, efficient energy use
Renewable energy commercialization

Fishing Blast fishing; bottom trawling; cyanide fishing; ghost nets; illegal,

unreported, and unregulated fishing

Genetic engineering

Genetic pollution, genetically modified food controversies

Intensive farming

Overgrazing, irrigation, monoculture, environmental effects of meat
production

Land degradation

Land pollution, desertification

Land use Urban sprawl, habitat fragmentation, habitat destruction
Logging Clear-cutting, deforestation, illegal logging
Mining Acid mine drainage, mountaintop removal mining, slurry

impoundments

Nanotechnology

Nanotoxicology, nanopollution

Nuclear issues

Nuclear fallout, nuclear meltdown, nuclear power, radioactive waste

Ozone depletion

CFC

Particulate matter

Sulfur oxide

Pollution

Light pollution, noise pollution, visual pollution

Resource depletion

Exploitation of natural resources, overfishing, shark finning, whaling

Soil

Soil conservation, soil erosion, soil contamination, soil salination

Thermal pollution

Urban runoff, water crisis, marine debris, ocean acidification,
ship pollution, wastewater

Toxins Chlorofluorocarbons, DDT, endocrine disrupters, dioxin, heavy
metals, herbicides, pesticides, toxic waste, PCB, bioaccumulation,
biomagnification

Waste E-waste, litter, waste disposal incidents, marine debris, landfill,

leachate, recycling, incineration

Water pollution

Acid rain, eutrophication, marine pollution, ocean dumping, oil spills

(Source: Wikipedia, 2009)

TaBLe 2.2 Environmental Problems and Opportunities for U.S. Industry
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opportunities for solution (Juran Institute, 2009). For more on environmental problems and
quality see Chapter 10, A Look Ahead: Eco-quality for Environmental Sustainability.

Multinational Collaboration

Collaboration across cultures is a many-faceted problem. For example, a system may be
designed in country A, but the subsystem designs may come from other countries. In like
manner, organizations from multiple countries may supply components and carry out man-
ufacture, marketing, installation, maintenance, and so on.

Numerous methodologies have been evolved to help coordinate such multinational
activities. Those widely used include the following;:

Standardization

This is accomplished through organizations such as the International Organization for
Standardization (ISO) and the International Electrotechnical Commission (IEC). A spe-
cial application is the Allied Quality Assurance Publication (AQAP) standards widely
used by the North Atlantic Treaty Organization (NATO) countries for multinational
contracting.

Contract Management

In many cases, the prime contractor provides a coordinating service for the subcontractors
(who may include a consortium). [McClure (1979) relative to the F16 aircraft; see also
McClure (1976).]

Technology Transfer

This is carried out in numerous well-known ways: international professional societies
and their committees; conferences; exchange visits; training courses; and seminars. In
large, multinational organizations, such activities are carried out within the organiza-
tions as well.
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About This Chapter

This chapter deals with the fundamental concepts that define the subject of managing for
quality. It defines key terms and makes critical distinctions between similar but different
contemporary programs to improve performance. It identifies the key processes or what I
called the universals through which quality is managed and integrated into the strategic fab-
ric of an organization. It demonstrates that while managing for quality is a timeless concept,
it has undergone frequent revolution in response to the endless procession of changes and

crises faced by human societies.

High Points of This Chapter

1. “Managing for quality” is a set of universal methods that an enterprise, a business,
an agency, a university, a hospital, or any organization can use to attain superior
results by ensuring that all goods, services, and processes meet stakeholder needs.

2. “Quality” as stated in Chapter 1, Attaining Superior Results Through Quality has two
meanings that must be clearly understood and communicated. The first relates to
how well the features of the services or products you produce meet customer needs
and thereby provide them satisfaction. “Quality” also means freedom from failure.
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3. The Juran Trilogy embodies the universal principles needed to create high-quality
goods, services, and processes.

4. The universal principles followed to manage for quality are applicable to any type
of organization, including a company, an institution, an industrial organization, a
government agency, a school, and a hospital.

5. Implementing processes to create innovative products and services by discovering
the voice of the customer will enable every organization to understand the
customers’ needs better and then create or design products that meet these needs.

6. Implement processes to ensure that products conform to the design criteria when
they are produced. We must control quality and predict how it will perform in the
marketplace.

7. Implement a systematic approach to improving quality or creating breakthroughs
to eliminate those failures that are chronic in our processes or products.

The Concept of Universals

During my studies of algebra and geometry, I stumbled across two broad ideas that I would put
to extensive use in later years. One was the concept of “universals”; the other was the distinction
between theory and fact.

My study of algebra exposed me for the first time to the use of symbols to create generalized
models. I knew that 3 children plus 4 children added up to 7 children, and 3 beans plus 4 beans
added up to 7 beans. Now by using a symbol such as x, I could generalize the problem of adding
3 + 4 and state it as a universal:

3x+4x=7x

This universal said that 3 + 4 always equals 7 no matter what x stands for—children, beans, or
anything else. To me the concept of universals was a blinding flash of illumination. I soon found
out that universals abounded, but they had to be discovered. They had various names—rules,
formulas, laws, models, algorithms, patterns. Once discovered, they could be applied to solve
many problems.

By 1954 in my text Managerial Breakthrough, I outlined the beginnings of the many universals
that led to superior result. The first was the universal of control—the process for preventing
adverse change. The second was the universal sequence for breakthrough improvement. The lat-
ter went on to become known as Six Sigma today. By 1986, I discovered that there was another
universal. This was the planning for quality, at the strategic level and product and service design
levels. I also came to realize that those three managerial processes (planning, control, and
improvement) were interrelated, so I developed the Juran Trilogy diagram, to depict this inter-
relationship. The Juran Trilogy embodies the core processes by which we manage for quality. As
a corollary, these same core processes constitute an important sector of science in managing for
quality. To my knowledge there is growing awareness in our economy that mastery of those
universal processes” is critical to attaining leadership in quality and superior results.

What Does Managing for Quality Mean?

For many decades, the phrase used to define quality was simply “fitness for use”. It has been
generally accepted that if an organization produced goods that were ‘fit for use” as viewed
by the customer, then those goods were considered of high quality. Throughout most of the
twentieth century this definition made sense because it was easy to grasp. Simply put, if
customers purchased a good and it worked, they were pleased with the quality of it. To the
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producers of that product it was easy to produce as long as the producer had a clear under-
standing of the customer requirements.

Managing for quality therefore meant to “ensure product conformance to requirements.”
The majority of tasks largely fell on the operations and quality departments. These functions
were responsible to produce, inspect, detect, and ensure the product met requirements.

Two developments have led us to modify this time-honored definition. The first was the
realization that the quality of a physical good, its fitness for use, was broader than just its
conformance to specifications. Quality was also determined by the design, packaging, order
fulfillment, delivery, field service, and all the service that surrounded the physical good. The
operations and quality departments could not manage quality alone.

The second development was a shift in the economy from production dominated by
goods to production heavily concentrated in services and information. As stated in
Chapter 1, Attaining Superior Results Through Quality and to reflect these changes, the
authors of this handbook (sixth edition) have chosen to use the phrase “fit for purpose”
instead of “fit for use” to define the quality of a product. We will use the term “product”
to refer to goods, services, and information. Regardless of whether a product is a good,
a service, or information, it must be “fit for purpose” by the customers of that product.
The customer is not just the end user but all those whom the product impacts, including
the buyer, the user, the supplier, the regulatory agencies, and almost anyone who is
affected by the product from concept to disposal. With such an expanding set of customers
and their needs, the methods and tools to manage for quality must grow as well.

For the twenty-first century “managing for quality” can be defined as “a set of universal
methods that any organization, whether a business, an agency, a university, or a hospital,
can use to attain superior results by designing, continuously improving, and ensuring that
all products, services, and processes meet customer and stakeholder needs.”

Management of quality is not the only set of universal methods to manage an organiza-
tion. It is one set of managerial methods that successful organizations have used and others
should use if they want to assure their products: goods, services, and information meet cus-
tomer requirements. This evolution will continue as more industries adopt the methods and
tools used to manage the quality of goods and services. Emerging organizations and countries
will create new means to adopt management methods to their unique needs. Today, a full
range of industries, including hospitals, insurance organizations, medical laboratories, and
financial service organizations, are managing for business superior performance excellence.

The accelerated adoption of techniques to manage for quality began in the late 1970s
when U.S. businesses were badly affected by many Japanese competitors. Japanese manu-
factured goods were generally viewed by the purchasers of those goods as having higher
quality. This led to the definition of “Japanese or Toyota quality.” These terms have become
synonymous with higher quality that is required to meet the needs of the customers. As
consumers or customers had a better choice, it forced some U.S. organizations into bank-
ruptcy and others to compete at a new level of performance. Eventually many American and
then later European organizations regained lost markets with higher quality.

One of the first to accomplish that was Motorola. Motorola was affected by Japanese orga-
nizations such as NEC, Sony, and others. The road traveled and the improved quality resulted
in Motorola becoming the first winner of the U.S. Malcolm Baldrige National Quality Award.
Motorola itself evolved the universal quality improvement model and created the Six Sigma
model for quality improvement. Since then American quality improved, and the quality revo-
lution continued into a global revolution. From 1986 to today this model of quality improve-
ment has become the most valued model for many industries around the globe. Today
organizations such as Samsung, Quest Diagnostics, Oracle, and Telefonica have become more
competitive and are among quality leaders in their industries.

[/

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



12

Key Concepts: What Leaders Need to Know about Quality

Each of these organizations and others have all contributed to the methods to manage
quality. They all used the basic tools of Six Sigma and quality management to expand into
business processes and all parts of the supply chain. Now quality is not the quality depart-
ment’s responsibility. It is the responsibility of the entire hierarchy. Managing quality has
become the way to manage an entire organization. It has become the driving force of many
strategies. To be the best in my industry, to have the highest quality, and to provide the highest
level of customer delight are all business strategies. If achieved, these strategies will enable
these organizations to attain financial success, cultural change, and satisfied customers.

In this sixth edition of the Juran’s Quality Handbook, we aim to provide a concise, simpler,
and hopefully clear set of methods and tools to manage for “quality.” This will include not
only the quality of goods or services but also the quality of process and function, which lead
to overall organizational quality.

As the needs of customers and society have changed, the means for meeting their needs
also changed. The methods of managing quality in 1980 may not work for your organization
today. What works today may not work tomorrow. Even the universals that continue to
deliver superior results may one day need to be modified. This handbook will present the
best of what works and the lessons learned for those that did not. One lesson learned was that
many organizations that were once quality leaders failed to sustain their successful perfor-
mance over time. Why did this happen? Did they fail to sustain results because of weak
leadership? Was it external forces? Was it a poor execution of their strategies? These questions
have haunted many professionals who have had to defend their “quality programs.” We will
try to provide answers to these questions and more in this version of the handbook.

In Figure 3.1 which addresses the meaning of quality, we have presented two of the
many meanings of the word “quality” as they relate to goods and services. These two are of
critical importance to managing for quality:

1. Quality as it relates to how well the features of a service or good meet customer
needs and thereby provide them with satisfaction. In this meaning of the word,
higher quality usually costs more.

2. Quality as it relates to freedom from failures. In this sense, the meaning of the word
is oriented to costs, and “higher quality usually costs less.”

Features Which Meet Customer Needs Freedom from Failures
Higher quality enables organizations to Higher quality enables organizations to
Increase customer satisfaction Reduce error rates

Meet societal needs Reduce rework, waste

Make products and services salable Reduce failures, warranty charges
Exceed competition Reduce customer dissatisfaction
Increase market share Reduce inspection, test, and audits
Provide salesrevenue Shorten time to develop new products
Secure premium prices Increase yields, capacity

Improve delivery performance

The major effect is on revenue The major effect is on costs
Usually higher quality costs more. Usually higher quality costs less.

Ficure 3.1 The meaning of quality. (Juran Institute, Inc., 2009.)
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By adopting these simple definitions of quality as it relates to goods and services one can
create a systematic approach to manage quality by

¢ Creating processes to design goods and services to meet needs of its stakeholders
(external and internal). Every organization must understand what the customers’
needs are and then create or design services and goods that meet those needs.

e Creating processes to control quality. Once designed, these services and goods are
produced, at which time we must ensure compliance to the design criteria.

o Creating a systematic approach for improving continuously or creating break-
throughs. Services, goods, and the processes that produce them suffer from chronic
failures that must be discovered and remedied.

¢ Creating a functions to ensure you continue to do the three things listed above.

By designing quality, controlling it during operations, and then continuously improving
on it, any organization can be on its way to becoming a “quality organization.” The global
quality leaders as described above are relentless in their pursuit of ensuring that all their
goods and services meet or exceed their customer requirements—but not at all costs. Attain-
ing quality that satisfies customers but not the business stakeholders is not a good business
to be in. To be truly a quality organization, the products and services must be produced at
costs that are affordable to the producer and its stakeholders. The quality-cost-revenue rela-
tionship, however, must be properly understood in making these judgments. Increased fea-
ture quality must generate enough revenue to cover the added costs of additional features.
But higher quality from lower failures will usually reduce cost and thereby improve finan-
cial performance. For organizations that do not generate revenue, feature quality must not
cost more than your budget allows, but quality improvement against failures will almost
always improve financial health.

By using these two definitions of quality, and by understanding the impact of good or
poor quality on an organization’s performance, one can create long-term plans to maintain
high quality of goods, services, processes, and financial performance. Managing over the
long term also requires that the organization set up systems to ensure that the changing
needs of its customers are well understood to avoid the failure to sustain performance that
plagues even the most successful organizations.

Organizational Effectiveness Programs

“Organizational Effectiveness,” “Lean Six Sigma,” “Toyota Production System,” and Total
Quality Management (TQM) are “brand” names for methods, and some may find them
synonymous with the universals to manage for quality. As Juran’s universals of managing
for quality become embedded and used in many new industries, a new brand may be
formed. Most of the time these new brands are useful because they help advance the needs
to improve performance. Just as the early guilds led to quality standards, society and chang-
ing customer needs also require the universals to be adapted. One common problem with
the methods to manage quality was found in the service sector. Service organizations always
felt that the word “quality” meant product quality. Many services do not see their products
as goods. They are services. Therefore they substitute the words “service quality” with “ser-
vice excellence.” Over time this phrase catches on and we have a new brand. Most of the
time this new brand builds positively on the previous brand. Other times the alterations to
the methods result in less positive outcomes and shunning of the brand. This happened to
TOM. Total Quality Management was the brand in the 1990s. It was replaced with Six
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Sigma. Why? The methods of managing for quality were evolving as many organizations
were trying to regain competitiveness. The problem with TQM was that it was not measur-
able or as business-focused as needed. Over time it lost its luster. However, there were
many organizations that improved their performance immensely, and they continue with
TQM today. Others move on to the new brand. At the time of this writing Lean Six Sigma
and Performance Excellence are in vogue. They too will change over time. In the end it does
not matter what you call your processes to manage for quality as long as you do what is
needed to attain superior results. The universals live on. No matter the industry, country, or
century, meeting and exceeding the needs of your customers will drive your results.

Our Glossary of Key Terms

In the world of managing for quality, there is still a notable lack of standardization of the
meanings of key words. However, any organization can do much to minimize internal con-
fusion by standardizing the definitions of key words and phrases. The basic tool for this
purpose is a glossary. The glossary then becomes a reference source for communication of all
sorts: reports, manuals, training texts, and so on.

The definitions of “quality” include certain key words that themselves require defini-
tion. A few are important before we continue:

1. Organizations. In this handbook we use this word to mean any entity, business,
company, institution, agency, business unit, hospital, bank, Internet provider, casino,
etc., that provides an output—a product, service, or information—to a customer,
whether for profit or not for profit.

2. Universal management methods and tools. A universal management method, tool,
or process means it can be used in any industry, any function, any organization in
any culture. It is truly universal. To most employees of an organization the word
“manage” means to assign resources, set goals, establish controls, and review results
with respect to products, processes, and people. To organizations that are “world-
class” it means a full sequence of activities that produce the intended results to meet
customer and societal needs. Managerial processes not limited to just finance,
human resources, technology, and operations. They also include managerial
processes to understand customer needs; to design new products and services to
meet those needs; to have systems and controls in place to ensure the needs are met
over time; to have systems and initiatives in place to continually improve all of
them: to ensure society’s needs are not negatively impacted.

3. Product: goods, services, or information. These are the outputs of any process that
meets the needs of your customers. To economists, products include both goods
and services and can also include information. However, under popular usage,
“product” sometimes means goods only. The authors will generally use “product”
to refer to both goods and services.

a. A product can also be a physical good such as a toy, a computer, or a document
containing information such as a proposal, an architectural drawing, or a web
site on the World Wide Web.

b. A product can also be a service, which is work that is performed for someone
else. A carpenter builds a home for a homeowner, the user; an automotive
technician repairs cars for their owners; a nurse cares for patients; and a web
browser provides fast information to meet the needs of its users.
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Feature. A feature is a property or characteristic possessed by a good or service that
responds to customer needs. A feature of an automobile can be the fidelity with
which its stereo system meets the listening needs of its driver. This may have little
or no impact on how the automobile drives and performs, but it does meet the
needs of the customer in other ways. A feature can be the emergency-room fast
track for critical patients in need of immediate medical attention. Features are what
a company, an organization, a system, or an agency must include in the design of a
good or service to meet customer needs. Features must be created through
understanding exactly how to meet the most important needs.

. Cost of poor quality (COPQ). These are the costs that would disappear in the

organization if all failures were removed from a product, service, or process. They
are measured as a percentage of sales or total costs.

. Customer. A customer is anyone external to your company, organization, system,

or agency who is affected by the use of the product or service. A customer
receives value for the product of the organization. A customer may be the
ultimate user of the product or an intermediate customer external to your
organization but not the user, such as a parent who purchases a game for a child
or a surgeon who implants a device in the patient. A good or service can have many
customers. A common practice is to differentiate between “external” customers
and “internal” customers. External customers are defined as above, and internal
customers are users within the organization. The term “customer” alone will
generally refer to the external customer. Customers are sometimes called
stakeholders. This term is typically intended to encompass external customers
and internal customers, shareholders, management, and employees. Since this
wide range of roles will have divergent and even conflicting needs for the
organization, we will generally discuss each group separately rather than place
them all in one category.

. Processor. Processors are employees, departments, functions, business units, and

agencies that produce or carry out a process within the organization. To achieve
superior results, an organization must clearly focus on the external customers but
ensure that all processors are able to complete their work as designed, on time,
every time.

. Customer satisfaction. Customer satisfaction is the positive state of customers when

their needs have been met by the good or service they purchase or use. Satisfaction
is mainly driven by the features of the good or service produced.

. Customer dissatisfaction. This is the negative state of a customer when a good or

service has a failure that results in an unmet need and, consequently, customer
annoyance, a complaint, a claim, or returned goods.

Failure. Failure is any fault, defect, failure, or error that impairs a service or product
from meeting the customer needs. These can be stated as too many defects or failures
(in goods or services). Failures take such forms as waiting too long for phone
responses from a call center, errors on invoices, warranty claims, power outages,
failures to meet delivery dates, and inoperable goods.

Customer loyalty. This is the delighted state of a customer when the features of the
good and service meet her or his needs and are delivered free from failure. Loyalty
is also relative to the offerings of the competition. A loyal customer continues to
purchase or use your organization’s goods and services. Loyalty is a strategic

[1]
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financial measure of customer satisfaction. Creating loyal customers is the goal of a
superior performer.

12. Customer disloyalty. This is the very negative state of customers who no longer
want your products or services. They find better-performing products and
services and then become disloyal to the producer to whom they had once
been loyal.

13. Superior performers, world class, or best in class. These various labels are used in
the marketplace for organizations with products that are generally accepted as
having the highest quality. These organizations become the de facto comparative
benchmark for others to attain. Examples include Toyota Motor Company, Samsung
Electronics, the Mayo Clinic, and Google, to name a few.

Management of Quality: The Financial and Cultural Benefits

Features Effect on Revenue

Revenue can include several types of transactions: (1) money collected from selling a
good or service, (2) taxes collected by a government, or (3) donations received by a
charity. Whatever the source, the amount of the revenue relates in varying degrees to
the ability of the good or service features produced to be valued by the recipient—the
customer. In many markets, goods and services with superior features are able to
attract more revenue through some combination of higher market share and premium
pricing. Services and products that are not competitive with features often are sold at
lower prices.

Failures Effect on Income

The customer who encounters a deficiency may take action that creates additional cost for
the producer, such as file a complaint, return the product, make a claim, or file a lawsuit. The
customer also may elect instead (or in addition) to stop buying from the guilty producer as
well as to publicize the deficiency and its source. Such actions by multiple customers can do
serious damage to a producer’s revenue.

Failures Effect on Cost

Deficient quality creates excess costs associated with poor quality. “Cost of poor quality”
(COPQ) is a term that encompasses all the costs that would disappear if there were no
failures—no errors, no rework, no field failures, and so on. Juran Institute’s research on the
cost of poor quality demonstrates that for organizations that are not managing quality
aggressively, the level of COPQ is shockingly high.

