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PREFACE

There are many things in life that will catch your eye, but only
a few will catch your heart ... pursue these.  

—Anonymous

To paraphrase the comedian George Carlin: The paradox of our time in
history is that we have taller buildings but shorter tempers, wider freeways,
but narrower viewpoints. We spend more, but have less. We buy more, but
enjoy less. We have bigger houses and smaller families, more conven-
iences, but less time. We have more degrees but less sense, more knowl-
edge, but less judgment, more experts, yet more problems, more medi-
cine, but less wellness. We drink too much, smoke too much, spend too
recklessly, laugh too little, drive too fast, get too angry, stay up too late, get
up too tired, read too little, watch TV too much, and pray too seldom. We
have multiplied our possessions, but reduced our values. We talk too
much, love too seldom, and hate too often. We’ve learned how to make a
living, but not a life. We’ve added years to life not life to years. We’ve been
all the way to the moon and back, but have trouble crossing the street to
meet a new neighbor. We conquered outer space but not inner space.
We’ve done larger things, but not better things. We’ve cleaned up the air,
but polluted the soul. We’ve conquered the atom, but not our prejudice.
We write more, but learn less. We plan more, but accomplish less. We’ve
learned to rush, but not to wait. We build more computers to hold more
information, to produce more copies than ever, but we communicate less
and less.

These are the times of fast foods and slow digestion, big men and small
character, steep profits and shallow relationships. These are the days of two
incomes but more divorce, fancier houses, but broken homes. These are
days of quick trips, disposable diapers, throwaway morality, one-night
stands, overweight bodies, and pills that do everything from cheer, to
quiet, to kill. It is a time when there is much in the showroom window and
nothing in the stockroom. A time when technology can do wonders but
we still look for the magic bullet to solve all our problems and we are still
looking for the fault so that we can blame somebody.

In the field of quality we are no different. We are still searching for the
magic bullet that will resolve all our problems. The current trend is Six
Sigma as a miraculous methodology that may save the organization from
the high cost of doing business and improve customer satisfaction. 
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Developed in the early 1980s, six sigma methodology was a result of a
specific need by Motorola to improve its quality and profitability. It started
as an extension of traditional tools and methodologies but eventually
developed into a formal methodology of its own. Its three principles were
fundamentally: (1) drive waste out of the process(es) and  eliminate the
hidden factory; (2) increase customer satisfaction, thereby increasing loy-
alty and profitability; and (3) be appropriately prepared in such a way that
the products and services offered to the customer are indeed what the cus-
tomer needs, wants, and expects.

In the late 1980s and early 1990s, General Electric borrowed these prin-
ciples and further defined them in the now famous Define-Measure-
Analyze-Improve-Control (DMAIC) model. The principles are sound and
the tools have been proven over decades to be effective when used appro-
priately. The formal methodology of six sigma, however, demands more
than principles and tools. It demands a buy-in from executives of the
entire organization.

It has to be sold as a methodology for a win-win for everyone—that is,
manufacturing, engineering, marketing/sales, purchasing, finance/
accounting, and so on— rather than an item on someone’s checklist wait-
ing to be checked off. It is a holistic methodology that helps the entire
organization be more effective in sorting out its processes and inefficiencies
and focus on results-oriented outcomes that drive morale and profitability
to exceptional heights. It is a methodology that forces the participants to
“listen” for the customer’s needs, wants, and expectations and tries to
design products, services, and approaches that satisfy these requirements.

It is a methodology that, when appropriately supported by the chief
executive and top management, supports “truth” and “truthfulness.” As
strange as it may sound, truth and truthfulness are often at odds, because
the desire for truthfulness can generate a questioning of received truths, a
process that makes some people deeply suspicious about the very concept
of truth. By truth, I mean beliefs or suppositions or things we say about the
“something,” which are true or false. Truthfulness is a characteristic of peo-
ple’s attitudes. It concerns their relations to the truth. There are a lot of
people who are frightfully keen on truthfulness, in the sense that they want
to unmask false pretensions, they don’t want to be fooled, and so on. But
many of those very people have become very skeptical about there being
any truth—particularly in areas like “quality.” It is the old saying, “we are
afraid to tell the King he wears no clothes.” Six sigma, because it is sup-
ported by executives, is a powerful enough methodology to rock the boat
and be true to the organization’s expectations for profitability, morale, and
customer satisfaction.

It is essential, then, that executives support the methodology. Without
their influence and direction, as well as their commitment, the methodol-
ogy will not be successful. How can they support this methodology? By
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offering themselves as the “transformers” in the organization. That means
that they have to be able to:

• Persuade

• Connect values and action

• Actively listen

• Express a viewpoint (sometimes even as a devil’s advocate)

• Articulate shared goals

• Build cooperation

• Engage in honest dialogue

• Provide feedback in real time

• Listen to understand

• Be willing to be a catalyst for change

• Seek constant improvement

• Take risks

• Eliminate the fear of failure

• Emancipate action for change

• Be willing to experiment with an open mind

• Possess entrepreneurial imagination

• Embrace error with the attitude of improvement

• Respond to the future

In short, six sigma is a methodology about winning. Winning, of course,
is catchy, and when it catches, it becomes contagious in both the hearts and
minds of the people involved and, ultimately, becomes a way of doing busi-
ness. In other words, it becomes a compliance system for both improvement
and customer satisfaction—a relentless journey toward excellence.

As powerful and useful a methodology as the six sigma approach to
problems is, it must be emphasized that not everyone may want to use this
approach for a variety of reasons, such as cost/benefit analysis, risk/benefit
analysis, and market considerations. After all, six sigma is only one of many
methodologies. And as we all know, one size does not fit all.

This book is about you as a leader/coach in the six sigma methodology.
It is about how you inspire, encourage, and support the development of
your employees’ expression of six sigma skills and attitudes. It is also about
how you personally champion six sigma behavior and share your organi-
zation’s commitment to delivering exceptional customer service to your
customers and profitability to your shareholders. It is a book that, perhaps,
can change your thinking about improvement in your organization. It is a
book that attempts to put things in perspective and change your thinking
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paradigms.  For you to maximize the return on your investment (time) in
this program (six sigma), we ask that you engage in these behaviors:

• Look at yourself and go beyond your current form of believing and acting

• Provide a space of openness, caring, and respect for yourself and others

• Listen to understand other perspectives

• Share candidly with others

• Maintain confidentiality

• Participate fully in all project presentations

• Develop and commit to a plan for your organization’s growth and
development

• Be a true transformer

As you embark on the six sigma methodology, the decision to embrace
new ways of thinking, acting, and leading will ultimately rest with you.
Perhaps one of the most important items to learn is to be willing to break
old paradigms and accept new ones. A fundamental paradigm is that of
focusing on planning as opposed to appraising systems for improvement.
That means:

• Make a connection by creating a professional impression

• Offer welcoming words and always maintain an upbeat tone

• Be willing to take the time to do the job right the first time

• Really listen—don’t interrupt. Allow everyone to participate and share
thoughts, even though you may not agree with them

• Express empathy through words and tone of communication

• Acknowledge the participants in a personal manner

• Act positively by announcing and reinforcing the fact that you are will-
ing to help

• Be provocative and probe with questions that provide more information

• Use “I,” not “we,” when appropriate. However, use it sparingly, be cour-
teous, show a sincere attitude, and above all, remain calm

• Get to the heart of the matter by listening and asking questions. The
probing of questioning should be focused on finding the catch point

• Repeat, if you have to, questions and numbers from a different 
perspective

• Avoid inappropriate jargon, embarrassing questions, and tragic phrases
(even though you may think that they will make a specific point)

• Try to work with, not against, the subordinates and especially the
Champion of the project(s)
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• Interpret the facts based on data. Highlight what you will do and what
you expect

• Assure support and demonstrate through actions both knowledge and
accuracy of facts and issues

• Be proactive—set deadlines

• Summarize the next step and get agreement on that step

• Learn to embrace change at all levels and allow all employees to try
new things, to make mistakes, without retribution (Remember: change
is a natural phenomenon and stability is the exception to the rule. In
today’s business environment, only the companies that change, that
evolve, that improve, that respond to their customers' needs, wants,
and expectations will survive.)

This book provides a succinct overview of what the six sigma methodol-
ogy is all about. Specifically, we cover the following:

Introduction: An overview of the relationship between executive
and continual improvement. We also summarize some issues
about the change model.

Chapter 1: Customer Service and Satisfaction. A discussion of the
three levels of satisfaction is presented.

Chapter 2: Overview of Six Sigma. A general overview of the
methodology is given, with emphasis on vocabulary and key
characteristics of the DMAIC model in a Q & A format.

Chapter 3: The DMAIC Model. A discussion of the DMAIC model
is presented and an explanation of each of the components is
discussed along with a presentation of the inputs and outputs
for each phase of the model.

Chapter 4: Design for Six Sigma. An overview of the core elements
for design for six sigma is identified. Specifically, the DCOV
model is introduced and each of the elements is discussed to
reflect the process of improvement.

Chapter 5: Project Management. An overview of the project man-
agement approach and its role in the six sigma methodology is
presented. Specifically, it covers issues dealing with the project
and the Black Belt, team management, change management,
and orientation.

Chapter 6: Six Sigma and Statistics. An overview of the relation-
ship of six sigma and statistics without elaborating on specific
tools and methodologies. The focus of this chapter is to sensi-
tize the reader that the success of any six sigma endeavor
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depends on an appropriate and applicable understanding of
data, sampling, and analysis and there is indeed a heavy
dependence of statistics in any six sigma implementation
endeavor for any organization.

Chapter 7: Roles and Responsibilities. An overview of the roles and
responsibilities for all key personnel in the six sigma methodol-
ogy. Specifically, the issues of the executive, champion, master
Black Belt and Green Belt are discussed.

Chapter 8: Six Sigma and Transactional Business—Service Industries.
An overview of the six sigma methodology as it may be applied in
the transactional business world. Specifically, this chapter
addresses both the DMAIC and the DCOV models from an
overview perspective, identifying the critical and unique issues of
the respective models. The chapter also includes a short discus-
sion on the benefits of considering the six sigma methodology,
typical tools, and methodologies; and provides several examples
for possible projects, specifically for the service industry.

Chapter 9: Implementation Strategy, Training, and Certification. An
overview of the implementation strategy for a six sigma method-
ology and in the process the training requirements for an
overview, the executives, champions, MBBs, BBs, and GBs. A
generic plan for both DMAIC and DCOV models is defined.
Finally, the chapter addresses the issue of certification and pres-
ents some current thoughts on the issue. 

Appendix A: A short list of common terms used in six sigma is
presented

Appendix B: The core competencies of the six sigma methodol-
ogy are presented
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Introduction

All men by nature desire to know.

—Aristotle

Continual improvement has been the power phrase for the last 15 years in
the world of quality. Many definitions have been given and several philoso-
phies have been developed to account for the introduction, development,
implementation, and management of this continual improvement. Even
though much has been talked and written about continual improvement,
it still remains a vague, sometimes fashionable and sometimes elusive,
expression. 

In this book, we are going to focus on continual improvement from a
different perspective. We are going to address the issue(s) and concern(s)
of the CEO as it relates to continual improvement using the six sigma
methodology. First, let us examine the terminology. 

Continual improvement means continually shifting paradigms, or in a
word, “change.” It certainly means not only changing the way you do busi-
ness, but also changing the definitions of success and failure. It is our
belief that at least one of the CEO’s roles is precisely to manage these par-
adigm shifts.