Calculating the costs of poor quality can be highly valuable for an organization.
COPQ shows enterprise leaders just how much poor quality has inflated their costs
and consequently reduced their profits. Detailed COPQ calculations provide a road
map for rooting out those costs by systematically removing the poor quality that cre-
ated them.

In the early 1980s, it was common for many business leaders to make a statement
that their COPQ was about 20 to 25 percent of sales revenue. This astonishing number
was backed up by many independent organizations calculating their own costs. For this
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handbook we conducted additional research to determine a more precise and current
estimate for COPQ in the economy.

The task was not as easy as it may sound. Many sources were in disagreement as to what
costs should be included in the total. In addition, the actual form of the statistic was pre-
sented in myriad ways: percentage of sales, percentage of operating expenses, percentage of
value added, an absolute dollar value, a dollar value per employee, and even a number of
deaths in the health care industry. While many sources provided hard primary data, others
would cite vague “experts” or “studies.” When specific sources were cited, they sometimes
referred to one another in circular fashion.

Based on findings and extrapolations from published literature, as well as a report
conducted by the Midwest Business Group on Health and Juran Institute, and the rea-
soned judgment of knowledgeable health care practitioners, it was estimated that 30
percent of all direct costs of health care are the result of poor-quality care, consisting
primarily of overuse, misuse, and waste in the system. The impact of underuse on costs
is not clear. With national health expenditures of roughly $1.4 trillion in 2001, the 30
percent figure translates into $420 billion spent each year as a direct result of poor qual-
ity. In addition, the indirect costs of poor quality (e.g., reduced productivity due to
absenteeism) add an estimated 25 to 50 percent, or $105 to $210 billion, to the national
bill. Private purchasers absorb about one-third of these costs. In fact, we estimate that
poor-quality health care costs the typical employer between $1900 and $2250 per cov-
ered employee each year. Even if these figures are off by 50 percent, poor-quality health
care exacts a several hundred-billion-dollar toll on our nation each year (Midwest Busi-
ness Group on Health et al. 2003).

Our best synthesis suggests that by the year 2003 the COPQ was in the range of 15 to
20 percent for manufacturing organizations, with many achieving even lower levels as the
result of systematic programs to reduce it. For service organizations COPQ as a percentage
of sales was still a staggering 30-35 percent of sales. These numbers included the costs of
redoing what had already been done, the excess costs to control poor processes, and the costs
to correctly satisfy customers. Failures that occur prior to sale obviously add to a producer’s
costs. Failures that occur after sale add to customer’s costs as well as to producer’s costs. In
addition, post sale failures reduce producers’ future sales because customers may be less apt
to purchase a poor quality service.

How to Manage for Quality: A Financial Analogy

To manage quality, it is good to begin by establishing a vision for the organization, along
with policies, goals, and plans to attain that vision. This means that quality goals and
policies must be built into the organization’s strategic plan. (These matters are treated
elsewhere in this handbook, especially in Chapter 7, Strategic Planning and Deployment:
Moving from Good to Great.) Conversion of these goals into results (making quality
happen) is then achieved through established managerial processes—sequences of activi-
ties that produce the intended results. Managing for quality makes extensive use of three
such managerial processes:

¢ Designing or planning for quality
¢ Compliance, controlling or assuring quality

¢ Improving or creating breakthroughs in quality

m
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These three processes are interrelated and are known as the Juran Trilogy. They parallel the
processes long used to manage for finance. These financial processes consist of the following:

Financial planning. This process prepares the annual financial and operational budgets. It
defines the deeds to be done in the year ahead. It translates those deeds into money—
revenue, costs, and profits. It determines the financial benefits doing all those deeds. The
final result establishes the financial goals for the organization and its various divisions
and units.

Financial control. This process consists of evaluating actual financial performance,
comparing this with the financial goals and taking action on the difference—the
accountant’s “variance.” There are numerous subprocesses for financial control: cost
control, expense control, risk management, inventory control, and so on.

Financial improvement. This process aims to improve financial results. It takes many
forms: cost reduction projects, new facilities, and new-product development to increase
sales, mergers, and acquisitions, joint ventures, and so on.

These processes are universal—they provide the basis for financial management, no
matter what type of organization it is.

The financial analogy can help leaders realize that they can manage for quality by using
the same processes of planning, control, and improvement. Since the concept of the trilogy
is identical to that used in managing for finance, leaders are not required to change their
conceptual approach.

Much of their previous training and experience in managing for finance is applicable to
managing for quality.

While the conceptual approach does not change, the procedural steps differ. Figure 3.2
shows that each of these three managerial processes has its own unique sequence of

Quality Planning Quality Control Quality Improvement

Establish goals Determine the control subjects Prove the need with a
business case
Identify who are the customers
Measure actual performance Establish a project
Determine the needs of the infrastructure
customers
Compare actual performance to  Identify the improvement
Develop features which respond  the targets and goals projects
to customers’ needs
Establish project teams

Develop processes able to Take action on the difference

produce the products Provide the teams with
resources, training, and

Establish process controls motivation to:

transfer the plans to the Continue to measure and Diagnose the causes

operating forces maintain performance Stimulate remedies

Establish controls
to hold the gains

Fieure 3.2 Managing for quality.
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activities. Each of the three processes is also a universal—it follows an unvarying sequence
of steps. Each sequence is applicable in its respective area, no matter what the industry, func-
tion, culture, etc.

Implementing the Juran Trilogy

The Juran Trilogy Diagram
The three processes of the Juran Trilogy are interrelated. Figure 3.3 shows this interrelationship.
The Juran Trilogy diagram is a graph with time on the horizontal axis and cost of poor
quality on the vertical axis. The initial activity is quality planning. The market research func-
tion determines who the customers are and what their needs are. The planners or product
realization team then develops product features and process designs to respond to those
needs. Finally, the planners turn the plans they created over to operations: “Run the process,
produce the features, deliver the product to meet the customers’ needs.”

Chronic and Sporadic
As operations proceed, soon it is evident that the processes that were designed to deliver the
good or service are unable to produce 100 percent quality. Why? Because there are hidden
failures or periodic failures that require rework and redoing. Figure 3.3 shows an example
where more than 20 percent of the work processes must be redone owing to failures. This
waste is considered chronic—it goes on and on until the organization decides to find its root
causes. Why do we have this chronic waste? Because it was planned that way. The planners
could not account for all unforeseen obstacles in the design process.

Under conventional responsibility patterns, the operating forces are unable to get rid of
this planned chronic waste. What they can do is to carry out control—to prevent things from
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Ficure 3.3 Juran Trilogy®.
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getting worse, as shown in Figure 3.3. It shows a sudden sporadic spike that has raised the
failure level to more than 40 percent. This spike resulted from some unplanned event such
as a power failure, process breakdown, or human error. As a part of the control process, the
operating forces converge on the scene and take action to restore the status quo. This is often
called “corrective action,” “troubleshooting,” “fire-fighting,” and so on. The end result is to
restore the error level back to the planned chronic level of about 20 percent.

The chart also shows that in due course the chronic waste was driven down to a level far
below the original level. This gain came from the third process in the trilogy—improvement.
In effect, it was seen that the chronic waste was an opportunity for improvement, and steps
were taken to make that improvement.

The Trilogy Diagram and Failures

The trilogy diagram (Figure 3.3) relates to product and process failures. The vertical scale
therefore exhibits units of measure such as cost of poor quality, error rate, percent defective,
service call rate, waste, and so on. On this same scale, perfection is at zero, and what goes up
is bad. The results of reducing failures are reduction in the cost of poor quality, meeting more
delivery promises, reduction of the waste, decrease in customer dissatisfaction, and so on.

Allocation of Time within the Trilogy

An interesting question for managers is, How do we design our functions and allocate their
time relative to the processes of the trilogy?” Figure 3.4 is a model designed to show this
interrelationship in a Japanese company (Itoh 1978).

In Figure 3.4 the horizontal scale represents the percentage allocation of any person’s
time and runs from 0 to 100 percent. The vertical scale represents levels in the organizational
hierarchy. The diagram shows that the upper managers spend the great majority of their
time on planning and improvement. They spend a substantial amount of time on strategic
planning. The time they spend on control is small and is focused on major control subjects.

At progressively lower levels of the hierarchy, the time spent on strategic planning
declines, whereas the time spent on control and maintenance grows rapidly. At the lowest
levels, the time is dominated by control and maintenance, but some time is still spent on
planning and improvement.

Q
& Upper
N\ managers
Managers
Supervisors
Workforce

Ficure 3.4 Itoh model. (Adapted from Management for Quality, 4th ed., Juran Institute, Inc., 1987,
p. 18.)
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The Universal Methods to Manage for Quality

Figure 3.2 shows these unvarying sequences in abbreviated form. Extensive detail is pro-
vided in other chapters of this handbook: Chapter 4, Quality Planning: Designing Innovative
Products and Services; Chapter 5, Quality Improvement: Creating Breakthroughs in Perfor-
mance; and Chapter 6, Quality Control: Assuring Repeatable and Compliant Processes.
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About This Chapter

New product development processes are one of the most important business processes
in an organization. It is the lifeblood of future sales, performance, and competitive-
ness. Traditional methods to develop new products in manufacturing usually arise
within the product development functions. In service organizations new service devel-
opment is done ad hoc with multiple functions contributing to the new service designs.
“Quality Planning,” as the term is used here, is a systematic process for developing
new products (both goods and services) and processes that ensure customer needs are
met. There are many methods to design innovative products. Design for Six Sigma,
Design for Lean, Design for World-Class Quality, and Concurrent Engineering, Agile
Design for Software are common. This chapter will focus on the methods and tools that
are common to each and sometimes excluded from development functions. Quality by
design methods and tools will enable an organization to develop breakthrough products
and services that drive revenue.
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8  Key Concepts: What Leaders Need to Know about Quality

High Points of This Chapter

1. Designing for quality and innovation is one of the three universal processes of the Juran
Trilogy. It is required to achieve breakthroughs new products, services, and processes.

2. An effective design process requires a robust method and structure to create new
products (goods, services, information) and ensure that these together with key
operational processes—including process controls—are developed prior to the
introduction of the products to the marketplace.

3. The Juran Quality by Design Model consists of following simple steps, primarily
leading to a much better understanding of the customers that will benefit from the
new product. Itis not a statistical design method as Design for Six Sigma is considered.
It is often used to design new services and processes. The steps are as follows:

e Establish the design targets and goals.

¢ Define the market and customers that will be targeted.

e Discover the market, customers, and societal needs.

¢ Develop the features of the new design that will meet the needs.

e Develop or redevelop the processes to produce the features.

¢ Develop process controls to be able to transfer the new designs to operations.

4. The Design for Six Sigma model, often called DMADYV, consists of a statistical
approach to design applicable to manufactured goods. It follows similar steps and
incorporates some of the tools in Juran’s model:

e Define the project and the targets.

e Measure what is critical to customers and quality (CTQs) to establish the required
features.

e Analyze the information and create a high-level design incorporating the CTQs.

e Design by creating detailed designs, evaluate them, and optimize them before
transferring them to operations.

e Verify the design requirements and execute the final product.

Tackling the First Process of the Trilogy: Designing Innovative Products

An organization’s ability to satisfy its customers depends on the robustness of the design
processes because the goods you sell and the services you offer originate there.

The design process is the first of the three elements of the Juran Trilogy. It is one of the
three basic functions by which management ensures the survival of the organization. The
design process enables innovation to happen by designing products (goods, services, or
information) together with the processes—including controls—to produce the final outputs.
When design is complete, the other two elements—control and improvement—Xkick in to
continuously improve upon the design as customer needs and technology change.

This handbook addresses two versions of the design process. In this chapter we will dis-
cuss the first version, Juran’s universal quality by design model. It has been in place since 1986
and provides a structure that can be incorporated into an organization’s new product develop-
ment function, or it can be used independently to be carried out project by project as needed.

The second version, Design for Six Sigma (DFSS), which is referred to by the steps in the
process DMADV (define, measure, analyze, design, and verify), is the most recent adaption
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to Juran’s model. It builds upon the Six Sigma Improvement or DMAIC (define, measure,
analyze, improve, and control) methodology to improve performance. DMADV was first
introduced by GE. It uses elements of the Juran model and incorporates many of the statisti-
cal tools common to improvement. DFSS will be covered in detail in Chapter 14, Continuous
Innovation Using Design for Six Sigma.

The Juran model is especially useful for designing products and redesigning processes
simply and economically. The authors have witnessed the design of superb products, pro-
cesses, and services using this model.

Examples include a prize-winning safety program for a multiple-plant manufacturer; an
information system that enables both sales and manufacturing to track the procession of an
order throughout the entire order fulfillment process so customers can be informed—on a
daily basis—of the exact status of their order; and a redesigned accounts receivable system
much faster and more efficient than its predecessor.

The DFSS model is the classic model enhanced by the addition of computers and statisti-
cal software packages, which permit the utilization of numerous design tools not easily used
without a computer. The Six Sigma model is suitable for designing even complex products
and for achieving extraordinary levels of quality. Although it is time consuming and expen-
sive in the short term, when executed properly, it produces a healthy return on investment.

The Juran Quality by Design Model

Modern, structured quality design is the methodology used to plan both features that
respond to customers’ needs and the process to be used to make those features. “Quality by
design” refers to the product or service development processes in organizations. Note the
dual responsibility of those who plan: to provide the features to meet customer needs and to
provide the process to meet operational needs. In times past, the idea that product design
stopped at understanding the features that a product should have was the blissful domain
of marketers, salespeople, and research and development people. But this new dual respon-
sibility requires that the excitement generated by understanding the features and customer
needs be tempered in the fire of operational understanding.

That is, can the processes make the required features without generating waste? To
answer this question requires understanding both the current processes’ capabilities and
customer specifications. If the current processes cannot meet the requirement, modern
design must include finding alternative processes that are capable.

The Juran Trilogy points out that the word “quality” incorporates two meanings: first,
the presence of features creates customer satisfaction; second, freedom from failures about
those features is also needed. In short, failures in features create dissatisfactions.

1. Removing failures is the purpose of quality improvement.

2. Creating features is the purpose of quality by design.

Kano, Juran, and others have long ago agreed that the absence of failures, that is, no
customer dissatisfaction, may not lead us to the belief that satisfaction is thus in hand. We
can readily conclude that dissatisfaction goes down as failures are removed. We cannot con-
clude that satisfaction is therefore going up, because the removal of irritants does not lead to
satisfaction—it leads to less dissatisfaction.

It is only the presence of features that creates satisfaction. Satisfaction and dissatisfaction
are not co-opposite terms. It is amazing how many organizations fail to grasp this point.
Let’s take, e.g., the typical “bingo card” seen in many hotels. These are replete with “closed-
ended” questions. For example, they ask, “How well do you like this on a scale of 1 to 5?”
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They do not ask, “How well do you like this?” This is the exact opposite of the question
“How well don’t you like it?” Therefore, any so-called satisfaction rating that does not allow
for open-ended questioning such as “What should we do that we are not already doing?” or
“Is there someone who provides a service we do not offer?” will always fall into a one-sided
dimension of quality understanding. What, then, does a composite score of 3.5 for one
branch in a chain of hotels really mean compared to another branch scoring 4.0? It means
little. Their so-called satisfaction indices are really dissatisfaction indices.

So we arrive at the basic fundamental of what quality really is. As stated in Chapter 1
Attaining Superior Results Through Quality, the authors adopted a definition that Juran
had postulated long before: “quality” means fitness for use, and we now have extended it
to “fitness for purpose.” Let’s explore this concept.

First, the definition of “fitness for use” takes into account both dimensions of quality—
the presence of features and the absence of failures. The sticky points are these: Who gets to
decide what “fitness” means? Who decides what “purpose” means? The user decides what
“use” means, and the user decides what “fitness” means. Any other answer is bound to lead
to argument and misunderstanding. Providers rarely win here. Users, especially society at
large, generally always win. For example, take yourself as a consumer. Did you ever use a
screwdriver as a pry bar to open a paint can? Of course you did. Did you ever use it to punch
holes into a jar lid so your child could watch bugs? Of course you did. Did you ever use it as
a chisel to remove some wood, or metal, that was in the way of a job you were doing around
the house? Of course you did. Now wait just a moment . . . a screwdriver’s intended use is
to drive screws!

So the word “use” has two components, intended use and actual use. When the user uti-
lizes it in the intended way, both the provider and the user are satisfied. Conformance to
specification and fitness for purpose match. But what about when the user uses it in the
nonintended way, as in the screwdriver example? What, then, regarding specifications and
fitness?

To delve even deeper, how does the user actually use the product? What need is it meet-
ing for the user? Here we find another juncture: the user can create artful new uses for a
product. For example:

“2000” Uses for WD-40. WD-40 was formulated years ago to meet the needs of the U.S.
space program. Not many know the origins of the brand name. “WD” refers to water
displacement, and 40 is simply the 40th recipe the company came up with. But as the
product moved into the consumer market, all kinds of new uses were uncovered by the
users. People claimed it was excellent for removing scuff marks from flooring. They
claimed it could easily remove price stickers from lamps, inspection stickers from
windshields, and bubble gum from children’s hair. The company delighted in all this.
But the company didn’t release all those clever new uses for public consumption. People
also claimed that if they sprayed bait or lures with it, they caught more fish. Those with
arthritis swore that a quick spray on a stiff elbow gave them relief. Let’s not go too far.
What about use where the product obviously cannot work? In Latin there is a word for
this: ab-use (abuse), where the prefix “ab” simply means “not.”

Some examples will help: back to the screwdriver. You could argue that using the screw-
driver as a pry bar, chisel, or punch is abuse of its original designed purpose. But clearly many
manufacturers have provided a product that can withstand this abuse, and so use then falls
back into the “intended” column (whether this came as a result of lawsuits or from some other
source). Further, a look at commercial aircraft “black boxes” (which are orange, by the way),
show that they clearly survive in circumstances where the aircraft do not survive. Understand-
ing of use in all its forms is what modern design seeks to achieve.
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Last, modern design and planning, as we see over and over, seeks to create features in
response to understanding customer needs. We are referring to customer-driven features.
The sum of all features is the new product, service, or process.

A different type of product planning in which features meeting no stated need are put
out for users to explore is beyond the scope of this chapter. 3M’s Post-it Notes and the Inter-
net are examples where we collectively did not voice needs, but which we cannot imagine
life without them, once we embraced their features.

The Quality by Design Problem

The quality by design model and its associated methods, tools, and techniques have been
developed because in the history of modern society, organizations rather universally have
demonstrated a consistent failure to produce the goods and services that unerringly delight
their customers. As a customer, everyone has been dismayed time and again when flights
are delayed, radioactive contamination spreads, medical treatment is not consistent with
best practices, a child’s toy fails to function, a new piece of software is not as fast or user-
friendly as anticipated, government responds with glacial speed (if at all), or a home wash-
ing machine with the latest high-tech gadget delivers at higher cost clothes that are no
cleaner than before. These frequent, large quality gaps are really the compound result of a
number of four smaller gaps, illustrated in Figure 4.1.

The first component of the quality gap is the understanding gap, i.e., lack of understand-
ing of what the customer needs are. Sometimes this gap is wider because the producer sim-
ply fails to consider who the customers are and what they need. More often the gap is there
because the supplying organization has erroneous confidence in its ability to understand
exactly what the customer really needs. The final perception gap in Figure 4.1 also arises
from a failure to understand customer needs. Customers do not experience a new suit of
clothes or the continuity in service from a local utility simply based on the technical merits
of the product. Customers react to how they perceive the good or service provides them with
a benefit.

Customer expectations

A Understanding gap
Understanding of needs
Design gap
) Design of product
Ql;l;ty Process gap
Capability to deliver design
Operations gap
Actual delivery
\J Perception gap

Customer perception of delivery

Ficure 4.1 The quality gap. (Inspired by A. Parasuraman, Valarie A. Zeithami, and Leonard L. Berry, “A
Conceptual Model for Service Quality and Its Implications for Further Research,” Journal of Marketing,
Fall 1985, pp. 41-50.)
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Quality Planning

. Establish the project and design goals.

. Identify the customers.

. Discover the customer needs.

. Develop the product or service features.

. Develop the process features.

. Develop the controls and transfer to operations.

AN N B W —

Ficure 4.2 Quality by design steps. (Copyright 1994, Quality by Design, Juran Institute, Inc.)

The second constituent of the quality gap is a design gap. Even if there were perfect
knowledge about customer needs and perceptions, many organizations would fail to create
designs for their goods and services that are fully consistent with that understanding. Some
of this failure arises from the fact that the people who understand customers and the
disciplines they use for understanding customer needs are often systematically isolated
from those who actually create the designs. In addition, designers—whether they design
sophisticated equipment or delicate human services—often lack the simple tools that would
enable them to combine their technical expertise with an understanding of the customer
needs to create a truly superior product.

The third gap is the process gap. Many splendid designs fail because the process by which
the physical product is created or the service is delivered is not capable of conforming to the
design consistently time after time. This lack of process capability is one of the most persis-
tent and bedeviling failures in the total quality gap.

The fourth gap is the operations gap. The means by which the process is operated and
controlled may create additional failures in the delivery of the final good or service.

Quality by design provides the process, methods, tools, and techniques for closing each
of these component gaps and thereby ensuring that any final gap is at a minimum. Figure 4.2
summarizes at a high level the basic steps of quality by design. The remainder of this section
will provide the details and examples for each of these steps.

Juran Quality by Design Model

We look at each of these as we step through the sequence at a high level.

Step 1: Establish the Project and Design Goals

All design should take place project by project. There is no such thing as design in general;
there is only design in specific. In strategic planning, we set out the vision, mission, strate-
gies, objectives, and so on. Each is a specific thing. In product planning, we start with a
project, i.e., something to plan. We might design a new training room, a new car, a wed-
ding, a customer toll-free hotline, or a new Internet process for bidding on travel booking
(such as Priceline.com, Expedia.com). Note that each is a specific thing, and each can be
clearly differentiated from anything else. A training room is not a cafeteria, a new car is not
a Howitzer, a hotline is not long-distance service, and the travel booking process is not a
bookstore online. This is a significant point. Without being able to differentiate what we
are designing from anything else, everything collapses into vagueness. So a project is our
starting point.
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Step 2: Identify the Customers

Going back to the 1980s Total Quality Management (TQM) days, we learned that those who
receive the product are customers in some way. If we were designing a training room, the train-
ees would be an important customer segment. So, too, would the custodians, because they
have to clean the room, set it up in different ways, and so on. Customers of the new car include
the purchasers, the insurance organizations, the dealers, the carriers, etc. Customers of the hot-
line include our clients, our service agents, etc. We can include as customers for the travel process
the travelers, airlines, and the Web server entity. From all this emerges the basic understanding:
A customer is a cast of characters, and each has unique needs that must be met.

Step 3: Discover the Customers’ Needs

Wants, needs, perceptions, desires, and other emotions are all involved in our discovery of
customer needs. We need to learn how to separate things and prioritize them. But at this
point, we need to emphasize that not all high-priority customers (such as the car buyer) are
the only ones with high-priority needs. We also stress that just because some customer entity
is lower in priority doesn’t mean at all that it automatically has lesser-priority needs. We
need to understand the “voice of the customer” and the “voice of the market.”

Take, e.g., the automobile carriers; we simply cannot overlook their needs for the car to
be only so high and only so wide. If we ignored their needs, they could stop the product
from reaching the cash-paying ultimate customer, our buyer. So, too, could regulators (the
various states, the National Highway Transportation Safety Board, the Environmental Pro-
tection Agency, etc., impose “needs” that if unmet, could stop the process from going for-
ward at all). So from all this, we reach another point: Customers have to be prioritized in an
agreed upon way.

Step 4: Develop the Product or Service Features

The word “feature,” as used in product planning, means what the product does, its charac-
teristics, or its functionality. In structured product planning, we adopt a different definition:
A feature is the thing that the customer employs to get her or his needs met. For example, in
our training room, the trainees need to take notes as they learn. A feature might then be a flip
chart, a white board, or a desk. Our custodians might need to move things around quite a
bit, so features might include portability, size, weight, and modularity.

As our list of features grows, we soon realize that we cannot possibly have all features at
the same priority level. So we need a way to put things in order, once again, and in an agreed
upon way. We finalize by optimizing and agreeing on the list of features and the goals for
them as well. Note what optimization means: Not all features survive product planning.

Step 5: Develop the Process Features

Because we know that the process is the thing that creates the features, we need to examine
current and alternative processes to see which ones will be used to create the features. We
need to be sure that the product feature goals can be accomplished via the processes we
choose. In other words:

Process capability must reconcile with product requirements. That statement is very
important. No process knows its product goals; product goals come from humans. Ideal prod-
uct goals would naturally reflect the various customers. But the key issue is this: Variation
comes from processes; goals come from humans.
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In the example of the training room, process goals might be to reset the room in
20 minutes, keep a supply of flip charts in a closet, certify the trainees to a standard, and
so on. As before, we need to list all the possible routes to making the product, select the
ones we will use based on some rationale, establish goals for the processes, and reach an
optimum.

Step 6: Develop Process Controls and Transfer to Operations

Develop Process Controls

Control is basic to all human activity, from how the body regulates itself as to temperature
and metabolism, to financial controls in how we run our organizations or homes. Control
consists of three fundamentals:

In product planning, we need to ensure that the processes work as designed within their
capabilities. In the training room, e.g., controls might take the form of a checklist for reset-
ting the room and a minimum inventory of flip charts. Control makes use of the concept of
the feedback loop.

Here’s an example you might keep in mind:

Did you ever check the oil in your car? The dipstick is a form of control point. Note that
we begin with a control subject (volume of 0il), a unit of measure (quarts or liters), a sensor
(you and the dipstick), and a goal (keep the oil somewhere between “full” and “add”—
inside those hash marks). Then we move on to sample the process (clean the dipstick, put it
back in, remove it, and observe the oil level). Next we adjust when adjustment is called for
(oil levels below add require us to add oil until we bring the oil up to somewhere between
add and full, the agreed goal). If the oil is already within the hash marks, the control activity
is to replace the dipstick, shut the hood, and drive on until another checkpoint is reached
(perhaps next month). Note that the control activity must reflect the agreed upon goal for
control. In the engine oil example, the control point was “inside the hash marks,” so the
control action is to bring the oil to somewhere “inside the hash marks.” Many people miss
this point; e.g., they add oil until the stick reads “full.” This is overcontrol. Control actions
must reflect control goals.

Transfer to Operations
Transfer to operations winds up the whole design process. As used here, “operations” means
those who run the process, not “manufacturing.” To continue the examples used earlier,
operations for the training room is the activity of the trainers, the custodians, and the pur-
chasing department. For the new car, operations includes manufacturing, transport, dealer
relations, and the legal department. For the hotline, operations means the customer service
agents who answer the phone. In the travel bidding process, operations include those who
shop the bid or reject it and those who maintain the software that interfaces the prospect
with the carriers. From the lessons of the era of productivity, the Industrial Revolution, and
into the twentieth century, we have learned that the involvement of the operators is key to
any well-running process.

With the development of the Ford Taurus came solid understanding of the value of
a “platform” team. Designers, engineers, workers, purchasing agents, salespeople, and
managers all sat under one roof to develop the car. The concept of platform teams is well
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ingrained in many car organizations today. The Chrysler Technical Center in Auburn Hills,
Michigan, is a later example of such broad collaboration. Thus, successful transfer to opera-
tions must include the operators in the design process as early as possible.

The remainder of this section will provide details, practical guidance, and examples for
each of these steps.

Juran Quality by Design Model Substeps

Step 1: Establish the Goals and the Project Team

A quality by design project is the organized work needed to prepare an organization to
deliver a new or revised product, service, or process. The following steps or activities are
associated with establishing a quality by design project:

1. Identify which projects are required to fulfill the organization’s sales or revenue
generation strategy.

2. Prepare a goal statement for each project.

3. Establish a team to carry out the project.

Identification of Projects
Deciding which projects to undertake is usually the outgrowth of the strategic and business
design of an organization. (See Chapter 7, Strategic Planning and Deployment: Moving
from Good to Great, for a discussion of how specific projects are deployed from an organi-
zation’s vision, strategies, and goals.) Typically, design for quality projects create new or
updated products that are needed to reach specific strategic goals, to meet new or changing
customer needs, to fulfill legal or customer mandates, or to take advantage of a new or
emerging technology.

Upper management must take the leadership in identifying and supporting the critical
quality by design projects. Acting as a design council, council, or similar body, management
needs to fulfill the following key roles:

1. Setting design goals. Marketing, sales, and similar management functions identify
market opportunities and client needs currently not being met. By setting these
goals, management is beginning the process to create new products, services, or
processes to meet these unmet needs.

2. Nominating and selecting projects. The management or council selects the appropriate
design projects critical to meeting strategic business and customer goals.

3. Selecting teams. Once a project has been identified, a team is appointed to see the
project through the remaining steps of the design for quality process. A team may
be defined by a project manager in the product development function.

4. Supporting project team. New technologies and processes are generally required to
meet the new design goals. It is up to management to see that each design team is
well prepared, trained, and equipped to carry out its goals. The support may include
the following:

a. Provide education and training in design tools.

b. Provide a trained project leader to help the team work effectively and learn the
design for quality process.
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c. Regularly review team progress.

d. Approve revision of the project goals.

e. Identify or help with any issues that may hinder the team.
f. Provide resource expertise in data analysis.

g. Furnish resources for unusually demanding data collection such as market
studies.

h. Communicate project results.

5. Monitoring progress. The council is responsible for keeping the quality by design
process on track, evaluating progress, and making midcourse corrections to improve
the effectiveness of the entire process. Once the council has reviewed the sources for
potential projects, it will select one or more for immediate attention. Next, it must
prepare a goal statement for the project.

Prepare Goal Statement

Once the council has identified the need for a project, it should prepare a goal statement
that incorporates the specific goal(s) of the project. The goal statement is the written
charter for the team that describes the intent and purpose of the project. The team goal
describes

o The scope of the project, i.e., the product and markets to be addressed
o The goals of the project, i.e., the results to be achieved (sales targets)

Writing goal statements requires a firm understanding of the driving force behind the
project. The goal helps to answer the following questions:

¢ Why does the organization want to do the project?

¢  What will the project accomplish once it is implemented?

A goal statement also fosters a consensus among those who either will be affected by
the project or will contribute the time and resources necessary to plan and implement
the project goal.

Examples include the following:

o The team goal is to deliver to market a new low-energy, fluorocarbon-free refrigerator
that is 25 percent less expensive to produce than similar models.

e The team will create accurate control and minimum cost for the inventory of all
stores.

While these goal statements describe what will be done, they are still incomplete. They lack
the clarity and specificity required of a complete quality by design goal statement that
incorporates the goal(s) of a project. Well-written and effective goal statements define the
scope of the project by including one or more of the following.

Inherent Performance How the final product will perform on one or more dimensions, e.g.,
24-hour response time, affects the scope of the project.

Comparative Performance How the final product will perform vis-a-vis the competition,
e.g., the fastest response time in the metropolitan area, is relevant.
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Customer Reaction How will customers rate the product compared with others available?
For example, one organization is rated as having a better on-time delivery service than its
closest rival.

Voice of Market Who are or will be the customers or target audience for this product, and
what share of the market or market niche will it capture, e.g., to become the “preferred”
source by all business travelers within the continental United States?

Performance Failures How will the product perform with respect to product failure, e.g.,
failure rate of less than 200 for every 1 million hours of use.

Avoidance of Unnecessary Constraints It is important to avoid overspecifying the product
for the team; e.g., if the product is intended for airline carry-on, specifying the precise
dimensions in the goal maybe too restrictive. There may be several ways to meet the carry-
on market.

Basis for Establishing Quality Goals In addition to the scope of the project, a goal statement
must include the goal(s) of the project. An important consideration in establishing quality
goals is the choice of the basis for which the goal(s) are set.

Technology as a Basis In many organizations, it has been the tradition to establish the
quality goals on a technological basis. Most of the goals are published in specifications
and procedures that define the quality targets for the supervisory and nonsupervisory
levels.

The Market as a Basis Quality goals that affect product salability should be based
primarily on meeting or exceeding market quality. Because the market and the competi-
tion undoubtedly will be changing while the design for quality project is underway,
goals should be set so as to meet or beat the competition estimated to be prevailing
when the project is completed. Some internal suppliers are internal monopolies. Com-
mon examples include payroll preparation, facilities maintenance, cafeteria service,
and internal transportation. However, most internal monopolies have potential com-
petitors. There are outside suppliers who offer to sell the same service. Thus the perfor-
mance of the internal supplier can be compared with the proposals offered by an outside
supplier.

Benchmarking as a Basis “Benchmarking” is a recent label for the concept of setting goals
based on knowing what has been achieved by others. (See Chapter 15, Benchmarking: Defining
Best Practices for Market Leadership.) A common goal is the requirement that the reliability of
anew product be at least equal to that of the product it replaces and at least equal to that of the
most reliable competing product. Implicit in the use of benchmarking is the concept that the
resulting goals are attainable because they have already been attained by others.

History as a Basis A fourth and widely used basis for setting quality goals has been his-
torical performance; i.e., goals are based on past performance. Sometimes this is tightened
up to stimulate improvement. For some products and processes, the historical basis is an aid
to needed stability. In other cases, notably those involving chronically high costs of poor
quality, the historical basis helps to perpetuate a chronically wasteful performance. During
the goal-setting process, the management team should be on the alert for such misuse of the
historical basis.
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Goals as a Moving Target It is widely recognized that quality goals must keep shifting to
respond to the changes that keep coming over the horizon: new technology, new competi-
tion, threats, and opportunities. While organizations that have adopted quality management
methods practice this concept, they may not do as well at providing the means to evaluate
the impact of those changes and revise the goals accordingly.

Project Goals Specific goals of the project, i.e., what the project team is to accomplish, are
part of an effective goal statement. In getting the job done, the team must mentally start at
the finish. The more focused it is on what the end result will look like, the easier it will be to
achieve a successful conclusion.

Measurement of the Goal In addition to stating what will be done and by when, a project
goal must show how the team will measure whether it has achieved its stated goals. It is
important to spend some time defining how success is measured. Listed below are the four
things that can be measured:

1. Quality

2. Quantity

3. Cost

4. Time, speed, agility

An effective quality by design project goal must have five characteristics for it to be
smart and provide a team with enough information to guide the design process. The goal
must be

1. Specific.

2. Measurable.

3. Agreed to by those affected.

4. Realistic—it can be a stretch, but it must be plausible.

5. Time-specific—when it will be done.

An example of a poorly written goal that is not smart might look something like this:
“To design a new life insurance plan for the poor.”

Contrast this with the following example: “To design and deliver a whole life plan in less
than 90 days that enables poor families to ensure a level of insurance for under $500 per year
(at time of introduction). The design also should allow the organization to sell the plans with
an average return of between 4 and 6 percent.”

The second example is smart—much more detailed, measurable, and time-specific than
the first. The target or end result is clearly stated and provides enough direction for the team
to plan the features and processes to achieve the goal.

New Product Policies Organizations need to have very clear policy guidance with respect
to quality and product development. Most of these should relate to all new products, but
specific policies may relate to individual products, product lines, or groups. Four of the most
critical policies are as follows.

1. Failures in new and carryover designs. Many organizations have established the clear
policy that no new product or component of a product will have a higher rate of
failures than the old product or component that it is replacing. In addition, they

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



Quality Planning: Designing Innovative Products and Services 95

often require that any carryover design have a certain level of performance;
otherwise, it must be replaced with a more reliable design. The minimum carryover
reliability may be set by one or more of the following criteria: (1) competitor or
benchmark reliability, (2) customer requirements, or (3) a stretch goal beyond
benchmark or customer requirements.

2. Intended versus unintended use. Should stepladders be designed so that the user can
stand on the top step without damage, even though the step is clearly labeled “Do
Not Step Here?” Should a hospital design its emergency room to handle volumes of
routine, nonemergency patients who show up at its doors? These are policy
questions that need to be settled before the project begins. The answers can have a
significant impact on the final product, and the answers need to be developed with
reference to the organization’s strategy and the environment within which its
products are used.

3. Requirement of formal quality by design process. A structured, formal process is
required to ensure that the product planners identify their customers and design
products and processes that will meet those customer needs with minimum
failures. Structured formality is sometimes eschewed as a barrier to creativity.
Nothing could be more misguided. Formal quality by design identifies the points
at which creativity is demanded and then encourages, supports, and enables that
creativity. Formal design also ensures that the creativity is focused on the
customers and that creative designs ultimately are delivered to the customer free
of the destructive influences of failures.

4. Custody of designs and change control. Specific provision must be made to ensure that
approved designs are documented and accessible. Any changes to designs must be
validated, receive appropriate approvals, be documented, and be unerringly
incorporated into the product or process. Specific individuals must have the
assigned authority, responsibility, and resources to maintain the final designs and
administer change control.

Establish Team
The cross-functional approach to complete a quality by design project is effective for several
reasons:

¢ Team involvement promotes sharing of ideas, experiences, and a sense of
commitment to being a part of and helping “our” organization achieve its goal.

o The diversity of team members brings a more complete working knowledge of the
product and processes to be planned. Design of a product requires a thorough
understanding of how things get done in many parts of the organization.

¢ Representation from various departments or functions promotes the acceptance and
implementation of the new plan throughout the organization. Products or processes
designed with the active participation of the affected areas tend to be technically
superior and accepted more readily by those who must implement them.

Guidelines for Team Selection When selecting a team, the council identifies those parts of
the organization that have a stake in the outcome. There are several places to look:

¢ Those who will be most affected by the result of the project

e Departments or functions responsible for various steps in the process
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o Those with special knowledge, information, or skill in the design of the project

e Areas that can be helpful in implementing the plan

Step 2: Identify the Customers

This step may seem unnecessary; of course, the planners and designers know who their
customers are: the driver of the automobile, the depositor in the bank account, the patient
who takes the medication. But these are not the only customers—not even necessarily the
most important customers. Customers comprise an entire cast of characters that needs to be
understood fully.

Generally, there are two primary groups of customers: the external customers—those
outside the producing organization—and the internal customers—those inside the produc-
ing organization.

Types of External Customers

The term “customer” is often used loosely; it can refer to an entire organization, a unit of
a larger organization, or a person. There are many types of customers, some obvious,
others hidden. Below is a listing of the major categories to help guide complete customer
identification.

The Purchaser This is someone who buys the product for himself or herself or for someone
else, e.g., anyone who purchases food for his or her family. The end user/ultimate customer
is someone who finally benefits from the product, e.g., the patient who goes to a health care
facility for diagnostic testing.

Merchants These are people who purchase products for resale, wholesalers, distributors,
travel agents and brokers, and anyone who handles the product, such as a supermarket
employee who places the product on the shelf.

Processors Processors are organizations and people who use the product or output as an
input for producing their own product, e.g., a refinery that receives crude oil and processes
it into different products for a variety of customers.

Suppliers Those who provide input to the process are suppliers, e.g., the manufacturer of
the spark plugs for an automobile or the law firm that provides advice on the organiza-
tion’s environmental law matters. Suppliers are also customers. They have information
needs with respect to product specification, feedback on failures, predictability of orders,
and so on.

Potential Customers Those not currently using the product but capable of becoming cus-
tomers are potential customers; e.g., a business traveler renting a car may purchase a similar
automobile when the time comes to buy one for personal use.

Hidden Customers Hidden customers comprise an assortment of different customers who
are easily overlooked because they may not come to mind readily. They can exert great influ-
ence over the product design: regulators, critics, opinion leaders, testing services, payers, the
media, the public at large, those directly or potentially threatened by the product, corporate
policymakers, labor unions, and professional associations.
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Internal Customers

Everyone inside an organization plays three roles: supplier, processor, and customer. Each
individual receives something from someone, does something with it, and passes it to a third
individual. Effectiveness in meeting the needs of these internal customers can have a major
impact on serving the external customers. Identifying the internal customers will require
some analysis because many of these relationships tend to be informal, resulting in a hazy
perception of who the customers are and how they will be affected. For example, if an orga-
nization decides to introduce just-in-time manufacturing to one of its plants, this will have
significant effects on purchasing, shipping, sales, operations, and so on.

Most organizations try to set up a mechanism that will allow seemingly competing
functions to negotiate and resolve differences based on the higher goal of satisfying cus-
tomer needs. This might include conducting weekly meetings of department heads or
publishing procedure manuals. However, these mechanisms often do not work because
the needs of internal customers are not fully understood, and communication among the
functions breaks down. This is why a major goal in the design for quality process is to
identify who the internal customers are, discover their needs, and plan how those needs
will be satisfied. This is also another reason to have a multifunctional team involved in
the planning; these are people who are likely to recognize the vested interests of internal
customers.

Identifying Customers

In addition to the general guidance just laid out, it is most often helpful to draw a relatively
high-level flow diagram of the processes related to the product being planned. Careful anal-
ysis of this flow diagram often will provide new insight, identifying customers that might
have been missed and refining understanding of how the customers interact with the pro-
cess. Figure 4.3 is an example of such a diagram. A review of this diagram reveals that the
role of “customer” is really two different roles—placing the order and using the product.
These may or may not be played by the same individuals, but they are two distinct roles, and
each needs to be understood in terms of its needs.

Step 3: Discover Customer Needs

The third step of quality by design is to discover the needs of both external customers and
internal processors for the product. Some of the key activities required for effective discov-
ery of customer needs include the following;:

Plan to discover customers’ needs.

Collect a list of customers’ needs in their language.
Analyze and prioritize customers’ needs.