It has been said that President Truman once remarked that most of the
problems that a CEO faces have their roots in the past. To overcome that
past and build a great organization, the old paradigms must change. This
change requires action-oriented leadership and teamwork. To be sure,
leaders do many things; however, their key contribution to the organiza-
tion is in the following areas:

1. Build vision. History has shown that all people hunger for something
larger than themselves. Leaders who offer that “something” will have no
shortage of followers. Studies have shown consistently that people will
work harder and longer on projects when they understand the overall
significance of their individual contributions. It is, therefore, the leader’s
responsibility to develop and build the vision for the organization.

xvii



xviii Introduction

As important as vision is to the organization, it must always be remem-
bered that:

• Vision without plans and effort results in Fantasy.

• Plans and effort without vision result in Drudgery.

• Only vision with plans and effort result in Success.

2. Involve everyone in that vision. A good CEO may have a vision. However,
without a plan for implementing that vision, the idea is no good to
anyone. A CEO must give clear instructions to his employees regarding
how they could reach their desired goals. He may even go as far as to
work out the implementation schedule. In any case, the role of the
executive is to be able to see the big picture at all times and let some of
the mundane details fall to the ranks of the employees.

After all, what good does it do to stir up the employees if you do not
give them a constructive outlet for their energy? We submit that this
outlet of energy ought to be delegated and cultivated in everyone with-
in the organization. It is this total involvement that will generate results
and change the old paradigms of the organization. It is this total
involvement that will help the organization accomplish the goals of the
CEO, stockholders, and employees. 

One of the essentials in the CEO behavior toward continual improve-
ment is gratitude. However, not just any old superficial gratitude, but a
sincere thank you for a job well done. As a leader, be willing to cele-
brate and give credit where it is due.

3. Manage learning. Nothing is written unless you write it. As a conse-
quence, the CEO has a responsibility to be open to new ideas and to his
or her people and their ideas. As technology changes and new innova-
tions are introduced, the CEO’s responsibility is to keep abreast of that
knowledge, evaluate it, and implement it into his or her organization.

Of special interest in this category is the retraining of employees.
The CEO has the responsibility to see that all employees possess the
appropriate and applicable training to fulfill the current and future
needs of the organization. Effectiveness and efficiency will never be
accomplished unless the workforce and management are well trained
and understand what is at stake.

4. Empower everyone with authority and responsibility. Accountability is a key
factor in management because it is the cornerstone of empowerment
and personal growth. If no one is accountable for a project, no one gets
to grow through the experience of it.

Accountability has nothing to do with blame. It has everything to do
with individual and corporate growth. Accomplished tasks breed self-
confidence. Self-confidence breeds success, and success breeds more
success.
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As a CEO, holding people accountable (within their own jurisdic-
tion) allows them the opportunity to sign their name on a portrait of
success, no matter how small that portrait might be. It offers them their
next growth challenge in a defined and measurable form. To treat
them as equals is to hold them accountable.

However, there is also authority that comes from empowerment.
With authority, people learn to grow from their experiences, including
their failures. You see, when the CEO learns to give authority to his
employees, so that they act on individual and/or corporate goals and/
or tasks, the CEO is delegating power.

It is imperative that the CEO give the employees clear instructions
on what to do with the authority and, certainly, how to use the newly
acquired responsibility. Without these instructions, empowerment will
indeed fail. Delegation of authority and responsibility requires a
tremendous amount of trust. Perhaps that is why there are so many
confused employees: because there are so many fearful people at the
top. If CEOs operate out of fear, they cannot delegate. A leader who
cannot delegate will end up with a group of “yes” people who will ulti-
mately lead to his or her demise.

The CEO must learn to share information and the subsequent
authority and responsibility that go with it. This way,  CEOs can empow-
er others to do the right thing in ways that will offer “true” fulfillment.

For leaders to be successful, an action-oriented teamwork must be sup-
portive, in at least:

• Commonality and constancy of purpose

• Willingness to place team goals ahead of individual goals
• The ability to resolve conflict
• The ability to act in concert

It is beyond the scope of this book to discuss the concept of teamwork.
However, let me say a few things about it as they relate to the CEO. As a
leader, if you intend to accomplish anything significant, the first step
toward attaining your goal is to create a team. History teaches us that good
ideas, brilliant inventions, noble intentions, and miraculous discoveries go
nowhere unless somebody forms a team to act on them. Whoever has
formed a team to carry out the best ideas has won. 

LEADERS MUST “WALK THE TALK”

In our modern world of innovation, quality, and service we often talk about
leadership as the key factor to success. To be sure, leadership is important.
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In fact, there is no reason to quarrel with the assertion that James
MacGregor Burns is the founding father of leadership as a discipline, 
but . . . leadership collides with the concept of teamwork that has become
so important in all types of organizations. In a world of uncertain knowl-
edge, no single individual knows enough to competently exercise unilat-
eral authority over any complex undertaking. As Aristotle implied, it is
impossible to study leadership without including follower-ship as a com-
panion field of study. We add that it is impossible to study leadership with-
out understanding the difference between teaching for wisdom and teach-
ing for values. Unless this understanding takes place, the issue of coercion
by the leader(s) remains paramount.

Teaching is the ingredient that encourages others to develop their own
values while understanding multiple points of view. At the same time,
teaching for wisdom recognizes that there are certain values—honesty, sin-
cerity, doing toward others as you would have them do toward you—that
are shared the world over by the great ethical systems of many cultures.

In the field of quality, we have tried to teach wisdom in many ways over
the last 20 or so years. However, the pressure to teach specific values con-
tinues to be of interest in many organizations. We have tried to introduce
quality through quality involvement initiatives, participative management,
total quality management, six sigma, a variety of industry as well as inter-
national standards, and so many others, but we still fall short of our expec-
tations of excellence. We all preach excellence but settle for average. We
do, indeed, settle for standards that are usually minimum performance
requirements, and then we wonder why foreign competition is taking our
business away, or why our company is losing out to the competitors at
large. We talk about team effort and cooperation and then we have a major
CEO at a top Fortune 100 (a six sigma company, at that) proclaiming that
“I do not know a lot, necessarily, about the business or industry, but I do
know how to kick butt. That is what I do.”1 With this kind of mentality and
attitude, no wonder we have so many problems in our industries.

Leadership is indeed a factor in the way a situation is perceived and the
way an organization is being administered. However, with so many things
being devalued nowadays, it is no surprise that even leaders talk without
actions. Let us take the issue of the current fads on ethnicity and cultural
diversity. No one will deny that a diverse makeup in an industry is better
and healthier for everyone. Yet, year after year, lack of diversity is observed
and reported in many organizations. Where is the evolution that these
noble thoughts preach? By the same token, whereas diversity provides a
different and perhaps unique approach to problems, whatever happened
to the notion of the best person for the job?

Another example from the automotive industry is that major companies
have been preaching the message of customer satisfaction or a derivative
of that message. Yet, none have taken the time to look at the customer
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directly. To be sure, they all spent millions of dollars in third-party surveys
and studies about their customers, but the results they receive are always
filtered through someone else’s paradigms. Perhaps that could be the rea-
son for so many recalls and a continuing market loss to foreign competi-
tion not to mention the astronomical warranty costs of the last 20 years.

Another example of “talk is cheap” is the international standards and
the auditing practices that go along with the compliance to those standards.
Audit-client relationship? What an oxymoron! Someone pays someone to
tell him how great he is. We have become the new version of who’s who pub-
lications. (Just like in the who’s who publications, the more money we pay,
the more space we are allotted to proclaim our own greatness. Auditing
has become the golden goose of generating thousands of dollars to tell
somebody that they are okay.) The auditors with the technical skills, audit
performance, professionalism, and the ultimate performance have come
to depend in many instances on the social, sales, and wine skills.  An audit
firm with a consulting practice is not the real conflict of interest. The prob-
lem is an inherent conflict of interest with the term “audit-client.”
Companies should be either an audit or a client, NOT both. The compa-
ny is the audit. The public is the client. The public is presumably assured
that the organization has a system and follows that system with the intent
to satisfy the customer and to make a profit. 

Another example is from the insurance industry. We talk about peace of
mind for the client in case of emergency, premiums, risks, and anticipation
of payments at some future date. But when the time comes for payment
from the insurance carrier, there is a litany of requirements and hoops that
the beneficiary has to go through in order to get the benefit. It does not
matter if the insurance is personal, auto, home, and so on. The perception
of peace of mind turns out to be a horror story in many cases.

Another example is from health care insurance providers. It is under-
stood that you or your employer is paying for health insurance to cover
specific items. All health care insurance providers claim that the patient
(you and me) is their concern and they will do anything to protect that
patient from unusual doctor’s and hospital’s charges. They fail to tell you
that often they will not pay at all. How? When time comes to pay the bill,
they refuse to pay. Their argument is that “the charges are not ordinary.”
The result is that the hospital and/or the doctor gets paid not what they
thought their services were worth in the open market but what an insur-
ance administrator believed to be the fair price. And what happens to the
insured? Sometimes he has to pay the difference—although he was under
the impression all along that he was insured. So, where is the concern for
the patient? Why would anyone not tell the truth up front? Why not explic-
itly explain the limits of their policies up front?

Yet another example of the “talk is cheap” phrase, this time in environ-
mental and ethical situations, is in the following scenario: If your company
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discovered that its sweatshirts were made in sweatshops by workers paid
below the minimum wage, it would probably yank the contract immedi-
ately and find a new supplier (vendor.) But what if your heating-oil supplier
pollutes? What if your temp agency discriminates against Mexican-American
employees, Greek-American employees, and so on?

Any organization and/or institution that objects on principle to sweat-
shops should not overlook suppliers (vendors) who are guilty of similar or
even more egregious misdeeds. To make their visions of social responsibility
more consistent and effective, managers should articulate general policies
on supplier (vendor) conduct.

Obviously, we are talking about partnering here. Partnering is the con-
cept where the organization or institution will work with their suppliers to
improve the supply chain for all concerned. The problem, however, is not
the definition. Rather, it is the execution and the actions that surround the
partnering experience. If the organization or institution is large enough
and has enough leverage, it appears that it dictates the criteria, perform-
ance, and all the rules of partnering to the point where the supplier liter-
ally chokes. Yes, on paper, in speeches given at conferences, in the litera-
ture, and in concept, partnering is great. But if you ask the suppliers, they
will tell you a different story. The response more often than not is that the
majority of the organizations/institutions are interested in lower cost—at
all costs—and really “darn” with the quality. How little did we learn from
E.W. Deming? After so many years of trying to educate that cost is the issue,
we still concentrate on price.

I know of a college that just undertook the optimization of partnering,
and it was much more enlightening than I had dared hope and much less
divisive than they had feared. At first, the complex ways that a buyer can
be complicit in its supplier’s (vendor’s) misconduct seemed infinite. But
ultimately, they found that, because they were willing to compromise on
critical issues and draw lines, they were able to construct a workable policy
in a reasonable time.

Their approach is undoubtedly peculiar to their history and culture,
and their long experience under an investment policy that allows them to
put social responsibility ahead of financial return, the particular ethics and
politics of their administrators and faculty members, as well as their rural
setting—which limits the number of suppliers (vendors) who bid for their
business. But their experience did help them identify some general questions
that other organizations or institutions may want to ask as they develop or
review their own policies:

• Are you ready for a supplier (vendor) policy? A supplier (vendor) policy will
cost the organization or institution. (Even though we recognize that
both suppliers and vendors exist, we make the distinction between the
two in the following way: A supplier is someone who works with the
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organization with a long-term perspective on a win-win basis. A vendor
is one who works with the organization on a short-term basis with a win-
lose attitude—usually the driving force for this is price. Both a suppli-
er and a vendor in the strictest sense may be internal and/or external.)
Delineating the types of misconduct that will require the organization
to act restricts its freedom. The organization or institution won’t be
able to do business with certain suppliers (vendors), which means it
won’t always be able to buy the most useful product or accept the low-
est bid. Are you ready to pay higher prices to avoid complicity in the
conduct you deplore?