Translate their needs into “our” language.
Establish units of measurement and sensors.

Our own experience tells us that the needs of human beings are both varied and com-
plex. This can be particularly challenging to a design team because the actions of customers
are not always consistent with what they say they want. The challenge for quality by design
is to identify the most important needs from the full array of those needs expressed or
assumed by the customer. Only then can the product delight the customers.

When a product is being designed, there are actually two related but distinct aspects of
what is being developed: the technology elements of what the product’s features will
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Ficure 4.3  Flow diagram and customers. (From J. M. Juran, Quality Control Handbook, 5th ed.,

McGraw-Hill, New York, 1999, p. 3.12.)

actually do or how it will function and the human elements of the benefits customers will

receive from using the product. The two must be

considered together.

Discovering customer needs is a complex task. Experience shows that customers usually
do not state, in simple terms, exactly what they want; often they do not even mention some
of their most basic needs. Accuracy of bank statements, competence of a physician, reliabil-
ity of a computer, and grammatical correctness of a publication may be assumed and never

stated without probing.
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One of the ways customers express their needs is in terms of problems they experience
and their expectation that a product will solve their problems. For example, a customer may
state, “I cannot always answer my telephone personally, but I do not want callers to be either
inconvenienced or disgusted with nonresponsive answering systems.” Or the customer may
state, “My mother’s personal dignity and love of people are very important to me. I want to
find an extended care facility that treats her as a person, not a patient.” Even when the need
is not expressed in such terms, the art and science of discovering needs are to understand
exactly the benefit that the customer expects.

When a product’s features meet a customer’s need, it gives the customer a feeling of
satisfaction. If the product fails to deliver the promised feature defect-free, the customer
feels dissatisfaction. Even if a product functions the way it has been designed, a competing
product, by virtue of superior service or performance, may provide customers with greater
satisfaction.

Stated Needs and Real Needs
Customers commonly state their needs as seen from their viewpoint and in their language.
Customers may state their needs in terms of the goods or services they wish to buy. How-
ever, their real needs are the benefits they believe they will receive.

To illustrate:

Customer wishes to buy: Benefit customer needs might include:
Fresh pasta Nourishment and taste
Newest personal computer ~ Write reports quickly and easily
Find information on the Web
Help children learn math
Health insurance Security against financial disaster
Access to high-quality health care
Choice in health care providers
Airline ticket Transportation, comfort, safety, and
convenience
Failure to grasp the difference between stated needs and real needs can undermine the
salability of the product in design. Understanding the real needs does not mean that the
planners can dismiss the customers’ statements and substitute their own superior technical
understanding as being the customers’ real needs. Understanding the real needs means ask-
ing and answering such questions as these:
e  Why is the customer buying this product?
o What service does she or he expect from it?
¢ How will the customer benefit from it?
e How does the customer use it?
e What has created customer complaints in the past?

¢ Why have customers selected competitors’ products over ours?

Perceived Needs

Customers understandably state their needs based on their perceptions. These may differ
entirely from the supplier’s perceptions of what constitutes product quality. Planners can
mislead themselves by considering whether the customers’ perceptions are wrong or right
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rather than focusing on how these perceptions influence customers” buying habits. Although
such differences between customers and suppliers are potential troublemakers, they also can
be an opportunity. Superior understanding of customer perceptions can lead to competitive
advantage.

Cultural Needs

The needs of customers, especially internal customers, go beyond products and processes.
They include primary needs for job security, self-respect, respect of others, continuity of
habit patterns, and still other elements of what we broadly call the “cultural values”; these
are seldom stated openly. Any proposed change becomes a threat to these important values
and hence will be resisted until the nature of the threat is understood.

Needs Traceable to Unintended Use
Many quality failures arise because a customer uses the product in a manner different from
that intended by the supplier. This practice takes many forms. Patients visit emergency
rooms for nonemergency care. Untrained workers are assigned to processes requiring trained
workers. Equipment does not receive specified preventive maintenance.

Factors such as safety may add to the cost, yet they may well result in a reduced overall
cost by helping to avoid the higher cost arising from misuse of the product. What is essential
is to learn the following:

e What will be the actual use (and misuse)?
e What are the associated costs?

e What are the consequences of adhering only to intended use?

Human Safety

Technology places dangerous products into the hands of amateurs who do not always
possess the requisite skills to handle them without accidents. It also creates dangerous
by-products that threaten human health, safety, and the environment. The extent of all this
is so great that much of the effort of product and process design must be directed at reducing
these risks to an acceptable level. Numerous laws, criminal and civil, mandate such efforts.

User-Friendly

The amateur status of many users has given rise to the term “user-friendly” to describe
the product feature that enables amateurs to make ready use of technological products.
For example, the language of published information should be simple, unambiguous, and
readily understood. (Notorious offenders have included legal documents, owners’ operat-
ing manuals, administrative forms, etc. Widely used forms such as government tax
returns should be field-tested on a sample of the very people who will later be faced
with filling out such forms.) The language of published information should also be
broadly compatible. (For example, new releases of software should be “upward-compatible
with earlier releases.”)

Promptness of Service

Services should be prompt. In our culture, a major element of competition is promptness of
service. Interlocking schedules (as in mail delivery or airline travel) are another source of a
growing demand for promptness. Still another example is the growing use of just-in-time
manufacturing, which requires dependable deliveries of materials to minimize inventories.
All such examples demonstrate the need to include the element of promptness in design to
meet customer needs.
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Customer Needs Related to Failures

In the event of product failure, a new set of customer needs emerges—how to get service
restored and how to get compensated for the associated losses and inconvenience. Clearly,
the ideal solution to all this is to plan quality so that there will be no failures. At this point,
we will look at what customers need when failures do occur.

Warranties

The laws governing sales imply that there are certain warranties given by the supplier. How-
ever, in our complex society, it has become necessary to provide specific, written contracts to
define just what is covered by the warranty and for how long a time. In addition, it should
be clear who has what responsibilities.

Effect of Complaint Handling on Sales

While complaints deal primarily with product dissatisfaction, there is a side effect on sal-
ability. Research in this area has pointed out the following: Of the customers who were dis-
satisfied with products, nearly 70 percent did not complain. The proportions of these who
did complain varied according to the type of product involved. The reasons for not com-
plaining were principally (1) the belief that the effort to complain was not worth it, (2) the
belief that complaining would do no good, and (3) lack of knowledge about how to com-
plain. More than 40 percent of the complaining customers were unhappy with the respon-
sive action taken by the suppliers. Again, percentages varied according to the type of
product.

Future salability is strongly influenced by the action taken on complaints. This strong
influence also extends to brand loyalty. Even customers of popular brands of large-ticket
items, such as durable goods, financial services, and automobile services, will reduce their
intent to buy when they perceive that their complaints are not addressed.

This same research concluded that an organized approach to complaint handling pro-
vides a high return on investment. The elements of such an organized approach may
include

e Aresponse center staffed to provide 24-hour access by consumers and/or a toll-free
telephone number

e Special training for the employees who answer the telephones

o Active solicitation of complaints to minimize loss of customers in the future

Keeping Customers Informed
Customers are quite sensitive to being victimized by secret actions of a supplier, as the
phrase “Let the buyer beware!” implies. When such secrets are later discovered and publi-
cized, the damage to the supplier’s quality image can be considerable. In a great many cases,
the products are fit for use despite some nonconformances. In other cases, the matter may be
debatable. In still other cases, the act of shipment is at least unethical and at worst illegal.
Customers also have a need to be kept informed in many cases involving product fail-
ures. There are many situations in which an interruption in service will force customers to
wait for an indefinite period until service is restored. Obvious examples are power outages
and delays in public transportation. In all such cases, the customers become restive. They are
unable to solve the problem—they must leave that to the supplier. Yet they want to be kept
informed as to the nature of the problem and especially as to the likely time of solution.
Many suppliers are derelict in keeping customers informed and thereby suffer a decline in
their quality image. In contrast, some airlines go to great pains to keep their customers
informed of the reasons for a delay and of the progress being made in providing a remedy.
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Plan to Collect Customers’ Needs

Customer needs keep changing. There is no such thing as a final list of customer needs.
Although it can be frustrating, design teams must realize that even while they are in the
middle of the design process, forces such as technology, competition, social change, and so
on can create new customer needs or may change the priority given to existing needs. It
becomes extremely important to check with customers frequently and monitor the market-
place. Some of the most common ways to collect customer needs include

1. Customer surveys, focus groups, and market research programs and studies

2. Routine communications, such as sales and service calls and reports, management
reviews, house publications

3. Tracking customer complaints, incident reports, letters, and telephone contacts
4. Simulated-use experiments and design processes that involve the customer

5. Employees with special knowledge of the customer: sales, service, clerical,
secretarial, and supervisory who come into contact with customers

. Customer meetings
. User conferences for the end user

. Information on competitors” products

O 0 N O

. Personal visits to customer locations; observe and discuss
10. Government or independent laboratory data

11. Changes in federal, state, and local regulations that will identify current need or
new opportunity

12. Competitive analysis and field intelligence comparing products with those of
competitors

13. Personal experience dealing with the customer and the product (However, it is
important to be cautious about giving personal experience too much weight
without direct verification by customers. The analysts must remember that
looking at customer needs and requirements from a personal viewpoint can be
a trap.)

Often customers do not express their needs in terms of the benefits they wish to receive
from purchasing and using the product.

Collect List of Customers’ Needs in Their Language

For a list of customers’ needs to have significant meaning in the design of a new product,
they must be stated in terms of benefits sought. Another way of saying this is to capture
needs in the customer’s voice. By focusing on the benefits sought by the customer rather
than on the means of delivering the benefit, designers will gain a better understanding of
what the customer needs and how the customer will be using the product. Stating needs in
terms of the benefits sought also can reveal opportunities for improved quality that often
cannot be seen when concentrating on the features alone.

Analyze and Prioritize Customer Needs

The information actually collected from customers is often too broad, too vague, and too
voluminous to be used directly in designing a product. Both specificity and priority are
needed to ensure that the design really meets the needs and that time is spent on designing
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for those needs that are truly the most important. The following activities help provide this
precision and focus:

¢ Organizing, consolidating, and prioritizing the list of needs for both internal and
external customers

¢ Determining the importance of each need for both internal and external customers

e Breaking down each need into precise terms so that a specific design response can
be identified

o Translating these needs into the supplying organization’s language

o Establishing specific measurements and measurement methods for each need

One of the best design tools to analyze and organize customers’ needs is the design for
quality spreadsheet.

Quality by Design Spreadsheets

Designing new products can generate large amounts of information that is both useful and
necessary, but without a systematic way to approach the organization and analysis of this
information, the design team may be overwhelmed by the volume and miss the message it
contains.

Although planners have developed various approaches for organizing all this informa-
tion, the most convenient and basic design tool is the quality by design spreadsheet. The
spreadsheet is a highly versatile tool that can be adapted to a number of situations. The
quality by design process makes use of several kinds of spreadsheets, such as

o Customer needs spreadsheet

¢ Needs analysis spreadsheet

e Product or service design spreadsheet
e Process design spreadsheet

e Process control spreadsheet

Besides recording information, these tools are particularly useful in analyzing relation-
ships among the data that have been collected and in facilitating the stepwise conversion of
customer needs into features and then features into process characteristics and plans. This
conversion is illustrated in Figure 4.4. Analysis of customers and their needs provides the
basis for designing the product. The summary of that design feeds the process design, which
feeds the control spreadsheet.

For most design projects, simple matrix spreadsheets will suffice. For other projects,
more complex quality functional deployment spreadsheets are helpful in computing design
tradeoffs. All these spreadsheets are designed to allow the team to record and compare the
relationships among many variables at the same time. We will illustrate some of these
spreadsheets at the appropriate point in the design process. Figure 4.5 illustrates the generic
layout of any one of these spreadsheets. In general, the row headings are the “whats” of the
analysis—the customers to be satisfied, the needs to be met, and so on. The columns are
the “hows”—the needs that, when met, will satisfy the customer, the features that will meet
the needs, and so on. The bottom row of the spreadsheet generally contains specific measur-
able goals for the how at the top. The body of the spreadsheet expresses with symbols or
numerics the impact of the how on the what, e.g., none, moderate, strong, very strong. Other
columns can be added to give specific measures of the importance of the respective rows,
benchmarks, and so on.
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Ficure 4.4 Sequence of activities. (Juran Institute, Inc. Used by permission.)

How

What How well

How much

Ficure 4.5 Planning spreadsheet. (Juran Institute, Inc. Copyright 1994.)

Customer Needs Spreadsheet

Figure 4.6 provides a simple example of a customer needs spreadsheet. The left column lists,
in priority order, all the external and internal customers. The column headings are the vari-
ous needs that have been discovered. By either checking or entering a designation for impor-
tance, it is possible to create a simple but comprehensive picture of the importance of meeting
each need. All product development must operate within a budget. Prioritizing the custom-
ers and their needs ensures that the budget is focused on what is most important.

Precise Customer Needs
Once the needs that must be met have been prioritized, they must be described in suffi-
ciently precise terms to design a product based on them. A customer needs spreadsheet
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Customer Needs Spreadsheet
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Ficure 4.6 Customer needs spreadsheet. (Juran Institute, Inc. Copyright 1994.)

helps assemble this analysis. At this point, customer needs are probably a mixture of rela-
tively broad expectations such as “ease of use” and more specific requests such as “access on
Saturday.” Figure 4.7 illustrates how broad needs (called primary) are broken into succeeding
levels of specificity (secondary, tertiary, etc.). Note that primary and secondary do not mean
more and less important; they mean, respectively, less specific and more specific. Each need

Primary Need Secondary Need Tertiary Need

Convenience Open between 5:00 and 9:00 p.m.

Hours of operation
P Saturday hours

. Within three blocks of bus stop
Transportation access .
Ample parking

Urgent appointment within 24 hours
Short wait times Routine appointment within 14 days

Waiting time at appointment less than 15 minutes

Complementary Pharmacy on site

services available Lab on site

Ficure 4.7 Needs analysis spreadsheet for medical office. (Juran Institute, Inc.)

10

“UoKsSILLEd 10U IM Aem AL Ul PBIIIPOW 1O PBINGLISIPS 56 0} 10N *0771 ‘SBUIPIOH UOIEONPS BA0I9) [[1H-VEISOW @ 1WBLAd0D “[ST/0z/0] B [6.T°T8 T2 7T Buo) BuoH jo Aiseaiun Ao ] Aq pepeojumd "



106

Key Concepts: What Leaders Need to Know about Quality

must be broken down to the level at which it can (1) be measured and (2) serve as an unam-
biguous guide for product design. In some cases two levels of detail may suffice; in others
four or five may be required. Figure 4.7 illustrates how this might be done for the primary
need “convenience” associated with a group medical practice.

Translate Their Needs into “Our” Language
The precise customer needs that have been identified may be stated in any of several lan-
guages, including

o The customer’s language
o The supplier’s (“our”) language

e A common language

An old aphorism claims that the British and Americans are separated by a common lan-
guage. The appearance of a common language or dialect can be an invitation to trouble
because both parties believe that they understand each other and expect to be understood.
Failure to communicate because of the unrecognized differences can build additional misun-
derstanding that only compounds the difficulty. It is imperative, therefore, for planners to
take extraordinary steps to ensure that they properly understand customer needs by system-
atically translating them. The need to translate applies to both internal and external custom-
ers. Various organization functions employ local dialects that are often not understood by
other functions.

Vague terminology constitutes one special case for translation that can arise even (and
often especially) between customers and suppliers who believe they are speaking the same
dialect. Identical words have multiple meanings. Descriptive words do not describe with
technological precision.

Aids to Translation

Numerous aids are available to clear up vagueness and create a bridge across languages and
dialects. The most usual listed are the following: A glossary is a list of terms and their definitions.
It is a published agreement on the precise meanings of key terms. The publication may be
embellished by other forms of communication, such as sketches, photographs, and videotapes.

Samples can take many forms, such as physical goods (e.g., textile swatches, color
chips, audio cassettes) or services (e.g., video recordings to demonstrate “samples” of
good service—courtesy, thoughtfulness, etc.). They serve as specifications for features.
They make use of human senses beyond those associated with word images.

A special organization to translate communications with external customers may be
required because of the high volume of translation. A common example is the order-editing
department, which receives orders from clients. Some elements of these orders are in client
language. Order editing translates these elements into supplier language, e.g., product code
numbers, supplier acronyms, and so on.

Standardization is used by many mature industries for the mutual benefit of customers
and suppliers. This standardization extends to language, products, processes, and so on. All
organizations make use of short design actions for their products, such as code numbers,
acronyms, words, phrases, and so on. Such standardized nomenclature makes it easy to
communicate with internal customers.

Measurement is the most effective remedy for vagueness and multiple dialects—"Say it
in numbers.” This is the first, but not the last, point in the design process where measure-
ment is critical. Design for quality also requires measurement of features, process features,
process capability, control subjects, and so on.
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Establish Units of Measurement and Sensors

Sound quality by design requires precise communication between customers and suppli-
ers. Some of the essential information can be conveyed adequately by words. However, an
increasingly complex and specialized society demands higher precision for communicat-
ing quality-related information. The higher precision is best attained when we say it in
numbers.

Quantification Requires a System of Measurement Such a system consists of a unit of mea-
surement, which is a defined amount of some quality feature and permits evaluation of that
feature in numbers, e.g., hours of time to provide service, kilowatts of electric power, or
concentration of a medication.

A sensor, which is a method or instrument of measurement, carries out the evaluation
and states the findings in numbers in terms of the unit of measure, e.g., a clock for telling
time, a thermometer for measuring temperature, or an X-ray to measure bone density.

By measuring customer needs, one has established an objective criterion for whether
the needs are met. In addition, only with measurement can one answer questions such as
these: Is our quality getting better or worse? Are we competitive with others? Which one
of our operations provides the best quality? How can we bring all operations up to the
level of the best?

Units of Measure for Features

The first task in measurement is to identify the appropriate unit of measurement for each
customer need. For features, we know of no simple, convenient, generic formula that is the
source of many units of measure. The number and variety of features are simply enormous.
In practice, each product feature requires its own unique unit of measure. A good starting
point is to ask the customers what their units of measure are for evaluating product quality.
If the supplier’s units of measure are different, the stage is set for customer dissatisfaction,
and the team will need to come up with a unit of measure acceptable to both parties. Even
if the customers have not developed an explicit unit of measure, ask them how they would
know whether their needs were met. Their response may carry with it an implicit unit of
measure.

Application to Goods

Units of measure for quality features of goods make extensive use of “hard” technological
units. Some of these are well known to the public: time in minutes, temperature in degrees,
or electric current in amperes. Many others are known only to the specialists. There are also
“soft” areas of quality for goods. Food technologists need units of measure for flavor, tender-
ness, and still other properties of food. Household appliances must be “handsome” in
appearance. Packaging must be “attractive.” To develop units of measure for such features
involves much effort and ingenuity.

Application to Services

Evaluation of service quality includes some technological units of measure. A widespread
example is promptness, which is measured in days, hours, and so on. Environmental pollut-
ants (e.g., noise, radiation, etc.) generated by service organizations are likewise measured
using technological units of measure.

Service quality also involves features such as courtesy of service personnel, decor of
surroundings, and readability of reports. Since these features are judged by human beings,
the units of measure (and the associated sensors) must be shown to correlate with a jury of
customer opinion.
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The Ideal Unit of Measure
The criteria for an ideal unit of measure are summarized below. An ideal unit of measure

e Is understandable

e Provides an agreed upon basis for decision-making
o Is conducive to uniform interpretation

e Is economical to apply

¢ Is compatible with existing designs of sensors, if other criteria also can be met

Measuring Abstractions

Some quality features seem to stand apart from the world of physical things. Quality of ser-
vice often includes courtesy as a significant quality feature. Even in the case of physical
goods, we have quality features, such as beauty, taste, aroma, feel, or sound. The challenge
is to establish units of measure for such abstractions.

The approach to dealing with abstractions is to break them up into identifiable pieces.
Once again, the customer may be the best source to start identifying these components. For
example, hotel room appearance is certainly a quality feature, but it also seems like an
abstraction. However, we can divide the feature into observable parts and identify those
specifics that collectively constitute “appearance,” e.g., the absence of spots or bare patches
on the carpet, clean lavatory, linens free from discoloration and folded to specified sizes,
windows free of streaks, bedspreads free of wrinkles and hanging to within specific dis-
tances from the floor, and so on. Once units of measure have been established for each piece
or component, they should be summarized into an index, e.g., number of soiled or damaged
carpets to total number of hotel rooms, number of rooms with missing linens to total number
of rooms, or number of customer complaints.

Establish the Sensor
To say it in numbers, not only do we need a unit of measure, but also we need to evaluate quality
in terms of that unit of measure. A key element in making the evaluation is the sensor.

A sensor is a specialized detecting device or measurement tool. It is designed to recog-
nize the presence and intensity of certain phenomena and to convert this sense knowledge
into information. In turn, the resulting information becomes an input to decision-making
because it enables us to evaluate actual performance.

Technological instruments are obviously sensors. So are the senses of human beings.
Trends in some data series are used as sensors. Shewhart control charts are sensors.

Precision and Accuracy of Sensors

The precision of a sensor is a measure of the ability of the sensor to reproduce its results over
and over on repeated tests. For most technological sensors, this reproducibility is high and
is also easy to quantify.

At the other end of the spectrum are the cases in which we use human beings as
sensors: inspectors, auditors, supervisors, and appraisers. Human sensors are notoriously
less precise than technological sensors. Such being the case, planners are well advised to
understand the limitations inherent in human sensing before making decisions based on
the resulting data.

The accuracy of a sensor is the degree to which the sensor tells the truth—the extent to
which its evaluation of some phenomenon agrees with the “true” value as judged by an
established standard. The difference between the observed evaluation and the true value is
the error, which can be positive or negative.
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For technological sensors, it is usually easy to adjust for accuracy by recalibrating. A
simple example is a clock or watch. The owner can listen to the time signals provided over
the radio. In contrast, the precision of a sensor is not easy to adjust. The upper limit of
precision is usually inherent in the basic design of the sensor. To improve precision beyond
its upper limit requires a redesign. The sensor may be operating at a level of precision
below that of its capability owing to misuse, inadequate maintenance, and so on. For this
reason, when choosing the appropriate sensor for each need, planners will want to con-
sider building in appropriate maintenance schedules along with checklists of actions to be
taken during the check.

Translating and Measuring Customer Needs
The customer need for performance illustrates how high-level needs break down into myr-
iad detailed needs. Performance included all the following detailed, precise needs:

Product Design Spreadsheet All the information on the translation and measurement of a
customer need must be recorded and organized. Experience recommends placing these data
so that they will be close at hand during product design. The example in Figure 4.8 shows a
few needs all prepared for use in product design. The needs, their translation, and their
measurement are all placed to the left of the spreadsheet. The remainder of the spreadsheet
will be discussed in the next section.

Step 4: Develop the Product or Service Features

Once the customers and their needs are fully understood, we are ready to design the
organization. Most organizations have some process for designing and bringing new
products to market. In this step of the quality by design process, we will focus on the
role of quality in product development and how that role combines with the technical
aspects of development and design appropriate for a particular industry. Within product
development, product design is a creative process based largely on technological or
functional expertise.

The designers of products traditionally have been engineers, systems analysts, operating
managers, and many other professionals. In the quality arena, designers can include any
whose experience, position, and expertise can contribute to the design process. The outputs of
product design are detailed designs, drawings, models, procedures, specifications, and so on.

The overall quality objectives for this step are two:

1. Determine which features and goals will provide the optimal benefit for the
customer.

2. Identify what is needed so that the designs can be delivered without failures.

In the case of designing services, the scope of this activity is sometimes puzzling. For
example, in delivering health care, where does the product of diagnosing and treating end
and the processes of laboratory testing, chart reviews, and so on begin? One useful way to
think about the distinction is that the product is the “face to the customer.” It is what the
customer sees and experiences. The patient sees and experiences the physician interaction,
waiting time, clarity of information, and so on. The effectiveness and efficiency of moving
blood samples to and around the laboratory have an effect on these features but are really
features of the process that delivers the ultimate product to the customer.

Those who are designing physical products also can benefit from thinking about the
scope of product design. Given that the customer’s needs are the benefits that the customer
wants from the product, the design of a piece of consumer electronics includes not only the
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contents of the box itself but also the instructions for installation and use and the help line
for assistance. There are six major activities in this step:

. Group together related customer needs.

. Determine methods for identifying features.

. Select high-level features and goals.

. Develop detailed features and goals.

. Optimize features and goals.

N Ul B W N

. Set and publish final product design.

Group Together Related Customer Needs

Most quality by design projects will be confronted with a large number of customer needs.
Based on the data developed in the preceding steps, the team can prioritize and group
together those needs that relate to similar functionality. This activity does not require much
time, but it can save a lot of time later. Prioritization ensures that the scarce resources of
product development are spent most effectively on those items that are most important to
the customer. Grouping related needs together allows the design team to “divide and con-
quer,” with subteams working on different parts of the design. Such subsystem or compo-
nent approaches to design, of course, have been common for years. What may be different
here is that the initial focus is on the components of the customers” needs, not the compo-
nents of the product. The component design for the product will come during the later activ-
ities in this step.

Determine Methods for Identifying Features

There are many complementary approaches for identifying the best product design for meet-
ing customers’ needs. Most design projects do not use all of them. Before starting to design,
however, a team should develop a systematic plan for the methods it will use in its own
design. Here are some of the options.

Benchmarking This approach identifies the best in class and the methods behind it that
make it best. See Chapter 15, Benchmarking: Defining Best Practices for Market Leadership,
for details.

Basic Research One aspect of research might be a new innovation for the product that does
not currently exist in the market or with competitors. Another aspect of basic research looks
at exploring the feasibility of the product and features. While both these aspects are impor-
tant, be careful that fascination with the technological abilities of the product does not over-
whelm the primary concern of its benefits to the customer.

Market Experiments Introducing and testing ideas for features in the market allows one to
analyze and evaluate concepts. The focus group is one technique that can be used to mea-
sure customer reactions and determine whether the features actually will meet customer
needs. Some organizations also try out their ideas, on an informal basis, with customers at
trade shows and association meetings. Still others conduct limited test marketing with a
prototype product.

Creativity Developing features allows one to dream about a whole range of possibilities
without being hampered by any restrictions or preconceived notions. Design for quality is a
proven, structured, data-based approach to meeting customers’ needs. But this does not
mean it is rigid and uncreative. At this point in the process, the participants in design must
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be encouraged and given the tools they need to be creative so as to develop alternatives for
design. After they have selected a number of promising alternatives, they will use hard anal-
ysis and data to design the final product.

Design teams can take advantage of how individuals view the world: from their own
perspective. Every employee potentially sees other ways of doing things. The team can
encourage people to suggest new ideas and take risks. Team members should avoid getting
“stuck” or taking too much time to debate one particular idea or issue. They can put it aside
and come back to it later with a fresh viewpoint. They can apply new methods of thinking
about customers’ needs or problems, such as the following:

o Change in key words or phrases. For example, call a “need” or “problem” an
“opportunity.” Instead of saying, “Deliver on time,” say, “Deliver exactly when
needed.”

o Random association. For example, take a common word such as “apple” or “circus”
and describe your business, product, or problem as the word. For example, “Our
product is like a circus because . . . ”

o Central idea. Shift your thinking away from one central idea to a different one. For
example, shift the focus from the product to the customer by saying, “What harm
might a child suffer, and how can we avoid it?” rather than “How can we make the
toy safer?”

o Putting yourself in the other person’s shoes. Examine the question from the viewpoint
of the other person, your competitor, your customer—and build their case before
you build your own.

e Dreaming. Imagine that you had a magic wand that you could wave to remove all
obstacles to achieving your objectives. What would it look like? What would you do
first? How would it change your approach?

o The spaghetti principle. When you have difficulty considering a new concept or how
to respond to a particular need, allow your team to be comfortable enough to throw
out a new idea, as if you were throwing spaghetti against the wall, and see what
sticks. Often even “wild” ideas can lead to workable solutions.

The initial design decisions are kept as simple as possible at this point. For example, the
idea of placing the control panel for the radio on the steering wheel would be considered a
high-level product feature. Its exact location, choice of controls, and how they function can
be analyzed later in greater detail. It may become the subject of more detailed features as the
design project progresses.

Standards, Regulations, and Policies This is also the time to be certain that all relevant stan-
dards, regulations, and policies have been identified and addressed. While some of these
requirements are guidelines for how a particular product or product feature can perform,
others mandate how they must perform. These may come from inside the organization, and
others may come from specific federal, state, or local governments; regulatory agencies; or
industry associations. All features and product feature goals must be analyzed against these
requirements prior to the final selection of features to be included in the design.

It is important to note that if there is a conflict when evaluating features against any
standards, policies, or regulations, it is not always a reason to give up. Sometimes one can
work to gain acceptance for a change when it will do a better job of meeting customer needs.
This is especially true when it comes to internal policies. However, an advocate for change
must be prepared to back up the arguments with appropriate data.
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Criteria for Design As part of the preparation for high-level design, the design team must
agree on the explicit criteria to be used in evaluating alternative designs and design features.
All designs must fulfill the following general criteria:

¢ Meet the customers’ needs

o Meet the suppliers’ and producers’ needs

¢ Meet (or beat) the competition

e Optimize the combined costs of the customers and suppliers

In addition to the preceding four general criteria, the team members should agree explic-

itly on the criteria that they will use to make a selection. (If the choices are relatively com-
plex, the team should consider using the formal discipline of a selection matrix.) One source
for these criteria will be the team’s goal statement and goals. Some other types of criteria that
the team may develop could include

¢ The impact of the feature on the needs

o The relative importance of the needs being served

o The relative importance of the customers whose needs are affected

o The feasibility and risks of the proposed feature

¢ The impact on product cost

o The relationship to competitive features uncovered in benchmarking

¢ The requirements of standards, policies, regulations, mandates, and so on

As part of the decision on how to proceed with design, teams also must consider a num-

ber of other important issues regarding what type of product feature will be the best response
to customers’ needs. When selecting features, they need to consider whether to

¢ Develop an entirely new functionality

¢ Replace selected old features with new ones

¢ Improve or modify existing features

¢ Eliminate the unnecessary

Select High-Level Features and Goals
This phase of quality by design will stimulate the team to consider a whole array of potential
features and how each would respond to the needs of the customer. This activity should be per-
formed without being constrained by prior assumptions or notions as to what worked or did not
work in the past. A response that previously failed to address a customer need or solve a customer
problem might be ready to be considered again because of changes in technology or the market.
The team begins by executing its plan for identifying the possible features. It should
then apply its explicit selection criteria to identify the most promising features.
The product design spreadsheet in Figure 4.8 is a good guide for this effort. Use the right
side of the spreadsheet to determine and document the following;:

¢  Which features contribute to meeting which customer needs

o That each priority customer need is addressed by at least one product feature

o That the total impact of the features associated with a customer need is likely to be
sufficient for meeting that need
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o That every product feature contributes to meeting at least one significant customer
need

o That every product feature is necessary for meeting at least one significant customer
need (i.e., removing that feature would leave a significant need unmet)

Team Sets Goals for Each Feature In quality terms, a goal is an aimed-at quality target (such
as aimed-at values and specification limits). As discussed earlier, this differs from quality
standards in that the standard is a mandated model to be followed that typically comes from
an external source. While these standards serve as “requirements” that usually dictate uni-
formity or how the product is to function, product feature goals are often voluntary or nego-
tiated. Therefore, the quality by design process must provide the means for meeting both
quality standards and quality goals.

Criteria for Setting Product Feature Goals As with all goals, product feature goals must
meet certain criteria. While the criteria for establishing product feature goals differ slightly
from the criteria for project goals verified in step 1, there are many similarities. Product fea-
ture goals should encompass all the important cases and be

e Measurable

e Optimal

e Legitimate

e Understandable
e Applicable

e Attainable

Measuring Features Goals Establishing the measurement for a product feature goal requires
the following tasks:

¢ Determine the unit of measure: meters, seconds, days, percentages, and so on.
e Determine how to measure the goal (i.e., determine what the sensor is).

e Set the value for the goal.

The work done in measuring customer needs should be applied now. The two sets of
measurements may be related in one of the following ways:

e Measurement for the need and for the product feature goal may use the same units
and sensors. For example, if the customer need relates to timeliness measured in
hours, one or more features normally also will be measured in hours, with their
combined effects meeting the customer need.

¢ Measurement for the product feature may be derived in a technical manner from the
need measurement. For example, a customer need for transporting specified sizes
and weights of loads may be translated into specific engineering measurements of
the transport system.

e Measurement for the product feature may be derived from a customer behavioral
relationship with the product feature measure. For example, automobile manufacturers
have developed the specific parameters for the dimensions and structure of an
automobile seat that translate into the customer rating it “comfortable.”
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Since we can now measure both the customer need and the related product feature goals,
it is possible for the quality by design team to ensure that the product design will go a long
way toward meeting the customers’ needs, even before building any prototypes or conduct-
ing any test marketing.

For large or complex projects, the work of developing features is often divided among a
number of different individuals and work groups. After all these groups have completed
their work, the overall quality by design team will need to integrate the results. Integration
includes

o Combining features when the same features have been identified for more than one
cluster

o Identifying and resolving conflicting or competing features and goals for different
clusters

e Validating that the combined design meets the criteria established by the team

Develop Detailed Features and Goals

For large and highly complex products, it will usually be necessary to divide the product
into a number of components and even subcomponents for detailed design. Each compo-
nent will typically have its own design team that will complete the detailed design described
below. To ensure that the overall design remains integrated, consistent, and effective in
meeting customer needs, these large, decentralized projects require

e Asteering or core team that provides overall direction and integration
o Explicit charters with quantified goals for each component
e Regular integrated design reviews for all components

o Explicit integration of designs before completion of the product design phase

Once the initial detailed features and goals have been developed, then the technical
designers will prepare a preliminary design, with detailed specifications. This is a necessary
step before a team can optimize models of features using a number of quality by design tools
and ultimately set and publish the final features and goals.

It is not uncommon for quality by design teams to select features at so high a level that
the features are not specific enough to respond to precise customer needs. Just as in the iden-
tification of customers” primary needs, high-level features need to be broken down further
into terms that are clearly defined and can be measured.

Optimize Features and Goals

Once the preliminary design is complete, it must be optimized. That is, the design must be
adjusted so that it meets the needs of both customer and supplier while minimizing their
combined costs and meeting or beating the competition.

Finding the optimum can be a complicated matter unless it is approached in an orga-
nized fashion and follows quality disciplines. For example, there are many designs in which
numerous variables converge to produce a final result. Some of these designs are of a busi-
ness nature, such as design of an information system involving optimal use of facilities,
personnel, energy, capital, and so on. Other such designs are technological, involving opti-
mization of the performance of hardware. Either way, finding the optimum is made easier
through the use of certain quality disciplines.

Finding the optimum involves balancing the needs, whether they are multiorganiza-
tional needs or within-organization needs. Ideally, the search for the optimum should be

=
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done through the participation of suppliers and customers alike. There are several tech-
niques that help achieve this optimum.

Design Review Under this concept, those who will be affected by the product are given the
opportunity to review the design during various formative stages. This allows them to use
their experience and expertise to make such contributions as

¢ Early warning of upcoming problems

¢ Data to aid in finding the optimum

o Challenge to theories and assumptions

Design reviews can take place at different stages of development of the new product. They

can be used to review conclusions about customer needs and hence the product specifications
(characteristics of product output). Design reviews also can take place at the time of selecting
the optimal product design. Typical characteristics of design reviews include the following:

¢ Participation is mandatory.

e Reviews are conducted by specialists, external to the design team.

¢ Ultimate decisions for changes remain with the design team.

¢ Reviews are formal, scheduled, and prepared for with agendas.

e Reviews will be based on clear criteria and predetermined parameters.

e Reviews can be held at various stages of the project.
Ground rules for good design reviews include

¢ Adequate advance design review of agenda and documents
o Clearly defined meeting structure and roles

e Recognition of interdepartmental conflicts in advance

¢ Emphasis on constructive—not critical—inputs

¢ Avoidance of competitive design during review

¢ Realistic timing and schedules for the reviews

o Sufficient skills and resources provided for the review

¢ Discussion focus on untried/unproved design ideas

o Participation directed by management

Multifunctional Design Teams Design teams should include all those who have a vested
interest in the outcome of the design of the product along with individuals skilled in product
design. Under this concept, the team, rather than just the product designers, bears responsi-
bility for the final design.

Structured Negotiation Customers and suppliers are tugged by powerful local forces to an
extent that can easily lead to a result other than the optimum. To ensure that these negotiat-
ing sessions proceed in as productive a fashion as possible, it is recommended that ground
rules be established before the meetings. Here are some examples:

o The team should be guided by a spirit of cooperation, not competition, toward the
achievement of a common goal.
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¢ Differences of opinion can be healthy and can lead to a more efficient and effective
solution.

e Everyone should have a chance to contribute, and every idea should be
considered.

e Everyone’s opinions should be heard and respected without interruptions.

e Avoid getting personal; weigh the pros and cons of each idea, looking at its
advantages before its disadvantages.

¢ Challenge conjecture; look at the facts.

o Whenever the discussion bogs down, go back and define areas of agreement before
discussing areas of disagreement.

o Ifno consensus can be reached on a particular issue, it should be tabled and returned
to later on in the discussion.

Create New Options Often teams approach a product design with a history of how things
were done in the past. Optimization allows a team to take a fresh look at the product and
create new options. Some of the most common and useful quality tools for optimizing the
design include the following;:

Competitive analysis provides feature-by-feature comparison with competitors’
products. (See below for an example.)

Salability analysis evaluates which features stimulate customers to be willing to buy the
product and the price they are willing to pay. (See below for an example.)

Value analysis calculates not only the incremental cost of specific features of the product
but also the cost of meeting specific customer needs and compares the costs of alternative
designs. (See below for an example.)

Criticality analysis identifies the “vital few” features that are vulnerable in the design so
that they can receive priority for attention and resources.

Failure mode and effect analysis (FMEA) calculates the combined impact of the
probability of a particular failure, the effects of that failure, and the probability that the
failure can be detected and corrected, thereby establishing a priority ranking for
designing in failure prevention countermeasures.

Fault-tree analysis aids in the design of preventive countermeasures by tracing all
possible combinations of causes that could lead to a particular failure.

Design for manufacture and assembly evaluates the complexity and potential for
problems during manufacture to make assembly as simple and error-free as possible.
Design for maintainability evaluates particular designs for the ease and cost of
maintaining them during their useful life.

Competitive Analysis ~ Figure 4.9 is an example of how a competitive analysis might be displayed.
The data for a competitive analysis may require a combination of different approaches such as
laboratory analysis of the competitors” products, field testing of those products, or in-depth inter-
views and on-site inspections where willing customers are using a competitor’s product.

Note that by reviewing this analysis, the design team can identify those areas in which
the design is vulnerable to the competition as well as those in which the team has developed
an advantage. Based on this analysis, the team will then need to make optimization choices
about whether to upgrade the product. The team may need to apply a value analysis to
make some of these choices.

S
a

‘uossiwed noynm Aem Aue ui pa14IpOW 10 PRINGLISIPSI 80 01 10N D17 ‘sBuip|oH uoreonp3 [BAo[D ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 VT2 T Buoy BuoH jo Aisieaun AD | Aq pepeojumo



118

Key Concepts: What Leaders Need to Know about Quality

Check if Product Feature Is Present | Feature Performance vs. Goal (¥) Identify if
Significant
Product Feature & Goal Risk or
Product A | Product B Ours Product A | Product B Ours .
Opportunity
Retri sges fi 11
etrieve messges I"OII'I al Yes Yes Yes 4 5 4 _
touch tone phones easily
Change mes§age from any Yes No Yes 3 N/A 5 o
remote location
2 lines built in No No Yes N/A N/A 4 O
. q Identify if
Below Add Features in Check if Product Feature Is Present | Feature Performance vs. Goal (*) L.
. ) Significant
Competitors’ Product Not Risk or
Included in Ours Product A | Product B Ours Product A | Product B Ours Opportunity
No cassette used to record Yes Yes 4 N/A R
message
Telcp.hon.e and answering Yes Yes 3 4 R
machine in one unit
Legend (*)
1 = Poor
2 = Fair
3 = Satisfactory
4 = Good
5 = Excellent

Ficure 4.9 Competitive analysis. (Juran Institute, Inc. Copyright 1994.)

Salability Analysis ~ An example of salability analysis is shown in Figure 4.10. This analysis is
similar to a competitive analysis, except that the reference point is the response of customers
to the proposed design rather than a comparison with the features of the competitors’
designs. Note, however, that elements of competitive and salability analyses can be com-
bined, with the salability analysis incorporating customer evaluation of both the proposed
new design and existing competitive designs.

Complex products, such as automobiles, with multiple optional features and optional
configurations offer a unique opportunity to evaluate salability. Observed installation rates
of options on both the existing car line and competitors’ cars provide intelligence on both the
level of market demand for the feature and the additional price that some segments of the
market will pay for the feature, although the other segments of the market may place little
or no value on it.