• Is purity attainable? Complete purity, or freedom from complicity, would
require complete isolation and self-sufficiency. Making hard decisions
about how impure is too impure is by far the thorniest aspect of devel-
oping a supplier (vendor) policy. If anyone who has been asked to help
develop the policy wants to hold out for purity, work this issue out early
in the process. A classic example of the impurity concept is the auto-
motive industry. The Original Equipment Manufacturers (OEMs)
preach and expect 60 parts per million (ppm) defects (about 6 sigma
performance), but when an assembly line is about to go down because
of a particular problem from their suppliers and/or themselves, the
ppm requirement jumps progressively to 125, 250, and, in some cases,
to 550. Another example in the same industry: Requirements are
issued, agreements are set in contractual terms, and then just before
production, deviations, alerts, or waivers are issued to circumvent the
specifications. And then they wonder why they have so many recalls!

• How complex a policy can be enforceable? Because the central question of
acceptable impurity is complex, any acceptable policy will have to be
equally complex. At the same time, your policy can’t be too complicat-
ed to enforce, or you might as well not even develop one. You must
make line-drawing decisions that are simple enough to permit enforce-
able rules, but don’t oversimplify so much that they conceal or create
injustices. (Again, what are the consequences of failing an audit? Or
what happens when you consistently do not have a problem-solving
process for your nonconformities? Is the management involved in the
review process of enforcement and evaluation?)

• Will you scrutinize all suppliers (vendors)? Tracking and evaluating suppli-
er (vendor) conduct takes time and money. Can you afford to pay those
costs for every supplier (vendor) that does business, or is bidding to do
business, with your organization or institution? If not, you might limit
the policy to major suppliers (vendors), as defined by a certain dollar
figure or a percentage of your annual procurement budget. (Generally,
a major supplier (vendor) is one on which you spend 1% or more of
your procurement budget annually.) That also reduces the number of



xxiv Introduction

people who have to understand and enforce the policy. Must all employ-
ees who drive a company car investigate every service station where they
buy gas? (Obviously, the qualification criteria, the identification, and
certification of your supplier base is of very high priority. After all, your
supplier base controls a major part of your own inputs. A solid program
to articulate, evaluate, and prioritize the importance of your supplier is
a must for any organization.)

• Should suppliers (vendors) do good, or avoid doing harm, or both? Are sup-
pliers (vendors) who don’t pollute eligible for contracts with your
organization or institution? Or must they also donate some profits to
the Sierra Club? If your organization requires them not only to avoid
doing harm but also to do good, the policy will have to define what is
sufficiently evil as well as what is sufficiently good. Those who carry out
the policy will also have to apply both sets of criteria to all bidders. A
good policy to keep in mind is the Hippocratic oath: “Above all, do no
harm.” (The ramifications of this are great as organizations/institu-
tions look at the ISO 9000 and ISO 14000 standards for certification.
Are the policies corporate-wide? Are the criteria for compliance fair?
Are they doable? Are they worth the effort—within the appropriate and
applicable risk—as defined by the organization and as intended by the
standards?)

• What is bad, and how bad is too bad? Of all the sins that suppliers 
(vendors) could commit, which specific ones would make them ineli-
gible for your business? Do you want to enumerate those transgressions
or rely on general language? The longer your list, or the more encom-
passing your language, the more you tie your hands in picking suppli-
ers (vendors) with the right product or price. Can you focus your 
concerns and still capture the organization’s/institution’s ethical 
priorities? (Can you blame the supplier—if you get caught—for your
design inefficiencies, just because you control the purse? Is “bad”
defined in terms of timing that you define? Is “bad” defined for cus-
tomer dissatisfaction? These are important questions when you select
the relationship, and must be discussed up front, so both the organiza-
tion and supplier know the rules of the game. Those rules should not
be changed in the middle of the game.)

• Is compliance with the law adequate? A federal court has ruled that dis-
crimination against gays is not discrimination based on sex and therefore
is lawful under the Civil Rights Act of 1964. If sex discrimination is on
your list of disqualifying sins, must a supplier (vendor) be found guilty by
a court? Or is it enough to sever the relationship if it violates your orga-
nization’s/institution’s own standards for its social responsibility? If you
want to reserve the right to decide that legal conduct, in itself, is not
always good enough, then your policy should say so and provide some
criteria for determining when a company has crossed the line.
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• What kinds of complicity matter? If a company is guilty of pollution, what
kinds of relationship to it constitute unacceptable complicity? When it
is your supplier (vendor) and you subsidize it by sending your money?
When the polluter is not your supplier (vendor), but your supplier
(vendor) profits from it? When it’s not your supplier (vendor), but
your supplier (vendor) can influence its actions? If your policy obli-
gates you to act when certain kinds of complicity arise, then it needs to
spell out what those are. To leave that unclear, or to wish to avoid sup-
pliers (vendors) with even remote or tenuous connections to wrong-
doing, is another way to reach for purity.

I am reminded of an unnamed author who once wrote that faith,
experience, hope, knowledge, and access to those with the information
underlie everything we do in life. After all, we do not start with a clean
sheet every morning, we build on the work that has gone before. And
those things that we do each day take more than a little faith, for we can
never be absolutely sure that the widget we have just designed will do
exactly what we think it will, or accept the stress in the manner we
expect. Should we then stop what we are doing until we have absolute
proof? NO! We should continue on, making corrections as needed to
make things better. Doing anything less brings progress, and ultimately
life, to an end.

I believe this call for absolute proof is an excuse designed to lessen
risk to abnormally low levels. It is a way to avoid responsibility, or of hav-
ing to test your organization’s statements and theories in the crucible
of competition. It is not wanting to admit you do not know as much as
you claimed, or that—done improperly—your project could fail. It is
the polar opposite of leadership and hope. It is forgetting one of the
basic principles of reliability, which is R(t) = 1–F(t). That is, Reliability
in time, t, is equal to 1 minus the failure rate. This means that reliabil-
ity can never be 100%. Our focus then becomes to minimize the failure
rate within a reasonable risk. It is forgetting that the normal distribution
has two tails that NEVER touch the x-axis and that is why no matter what
the sigma value, there is still a slim probability of failure.

• What degree of complicity will trigger action? Must the supplier (vendor)
itself be guilty of sex discrimination in order to be ineligible for a con-
tract? (Call this the first layer.) What if the guilty party is not the sup-
plier (vendor) but the supplier’s (vendor’s) parent company or one of
its major investors? (This is the second layer.) What if it is the supplier’s
(vendor’s) parent company’s investor, or the supplier’s (vendor’s) sup-
plier’s (vendor’s) supplier (vendor)? (This is the third layer.) Can you
draw a line beyond which your economic support is impossible to mon-
itor or too indirect to require a response? A typical action for response
is when a supplier (vendor) is owned one-third or more of its goods
and services from another supplier (vendor) directly engaged in harm.
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A response generally is not required for parties two layers or more
beyond the original supplier (vendor).

• What level of vendor involvement matters? I’ve been using the term “com-
plicity” to describe your involvement in someone else’s sin. But the sup-
plier (vendor) can be involved in the sin to varying degrees as well. If
one of the supplier’s (vendor’s) plants pollutes the air, does it matter
whether the plant accounts for 5% or 50% of the supplier’s (vendor’s)
profits? How do you determine which levels of involvement are negli-
gible? A typical determination is to use the following rule: A supplier
(vendor) “substantially benefits from harm” when it makes one-third or
more of its revenues from harm or has a wholly owned subsidiary
directly engaged in harm.

• What if all bidders are unacceptable? You can refuse to do business with any
of them, but that may be difficult if they are food services or electric
utilities. If you cannot produce such goods yourself, or do without
them, then you have to pick the least offensive supplier (vendor). It is
not a rationalization, but a simple truth, that one of your organiza-
tion’s/institution’s ethical responsibilities is its own health.

• How will you respond to unacceptable suppliers (vendors)? Refusing to do
business with a supplier (vendor) is just one option. Some sins are
graver than others, and others are more recent or frequently repeated,
so you will want some flexibility to take such differences into account.
What if negotiation could lead the supplier (vendor) to stop its uneth-
ical practice, or to cut ties with the guilty party? What if the supplier
(vendor) has publicly promised to divest itself of the offending sub-
sidiary but needs time to find a buyer? (The point here is that the
organization or institution must have a policy in place that defines the
ramifications of “bad” or “unacceptable” suppliers. Without this policy,
nothing matters and everything is status quo.)

• Will the organization or institution’s responses always be obligatory? When a
supplier (vendor) violates the institution’s principles, must the institu-
tion always take action? Or does the policy recognize cases in which the
institution may, but need not, respond? We must recognize that viola-
tions by major suppliers (vendors) must trigger an obligatory response.
Those responsible for hiring minor suppliers (vendors) are free to follow
their conscience in deciding whether or not a violation is serious enough
to require action. (Of paramount importance here is the notion of
accountability. That means that the problem has to be investigated on
both sides. It is not always the supplier’s (vendor’s) fault. As such, the
response must be very careful and fair. The practice of blaming the
supplier as a de facto policy before any formal evaluation must stop.)

• How will you monitor compliance? How will you learn whether a long-term
supplier (vendor) in a far-flung facility or a bidder with whom you have
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not done business meets your criteria? Again, you will have to invest
financial and human resources in monitoring and carrying out your
policy. Outside companies will monitor some issues, like pollution and
child labor, for you—but they can also be costly. (Purchasing should
pay a great deal of attention in this area as it is their responsibility,
along with quality, to make sure that compliance is met and continues
for the duration of the contract.)

• How will you resolve controversies? If someone accuses the lawn-chemical
service of violating your policy, who will decide the case? Most organi-
zations/institutions will not already have in place judicial rules or com-
mittees prepared to handle supplier (vendor) cases. For example, the
adjudicating body (each organization or institution develops their
own) must be ready to do extensive fact-finding from many sources—
including outside the organization or institution. Because supplier
(vendor) controversies can be divisive, the committee should have the
trust of all institutional constituents.

• How will you know if you are effective or not? The simple answer is to estab-
lish criteria up front and to ask relative questions such as: How do you
know if this is effective? How are you assured that the measurement is
accurate? How are you sure that the results meet the expectations/
goals/objectives? How do you know that the results are in line with the
business plan? Have the requirements been cascaded from customer to
product?

These questions are not easy to answer. One reason is that complicity
presents many matters of degree, while enforceable policies require clear
lines. Another is that even broad principles of ethics and social policy will
rarely cover every fine point and individual case.

However, the exercise of trying to reach clarity on these issues will not
only illuminate future controversies, but also lead the organization or insti-
tution to deep self-examination. Let us remember that the easiest way to
force an organization to rethink its program is to change its milestone tim-
ing. The easiest way to force an organization or institution to rethink its
vision of social responsibility, and its priorities in daily decisions, is to draft
a supplier (vendor) policy.

So who is responsible for “walking the talk”? We believe that the lead-
ership of the organization not only sets the tone for behavior and execu-
tion of policies but also provides the vehicle of appropriate and applicable
road map (as part of the vision of the organization) for that tone and 
execution. In here it is imperative to make a strong distinction between
leaders and managers. Managers aim to shift balances of power toward
solutions acceptable as compromises among conflicting values. Leaders,
however, develop fresh approaches to long-standing problems and open
issues to few options.
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Therefore, effective and responsible leaders in any organization or insti-
tution must project their ideas onto images that excite people. Leaders
work from high-risk positions and, indeed, they are often temperamental-
ly disposed to seek out risk and danger, especially where the opportunity
for high rewards appears promising. This is in total contrast to the man-
agers who have a survival instinct that dominates the need for risk and the
ability to tolerate mundane and practical work. (It must be emphasized
here that when leaders lower their vision and react to mundane work, they
do it as part of an affliction rather than vision.)

So, how can a leader “walk the talk”? The main ingredients to a suc-
cessful organization or institution is for the leader to have a clear vision of
the following six items and a doable policy for implementing them as well
as active support for their implementation:

1. Customer orientation: Leaders must have a full understanding of who is
the customer and what the customer needs, wants, and expects. That
means that the leader must be concerned and take interest in both
internal and external customers. This concern and interest will be
demonstrated by encouraging participation of all employees in estab-
lishing and achieving improvement goals. Certainly, this encourage-
ment must be supported by trust, respect, recognition, and no fear of
retaliation for speaking the truth.

2. Quality culture: Leaders must establish a value system in which individu-
als and/or groups within the organization reflect an attitude of quality
first and instill an attitude as well as a direction to meet world-class
requirements. This will be accomplished through planning, communi-
cation, and appropriate information. Strategic business and financial
planning should recognize quality as a primary business objective.
Verbal and nonverbal communication is always two-way, clear, consis-
tent (noncontradictory), and forceful. Required information is always
clear, complete, accurate, timely, accessible, and integrated with prod-
ucts, services, processes, and procedures.

3. Accountability: Leaders must establish accountability requirements and
actions that can be taken if accountability for quality is not established,
reported, analyzed, and effectively used. One way to do this is to
emphasize the need and utility of processes/procedures. Processes/
procedures used to create and deliver products and services are devel-
oped as an integrated, verified, and statistically controlled system using
appropriate technology and tools.

4. Products and services: Leaders must be in tune with their customers so
that the products and services are appropriately innovative and are
reviewed and controlled to meet all requirements.
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5. Suppliers: Leaders must understand, and in no way undermine, their
suppliers. Suppliers should be viewed as partners that are selected,
measured, controlled, and recognized based on their potential and
actual value contributions to meeting requirements for quality.

6. Training: Leaders must be committed to training. Training should be
considered a part of a growth strategy for any organization or institu-
tion. As such, it is the leader’s function to understand and communi-
cate the seven components of training in the organization. The seven
components are: 

i. Goal setting and planning. People need to know how to set goals and
how the goals relate to each other.

ii. Interpersonal skills. Without communication skills, nothing happens.
Training should emphasize appropriate speaking, listening, and
conflict management.

iii.Ability and style of mental processing and external interaction. An effective
training and development strategy must take into account the tal-
ents and skills that people bring to the training and build upon
them. After all, people learn in different ways and at different paces.

iv. Basic business skills. Leaders must recognize that all employees con-
tribute to the profitability of the organization or institution.
Therefore, they all must understand the basic skills to make smarter
decisions, hence more profitable ones.

v. Technical skills. The leaders must be in tune with what skills are
appropriate and provide the resources for acquiring them.

vi. Adaptability: Leaders must provide the opportunity for cross training
in the organization or institution. Cross training is a way to build
respect and understanding that results in a more productive envi-
ronment.

vii. Problem-solving tools and skills. Leaders must in no uncertain terms
encourage and provide training for everyone in the organization or
institution for problem-solving techniques. This means, that employ-
ees should be equipped with critical thinking, root cause analysis,
and some level of applied statistics. The focus should be to eliminate
inertia when employees come upon daily obstacles that might para-
lyze a less educated employee.

It is the leader’s function, then, to ensure that the organization or insti-
tution has and follows a vision that meets the customer’s needs and that a
real partnership exists between all members of the organization or institu-
tion. When the leaders “walk the talk” they become the beacons they are
supposed to be. That is, innovators, motivators, coaches, and true leaders.
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It is possible. It is doable. The only thing that prevents this from happen-
ing is commitment to excellence. Are you on board? If you are, get ready
for an exhilarating, positive experience in the six sigma methodology.

NEWTONIAN INTERPRETATION

From a technical perspective, the role of the CEO may be summarized
through the change model of a Newtonian view of the world. Newton said
the change rate of momentum is equal to the propelling force minus the
resistance. He also said bodies that are traveling in a straight line continue
in that straight line unless an external force acts on them.

Think of an organization as a body. It’s going to continue to have the
same set of paradigms and continue down the same path unless some force
acts on that organization to change it. The change model and the analogy
say that the momentum change rate of the organization (the rate at which
you change the paradigm) is equal to the force for change minus the
resisting force in the organization. The magnitude of the propelling force
is the difference between the state of dissatisfaction with the status quo (D)
and the vision (V).

If you have a powerful compelling vision and a strong dissatisfaction,
those two combine to give you a large propelling force within the organi-
zation. The direction of that change force is the plan you develop that con-
verts the D to a V. If you do it right, you can make significant changes in
organizations.

In pursuing process improvement with the six sigma methodology, the
leadership of the organization must provide an overall organizational as
well as personal purpose for that improvement. In real terms that means
leaders must demonstrate a commitment to:

1. Support a culture that values people and makes a difference

2. Create a support system for those who have learned the six sigma
methodology

3. Develop a process that delivers consistent and exceptional customer
relations

4. Prepare participants in regards to results, rewards, and in general,
expectations of their performance

5. Develop a system for a two-way communication throughout the organ-
ization without fear of retaliation.
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Typical outcomes of this commitment are:

1. A developed ability to model problems in the organization using sys-
tematic tools and methodologies such as the six sigma and so on. The
expected result(s) of this is increased credibility and competence.

2. An enhanced ability to lead and mentor associates in their demonstra-
tion of specific skills and attitudes in the use of the six sigma method-
ology or any other methodology used. The expected result(s) of this is
to create a team of coaches who measure performance consistently and
give feedback that builds true improvement in the entire organization.

3. To develop leadership attitudes and skills with a focus on bringing
influence and change to an organization. The expected result(s) of
this is to further the strategic initiatives of the six sigma methodology
throughout the organization.

CASE STUDY

A Sobering Perspective

This case presents some real world statistics for the leaders of the organization to be
aware, to evaluate risk and profit, and give direction for accomplishing the goals set forth
by the directors (of the organization) for the benefit of the shareholders, employees, and
society.

• Forty-one percent of workers said their boss has no effect on their job performance,
while 42% reported the boss helps performance. Fourteen percent said the boss made
their job harder. (The Wall Street Journal, May 21, 1996)

• Ninety percent of American workers who have had on-the-job coaching or mentor-
ing believe that it was an effective developmental tool. But only 33% of the work
force has ever had a coach or mentor. (HR Magazine, March 1996)

• The same article further cites a study conducted by Personnel Decisions International
(PDI) in which 1,046 Americans were asked about their experiences of coaching. It
states that “more than 90% . . . said their performance improves when someone takes
a personal interest in helping them do their jobs better.” (HR Magazine, March 1996)

• A survey conducted by the Engineering Quality Forum (EQF) in the United Kingdom
reveals ISO 9001 is not seen as cost effective by industry. About 68% of respondents
reported the quality management standard is of marginal cost effectiveness or is not
cost effective at all. Other key findings include:

• ISO 9001 has become a business requirement for marketing rather than quality
reasons

• Despite greater demands for quality, price is still the prime purchasing consideration
• About 28% of purchasers still rely on inspection of product rather than audit, per-

formance measurement, and ISO 9001 requirements. EQF is made up of major
engineering institutions in the United Kingdom. The Manchester School of
Management analyzed survey responses. A copy of the report can be purchased
by e-mailing hbegg@iqa.org. (Quality Progress, June 2002)

(continued)
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CASE STUDY (continued)

What do all these statistics and quotes have to do with leadership and organizations?
Simply put: Plenty! It is the responsibility of leadership (top management of the organi-
zation) to be aware, to evaluate risk and profit, and to give direction of accomplishing the
goals set forth by the directors (of the organization) for the benefit of the shareholders,
employees, and society.

It sounds great, but how do we do that? By exposing executives to four basic items,
the whole organization will move toward improvement. All items are a derivative of an
old concept called “communication.” The items are:

1. Establishing the coaching relationship. Executives are as good as their “delegation
power” and “direction.” That delegation and direction must be succinct, clear, and
realistic. In addition, executives must see their employees as customers; create a
coaching relationship; and build effective feedback skills.

2. Measurement and interpretation. Without measurement, evaluation, and appropri-
ate/applicable metrics, executives CANNOT DO their function. Period! Therefore,
developing objective measures that fit the corporate vision and interpreting the meas-
urements consistently will assure the expected measuring performance consistently.
This implies the correct data must be present for analysis and appropriate personnel
must have the skills to analyze the data.

3. Practices. Management must evaluate the process. That means managers must evalu-
ate their own focus as well. A look at the skills and attitudes of the executive team
toward important issues is a requirement of an internal review. If there is a change in
the organization and/or the expected goals, then managing your attitude and coach-
ing yourself to lead others is of paramount importance. After all, how can you sell the
change if you as an executive have not been sold on that change? Focus on what you
can control and influence. Hopefully, since you are the executive, you will have
tremendous influence on why certain things have to be changed in the organization.

4. The ongoing process. Continual improvement is, by definition, an ongoing activity
and is directly related to the attitude and behavior of the executive team in any organ-
ization. Therefore, the fourth item for improvement is the focus by the executives to
(a) build the coaching relationship to their subordinates; (b) provide ongoing feed-
back; and (c) develop an action plan.

NOTE

1. C. Thomas. “Here is Why Liberals Are in Denial about Talk Radio and
TV.” News Herald, Cleveland, OH, January 9, 2003, p. C-6.

SELECTED BIBLIOGRAPHY

Tennant G. Six Sigma: SPC and TQM in Manufacturing and Service. Brookfield, VT:
Gower,  2001.

Wuagneux, D. “Quality from the Inside.”  Quality Progress, April 2002, pp. 59–61.
www.hermangroup.com



1

CHAPTER 1 

Customer Service 
and Satisfaction

We must cultivate our garden.

—Voltaire

When we talk about customer service and/or satisfaction, we talk about cre-
ativity. Creativity allows us to handle or diffuse problems at hand or later on
in the process of conducting the everyday business. We talk about how, or
rather what, does the organization have to do to gain not only the sale but
also the loyalty of the customer. We want to know the payoff of the trans-
action both in the short and long term. We want to know what our cus-
tomers want.1 We want to know if our customers are satisfied. Satisfaction,
of course, means that what we delivered to a customer met the customer’s
approval. We want to know if customers are delighted and willing to come
back, and so on. Fleiss2 and Feldman3 present examples of that delightful-
ness in their writings. Fleiss has written about Ben and Jerry’s ice cream and
Feldman has discussed excellence in a cab ride.

As important as delightfulness is, some of us minimize it, or even totally
disregard it. At this point, we fail. Some of the issues that will guarantee fail-
ure in sales, satisfaction, and loyalty are: 

• Employees must adhere to a rigid chain of command

• Employees are closely supervised

• Conflict—in whatever form—is not allowed

• Rewards are based on carrot-and-stick principles

• Wrong objectives are measured

However, we increase our chance of success if we allow employees to take
personal responsibility for their actions in the areas of communication,
performance, and customer satisfaction. How can we sensitize our employ-
ees to these issues? First, we must identify how we define the customer.
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Second, we must understand customer expectation levels concerning qual-
ity. Third, we must understand the strategy for customer service quality,
and fourth, we must understand the measurement and feedback cycles of
customer satisfaction.

The customer is the person or unit receiving the output of a process on
the system. In fact, it is worth emphasizing that a customer can be the
immediate, intermediate, or ultimate customer. Also, a customer may be a
person or persons, or a process or processes.