Value Analysis ~ Value analysis has been quite common in architectural design and the devel-
opment of custom-engineered products, but it also can be applied successfully to other envi-
ronments as well, as illustrated in Figure 4.11. By comparing the costs for meeting different
customer needs, the design team can make a number of significant optimization decisions.
If the cost for meeting low-priority needs is high, the team must explore alternative ways to
meet those needs and even consider not addressing them at all if the product is highly price-
sensitive. If very important needs have not consumed much of the expense, the team will
want to make certain that it has met those needs fully and completely. While low expense for
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Offered. Also provides
loaner car to customer

Name of Product: How Do Customers | Basis for Rating | How Do Customers See| Would Customers | Would Customer | Of All Products | Identify if Significant
Rate Product? Differences between Buy if Price Were | Buy if Price Were | Listed, Prioritize
Car Repair Service — Prior Use Our Products and Not Important? Important? ‘Which Would
Tune-Up Poor Vs. Competing Products? Custs s Buy Risk or
Fair Opinion . Yes Price Yes and Its Basis? Opportunity
Satisfactory Positively (+) No No
Good Negatively (-) Price
Excellent No difference (O) Features
Ours — E U Y $175 Y 2-F
Competitor A — G (¢} + N $145 Y 3-P (¢}
Competitor B — E U (¢] Y $175 Y 1-F R
Product Feature: How Would Basis for Rating | How Do Customers See | Does the Identify if
U el D ey Customers Diff. between Our Addition of the Significant
R Gl (1o T3t L Rate Featurs? Prior Use Features against et e
Poor Vs. Competing Features? | the Product: Risk or
Product Feature Goal: | Fair Opinion . Opportunity
Same Day Service Satisfactory Positively (+) More Salable (+)
Good Negatively (-) Less Salable (-)
Excellent No Difference (O) No Difference (O)
Ours — Offered G U o)
Competitor A —
Not offered S 0 + - o
Competitor B —
E u — + R

Ficure 4.10 Salability analysis. (Juran Institute, Inc. Copyright 1994. Used by permission.)
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Product Feature and Goals
Lt Walk in Board Social Nutritional | On-site billing | On-site
Need . ) . . ) Cost of
N ) appointments| certified worker, 5 | counselor, | clerk takes laboratory— )
(listed in .. . ) S ) Meeting
L. handled by obstetrician, | days a 5 days a medicaid most
priority . Need
d nurse, 5 2 days a week week insurance from | results
it days a week | week all eligible under 1
patients hour
foofl‘sveemem 60,000 30,000 10,000 | 10,000 20,000 40,000 | 170,000
Confidence 70,000 10,000 | 15,000 95,000
in staff
Reasonable
cost 25,000 25,000
Sensitivity 15,000 5,000 20,000
Informed 5,000 15,000 20,000
choices
Cost for 60,000 100,000 | 40,000 | 45000 20,000 65,000 | 330,000
feature

Ficure 4.11 Value analysis spreadsheet. (Juran Institute, Inc. Copyright 1994. Used by permission.)

meeting a high-priority need is not necessarily inappropriate, it does present the designers
with the challenge of making certain that lower-priority needs are not being met by using
resources that could be better directed toward the higher-priority needs. It is not uncommon
for products to be overloaded with “bells and whistles” at the expense of the fundamental
functionality and performance.

Set and Publish Final Product Design

After the design has been optimized and tested, it is time to select the features and goals
to be included in the final design. This is also the stage where the results of product devel-
opment are officially transmitted to other functions through various forms of documenta-
tion. These include the specifications for the features and product feature goals as well as
the spreadsheets and other supporting documents. All this is supplemented by instruc-
tions, both oral and written. To complete this activity, the team must first determine the
process for authorizing and publishing features and product feature goals. Along with the
features and goals, the team should include any procedures, specifications, flow diagrams,
and other spreadsheets that relate to the final product design. The team should pass along
results of experiments, field testing, prototypes, and so on that are appropriate. If an orga-
nization has an existing process for authorizing product goals, it should be reexamined in
light of recent experience. Ask these questions: Does the authorization process guarantee
input from key customers—both internal and external? Does it provide for optimization of
the design? If an organization has no existing goal authorization process, now is a good
time to initiate one.
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Step 5: Develop the Process Features

Once the product is designed and developed, it is necessary to determine the means by
which the product will be created and delivered on a continuing basis. These means are, col-
lectively, the process. Process development is the set of activities for defining the specific means
to be used by operating personnel for meeting product quality goals. Some related concepts
include

e Subprocesses: Large processes may be decomposed into these smaller units for both
the development and operation of the process.

e Activities: These are steps in a process or subprocess.

o Tasks: These comprise detailed step-by-step description for execution of an activity.

For a process to be effective, it must be goal-oriented, with specific measurable out-
comes; systematic, with the sequence of activities and tasks fully and clearly defined and
all inputs and outputs fully specified; and capable, i.e., able to meet product quality goals
under operating conditions; and legitimate, with clear authority and accountability for its
operation.

The 11 major activities involved in developing a process are as follows:

¢ Review product goals.

¢ Identify operating conditions.

o Collect known information on alternate processes.
o Select general process design.

o Identify process features and goals.

o Identify detailed process features and goals.

e Design for critical factors and human error.

¢ Optimize process features and goals.

o Establish process capability.

e Set and publish final process features and goals.

e Set and publish final process design.

Review Product Goals
Ideally, this review will be relatively simple. Product quality goals should have been vali-
dated with the prior participation of those who would be affected. In many organizations,
however, product design and process design often are executed by different teams. There is
no real joint participation on either group’s part to contribute to the results that both teams
are expected to produce. This lack of participation usually reduces the number of alternative
designs that could have been readily adopted in earlier stages but become more difficult and
more expensive to incorporate later. In addition, those who set the product goals have a
vested interest in their own decisions and exhibit cultural resistance to proposals by the
process design team to make changes to the product design. If the product and process
design efforts are being performed by different groups, then review and confirmation of the
product quality goals are absolutely critical.

Review of product quality goals ensures that they are understood by those most affected
by the process design. The review helps achieve the optimum. Process designers are able to
present product designers with some realities relative to the costs of meeting the quality
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goals. The review process should provide a legitimate, unobstructed path for challenging
costly goals.

Identify Operating Conditions

Seeking to understand operating conditions requires investigation of a number of dimensions.

User's Understanding of the Process By “users,” we mean either those who contribute to
the processes in order to meet product goals or those who employ the process to meet their
own needs. Users consist, in part, of internal customers (organization units or persons)
responsible for running the processes to meet the quality goals. Operators or other workers
are users. Process planners need to know how these people will understand the work to be
done. The process must be designed either to accommodate this level of understanding or to
improve the level of understanding.

How the Process Will Be Used Designers always know the intended use of the process they
develop. However, they may not necessarily know how the process is actually used (and
misused) by the end user. Designers can draw on their own experiences but usually must
supplement these with direct observation and interviews with those affected.

The Environments of Use Planners are well aware that their designs must take account of
environments that can influence process performance. Planners of physical processes usu-
ally do take account of such environmental factors as temperature, vibration, noise level,
and so on. Planners who depend heavily on human responses, particularly those in the ser-
vice areas, should address the impact of the environment on human performance in their
process designs. For example, a team designing the process for handling customer inquiries
should consider how environmental stress can influence the performance of the customer
service representatives. This stress can result from large numbers of customer complaints,
abusive customers, lack of current product information, and so on.

Collect Known Information on Alternative Processes Once the goals and environment are
clear, the design team needs reliable information on alternative processes available for meet-
ing those goals in the anticipated environment.

Process Anatomy At the highest level, there are some basic process anatomies that have
specific characteristics that planners should be aware of. A process anatomy is a coherent
structure that binds or holds the process together. This structure supports the creation of the
goods or the delivery of the service. The selection of a particular anatomy also will have a
profound influence on how the product is created and the ability of the organization to
respond to customers’ needs. Figure 4.12 illustrates these.

The Assembly Tree  The assembly tree is a familiar process that incorporates the outputs of sev-
eral subprocesses. Many of these are performed concurrently and are required for final assem-
bly or to achieve an end result at or near the end of the process. This kind of process anatomy
is widely used by the great mechanical and electronic industries that build automotive vehi-
cles, household appliances, electronic apparatus, and so on. It is also used to define many
processes in a hospital, such as in the case of performing surgery in the operating room. The
branches or leaves of the tree represent numerous suppliers or in-house departments making
parts and components. The elements are assembled by still other departments.

In the office, certain processes of data collection and summary also exhibit features of
the assembly tree. Preparation of major accounting reports (e.g., balance sheet, profit state-
ment) requires assembly of many bits of data into progressively broader summaries that
finally converge into the consolidated reports. The assembly tree design has been used at
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Process Anatomies
Flow of basic materials

N\ /S

Autonomous
department

l

Outflow of finished and tested product

Autonomous Department

Vendor departments

In-house departments

Jai

Subassembl
departments

To test and usage

Assembly Tree Final assembly

Vendor departments To test and usage

-

In-house departments Procession

Ficure 4.12 Process anatomies. (Juran Institute, Inc. Copyright 1994. Used by permission.)

both the multifunctional and departmental levels. In large operations, it is virtually manda-
tory to use staff specialists who contribute different outputs at various multifunctional lev-
els. An example of this is the budget process. While it is not mandatory to use staff specialists
for large departmental processes, this is often the case. This can be illustrated by the design
department, where various design engineers contribute drawings of a project that contribute
to the overall design.

Business Process Quality Management to Hold the Gains

Increasingly, many planners are applying a fourth, less traditional form of management
known as business process quality management to their major processes. This new, alternative
management form has come about in response to an increased realization that many of
today’s business goals and objectives are becoming even more heavily dependent on large,
complex, cross-functional business processes. Process quality management emphasizes that
there are several critical processes that are crucial to an organization if it is to maintain and
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grow its business. (See Chapter 8, Business Process Management: Creating an Adaptable
Organization, for a full discussion.)

Measuring the Process
In selecting a specific process design, the team will need to acquire information on the effec-
tiveness and efficiency of alternative designs, including

¢ Deficiency rates

e Cycle time

e Unit cost

e Output rate

To acquire the needed data, the planners must typically use a number of different

approaches, including

¢ Analyzing the existing process

¢ Analyzing similar or related processes

o Testing alternative processes

¢ Analyzing new technology

e Acquiring information from customers

¢ Simulating and estimating

¢ Benchmarking

Select General Process Design

Just as product design began with a high-level description expanded to the details, process
design should begin by describing the overall process flow with a high-level process flow
diagram. From this diagram it will be possible to identify the subprocesses and major activ-
ities that can then be designed at a more detailed level. In developing the high-level flow as
well as the greater detail later, the team should ensure that it meets the following criteria:

o Deliver the quality goals for the product.

e Incorporate the countermeasures for criticality analysis, FMEA, and fault-tree
analysis.

¢ Meet the project goals.
¢ Account for actual use, not only intended use.
o Be efficient in consumption of resources.

¢ Demand no investments that are greater than planned.

While some process designs will largely repeat existing designs and other process
designs will represent “green field” or “blank sheet” redesigns, most effective process rede-
signs are a combination of the tried and true existing processes with some significant quan-
tum changes in some parts of the process.

The preceding criteria should be the guidelines for whether a particular part of the process
should be incorporated as it is, improved, or replaced with a fundamentally different approach.

This is the point in process design to think as creatively as possible, using some of the
same techniques discussed under product development. Consider the impact of radically
different anatomies. Would the customer be served better with dedicated, multispecialty
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units or with highly specialized expert functionality accessed as needed? What approach is
mostly likely to reduce failures? How can cycle time by cut dramatically? Is there a new
technology that would allow us to do it differently? Can we develop such a technology?

Once the high-level flow is completed, each activity and decision within the flow dia-
gram needs to be fully documented with a specification of the following for each:

e Inputs
e Outputs
¢ Goals for outputs
e Cycle time
e Cost
¢ General description of the conversion of inputs to outputs
Clear specification of these factors makes it possible to divide up the work of detailed
design later and still be confident that the final design will be consistent and coordinated.
Once the initial new process flow is completed, it should be reviewed for opportunities
to improve it, such as these:
¢ Eliminate sources of error that lead to rework loops.
¢ Eliminate or reduce redundant subprocesses, activities, or tasks.
o Decrease the number of handoffs.
e Reduce cycle time.
¢ Replace tasks, activities, or processes that have outputs with defects.

o Correct sequencing issues in the process to reduce the amount of activity or rework.

Testing Selected Processes

One of the key factors for a successful design is the incorporation of the lessons learned from
testing the product, the features, and the overall process and subprocesses to ensure that
they meet quality goals. Testing should be conducted throughout the entire quality by design
process to allow for changes, modifications, and improvements to the plan before it is trans-
ferred to operations. Testing is performed at various points to analyze and evaluate alternate
designs of the overall process and subprocesses.

Comparisons or Benchmarks
Other units inside and outside the organization may already be using a process similar to the
one designed. The process can be validated by comparing it with existing similar processes.

Test Limitations
All tests have some limitations. The following are common limitations that should be under-
stood and addressed.

Differences in Operating Conditions Dry runs and modular testing obviously differ from
operating conditions. Even pilot tests and benchmarks will differ in some details from the
actual, full implementation. Some common differences between conditions for testing and
conditions for full-scale use include

e People operating the process

e Customers of the process
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o Extreme values and unusual conditions

¢ Interactions with other processes and other parts of the organization

Differences in Size Especially with critical failures, such as breakdown of equipment, loss
of key personnel, or any other potential failure, as in the case of complications in a surgical
procedure, a test might not be large enough to allow these rare failures to occur with any
high degree of certainty.

Other Effects Sometimes designing a new process or redesigning an existing process may
create or exacerbate problems in other processes. For example, improved turnaround time in
approving home loans may create a backlog for the closing department. Such interactions
among processes might not occur in an isolated test.

Identify Process Features and Goals

A process feature is any property, attribute, and so on that is needed to create the goods or
deliver the service and achieve the product feature goals that will satisfy a customer need. A
process goal is the numeric target for one of the features.

Whereas features answer the question “What characteristics of the product do we need
to meet customers needs?” process features answer the question “What mechanisms do we
need to create or deliver those characteristics (and meet quality goals) over and over without
failures?” Collectively, process features define a process. The flow diagram is the source of
many of, but not all, these features and goals.

As the process design progresses from the macro level down into details, a long list of
specific process features emerges. Each of these is aimed directly at producing one or more
features. For example:

e Creating an invoice requires a process feature that can perform arithmetic
calculations so that accurate information can be added.

e Manufacturing a gear wheel requires a process feature that can bore precise holes
into the center of the gear blank.

¢ Selling a credit card through telemarketing requires a process feature that accurately
collects customer information.

Most process features fall into one of the following categories:

o Procedures—a series of steps followed in a regular, definite order
e Methods—an orderly arrangement of a series of tasks, activities, or procedures

¢ Equipment and supplies—"“physical” devices and other hard goods that will be
needed to perform the process

¢ Materials—tangible elements, data, facts, figures, or information (these, along with
equipment and supplies, also may make up inputs required as well as what is to be
done to them)

e People—numbers of individuals, skills they will require, goals, and tasks they will
perform

¢ Training—skills and knowledge required to complete the process
o Other resources—additional resources that may be needed

e Support processes—secretarial support, occasionally other support, such as
outsources of printing services, copying services, temporary help, and so on
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Process Features
Spray Crew Certified Scheduling
delivery Size materials | forecast on PC
capacity to determine
Product Feature Produ(c;t Fle ature to/from and
oa work needed
Time to perform Less than one hour
job 100 percent of time o L L
Guaranteed 99 percent of jobs within °®
appointment time 15 min. of appointment
All materials All naturally occuring/no °
environmentally safe | synthetics
10 gallons | One person 100% Forecast time
Legend @ Very strong O Strong A Weak per minute| per 10,000 | approved by | always within
sq. ft. of yd.| State Dept. of| 10 percent
Agriculture of actual
Process Feature Goals

Ficure 4.13 Process design spreadsheet. (Juran Institute, Inc. Copyright 1994. Used by permission.)

Just as in the case of product design, process design is easier to manage and optimize if
the process features and goals are organized into a spreadsheet indicating how the process
delivers the features and goals. Figure 4.13 illustrates such a spreadsheet.

The spreadsheet serves not only as a convenient summary of the key attributes of the
process, it also facilitates answering two key questions that are necessary for effective and
efficient process design. First, will every product feature and goal be attained by the process?
Second, is each process feature absolutely necessary for at least one product feature; i.e., are
there any unnecessary or redundant process features? Also, verify that one of the other pro-
cess features cannot be used to create the same effect on the product.

Often high-level process designs will identify features and goals that are required from orga-
nization wide macro processes. Examples might include cycle times from the purchasing pro-
cess, specific data from financial systems, and new skills training. Because the new process will
depend on these macro processes for support, now is the time to verify that they are capable of
meeting the goals. If they are not, the macro processes will need to be improved as part of the
process design, or they will need to be replaced with an alternative delivery method.

Identify Detailed Process Features and Goals

In most cases, it will be most efficient and effective for individual subteams to carry out the
detailed designs of subprocesses and major activities. These detailed designs will have the
process features and goals as their objectives and criteria. Each subprocess team will develop
the design to the level at which standard operating procedures can be developed, software
coded, equipment produced or purchased, and materials acquired.

Design for Critical Factors and Human Error
One key element of process design is determining the effect that critical factors will have on
the design. “Critical factors” are those aspects which present serious danger to human life,
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health, and the environment or risk the loss of very large sums of money. Some examples of
such factors involve massive scales of operations: airport traffic control systems, huge con-
struction projects, systems of patient care in hospital, and even the process for managing the
stock market. Design for such factors should obviously include ample margins of safety as
to structural integrity, fail-safe provisions, redundancy systems, multiple alarms, and so on.
Criticality analysis and failure-mode and effect analysis (see Chapter 19, Accurate and
Reliable Measurement Systems and Advanced Tools) are helpful tools in identifying those
factors which require special attention at this point.

Workers vary in their capabilities to perform specific tasks and activities. Some workers
perform well, whereas others do not perform nearly as well. What is consistent about all
workers is that they are a part of the human family, and human beings are fallible. Collec-
tively, the extent of human errors is large enough to require that the process design provides
for means to reduce and control human error. Begin by analyzing the data on human errors,
and then apply the Pareto principle. The vital few error types individually become candi-
dates for special process design. The human errors that can be addressed by process design
fall into these major classes:

o Technique errors arising from individuals lacking specific, needed skills
o Errors aggravated by lack of feedback

e Errors arising from the fact that humans cannot remain indefinitely in a state of
complete, ready attention

Principles of Mistake Proofing

Research has indicated that there are a number of different classifications of error proofing
methods, and these are spelled out below. Elimination consists of changing the technology to
eliminate operations that are error-prone. For example, in some materials handling opera-
tions, the worker should insert a protective pad between the lifting wire and the product so
that the wire will not damage the product. Elimination could consist of using nylon bands to
do the lifting.

Optimize Process Features and Goals

After the planners have designed for critical factors and made modifications to the plan for
ways of reducing human error, the next activity is to optimize first the subprocesses and
then the overall process design. In step 4, develop product, the concept of optimization was
introduced. The same activities performed for optimizing features and product feature goals
also apply to process planning. Optimization applies to both the design of the overall pro-
cess and the design of individual subprocesses.

Establish Process Capability

Before a process begins operation, it must be demonstrated to be capable of meeting its
quality goals. The concepts and methods for establishing process capability are discussed
in detail in Chapter 20, Product-Based Organizations: Delivering Quality While Being Lean
and Green, under Process Capability. Any design project must measure the capability of its
process with respect to the key quality goals. Failure to achieve process capability should
be followed by systematic diagnosis of the root causes of the failure and improvement of
the process to eliminate those root causes before the process becomes operational.

Reduction in Cycle Time
Process capability relates to the effectiveness of the process in meeting customer needs. One
special class of needs may relate to subprocess cycle time—the total time elapsed from the

‘uosssiued noynm Aem Aue ui paI4IpOW 10 PRINGLISIPS] 80 01 10N D17 ‘sBuip|oH uoreonp3 LoD ||IH-MeIDO N @ BLAdOD *[6T/02/c0] e [62T T8 ¥TZ T Buoy BuoH jo Aisieaiun AiD | Aq papeojumoq



Quality Planning: Designing Innovative Products and Services

beginning of a process to the end. Reducing cycle time has almost become an obsession for
many organizations. Pressures from customers, increasing costs, and competitive forces are
driving organizations to discover faster ways of performing their processes. Often these
targeted processes include launching new products, providing service to customers, recruit-
ing new employees, responding to customer complaints, and so on. For existing processes,
designers follow the well-known quality improvement process to reduce cycle time. Diagno-
sis identifies causes for excessive time consumption. Specific remedies are then developed to
alleviate these causes.

Set and Publish Final Process Features and Goals

After the design team has established the flow of the process, identified initial process
features and goals, designed for critical processes and human error, optimized process
features and goals, and established process capabilities, it is ready to define all the detailed
process features and goals to be included in the final design. This is also the stage where
the results of process development are officially transmitted to other functions through
various forms of documentation. These include the specifications for the features and
product feature goals as well as the spreadsheets and other supporting documents. All this
is supplemented by instructions, both oral and written.