Customer satisfaction, however, is when the customer is satisfied with a
product/service that meets the customer’s needs, wants, and expectations.
To further understand customer satisfaction, we must take a deeper look 
at the levels of specific satisfaction. We must also recognize that there are
levels of customer satisfaction that, in a sense, define the basic ingredients
of quality. There are at least three levels of customer expectations about
quality:

Level 1. Expectations are very simple and take the form of
assumptions, must have, or take it for granted. For example, I expect
the airline to be able to take off, fly to my destination, and land
safely. I expect to get the correct blood for my blood transfu-
sion. And I expect the bank to deposit my money to my account
and to keep a correct tally for me.

Level 2. Expectations are a step higher than that of level 1 and
they require some form of satisfaction through meeting the
requirements and/or specifications. For example, I expect to be
treated courteously by all airline personnel. I went to the hospi-
tal expecting to have my hernia repaired, to be in some pain
after it was done, to be out on the same day, and to receive a cor-
rect bill. And I went to the bank expecting the bank teller to be
friendly, informative, and helpful with my transactions.

Level 3. Expectations are much higher than for levels 1 and 2.
Level 3 requires some kind of delightfulness or a service that is so
good that it attracts me to it. For example, an airline gives pas-
sengers traveling coach class the same superior food service that
other airlines provide only for first-class passengers. In fact, I
once took a flight where the flight attendants actually baked
cookies for us right there on the plane. When I went to the hos-
pital, I expected staff to treat me with respect and they careful-
ly explained things to me. But I was surprised when they called
me at home the next day to find out how I was doing. And at my
house closing, the bank officer, representing the bank holding
my mortgage, not only treated me with respect and answered all
my questions about my new mortgage, but just before we shook
hands to close the deal, he gave me a housewarming gift. 
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The strategy issue is also a very important element of customer satis-
faction, primarily because it sets the tone for the appropriate training,
behavior, and delivery of the specific service. There are four items that
the strategy for service quality ought to address:

1. Customer service attributes. The delivery of the service must be timely,
accurate, with concern, and with courtesy. One may ask why are these
elements important? The answer is that all services are intangible and
are a function of perception. As such, they depend on interpretation.
In addition and perhaps more importantly, service by definition is per-
ishable and if left unattended, it can spoil on the organization.

The acronym COMFORT 4 can be used to signify the importance of
service. COMFORT is caring, observant, mindful, friendly, obliging,
responsible, and tactful. These characteristics are the most basic attrib-
utes of customer service and without them, there cannot be a true serv-
ice of any kind. They all depend on interpersonal skills, communica-
tion, empowerment, knowledge, sensitivity, understanding, and some
kind of external behavior. 

For example, caring will show that, indeed, you are interested in what
the customer will have to say. You may spend time with a customer to
find out the customer’s real needs, wants, and expectations. It is not
unusual to tell a customer that you may not be able to help, even at the
expense of losing the sale. Furthermore, you may go as far as suggest-
ing the services of someone else or some other company.

You must be observant. In most cases when dealing with service-related
items, observations may contribute more to satisfying the customer
than direct communication. Pay attention to body language and man-
nerisms and, if necessary, listen between the lines. Always try to be a step
ahead of the customer. Anticipate the customer’s action. Actively listen
for what the customer is communicating, but also—and, perhaps, more
importantly—listen for what the customer is not communicating.

You must be mindful. Remember that you and your organization exist
to satisfy the customer. Without the customer’s need, you do not have a
job and the organization does not have a service to provide. The 
customer has a choice and, as such, if you or the organization does not
recognize the urgency, sensitivity, uniqueness, expectations, and influ-
ence that the customer has, you will not be successful in satisfying the
customer.

You must be friendly. Friendliness does not mean being a pest. Offer
guidance and information, and let the customer know you are there to
help. If necessary, provide feedback to to assist the customer in making
a decision. If you do provide feedback, be truthful. For example, in a
retail clothing store, someone walks into your store, walks around, picks
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up some clothing, and tries it on. As a salesperson, you may advise the
customer about fit and answer any questions that the customer may
have.

You must be obliging. Patience is the key word to customer satisfac-
tion. Sometimes customers do not know what they want. They are mak-
ing up their minds as they go along. You are serving as the guinea pig
for their decision. As such, accommodating them may make the differ-
ence between a satisfied and an unsatisfied customer, or the difference
between a sale and a walkout. When obliging the customer, do not hes-
itate to educate the customer as well.

You must be responsible. You are the expert. The customer is looking
to you to provide the appropriate information in a clear, concise, and
easy-to-understand manner. Don’t try to make the sale at all costs. This
may backfire. What you are trying to accomplish is to develop a rela-
tionship where your expertise can indeed help the customer. 

You must be tactful. In any service organization, and in any service
delivery, there are going to be problems between you and the customer.
Do not panic. Tactfulness is the process by which the conflict may be
resolved. Your focus is to satisfy the customer and, as such, you should
try to identify the problem, analyze it, and then resolve it in the most
expedient way. 

Being tactful does not mean that you have to give in to the customer
all the time. What it does mean is that you act in a composed, profes-
sional manner and communicate to the customer in a way that is not
threatening or demeaning. Being tactful means you are willing to listen
and exchange information with the intention of resolving the conflict.
It means you have a way of presenting the facts and information in a
nice and nonintimidating way. It means listening patiently, thinking
before speaking, and listening to what the customer says without
interruptions. 

Notice that cost is not an attribute that will make or break service
and/or satisfaction. In service especially, cost is equated with value.
That is not to suggest that high cost is prerequisite to good service or
vice versa. We simply suggest that one must continue to generate more
value for the customer but not give away the house. It is indeed a very
delicate balance.

2. Approach for service quality improvement. The basic question one must be
able to answer is why bother with service quality? The answer is in a three-
prong approach. The first is cost, the second is time to implement the
program, and the third is the customer service impact. Together, they
present a nucleus for understanding and implementing the system that



Customer Service and Satisfaction 5

is responsive to both customers and organization for optimum satisfac-
tion. For example, the Japanese are working on the notion of sensuous
cars. Basically, the car itself gives you a kind of delight and surprise just
opening the door, hearing the sound, pressing the accelerator.
Everything is being thought through now, almost emotionally.

3. Develop feedback systems for customer service quality. The feedback system
one chooses will make or break the organization. Make sure not to mix
the focus of customer satisfaction and marketing. They are not the
same. The focus of customer service and satisfaction is to build loyalty,
and the focus of marketing is to meet the needs of the customer prof-
itably. Another way of saying it is that marketing’s function is to gener-
ate customer value profitably, whereas the purpose of customer service
and satisfaction is to generate repeatability, recognition, and overall sat-
isfaction of the transaction.

The concern here is to make sure that a goal exists (a reporting sys-
tem for measurement is appropriate and useful for the particular serv-
ice) and to reach the reward of service quality. The question then
becomes how to develop a system that is responsive to the customer’s
needs, wants, and expectations. To answer these concerns, look to the
customer for answers. The value of the information must be focused in
at least the following areas:

• To know what customers are thinking about you, your service, and
your competitors

• To measure and improve your performance

• To turn your strongest areas into market differentiators

• To turn weaknesses into developmental opportunities—before some-
one else does

• To develop internal communications tools to let everyone know how
they are doing

• To demonstrate your commitment to quality and your customers

In essence your measurement for the feedback must be of two distinct
kinds:

1. Customer satisfaction, which is dependent upon the transaction

2. Service quality, which is dependent upon the actual relationship

4. Implementation. Perhaps the most important strategy is that of imple-
mentation. As part of the implementation process, management must
define the scope of the service quality as well as the level of customer
service as part of the organization’s policy. Furthermore, they must also
define the plan of implementation. The plan should include the time
schedule, task assignment, and reporting cycle. 



6 Customer Service and Satisfaction

CASE STUDY

Practical Approach to Satisfying the Customer

A typical approach to satisfying the immediate customer may utilize the following steps.
These steps, with modifications, may also be used for all customer levels 

1. Welcome and Review the Agreement 1. When we last met you decided to 
focus on...

2. Exchange Perceptions 2. Ask for associate’s perception of his/her
performance (b) Give your perception

3. Explore Options/Approaches 3. (a) Would you do anything differently? 
(b) May I suggest...

4. Determine Next Goals 4. What would be helpful to focus on now?

5. Agree on Next Steps 5. I’ll listen to some additional inputs and
we’ll meet again with this goal in mind.

TYPICAL TOOLS AND METHODOLOGIES

Classical tools and methodologies to identify and focus on customer satis-
faction include:

Kano model

Quality function deployment

Benchmarking

Systems approach

Focus groups

Survey instruments

Interviews

Internal auditing

Perhaps one of the most difficult issues in nonmanufacturing organiza-
tions in identifying customer concerns is not so much what the customer
needs, wants, and expects, but rather understanding what the organization’s
core processes and enabling functions are and how they work together to
deliver what the customer needs, wants, and expects. To appreciate the six
sigma methodology in any organization and to receive the most out of the
methodology, the main processes and the enabling functions should be
identified and simplified to subprocesses. The cascading of the simplifica-
tion should continue until all the processes have been identified and their
own unique contribution to the organization is understood.
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CASE STUDY

Typical Core Processes and Enabling Functions 
in Service and Production Industries 

A typical comparison of core processes and enabling functions between production and
service industries shows the development of specific tasks between specific phases of
development and responsibilities of departments.

Conceive Market Deliver Support Retain

Product/service Marketing Production Customer Renewal and 
development and sales and delivery service retention

Manufacture

Product Marketing Material Technical Research and 
development Sales goods and support development
Prototyping Retail support buying Sales support Product 
research Manufacture Backup trials and 

shipping service assessments
Spare parts Trade 

associations

Service Industry

Service Marketing Origination Billing Renewal
conception Sales Service Credit control Loyalty 
Customer trials Supplier delivery Customer schemes

partnerships support
Sales support

Enabling Functions

Finance: HR/IT: Services: Management: Corporate 
Credit risk Staffing Buildings Strategy Citizenship:
Funding Training Plant Policy Statutory
Invoice/cash Assessment support operations Monetary
Legal: Hardware Trade
Legislation Software
Contracts Technology
Litigation

Especially in transactional processes, the detailed core processes map-
ping is the beginning and the basis for performance measurements and
improvement. Therefore, the mapping step should be accurate and pres-
ent all the organization’s activities.

NOTES

1. S. Hutchens, “What Customers Want: Results of ASQC/Gallup Survey,”
Quality Progress, February 1989, pp. 29–35.



8 Customer Service and Satisfaction

2. R. Fleiss, “Here Is the Scoop on Ben and Jerry’s,” Office Systems 89, February
1989, pp. 15–18; S. Hutchens, “What Customers Want: Results of ASQC/
Gallup Survey, Quality Progress, February 1989, pp. 29–35.

3. P.D. Feldman, “I Searched for Excellence and Finally Found It in a Cab,”
Marketing News, August 19, 1991, p. 9.

4. D.H. Stamatis, Total Quality Service, Delray Beach, FL: St. Lucie Press, 1996.

SELECTED BIBLIOGRAPHY

Cappels, T.M. Financially Focused Quality. Boca Raton, FL: St. Lucie Press, 1999.
Ehrlich, B.H. Transactional Six Sigma and Lean Servicing. Boca Raton, FL: St. Lucie

Press, 2002.
Kaplan-Leiserson, E. “Service Training.” Training and Development, May 2002, pp. 16–17.
Walker, M.P. “Going for Customer Service Gold.” Training and Development, May

2002, pp. 62–69.
Wargo, R.A. “How to Avoid the Traps of Benchmarking Customer Satisfaction.”