Filling out the process design spreadsheet is an ongoing process throughout process
development. The spreadsheet should have been continually updated to reflect design
revisions from such activities as reviewing alternative options, designing for critical fac-
tors and human error, optimizing, testing process capability, and so on. After making the
last revision to the process design spreadsheet, it should be checked once more to verify
the following:

e Each product feature has one or more process features with strong or very
strong relation. This will ensure the effective delivery of the product feature
without significant defects. Each product feature goal will be met if each process
goal is met.

o Each process feature is important to the delivery of one or more features. Process
features with no strong relationship to other features are unnecessary and should be
discarded.

The completed process design spreadsheet and detailed flow diagrams are the common
information needed by managers, supervisors, and workers throughout the process. In
addition, the design team must ensure that the following are specified for each task within
the process:

e Who is responsible for doing it

e How the task is to be competed

e Itsinputs

e Its outputs

e Problems that can arise during operations and how to deal with them
e Specification of equipment and materials to be used

¢ Information required by the task

¢ Information generated by the task

o Training, standard operating procedures, job aids that are needed

12
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Step 6: Develop Process Controls and Transfer to Operations
In this step, planners develop controls for the processes, arrange to transfer the entire prod-

uct plan to operational forces, and validate the implementation of the transfer. There are
seven major activities in this step.

. Identify controls needed.

. Design feedback loop.

. Optimize self-control and self-inspection.

. Establish audit.

. Demonstrate process capability and controllability.

. Plan for transfer to operations.

N O O s W

. Implement plan and validate transfer.

Once design is complete, these plans are placed in the hands of the operating depart-
ments. It then becomes the responsibility of the operational personnel to manufacture the
goods or deliver the service and to ensure that quality goals are met precisely and accurately.
They do this through a planned system of quality control. Control is largely directed toward
continuously meeting goals and preventing adverse changes from affecting the quality of
the product. Another way of saying this is that no matter what takes place during produc-
tion (change or loss of personnel, equipment or electrical failure, changes in suppliers, etc.),
workers will be able to adjust or adapt the process to these changes or variations to ensure
that quality goals can be achieved.

Identify Controls Needed
Process control consists of three basic activities:

¢ Evaluate the actual performance of the process.
o Compare actual performance with the goals.

e Take action on the difference.

Detailed discussions of these activities in the context of the feedback loop are contained
in Chapter 6, Quality Control: Assuring Repeatable and Compliant Processes.

Process Features

Much control consists of evaluating those process features that most directly affect the
features, e.g., the state of the toner cartridge in the printer, the temperature of the fur-
nace for smelting iron, or the validity of the formulas used in the researcher’s report.
Some features become candidates for control subjects as a means of avoiding or reduc-
ing failures. These control subjects typically are chosen from previously identified
critical factors or from conducting FMEA, fault-tree analysis (FTA), and criticality
analysis. Process controls are associated with the decision: Should the process run or
stop?

o Setting the standards for control, i.e., the levels at which the process is out of control
and the tools, such as control charts, that will be used to make the determination
¢ Deciding what action is needed when those standards are not met, e.g., troubleshooting

¢ Designating who will take those actions
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Process Controls

Product feature Con.trol Sensor Goal Measurement | Sample size Criterion | Responsibility
subject frequency

Process feature 1

Process feature 2

Wave solder Solder Thermo- 505°F Continuous n/a 2510°F Operator

decrease heat

500°F
increase heat

temperature | couple

Conveyor ft/min 4.5 ft/min 1/hour n/a 25 ft/min Operator
speed meter reduce speed
<4 ft/min

increase speed

Alloy Lab chem | 1.5% max 1/month 15 grams 21.5% drain Process
purity analysis total bath, replace engineer
contaminants solder

Ficure 4.14 Control spreadsheet. (From J. M. Juran, Quality Control Handbook, 5th ed., McGraw-Hill, New York,
1999, p. 3.48.)

A detailed process flow diagram should be used to identify and document the points at
which control measurements and actions will be taken. Then each control point should be
documented on a control spreadsheet similar to Figure 4.14.

Training
Workers should be trained to make the product conformance decisions and should also be
tested to ensure that they make good decisions. Specifications must be unequivocally clear.
The quality audit and audit of control systems are treated elsewhere in detail; see, e.g.,
Chapter 20, Product-Based Organizations: Delivering Quality While Being Lean and Green,
under Audit of Operations Quality. While the audit of a control system is a function inde-
pendent of the design team, the design team does have the responsibility for ensuring that
adequate documentation is available to make an effective audit possible and that there are
provisions of resources and time for conducting the audit on an ongoing basis.

Demonstrate Process Capability and Controllability

While process capability must be addressed during the design of the process, it is during
implementation that initial findings of process capability and controllability must be
verified.

Plan for Transfer to Operations

In many organizations, receipt of the process by operations is structured and formalized. An
information package is prepared consisting of certain standardized essentials: goals to be
met, facilities to be used, procedures to be followed, instructions, cautions, and so on. There
are also supplements unique to the project. In addition, provision is made for briefing and
training the operating forces in such areas as maintenance, dealing with crisis, and so on.
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The package is accompanied by a formal document of transfer of responsibility. In some
organizations, this transfer takes place in a near-ceremonial atmosphere.

The Structured Approach Has Value It tends to evolve checklists and countdowns that help ensure
that the transfer is orderly and complete. If the organization already has a structure for transfer,
project information may be adapted to conform to established practice. If the organization has a
loose structure or none at all, the following material will aid in design the transfer of the project.

Regardless of whether the organization has a structure, the team should not let go of the
responsibility of the project until it has been validated that the transfer has taken place and
everyone affected has all the information, processes, and procedures needed to produce the
final product.

Transfer of Know-How During process design, the planners acquire a great deal of know-
how about the process. The operating personnel could benefit from this know-how if it were
transferred. There are various ways of making this transfer, and most effective transfers
make use of several complementary channels of communication, including

e Process specifications

e Briefings

¢ On-the-job training

e Formal training courses

e Prior participation

Audit Plan for the Transfer As part of the plan for formal transfer, a separate audit plan
should be developed as a vehicle for validating the transfer of the plan. This kind of audit is
different from the control audits described previously. The purpose of this audit is to evalu-
ate how successful the transfer was. For the audit to have real meaning, specific goals should
be established during the design phase of the transfer. Generally, these goals relate to the
quality goals established during the development of the product, features, and process fea-
tures. The team may decide to add other goals inherent to the transfer or to modify newly
planned quality goals during the first series of operations. For example, during the first trial
runs for producing the product, total cycle time may exceed expected goals by 15 percent.
This modification takes into account that workers may need time to adjust to the plan. As
they become more skilled, gain experience with the process, and get more comfortable with
their new set of responsibilities, cycle time will move closer to targeted quality goals. The
audit plan for the transfer should include the following;:

e Goals to meet

¢ How meeting the goals will be measured

e The time phasing for goals, measurement, and analysis
e Who will audit

¢ What reports will be generated

¢  Who will have responsibility for corrective action for failure to meet specific goals

Implement Plan and Validate Transfer

The final activity of the quality by design process is to implement the plan and validate that
the transfer has occurred. A great deal of time and effort has gone into creating the product
plan, and validating that it all works is well worth the effort.
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Frequently Used Design Tools

Affinity diagrams. This diagram clusters together items of similar type, is a prelude
to a cause-effect diagram used in quality improvement, and is used in quality design
to group together similar needs or features.

Benchmarking. This technique involves openly sharing and investigating the best
practices of organizations, largely for business and internal processes (not for
competitive or proprietary manufacturing). In today’s world, this has improved from
“industrial tourism” to research, largely through participation in online databases.

Brainstorming. This popular technique obtains group ideas as to cause (for improvement)
or as to features (for planning).

Carryover analyses. Usually a matrix depicts the degree of carryover of design
elements, with particular regard to failure proneness.

Competitive analyses. Usually a matrix depicts a feature-by-feature comparison to the
competition, with particular regard to “best-in-class” targets.

Control chart. This is a widely used depiction of process change over time. The most
popular is the Shewhart control chart for averages.

Criticality analyses. Usually a matrix depicts the degree of failure of a feature or
component against the ranking of customer needs, along with responsibilities
detailed for correction.

Data collection: focus group. This popular technique places customers in a setting led
by a trained facilitator to probe for the understanding of needs.

Data collection: market research. Any of a variety of techniques aim at answering the
three fundamental questions: What is important to the users? What is the order of
the items of importance? How well do we do in meeting them in that order, as
compared to the competition?

Data collection: surveys. This passive technique elicits answers to preset questions
about satisfaction or needs. Usually it is “closed-ended,” with meager space for
comments or answers to open-ended questions. Poor return rates are a hallmark of
this technique, along with the suspicion that those with dissatisfactions respond at
higher rates.

Failure mode and effect analyses. Otherwise called FMEA, the matrix presents the
probability of failure, significance of the failure, and ease of detection, resulting in a
risk priority number (RPN). Higher RPNs are attacked first. This is used in both
improvement and design settings, although the chief use is as a design tool.

Fault-tree analyses. A graphical presentation of the modes of failure shows events
that must occur together (“and”) or separately (“or”) in order to have the failure
occur. Usually this is shown vertically, with the “ANDed” and “ORed” events
cascading as branches on a tree.

Flow diagram. This extremely popular depiction of a process uses standard symbols
for activities and flow directions. It originated in software design during the 1950s
and evolved into the process mapping widely used today.

Glossary. The glossary is the chief weapon used to remove the ambiguity of words
and terms between customers and providers. This is a working dictionary of in-
context usage, e.g., the meaning of “comfortable” as it applies to an office chair.
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o Design network. A tree diagram depicts the events that occur either in parallel or
sequentially in the design of something. Usually the network is shown with the total
time needed to complete the event, along with earliest start and subsequent stop
dates. It is used to manage a particularly complex design effort. Like techniques
include the program evaluation and review technique (PERT) and critical path
method (CPM). Today’s spreadsheetlike project management software usually
combines the key features of each.

e Process analysis technique. This process flowchart technique also shows the time
necessary to do each task, the dependencies the task requires (such as access to the
computer network), and the time “wasted” in between tasks. Usually it is interview-
driven and requires a skilled process expert.

o Process capability. This term is given to any number of tools, usually statistical, that
thereby reveal the ability of a process to repeat itself and the ability of the process to
meet its requirements.

o Salability analyses. This is another matrix tool used to depict the price willing to be
borne, or the cost needed to deliver, a given feature of a product.

o Scatter diagram. This is a graphical technique of plotting one variable against another,
to determine corelationship. It is a prelude to regression analyses to determine
prediction equations.

o Selection matrix. This matrix tool shows the choices to be made ranked according to
agreed upon criteria. It is used in both improvement and design settings.

o Customer needs spreadsheet. This spreadsheet tool depicts the relationship between
customer communities and the statements of need. Needs strongly relating to a
wide customer base subsequently rise in priority when features are considered.
Advanced forms of this spreadsheet and others appear as the “house of quality,” or
quality function deployment (QFD); see the section in this chapter about Design for
Six Sigma.

o Needs analysis spreadsheet. This spreadsheet tool is used to “decompose” primary
statements of need into other levels. Thus, “economical” for a new car purchaser
might break down further to purchase price, operating costs, insurance costs, fuel
economy, and resale value. Decomposing needs has the principal benefit of single-
point response and measurement if taken to the most elemental level.

o Product design spreadsheet. This is a continuation of the customer needs spreadsheet,
further developing the features and feature goals that map to the customer needs.
The features with the strongest relationship to needs are elevated in priority when
considering the processes used to make them.

o Tree diagram. Any of a variety of diagrams depict events that are completed in parallel
or simultaneously as branches of a tree. This technique is less refined than the design
network, but useful to understand the activities from a “big picture” perspective.

o Value analysis. This is a matrix depiction of customer needs and costs required to support
or deliver a given feature to meet that need. It is a close cousin to salability analysis.

Design for Six Sigma

Product and service design is the creation of a detailed description for a physical good or
service, together with the processes to actually produce that good or service. In quality the-
ory terms, product design means establishing quality goals and putting in place the means
to reach those goals on a sustained basis. In Six Sigma terms, product design [Design for Six
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Sigma (DFSS)] means contemporaneously creating a design for a product and includes the
process to produce it in such a way that defects in the product and the process are not only
extremely rare, but also predictable. What is more, defects are rare and predictable, even at
the point when full-scale production begins. To achieve this level of excellence and its atten-
dant low costs and short cycle times, as well as soaring levels of customer satisfaction,
requires some enhancements to traditional design methods. For example, each DFSS design
project starts with an identification of customers and a detailed analysis and understanding
of their needs. Even “redesign” starts at the beginning because all successful designs are
based on customer needs, and in this world of rapid change, customer needs—and even
customers—have a way of rapidly changing. Another example is the widespread intensive
use of statistical methods in DFSS. The power of the information gained from statistical
analyses provides the means to achieve Six Sigma levels of quality, which are measured in
parts per million. DFSS is carried out in a series of phases known as DMADV.

DMADYV stands for: define, measure, analyze, design, and verify. The discussion that follows
does not cover all the details of procedures and tools used in DMADYV; that would require many
hundreds of pages, and they can be found elsewhere in published form. We will, however, attempt
to acquaint the reader with what any manager needs to know about the purpose, the issues, the
questions, and the sequence of steps associated with the respective phases of DMADV.

A “new” codification of the process for developing quality products is known as Design
for Six Sigma. It combines the concept of quality design with the popular goal of Six Sigma
quality. The DFSS process directs the designers of the product to create their designs so that
manufacturing can produce them at Six Sigma quality levels. In the case of services, it means
developing the service process so that it can be delivered at Six Sigma quality levels.

DEFSS is targeted at design activities that result in a new product, a new design of an
existing product, or the modification of an existing design. It consists of five phases in the
following sequence: define, measure, analyze, design, verify. Figure 4.15 expands on the
activities of each phase. (See Chapter 14, Continuous Innovation Using Design for Six Sigma,
for more details on DFSS.)

Define Measure Analyze Design Verify
* Initiate the * Discover and * Develop design | ¢ Optimize * Execute pilot/
project prioritize alternative detail level analyze results
* Scope the customer * Develop high- design * Implement
project needs level design parameters production
e Plan and . Dc?ve.l(.)p and « Evaluate high- | * Evaluate_detail process
manage the prioritize CTQS | Jeve] design level design * Transition to
project * Measure ¢ Plan detail owners
baseline design
performance verification
tests
* Verify detail
and design of
product
* Optimize
process
performance
Ficure 4.15  Major activities in DFSS.
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About This Chapter

The purpose of this chapter is to explain the nature of breakthrough and its relation to attain-
ing superior results. This chapter deals with the universal and fundamental concepts that
define the methods to create “breakthroughs in current performance.” The Six Sigma Model
for Performance Improvement, popularized by Motorola and GE, is the most widely used
method for attaining breakthrough. Although this is covered in detail in Chapter 12, Six
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Sigma: Improving Process Effectiveness, we will focus on setting a foundation, presenting
key terms, and making critical distinctions between similar, but different, contemporary
methods to improve performance. This chapter will focus on leadership’s role in creating a
strategy that enables the organization to continue to improve year after year.

High Points of This Chapter

1. Abreakthrough in current performance aims to eliminate failures such as excessive
number of defects, excessive delays, excessively long time cycles, and the high costs
of poor quality due to poorly performing processes.

2. The Juran Universal Sequence for Breakthrough, identified in the 1950s, consists of
six steps to achieve superior results. The steps are

a. Nominate and identify problems. (Management does this.)
b. Establish a project and team. (Management does this.)
c. Diagnose the cause(s). (The project team does this.)

d. Remedy the cause(s). (The project team plus the work group where the cause[s]
originate do this.)

e. Hold the gains. (The project team and affected operating forces do this.)
f. Replicate results and nominate new projects. (Management does this.)

3. All improvement happens project by project. To achieve breakthrough requires
leaders to define goals and projects that are resourced to ensure completion and
results.

4. It is upper management’s responsibility to mandate breakthrough. Specifically,
upper management must

. Establish multifunctional councils or steering teams to prioritize projects.

o}

. Nominate and select breakthrough projects.

. Create project charters that include problem and goal statements.

. Provide resources, especially people and time, to carry out the project.
. Assign teams, team leaders, facilitators, “Black Belts” to projects.

Review progress, remove barriers, and manage cultural resistance.

Q ™ 0 a 0

. Provide recognition and rewards.

5. Project selection requires expertise and practice on the part of management, so
“doable” projects are identified so that the team clearly understands both the
problem and the goal.

6. To attain a breakthrough in current performance requires two “journeys”: the
diagnostic journey and the remedial journey. These journeys represent the
application of the fact-based method to solve the performance problems.

7. The diagnostic journey proceeds as follows:
a. From problem to symptoms of the problem
b. From symptoms to theories of causes of the symptoms
c. From theories to testing of the theories

d. From tests to establishing root cause(s) of the symptoms
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8. The remedial journey proceeds as follows:
a. From root cause(s) to design of remedies of the cause(s)

b. From design of remedies to testing and proving the remedies under operating
conditions

c. From workable remedies to dealing with predictable resistance to change
d. From dealing with resistance to establishing new controls on the remedies to
hold the gains

9. Therehavebeennumerouseffortstocreatesimplerandlessintensiveimprovement
methods. Most of them failed to deliver the results. The Six Sigma DMAIC
Improvement Model has gained wide acceptance and is the most widely used.
This will be covered in more detail in Chapter 12, Six Sigma: Improving Process
Effectiveness. It follows these basic steps:

. Select the problem and launch a project. (Management does this.)

o o

. Define the problem. (Champions and Management do this.)

0

. Measure the magnitude of the symptoms. (The project team does this.)

(o

. Analyze information to discover the root cause(s). (The project team does this.)

[¢]

. Improve by providing a remedy for the cause(s). (Project teams do this.)

f. Control to hold the gains. (Project team and departments do this.)

10. All projects and teams will encounter obstacles when making changes. Objections
will be raised by various sources. There may be delaying tactics or rejection by a
manager, the work force, or the union. We refer to this as resistance to change. All
managers must understand how to overcome this resistance.

The Universal Sequence for Breakthrough

Improvement happens every day, in every organization—even among the poor performers.
That is how businesses survive—in the short term. Improvement is an activity in which
every organization carries out tasks to make incremental improvements, day after day.
Improvement is different from breakthrough improvement. Breakthrough requires special
methods and support to attain significant changes and results. It also differs from planning
and control. Breakthrough requires taking a “step back” to discover what may be preventing
the current level of performance from meeting the needs of its customers. This chapter
focuses on attaining breakthrough improvement and how leaders can create a system to
increase the rate of improvement. By attaining just a few (the Pareto principle) vital break-
throughs year after year, the organization can outperform its competitors and meet stake-
holder needs.

As used here, “breakthrough” means “the organized creation of beneficial change and
the attainment of unprecedented levels of performance.” Synonyms are “quality improve-
ment” or “Six Sigma improvement.” Unprecedented change may require attaining a Six
Sigma level (3.4 ppm) or 10-fold levels of improvement over current levels of process
performance. Breakthrough results in significant cost reduction, customer satisfaction
enhancement, and superior results that will satisfy stakeholders.

“The concept of a universal sequence evolved from my experience first in Western Electric
Organization (1924-1941) and later during my years as an independent consultant, starting in
1945. Following a few preliminary published papers, a universal sequence was published in
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book form (Juran 1964). This sequence then continued to evolve based on experience gained
from applications by operating managers.

The creation of the Juran Institute in 1979 led to the publication of the videocassette
series Juran on Breakthrough (Juran 1981). This series was widely received and was influential
in launching breakthrough initiatives in many organizations. These organizations then
developed internal training programs and spelled out their own versions of a universal
sequence. All of these have much in common with the original sequence published in 1964.
In some cases, the organizations have come up with welcome revisions or additions.”

Breakthrough means change: a dynamic, decisive movement to new, higher levels of perfor-
mance. In a truly static society, breakthrough is taboo, forbidden. There have been many such
societies, and some have endured for centuries. During those centuries, their members either
suffered or enjoyed complete predictability. They knew precisely what their station in life was—
the same as that lived out by their forebears—but this predictability was, in due course, paid for
by a later generation. The price paid was the extinction of the static society through conquest or
another takeover by some form of society that was on the move. The threat of extinction may
well have been known to the leaders of some of these static societies. Some gambled that the
threat would not become a reality until they were gone. It was well stated in Madame de
Pompadour’s famous letter to Louis XV of France: “After us, the deluge.”

History is vital to today’s leaders. The threat to the static society stems from basic human
drives: the drive for more of everything—knowledge, goods, power, and wealth. The resulting
competition is what makes breakthrough important (Juran 1964).

There is an unvarying sequence of events by which we break out of the old levels of per-
formance and into the new. The details of this sequence are important. The starting point is the
attitude that a breakthrough is both desirable and feasible. In human organizations, there is no
change unless there is first an advocate of change. If someone does not want change, there is a
long, hard road before change is finally achieved. The first step on that road is someone’s belief
that a change—a breakthrough—is desirable and feasible. That change is desirable is mainly
an act of faith or belief. Feasibility requires some digging. This leads to the second step.

The second step is to see whether a breakthrough is likely to happen if we mobilize for
it—a feasibility study or demonstration project. This study will help separate the problem
into major parts, the vital few from the useful many. I call this the Pareto analysis. These vital
few problems then become the subject of a drive for new knowledge. But the creation of new
knowledge does not just happen—we must organize for it. This leads to the next step.

Organization for breakthrough in knowledge is next. It requires that we appoint or cre-
ate two systems: one that directs or guides the breakthrough, and one that does the fact-
gathering and analysis. We call them the steering arm and the diagnostic arm, respectively.
For breakthrough in knowledge, both of these arms are necessary. Neither one alone is suf-
ficient. When both are in place, diagnosis begins. Facts are collected and examined, and new
knowledge gained. At this stage, a breakthrough in knowledge has been achieved.

However, a breakthrough in knowledge does not automatically create a breakthrough in
performance. Experience has shown that the technical changes needed usually affect the
status, habits, beliefs, etc., of the people involved. Anthropologists have given the name
“cultural pattern” to this collection of human beliefs, practices, etc.

Breakthroughs in the cultural pattern are in this way an added essential step. Before new
levels of performance can be reached, we must discover the effect of the proposed changes
on the cultural pattern and find ways to deal with the resistances generated. This turns out
at times to be a difficult and important problem.

Finally, a breakthrough in performance can be achieved. This is the result we had set out
to attain. To sustain it, we must rely on controls to maintain the status quo until another
breakthrough comes along.
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Two Kinds of Breakthrough
Breakthrough can be aimed at both sides of quality.

1. Having higher-quality product and service features provides customer satisfaction and
revenue for the producing organization. These product features drive revenue.

2. Achieving freedom from failures will reduce customer dissatisfaction and nonvalue-
added waste. To the producing organization, reducing the product failures, which
reduce costs, is a target for breakthrough.

Breakthrough is applicable to any industry, problem, or process. To better understand
why so many organizations create extensive quality improvement programs such as Lean
Six Sigma we must contrast planning versus improvement. In the previous chapter, we dis-
cussed the quality planning process to design features.

Breakthrough to reduce excess failures and deficiencies may consist of such actions as

o Increase the yield of production processes

e Reduce error rates of administrative reports
e Reduce field failures

e Reduce claim denials

¢ Reduce the time it takes to perform critical patient clinical procedures

The result in both cases is performance improvement, which can lead to performance
excellence. However, the rate of improvement required to attain market leadership needs to
move at a revolutionary rate, and this often eludes most organizations. The methods and
tools used to secure superior results are fundamentally different from day-to-day improve-
ment methods, and for subtle reasons.

Creating breakthrough to increase revenue starts by setting strategic goals, such as new
product development goals to provide best-in-class features, or reducing cycle times to beat
the competition. Meeting such new goals requires a systematic “quality planning” process
(Juran 1999). Multiple levels of quality planning are needed. An organization needs to plan
new products or to design for quality. Other forms of quality planning are to design for
manufacturing, Design for Six Sigma, and even Design for Green and Lean.

Quality planning differs from most product and service development methods in that it
is carried out through a universal series of steps focusing on understand the “voice of the
customers” (internal and external) and incorporating it into the design of the product. The
best design methods always begin with an identification of who we are designing for. In
other words, who are the “customers?” This is often followed by determining the needs of
those customers, then developing the product or service features required to meet those
needs, and so on. Collectively, this series of steps is the “quality planning or quality by
design roadmap.” Creating breakthroughs in design is covered in Chapter 4, Quality Plan-
ning: Designing Innovative Products and Services.

Many organizations maintain an organized approach for evolving new products and
services, year after year. Under this organized approach

e Product development projects are a part of the business plan.

¢ A new product development function maintains business surveillance over these
projects.

e Full-time product and process development departments are equipped with
personnel, laboratories, and other resources to carry out the technological work.
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o There is clear responsibility for carrying out the essential technological work.

e A structured procedure is used to process the new developments through the
functional departments.

e The continuing existence of this structure favors new product development on a
year-to-year basis.

This special organizational structure, while necessary, is not sufficient to ensure good
results. In some organizations, the cycle time for getting new products to market is lengthy,
the new models compete poorly in the market, or new chronic wastes are created. Such
weaknesses usually are traceable to weaknesses in the planning process.

In the case of too many nonvalue-added tasks or too high a cost associated with chronic
waste, the product or service is already in production, the goals are already in place. The pro-
cesses for meeting those goals and the means to maintain them are being carried out by the
workforce. However, the resulting products (goods and services) do not always meet the
goals. Consequently, the approach to reducing these nonvalue-added tasks or chronic waste is
different from the design or planning methods. Instead, to attain breakthroughs in current
levels of performance, we must first have management commit to a program of quality
improvement such as Six Sigma. This program can provide the means to identify the problems
and then discover their causes. The organization must make the time to carry out a diagnosis
of the current process. Once the causes are uncovered, remedies can be applied to remove the
causes. It is this approach—to attain breakthroughs—that is the subject of this chapter.

Continuing to attain breakthrough is needed to meet the changing needs of customers,
which are a moving target. Competitive prices are also a moving target. However, break-
throughs in improvement usually lag behind breakthroughs in design. They have progressed
at very different rates. The chief reason is that many upper managers give a higher priority
to increasing revenue from other means than on focusing resources on attaining break-
throughs by achieving unprecedented levels of performance in this way. This difference in
priority is usually reflected in the respective organizational structures. An example is seen in
the approach to new product development.

Historically, the efforts to meet the competition and improve performance proceeded
along two lines based on two very different philosophies:

o Political leaders focused on traditional political solutions—import quotas, tariffs,
legislation on “fair trade,” and so on.

o Business leaders increasingly became convinced that the necessary response to
competition was to become more competitive. This approach required applying the
lessons learned from the role models across the entire national economy. Such a
massive scaling up has extended well into the twenty-first century.

The experience of recent decades has led to an emerging consensus that managing for
quality (planning, control, and improvement) is one of the most cost-effective means to deal
with the threats and opportunities, and provide a means of actions that need to be taken. As
it relates to breakthrough, the high points of this consensus include the following:

¢ Global competition has intensified and has become a permanent unpleasant fact.
A needed response is to create a high rate of breakthrough, year after year.

o Customers are increasingly demanding improved products from their suppliers.
These demands are then transmitted through the entire supplier chain. The demands
may go beyond product breakthrough and extend to improving the system of
managing for quality.
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o The chronic wastes can be huge in organizations that do not have a strategic program
aimed at reducing them. In many organizations during the early 1980s, about a third
of all work consisted of redoing what was done previously, due to deficiencies. By
the end of the 1990s, this number improved to only 20 to 25 percent (estimated by
the authors). The emerging consensus is that such waste should not continue, since
it reduces competitiveness and profitability.

o Breakthroughs must be directed at all areas that influence an organization’s
performance: all business, transactional, and manufacturing processes.

o Breakthroughs should not be left solely to voluntary initiatives; they should be built
into the strategic plan and DNA of a system. They must be mandated.

o Attainment of market leadership requires that the upper managers personally take
charge of managing for quality. In organizations that did attain market leadership,
the upper managers personally guided the initiative. The authors are not aware of
any exceptions.

Unstructured Reduction of Chronic Waste
In most organizations, the urge to reduce costs has been much lower than the urge to increase
sales. As a result:

o The business plan has not included goals for the reduction of chronic waste.

¢ Responsibility for such breakthroughs has been vague. It has been left to volunteers
to initiate action.

¢ The needed resources have not been provided, since such breakthroughs have not
been a part of the business plan.

The lack of priority by upper managers is traceable in large part to two factors that influ-
ence the thinking processes of many upper managers:

¢ Not only do many upper managers give top priority to increasing sales, but some
of them even regard cost reduction as a form of lower-priority work that is not
worthy of the time of upper managers. This is especially the case in high-tech
industries.

e Upper managers have not been aware of the size of the chronic waste, nor of the
associated potential for high return on investment. The “instrument panel or
scorecards” available to upper managers have stressed performance measures such
as sales, profit, cash flow, and so on, but not the size of chronic waste and the
associated opportunities. The managers have contributed to this unawareness by
presenting their reports in the language of specialists rather than in the language of
management—the language of money.

Breakthrough Models and Methods

Breakthrough addresses the question, How do I reduce or eliminate things that are wrong
with my products, services, or processes and the associated customer dissatisfaction? Break-
through models must address problems that create customer dissatisfaction, products and
services of poor quality, and failures to meet the specific needs of specific customers, internal
and external.
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Based on my research, attaining breakthroughs in current performance by reducing
customer-related problems has one of the greatest returns on investment and usually comes
down to correcting just a few types of things that go wrong, including

Excessive number of defects
Excessive numbers of delays or excessively long time cycles

Excessive costs of the resulting rework, scrap, late deliveries, dealing with dissatisfied
customers, replacement of returned goods, loss of customers and clients, loss of
goodwill, etc.

High costs and ultimately high prices, due to the waste

Effective breakthrough models require that

Leaders mandate it, project by project year after year

Projects be assigned to teams that must discover root causes of the problems to
sustain the gains

Teams devise remedial changes to the “guilty” processes to remove or deal with the
cause(s)

Teams work with functions to install new controls to prevent the return of the
causes

Teams look for ways to replicate the remedies to increase the effect of the
breakthrough

All teams must follow a systematic fact-based method, which requires making two
journeys:

o The diagnostic journey. From symptoms (evidence a problem exists) to theories
about what may cause the symptom(s); from theories to testing of the theories;
from tests to establishing root cause(s). Once the causes are found, a second
journey takes place.

o The remedial journey. From root causes to remedial changes in the process to
remove or deal with the cause(s); from remedies to testing and proving the
remedies under operating conditions; from workable remedies to dealing with
resistance to change; from dealing with resistance to establishing new controls to
hold the gains.

Regardless of what your organization calls or brands its improvement model,
breakthrough results only occur after the completion of both journeys.

It has been more than 50 years since I first published articles on the universal sequence
for breakthrough. Over that stretch of time, I have witnessed many models and many orga-
nizations trying to simplify, reengineer, and rename this simple method called breakthrough.
Some have worked; some have not.

The most recent success is Six Sigma or Six Sigma DMAIC. Six Sigma has become the
most effective “brand” of improvement since the Motorola Corporation first began using the
quality improvement method I espoused in the late 1970s. Six Sigma methods and tools
employ many of these universal principles. They have been combined with the rigor of sta-
tistical and technological tools to collect and analyze data.

GE’s former chairman, Jack Welch, defined Six Sigma in this way: “Six Sigma is a quality
program that, when all is said and done, improves your customers’ experiences, lowers your
costs and builds better leaders” (Welch 2005).
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We will discuss Six Sigma in detail and fill in the blanks on its steps: Define, Measure,
Analyze, Improve, and Control in Chapter 12, Six Sigma: Improving Process Effectiveness.

A Breakthrough Improvement Case
The following is the outline of the anatomy of a breakthrough improvement project. Because

this book is written as a guide, we will limit our detailed discussions to some of the more
important activities that are carried out by management. Each of the following topics that
are outlined contains a large body of technical knowledge, tools, and techniques.
Identify a project (Management does this):

e Nominate projects.

¢ Evaluate projects.

o Select a project.

e Determine if this is a design project, an improvement project, or another type, such

as a lean project.

Establish the project (the champions do this):

o Prepare a problem statement and a goal statement.

o Select a facilitator, or in a Six Sigma Program, a Black Belt or expert (see Chapter 12,
Six Sigma: Improving Process Effectiveness).

e Select and launch a team.
Diagnose the cause (the project team and Black Belts do this):

¢ Analyze symptoms.

¢ Confirm and quantify or modify the goal.
e Formulate theories of causes.

o Test likely theories of causes.

o Identify root cause(s).

Remedy the cause (the project team and the workgroup where the cause[s] originate do
this, perhaps with assistance from many others who are affected by, or who contribute to,
the remedy):

¢ Evaluate alternative remedial changes.

¢ Design the solution, remedy, and changes needed to eliminate the root causes.

¢ Design new controls to hold the gains.

¢ Design for the culture (prevent or overcome resistance to the remedial changes).
¢ Prove the effectiveness of the remedy under operating conditions.

o Implement the remedial changes.
Hold the gains (the project team and the affected operating forces do this):

¢ Design and implement effective controls.
¢ Mistake-proof the process, as necessary.

e Audit the controls.
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Replicate results and nominate new projects (Management does this):

¢ Replicate the results (clone, perhaps with modifications, the remedy).
¢ Nominate new projects based on lessons learned from the last project.
e Organize leaders into “performance excellence” or “quality councils.”

o Select problems or new goals that need to be improved, and establish projects for
them.

o Create project charters: problem and goal statements.

¢ Provideresources: training, staff, expertise, coaching, and especially time to complete
the improvement.

e Assign teams and projects to teams to stimulate remedies and controls.

e Review progress and provide recognition and rewards.

The Mysterious Damage to Linoleum in Manufactured Housing
Here is a brief case of a straightforward, relatively simple (yet valuable) project that illus-
trates the breakthrough improvement methodology.

Nearly half of the residential single-family dwelling units built in the United States are
manufactured on moving production lines. The modular units are transported to remote
locations, joined together there, and set upon prepared foundations on the home purchaser’s
lot. It is hard to tell the difference between an assembled manufactured house and a stick-
built house once they are finished and landscaped.

A large manufacturer of modular housing units was dissatisfied with the level of very
expensive rework some of its factories in various locations around the country were experi-
encing. Customer dissatisfaction was rising; profits were eroding. Quality councils consist-
ing of the general manager and all direct reports were formed at each factory. They received
training in quality improvement, identified the most expensive rework, formed and trained
teams in quality improvement, and set them to reducing the amount of rework. This is the
story of one such improvement project. We begin by identifying the problem.

Identify the Problem: One Factory’s Quality Council Listed and Prioritized Its

Rework Problems Using the Pareto Analysis

The Pareto distribution (arranged in descending order of cumulative percent) of their
most costly rework types during the past six months looked as follows (learn more
about the Pareto analysis in Chapter 18, Core Tools to Design, Control, and Improve
Performance):

¢ Replacing damaged linoleum: 51 percent
o Repairing cut electrical wires in walls: 15 percent
¢ Replacing missing fixtures at the site: 14 percent
¢ Repairing leaks in water pipes: 12 percent
e Repairing cracks in drywall: 8 percent
Based on the Pareto analysis, the quality council selected public enemy number one:
replacing damaged linoleum. This problem is expensive to repair. Often, walls had to be

removed and new linoleum laid, followed by replacing the wall. The next step was to estab-
lish a legitimate project with responsibility to resolve the problem.
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Establish the Project

o A problem statement was formulated: “The excess number of occurrences of replacing
damaged linoleum accounts for 51 percent of all rework.”

e The goal statement was provided to the team as to the direction they should take:
“Reduce the number of occurrences of replacing damaged linoleum.”

Note that both the problem and goal are described and the variable and unit of measure
in the problem statement and goal statement are identical. This is important because the
problem statement tells the team what problem it is trying to solve. The rest of the project
focuses on whatever the council selects as the problem; if they do not match, the team may
carry out the goal and not solve the problem. The council chartered a project team consisting
of representatives of the workstations where the linoleum was installed and where the dam-
aged linoleum was observed. The council appointed a worker in one of those workstations
to be the project team leader. The project team leader received training not only in quality
improvement, but also in leading a project team. A trained facilitator coached the team in the
breakthrough improvement methodology. The team began its diagnostic journey: the journey
from symptom to cause.

Diagnose the Cause

The team’s first task was to analyze the symptoms. (Symptoms are outward evidence of the
problem.) The primary symptom was, of course, the number of occurrences of replacing
damaged linoleum. Secondary symptoms were the cost of replacement, the various types
of damage, the location where the damage showed up, downtime due to replacement,
overtime to do the replacement, and the like. The symptoms were analyzed by defining
them, quantifying them, and visualizing them. What follows is an analysis of the primary
symptom.

Various types of damage were identified and defined as gouges, scrapes, cuts, gaps, and
smears. A flow diagram was constructed showing all operations in all workstations that
related to linoleum or replacement of linoleum. The flow diagram also identified the work-
stations where damage showed up. Several Pareto analyses were performed. The first Pareto
was “by type of damage.” It showed

¢ Gouges (dents): 45 percent

e Scrapes: 30 percent

e Cuts: 21 percent

e Gaps: 4 percent

e Smears: 2 percent
Accordingly, the team now focused temporarily on the top priority: gouges.
A second Pareto analysis of gouges by location in the house was performed. It showed

which areas of the home had the most occurrences of damage:

o Kitchen: 38 percent

o Interior hall: 21 percent

e Bathroom 1: 18 percent

¢ Bathroom 2: 14 percent

e Laundry: 9 percent
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Now the team refocused their attention on gouges in kitchens to the temporary exclu-
sion of all the other symptoms. The Pareto principle states that for any given effect (an out-
put of a process or a symptom in this case), there are a number of contributors. These
contributors make unequal contributions. By far, a relatively few contributors make the
greatest contribution. These are called the “vital few.” Some contributors occur less often
and are called the “useful many.” Following the Pareto analysis, the team concentrated on
the vital few contributors to the problem to get the greatest return for the least effort.

A third Pareto analysis of gouges in kitchens by work shift showed no difference in
occurrences between shifts, indicating that “shift” is not a contributor to gouges in kitchens.
Based on the experience of the team, they next generated a list of theories (or hypotheses)
about what causes gouges in kitchens. They generated a long list of theories. The most com-
pelling ones were

¢ Dropping heavy, sharp objects (tools)
¢ Dragging objects across the floor

¢ Grit on boots of employees

o Careless employees

¢ No protection for the new linoleum

In the manufactured housing industry, it is known that the first three theories, if they in
fact occur, cause gouges in linoleum. Those theories did not need testing. What about “lack
of protection”? The only way to test that theory is first to correlate gouges in kitchens with
the presence or absence of protection. The team arranged that all reports of linoleum damage
or replacement would include an indication if protection was “present.”

When this was done, it was discovered that virtually all cases of gouge damage to lino-
leum occurred when floor protection was missing. Furthermore, the team discovered that
there was no formal control plan for protection to be installed. Consequently, no quality
inspections or quality assurance checks revealed that no controls were being exercised and
that none even existed! Floor protection was a haphazard phenomenon at best.

Remedy the Cause

Workers, purchasing personnel, and engineers went to work to select and procure material
that was strong and economical to lay on freshly installed linoleum. All agreed that the
operator would be responsible for laying it immediately after each job, and that supervisors
would check to see that it happened. Incidents of gouge damage—and other types of dam-
age—to linoleum went down dramatically. (It seemed several damage types had common
causes, one of which was no protection.) For a few weeks, damage to linoleum almost
entirely disappeared. Celebrations were held. The plant manager began to look forward to
granting bigger bonuses—and getting one himself!

At the weekly meeting of the factory management team a few weeks later, the quality
manager reported the mysterious reappearance of gouge damage. This news was greeted
with incredulity and disappointment. “We thought we had gouge damage licked!” Indeed
they had, except for a couple of “small details.”

Hold the Gains

When the team investigated, it discovered that (1) no formal control plan for providing pro-
tection had been devised and published; (2) there had been a turnover of workers in the
various workstations who had not been trained in the procedure; and (3) the new workers
had not been trained because there was no published plan; what’s more, there also was no
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formal training program (with controls to ensure that training actually happened). Conse-
quently, no training could or did take place. It became apparent that the “factory” operated
more like a construction site under a roof, with standards upheld by the skill and pride of
artisans. A factory, by contrast, is characterized by more formal procedures and controls. All
this was a valuable lesson learned for all concerned, and led to a number of additional new
improvement and planning projects, new attitudes toward the work, and a maturing of the
plant as it evolved from construction site to factory. Controls and training were formalized.

Initiatives of the Past
In response to a crisis or economic downturns, many organizations, especially in the United
States, undertake “improvement” initiatives to improve their performance. For various
reasons, many of these initiatives fall far short of their goals. Some of the methods selected
were doomed from the beginning; however, a few organizations made stunning break-
throughs, improved their performance, and became the role models, the market leaders in
best practices.

The methods used by these role models have been analyzed and provide us with some
lessons learned—the actions that are needed to attain breakthrough and market leadership
and what methods and tools must be used to enable those results to happen.

Breakthrough Lessons Learned

My analysis of the actions taken by the successful organizations shows that most of them
carried out many or all of the following tasks or strategies:

1. They enlarged the business plan at all levels to include annual goals for breakthrough
and customer satisfaction.

2. They implemented a systematic process for making breakthroughs and set up
special infrastructure or organizational machinery to carry out that process.

3. They adopted the big Q concept—they applied the breakthrough methods to all
business processes, not just the manufacturing processes.

4. They trained all levels of personnel, including upper management, in the methods
and tools to carry out their respective goals.

5. They enabled the workforce to participate in making breakthroughs in the