Continuous Journey, June/July 1994.



9

CHAPTER 2 

Overview of Six Sigma

The people who get on in this world are the people who get up
and look for the circumstances they want, and if they can’t find
them, make them. 

—G.B. Shaw

Six sigma is one of the initiatives in the corporate world that has generat-
ed and continues to generate much interest and debate. This methodolo-
gy, developed at Motorola, has been adopted by other companies such as
General Electric, Allied-Signal, Ford Motor Company, and others. It is rou-
tinely debated in periodicals: Dozens of books, courses, and consulting
firms promote it. However, many executives, managers, and engineers still
do not understand what six sigma is or how it can help them.

The basic elements of six sigma are not new; statistical process control,
failure mode effects analyses, designed from experiments, gage repeatabil-
ity, reproducibility studies, and other tools/methodologies have been in
use for some time. Six sigma offers a framework that unites these basic
quality tools and couples them with high-level management support. The
keys to the program’s success are the commitment of resources and the use
of a rigorous methodology to identify and eliminate sources of variability.

The practitioner of the six sigma methodology in any organization should
expect to see old and established tools and approaches employed in the pur-
suit of continual improvement and customer satisfaction. Even total quality
management (TQM) is revisited as a foundation of some of the approaches.
In fact, one may define six sigma as “TQM with steroids.” Not to take any-
thing away from six sigma, but it must be emphasized over and over again
that what is different about it is the packaging and the systematic implemen-
tation of the tools, a commitment to extensive training, and, perhaps the
most important ingredient of them all, the commitment of the executives in
the organization. This commitment is unique in that quality initiatives in the
past have been identified and promoted, but never – until six sigma – were
they made available to the board rooms of the U.S. organizations.
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It is this presence in the board room that has made the difference
because, all of a sudden, we are all looking at specific ROI (Return On
Investment) that can help the organization through specific projects. This
is indeed a new approach.

But what is six sigma? In the narrow statistical sense, six sigma is a qual-
ity objective that specifies the variability required of a process in terms of
the specifications of the product so that product quality and reliability
meets and exceeds today’s demanding customer requirements. In fact, this
quality objective has proven in many industries that it is powerful, and,
indeed, necessary for reaching the highest levels of quality performance.
However, a common complaint from nonmanufacturing organizations is
that “this methodology just does not apply in my organization.” This is so,
because problems often arise in nonstandard cases such as when data are
not normal, or the shifts of distribution (we will define this a little later)
vary widely from the usual assumptions.

Specifically, the term six sigma refers to a process capability that gener-
ates 3.4 defects per million opportunities. Most organizations today 
operate in the 4 to 5 sigma range (6,000 to 67,000 defects per million oppor-
tunities); moving to 6 sigma is a challenge. The DMAIC (Define, Measure,
Analyze, Improve, and Control) process is the key to achieving this break-
through improvement in performance. It is a nonlinear process; if any step
yields new information, earlier steps in the process must be reevaluated.

Successful utilization of the data-driven six sigma concepts helps organ-
izations eliminate waste, hidden rework, and undesirable variability in their
processes. The resultant quality and cost improvements fuel continued suc-
cess. Let us then examine the six sigma methodology in detail through a Q
& A approach.

Q & A

Q: What are the most important ingredients in the six sigma methodology?

A: The executives and practitioners must have: 

• The habit of questioning the status quo. Action does not take place unless
something moves. Unless you question the way things are done
today, you are unlikely to devise ways of doing them better in the
future. It is that simple. If you do what is expected of you, but noth-
ing more, you are labeled competent, not contenders for any dra-
matic upward movement. Remember that if you do not habitually
examine your work environment with a view toward improving it,
you will never be given the opportunity to try. 

• A realistic outlook. Everyone has a tendency to avoid reality. Because of
that, we are capable of doing many things in the name of problem
solving but in reality we are not accomplishing very much. The most
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common action is that we postpone or, even worse, ignore problems
in the hope that they will disappear. Of course, they do not and, as a
result, we are faced with worse problems than the original ones. Six
sigma is a data-driven methodology that helps the organization to see
the true picture and do something about it. In other words, it helps
in identifying as well as accepting rosy as well as harsh results. It
forces us to stay within the bounds of reality because the conse-
quences of anything else will be worse. 

• A positive approach. Psychology has told us over the years that attitude
matters, especially when it comes to behavior. Six sigma is no differ-
ent. If we are convinced that we cannot do something, there is a 
10-to-1 chance that we will fail. (We do not imply that the reverse is
always true either.) What we are saying is that confidence in the 
program is essential. 

Six sigma allows us to be tryers as opposed to criers, given a certain risk. 

• Flexibility. Those who formed certain ideas early in their careers and
still live by them are frequently admired as having the courage of
their convictions. But if they are not capable of changing with chang-
ing conditions, they are probably murdering other people’s good
ideas and morale in general. Dealing successfully with change
requires flexibility. Six sigma is a drastic change on many fronts, but
perhaps the most important one is the notion of making decisions
based on data. Do not confuse the inability to reach a conclusion
after hearing both sides of a story as flexibility. That is indecisiveness.
To be flexible, one must keep oneself up-to-date and well informed
on issues. 

• Management follow-up. Although in the six sigma methodology the
ability to delegate projects is one hallmark of effective management,
it is not enough. At some point, delegation must be succeeded by
some kind of follow-up for best results. Managers must remember
that effective managers know that good plans by themselves do not
assure good results, that the job that gets followed up is less apt to get
fouled up. So managers who want six sigma to be successful must get
out of their chairs and their pontification mode and periodically
check out specifics. 

The bridge between good intentions and excellent results is manage-
ment follow-up. This follow-up must take a two-prong approach,
instructing as well as educating. Instructing implies specific guide-
lines and sometimes pile up. For example, typically when executives
attempt to instruct others, they exhibit the following behavior:
Lecture, demand memorization, regurgitate, selective forgetfulness,
and evaluation. These, of course, encourage dependence of expected
behavior and promote typical attitudes such as: They never get it
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right;” “All I do is put out fires around here;” and “There’s no time to
think, just do it this way.” 

However, educating implies freedom of choice, taking and evaluat-
ing risks, and drawing out positions based on: experience, the abili-
ty to discover, and the opportunity to encourage independence
through practice. As a consequence, this open attitude promotes
outcomes such as taking responsibility for their experience; display-
ing willingness to expand their capacity of both learning and doing,
and, above all, developing trust and confidence.   

Q: What are the goal(s) of six sigma?

A: Among the many goals of this methodology, four stand out: (1) reduce
defects, (2) improve yield, (3) improve customer satisfaction, and (4)
increase shareholder value. (In some organizations the concept of
defect has many legal ramifications, therefore the term “nonconfor-
mance” may be substituted.)

Q: Where did six sigma begin?

A: It started as an improvement program at Motorola in 1982. At the time,
Motorola needed a new analytical tool to help reduce costs and
improve quality. As a result, the initial six sigma tools were developed.
In the meantime, General Electric started to use these tools (with some
modifications) in 1995. Since then, other companies such as Polaroid,
DuPont, Crane, Ford, American Express, Nokia, and others have 
followed.

Q: Is six sigma a problem-solving methodology? If so, what makes it different than
other problem-solving methodologies?

A: The simple answer is that six sigma is a very formal, systematic approach
to solving problems. It follows a somewhat generic approach. However,
it differs in that it presents itself in a more holistic approach for the
entire organization, rather than suboptimizing the solution to a specific
pigeonhole approach. Six sigma forces the experimenter to see the
whole picture of the effects of the solution rather than suboptimize a
solution to a specific minute issue or concern. The approach that six
sigma takes fundamentally is to: (a) define the problem by listing and
prioritizing problems and defining the project and the team; (b) follow
a diagnostic journey  that encompasses analyzing symptoms, formulat-
ing theories of causes, testing these theories, and identifying root 
causes; (c) then follow a remedial journey, which entails considering
alternative solutions, designing solutions and controls, addressing
resistance to implementation, and implementing solutions and 
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controls; and finally, (d) hold the gains, which requires checking per-
formance and monitoring the control system. 

Q: What exactly is six sigma?

A: Sigma (σ) is the Greek letter associated with standard deviation.
However, when used as in six sigma, it takes various definitions and inter-
pretations, such as: a metric of comparison; a benchmark comparison;
a vision; a philosophy; a methodological approach; a symbol; a specific
value; a goal. All present the holistic definition of what six sigma can do
but none by themselves are an accurate depiction of what six sigma is
all about. This convoluted definition and expectation has contributed
to the confusion of a standard definition with many interpretations.
Finally, the overall significance of the six sigma methodology may be
viewed from an appraisal as well as prevention methodology. This is
shown in Exhibit 2.1. 

Exhibit 2.1 Six Sigma Methodology

6σ

Appraising Approach
Appraising for Six Sigma 

DMAIC  model

Prevention  Approach
Design for Six Sigma  

DCOV model

Define
Measure
Analyze
Improve
Control

Define
Characterize

Optimize
Verify
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Q: What is the ±1.5σ shift all about?

A: The concept of shift was applied by Gilson,1 Bender,2 and Evans3 for tol-
erancing stack up. However, it was Harry and Stewart4 who estimated the
1.5 standard deviation shift. They estimated a confidence interval between
1.4 and 1.8 for a typical electronics manufacturing process. They actually
used this to justify the ±1.5 z-shift when no other estimate was available.

Without getting into a statistical and lengthy discussion about what
the famous shift is, let us say that all processes have a variation over time.
In the six sigma methodology (at least in the electronics industry), it was
empirically validated that the shift of the distribution was about 1.5σ.
This does not mean that in all processes and in all industries, this shift is
always within this ±1.5σ. It does vary. For example, in the automotive
industry we know at least since 1980 that the shift is ±1σ and not ±1.5σ.
Convention now has it that everyone follows the 1.5σ. One may simplify
the interpretation of the shift as a drift of the process in the long term.
This means that the means and variances do wander over time, but the
z-shift will differ depending on the length of the period being studied.
Here, it must be emphasized that some arbitrariness in long over short
time exists, as no one knows exactly what is long or short.

Q: Most companies have been following a standard of performance for ±3σ. What
is the difference between that measurement and ±6σ?

A: There is nothing wrong with ±3σ for certain products and certain
industries. However, there is a tremendous difference between the two.
For example, a ±3σ capability accounts for 93.32% long-term yield (this
is the historical standard for most organizations). By comparison, a ±4σ
accounts for 99.38% long-term yield (this is a standard that some organ-
izations operate currently). If an organization wants to account for
99.99966% long-term yield, then the move to ±6σ is inevitable. When
the ±6σ philosophy is implemented, expect your organization to per-
form at a 3.4 defects per million opportunities. That is truly a break-
through in performance! (The percentages presented here have been
adjusted for the long-term shift.)

Q: Why is six sigma important to your business?

A: An organization typically wastes an average of 15-20% of its sales in non-
value-added tasks. These are items such as inspections, rework, dupli-
cating tasks, scrap, warranty, inadequate documentation, poor quotes,
deliveries, performing work that is not important to the customer, and
so on. It is much easier to streamline and improve existing operations
than to create new sales revenues. Six sigma is a very powerful tool that
drives out these non-essential costs from your business. For example, in
the financial world one may look at the following metrics:
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• Leading Indicators: Industry write-offs; global capacity; industrial pro-
duction (both national and international); demand in customer and
supplier markets; customer satisfaction; market delinquencies;
regional employment trends; and so on.

• Key Business Drivers (big X): nonearning assets; delinquencies; geo-
graphic and or product mix; pricing; productivity; employee count;
volume of activities, product, and or service outsourced; pending
transactions; debt structure; and so on.

• Key Metrics (big Y): Cash flow; income statement; balance sheet; 
stock trading patterns; management purchase, sale behavior, and
so on.

• By way of comparing the six sigma methodology with some of the
leading philosophies in the world of improvement, one can see some
of the subtle differences. This comparison is shown in Exhibit 2.2.

Exhibit 2.2 Comparison of Three Leading Improvement Philosophies

Six Sigma Theory Lean
DMAIC DCOV of Constraints Thinking

Purpose Problem Problem System Flow 
focused avoidance constraints focused

Steps Define (Recognize) Identify Identify 
Measure Define constraint value
Analyze Characterize Exploit Identify  
Improve Optimize constraint value
Control Verify Subordinate stream

processes Flow
Elevate Pull
constraint perfection

Repeat cycle
Criticism System System Minimal Statistical or 

interaction not  interaction  worker input. system 
considered. considered. Data analysis analysis not 
Therefore, Therefore, is not a valued
processes processes priority in 
improved improve the analysis
independently holistically 

as a system
Goal Reduce variation Optimize Manage Remove 

design to meet constraints waste
customer’s 
functionality
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Q: What is the DMAIC model?

A: The DMAIC model is the official model methodology for the six sigma
problem resolution approach. It stands for Define, Measure, Analyze,
Improve, Control. Fundamentally, the model helps in the following:
know what is important to the customer; center around the target; min-
imize variation; and reduce concerns. Chapter 3 is devoted to this
model.

Q: What is the DCOV model?

A: The DCOV model is the second prong to the six sigma methodology
which focuses on prevention. This is what some people refer to as
Design for Six Sigma (DFSS). We must remember that the six sigma
methodology is a two-prong approach. The first deals with problem res-
olution as in the appraisal mode—that is where we use the DMAIC
model. The second deals with prevention and that is where the DCOV
model becomes useful.  It stands for Define, Characterize, Optimize,
and Verify. Fundamentally, the model helps in the following: defining
what the customer needs, wants, and expects; defining the specifica-
tions for those needs, wants, and expectations; optimizing the specifi-
cations for the specific needs, wants, and expectations, and verifying
that the needs, wants, and expectations are indeed what the customer
had in mind. Chapter 4 is devoted to this model.

Q: Is there a real difference between DMAIC and DCOV models?

A: Yes, there is. Appraising For Six Sigma (AFSS) is the process that utilizes
the DMAIC model. The focus is on appraising quality—in a sense that
it identifies and then tries to fix the problem—one may say it is a for-
mal approach to solving problems after the fact. On the other hand, in the
Design For Six Sigma (DFSS) process the DCOV model is utilized as a
proactive approach trying to prevent problems from happening. The
emphasis should be on the DCOV model for a better return on invest-
ment and better customer satisfaction. The two models together are 
the six sigma methodology. Most organizations currently are using the
DMAIC approach. The DCOV is just beginning to surface both in liter-
ature and implementation endeavors. 

Q: Is six sigma another quality fad?

A: The answer to this question as of this writing is still not known. There
have been consultants who think that the life cycle of six sigma was
about ten years with about five years left. There are other consultants
who claim that six sigma is going to be here for good but under a dif-
ferent disguise. Regardless of what the long-term outcome is, the fact
remains that the systematic approach of the six sigma methodology can
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indeed produce results. Top management has embraced it. The com-
mitment, at least for now, appears to be strong and therefore, it offers
the possibility of longevity.

Q: Is six sigma a version of TQM or a cost-efficiency program?

A: TQM principles are scattered throughout the six sigma methodology
and one will have a difficult time separating the two. The six sigma
methodology is TQM with steroids, primarily because it uses the tools
and approaches of TQM but it also goes beyond them in terms of effec-
tiveness, analysis, and profitability. As for six sigma being another cost-
efficiency program, this is not quite accurate. Cost of quality is used
throughout the six sigma methodology, as well as a cost benefit analysis,
but in the context of the organization and optimization of the process.
The efficiency through cost is optimized through the elimination of the
hidden factory. (Hidden factory costs, the unrelated costs associated
with a  standard process, are discussed below.)

Q: Is six sigma compatible with other methodologies and tools?

A: Absolutely! It has the capacity to be implemented in the macro as well
as in the micro level of the organization. More importantly, it can be
successful with elementary graphical tools as well as very advanced sta-
tistical tools. 

Q: What are the levels of proficiency in a typical six sigma organization?

A: In a typical organization the levels of responsibility are: Executives, who
authorize and follow up the program, Champions, who mediate
resources and eliminate roadblocks for the project(s), Master Black
Belt, who is the technical resource and experienced in the six sigma
methodology, Black Belt, who is the project manager for the project,
and Green Belt, who is the helper of the Black Belt in the work envi-
ronment. More about these levels in Chapter 7.

Q: Is the intent of the six sigma to reduce the employees of the organization?

A: Strictly speaking, not at all. The intent of the methodology is to reduce
variation and to increase the profitability of the organization. However, if
in the scope of the project too many employees are identified, then per-
haps reengineering the process may cause reduction in the workforce.

Q: What is the SIPOC model?

A: A variation of the process model. That is, Supplier, Inputs, Process,
Output, and Customer. It is through this model and process mapping
that we identify the hidden factory and throughput yield.
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Q: Can six sigma be applied to manufacturing and nonmanufacturing organizations?

A: Yes. Six sigma methodology may be introduced to any organization that
deals with processes, variation, and customer complaints.

Q: How long does it take to implement a six sigma program in a typical organization?

A: For the organization to be functional in the use of six sigma methodol-
ogy, a critical mass must be present. The initial steps are to select key
individuals for Black Belt training and then progressively train more
until there are enough trained individuals to attack problems through-
out the organization. Some organizations have not recouped their costs
for two to three years. On the other hand, some have claimed that the
payoff of implementation was in less than a year.

Q: What is defect per opportunity (DPO)?

A: The proportion of nonconformities (defect) over the total number of
opportunities in a particular unit. The opportunity has to be correlated
with the Critical To Quality (CTQ) characteristic requirement. The
CTQ is closely related to the customer, and it is this relationship that we
want to maximize free of any defects. A caution is necessary here. The
opportunity identified and calculated can have a direct impact on the 
sigma value. Therefore, make sure that the opportunity identified and
evaluated is the same before and after the analysis, otherwise the experi-
menter may be comparing apples and apricots.

Q: What is defect per million opportunity (DPMO)?

A: This is the classical standard measure of the methodology that indicates
how many nonconformities (defects) would arise if there were one 
million opportunities. It is calculated as:

DPMO = 1,000,000 × (Total defects)/(Total opportunities)

Q: What is a hidden factory?

A: The hidden factory is the hidden cost associated with a process due to
unaccounted and unrelated costs associated with the standard process.
Examples are: inspection, delays, rework, extra processing, and the like.
The hidden factory deals with throughput in the process and tries to
quantify the probability of an item passing through the process the first
time without any defect. Anything else is a loss and therefore should be
counted as the hidden factory.
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Q: What are CTX (process) and CTY (product) trees?

A: Critical to (CT) characteristic is always a function of the Y = f(x), where Y is
product requirement which impacts quality delivery or cost and the f(x) is
one of the vital few process variables which can leverage the Y. On the
other hand, CTY is a visual representation of the individual levels of the
product. It must be remembered that both CTX and CTY give the oppor-
tunity to select the strategy for improvement. Whereas the CTY will help
in the area of defect opportunity, the CTX will help in the controlling
opportunities of the process. Therefore, it is imperative that we under-
stand both trees as they will guide us to better results in our analysis.

Q: What is the project all about?

A: The project is the specific item of focus for improvement in the six 
sigma methodology. It usually follows the pattern of: Problem definition
(statement); problem objective; Cost of Poor Quality (COPQ) parame-
ters; Critical to Quality (CTQ) identification/Operational definitions;
tools used to measure the current status and to prioritize the input vari-
ables that contribute to the problem as defined; validation improvement
to determine the relationship of Y = f(x...); and the institutionalization of
the results in such a way that the gains are sustained.

Q: What is the significance of the project?

A: The focus of the six sigma methodology is on specific improvement.
That specificity is embodied in specific projects that management
authorizes and Black Belts attack with the intention to remove or mini-
mize that specific problem. The project has to be worth pursuing in
both magnitude ROI as well as satisfaction return to the customer. The
project is the life blood of the entire methodology and it requires a very
rigorous investigation, analysis, and implementation, as well as follow-
up to make sure that the gains claimed are indeed gains realized.

Q: What is the problem statement?

A: It provides a clear macro statement of the problem. This allows the
process owner and team members to focus on what needs to be
improved (y variables). Be specific about the defect, but do not include
possible solutions. A good problem statement must contain the condi-
tion, criteria, and measurement. For example, product returns will be
reduced to 4% of sales, resulting in a profit impact of $4 million and
customer dissatisfaction of 5% decrease in the next 12 months.
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Q: What is the project objective?

A: State the goals of the project. Show the link to the business objectives
through expected output variable performance, ROI impact, and proj-
ect timing. It is important to use enough detail to define success.

Q: What makes a project good? 

A: A good project may be identified through a variety of ways. Here are
four major criteria that makes a good project: (1) must be a headache;
(2) must be quantifiable; (3) must be measurable; and (4) must be
attainable within a reasonable time. Specifically, one should look for
further investigation in areas where the problems are—at least in part:
recurring events, narrow scope, available metrics or measurements 
that can be developed quickly, control of the process, customer satis-
faction, and annual cost savings of $250,000 (target). In manufacturing
areas, it is very easy to select projects with these criteria. In nonmanu-
facturing, the availability of projects is a little less obvious, but, never-
theless, they can still be found abundantly everywhere. Typical projects
may be in the areas of: absenteeism; recruitment and retention;
process(es) within individual departments; data integrity; responsive-
ness at customer centers; health and safety processes; training 
effectiveness; database issues; payroll errors; budgetary and forecasting
issues; and so on.

Q: What is the cost of poor quality?

A: A list of all the costs of poor quality. These are the items which drive the
project’s ROI improvement. Typical examples may be: cost of scrap;
cost differential of reduced quality material; headcount reduction;
transportation cost both to receive defect product and send new;
invoice errors.

Q: What is the scorecard?

A: A scorecard is a form, a tool that:

• Captures the Critical To Satisfaction (CTS) objectives and targets 

• Captures the transfer function that delivers a key CTS attribute

• Quantifies the transfer function with design, manufacturing, service
and/or operation data that predicts the quality of delivery of the
attribute

• Provides a tool to make design-related business decisions

• Provides a greater discipline to the project by allowing for a data-
driven discussion of the quality of delivery of the predicted attribute
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CASE STUDY

Adding Value to Product/Service

This case study focuses on the added value diagram. A typical pictorial demonstration of
the consumer value perception line and product value cost curve is shown as luxury zone,
failure zone, and profit zone. 

The idea of using six sigma methodology to drive costs down is not really new. What
is new is the adding of value to the product and/or service even though costs are reduced.
This is a phenomenal change from the past and it deserves to be told. 

All of us think and/or prefer to think in a straight line. A double-added value is asso-
ciated with doubly increased costs, and customers are willing to pay according to the
straight principle or less. The zero cost value deficiency point and the minimal cost point
are unique points for each individual customer and will determine exactly where the con-
sumer’s line will fall on the added value trade-off diagram below.

Added Value Trade-off Diagram

The figure above demonstrates the consumer value perception line and product value
cost curve on the added value cost axes. The zero cost value deficiency is what the
consumer lacks by not purchasing. The minimal cost point is what the consumer will be
ready to spend to obtain the minimal value—which by itself adds no more than the mini-
mal necessary. The product value cost curve describes the real cost of adding value to the 

(continued)

Added value trade-off diagram
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perception line

Luxury zoneMinimal cost
point profit

Maximum profit potential

Failure zone

Zero cost value
deficiency

Added Value



22 Overview of Six Sigma

CASE STUDY (continued)

product. The cost increases associated with improving the most basic product is negligible
most of the times. By the time the products will become state of the art, the cost will be
extremely high.

Three areas are interesting in the added value diagram:

• The luxury zone—an unstable area for a business to rely on. A business that can con-
vince consumers to purchase products in the luxury zone is open to market fluctuations.

• The failure zone is the area where consumers experience poor quality—and a fertile
ground for a six sigma methodology application. The consumers did not get the added
value for which they paid, and therefore the likelihood of losing them is very high.

• The profit zone is the area encompassed by both the consumer value perception line
and by the product value cost curve.

Q: What is customer and CTQ identification?

A: The customer is typically the one who specifies your output specifica-
tions (values for y in the statement y = f(x)). That is why it is very impor-
tant to specify project customers and prioritize them if more than one
is identified. Customers may be internal or external. In conjunction
with the appropriate customer, it is imperative that we also specify and
operationally define the project in terms of critical to quality (CTQs)
and variable measurements.

CTQ is the connecting link between customer satisfaction and process
improvement and, therefore, the use of the word critical in this phrase.
One of the ways to characterize CTQ is to use a customer Need Matrix
for the analysis of the voice of the customer. Sometimes this is called the
house of quality or Quality Function Deployment (QFD). The method,
fundamentally, is weighting the customer’s needs according to statistical
analysis.

Q: What is the significance of the data collection plan?

A: Data is the driving force for any analysis. Therefore, it is important to
know and identify your plan by explaining what data you will need to
collect and how you will get the data. Without appropriate and appli-
cable data, your project results, at best, may be questionable. 

Q: Is six sigma related to the Deming’s philosophy?

A: Yes, very much so. Deming, through his fourteen obligations to top
management, communicated the need for improvement of quality,
productivity, and competitive position. Let us review these points:
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1. Create constancy of purpose toward improvement of product and service, with
the aim to become competitive, stay in business, and provide jobs. Create and
publish to all employees a statement of the aims and purposes of the
company. The management must demonstrate constantly their com-
mitment to this statement.

2. Adopt the new philosophy. We are in a new economic age, created by
Japan.  Western management must awaken to the challenge, must
learn their responsibilities, and take on leadership for change.

3. Cease dependence on inspection to achieve quality. Eliminate the need for
inspection on a mass basis by building quality into the product in the
first place. Understand the purpose of inspection, for improvement
of processes and reduction of cost. Always remember that human
inspection—at best—is an appraisal tool about 79% effective. 

4. End the practice of awarding business on the basis of price tag. Instead,
minimize total cost.  Move toward a single supplier for any one item
on a long-term relationship of loyalty and trust.

5. Improve, constantly and forever, the system of production and service, to
improve quality and productivity, and thus constantly decrease costs.

6. Institute training on the job (skills-oriented.)

7. Institute leadership. The aim of leadership should be to help people,
machines, and gadgets to do a better job.  Supervision of manage-
ment is in need of overhaul, as well as supervision of production
workers. There is a difference between being a supervisor and a
leader. Management must understand what that difference is and
how to manage it.

8. Drive out fear, so that everyone may work effectively for the company. Create
trust. Create a climate of innovation.

9. Break down barriers between departments. People in research, design,
sales, and production must work as a team to foresee problems of
production and in use that may be encountered with the product or
service. Optimize toward the aims and purposes of the efforts of
teams, groups, and staff areas too.

10. Eliminate slogans, exhortations, and targets for the workforce that ask for zero
defects and new levels of productivity. Productivity is influenced by true
improvements in the process, not by words of any kind.

11. Eliminate work standards (quotas) on the factory floor. Substitute leader-
ship.  Eliminate management by objective.  Eliminate management
by numbers, numerical goals. Substitute standards and objectives
with true leadership and introduce new methods for improvement as
well as learn capabilities of processes and how to improve them.

12. Remove barriers that rob the hourly worker of his right to pride of workmanship.
The responsibility of supervisors must be changed from stressing sheer
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numbers to quality.  Remove barriers that rob people in management
and engineering of their right to pride of workmanship. This means,
abolishment of the annual merit rating and management by objective.

13. Institute a vigorous program of education and self-improvement. Over time,
things change. Therefore, make your organization a learning organ-
ization by providing your workforce with new technologies, tools,
methodologies, and opportunities to excel.

14. Put everybody in the organization to work to accomplish the transformation.
The transformation is everybody’s job. However, without appropriate
and applicable training and education of the workforce, this will not
happen.

Notice that even though Deming never mentions six sigma he was very
well attuned to the benefits of ever-improving quality. Deming also wrote
about some of the negative forces that would allow an organization not
to embrace the above points and, more generally, the notion of contin-
ual improvement. He called them the seven deadly sins and they are:

1. Lack of constancy of purpose

2. Emphasis on short-term profits

3. Evaluation of performance, merit rating, or annual review

4. Mobility of management

5. Management by use of visible figures

6. Excessive medical costs

7. Excess costs-of liability

It is very interesting to note that these deadly sins are also the deadly
sins for the six sigma initiative. Any one of these can torpedo the six
sigma initiative beyond repair.

Q: In six sigma there is a lot of talk about being consumed with quality needs and
overall strategic plans. What is that all about?

A: In order for six sigma to survive, quality needs and overall strategic
plans must exist in the organization. That means that there is a system
in the organization where the following are addressed:

1. Linkage between Quality Function Needs and Overall Strategic Plan. This
means that the organization must have a system to identify and eval-
uate at least the following:

• The quality function needs and the plan to support these needs.
This includes:

• Overall strategic plans

• Feedback loop

• Corrective action
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• Data collection, and processing and analysis

• Planning for quality improvement

• Process and product development

• Providing the tools

• Focus on opportunities and threats that lie in the future

• Keep in mind the organizational aims, policies, and plans

• Think of the product in a competitive way

• Differentiate on the basis of cost

• Differentiate on the basis of quality

• Learn from past knowledge and experience, but also look to the
future

2. Linkage between Strategic Plan and Quality Plan. This means that the
organization must have a system to link the intentions of the plan to
that of the actual activities of the organization. Typical linkages for
evaluation and/or improvement may be in the following areas:

• Overall strategic plans (feedback loop, corrective action, data 
collection, processing and analysis, planning for quality improve-
ment, process and product development, providing the tools)

• Quality plan

• Organization, administrative support

• Control processes

• Internal audits

• Identifying customer needs

• Inspection and test

3. Theory of Variation (common and special causes). Variation is waste.
Therefore, in all organizations the effort to reduce that waste is of
paramount importance. However, variation comes in two different
forms:

• Common—inherent variation (predictable):

• Material, prevalent, or normal variation

• Indicates a stable process

• Management intervention required for process improvement

• Typical examples of common variation are:

• Slight variation in raw material

• Slight machine vibration

• Lack of human perfection

• Variation in gage readings
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• Variation in tooling

• Variation in operator skills

a. Special causes—unpredictable

• Assignable causes to variation

• Abnormal variation

• Typical examples of special cause variation are:

• Difference in machines or processes

• Batch of defective raw material

• Faulty machine setup

• Test equipment out of calibration

• Unqualified operator

• Part-time seasonal help

• Variable work force

• Major recession

• Equipment failure

• Price rollback

• Employee downsizing

Therefore, all variation (total variation) is a combination of:
Variation due to factor A + variation due to factor B + Variation
due to interaction AB + variation due to sampling error.

Basic problems that the six sigma methodology may tackle which
confirm Deming’s intuitive knowledge about variation and system
thinking include:

• Poor design of product 

• Failure to remove the barriers that rob the hourly worker of the
right to do a good job and to take pride in his work

• Poor instruction and poor supervision

• Failure to measure the effects of common causes, and to
reduce them

• Failure to provide the production workers with information in
statistical form

• Incoming materials not suited to the requirements

• Procedures not suited to the requirements

• Machines out of order

• Machines not suited to the requirements

• Settings of the machines chronically inaccurate
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• Poor lighting

• Vibration

• Humidity not suited to the process

• Mixing product from streams of production

• Uncomfortable working conditions

• Shift of management’s emphasis from quality to quantity

• Management’s failure to face the problem of inherited 
defective material

b. Quality Function Mission. This is perhaps one of the most important
issues of leadership. This is where the mission is defined by the
leaders (top management) of the organization and communicat-
ed to the rest of the organization. Sometimes this mission is also
realigned to refocus on the specific course of the organization.
This realignment may be viewed as a fine-tuning of the mission. A
mission, broadly defined, is a policy of what the organization
stands for. In other words, it establishes the organizational mission
in clear simple language so that it is understood by everyone in
the organization (and by others). However, it can very well define
specificity in the areas of:

• Quality mission, policy, and their awareness to the rest of the
organization

• Setting goals to meet mission

• Training

• Team concept

Measuring the relationship of mission accomplishments with
vision (the key process that assist in fulfilling this mission), values
(the key indicators to affirm the vision and the mission), and goals
(the reinforcement to accomplish the mission). In reference to
quality initiatives, the mission should identify the key driving forces
which are: quality, cost, delivery, and product (profit). However,
the most important driver is the customer orientation. The cus-
tomer is indeed the entity that drives the whole organization for
improvement, however that improvement is defined. To start the
improvement process we must begin with at least the following
principles:

• Establishing priorities

• Defining organizational policies

• Trade-off analysis to resolve: Conflict with cost, delivery dates,
and other parameters

• Maintain continual improvement activity
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4. Metrics and Goals that Drive Organizational Performance. Some time ago,
Deming asked the now famous question, “How do you know that
your profit is the best it could be, given your present situation?” The
implication was and continues to be: If the metrics and goals are not
the right ones or they are not measurable, you will never know the
answer for sure. So, how do we go about identifying metrics and
goals to improve the organizational performance? By recognizing
that our metrics can be measured and correlated to the customer
usage. (This does not mean that you should not take risks.) A typical
sample of some basic requirements are:

• Understand the principles of customer satisfaction and customer
loyalty

• Build the voice of the customer into your products and/or services

• Develop goals that should be measurable, attainable, economically
sound, legitimate and legal, understandable, applicable, worth-
while, and equitable. 

The link of metrics and goals may be seen in Exhibit 2.3.

Exhibit 2.3 Links of Metrics and Goals
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5. Formulation of Quality Principles and Policies. No organization can func-
tion without some quality principles and policies. Therefore, as leaders
in the organization, it is of paramount importance to champion, if not
direct, the key principles and policies for the entire organization, so
that the approval from the executive management is visible to everyone
in the organization. The key principles, of course, may be written or
nonwritten—preferably written, with the advantages and disadvantages
clearly identified. Typical issues that should be of concern are:

• The need for quality principles and policies (creed, beliefs, truths,
rules, moral and ethical standards)

• Formulating the right policies (each organization is unique in its
history, management, and state of development). Therefore, the
importance of quality should be identified at the appropriate level
of maturity for a given organization. This means that understand-
ing the importance of quality in the competitive world in rela-
tionship to the customer (internal and external) will be a function
of the specific organizational culture

• The need for key managers to participate

• The need to understand continual improvement

• The need to understand that everyone, not only executives or
workers, should be involved and concerned

• Understanding the importance of planning for true improvement
and not a rearrangement of accounting practices

6. Resource Requirements to Manage the Quality Function. All organization-
al initiatives are based on availability of resources. Six sigma is no dif-
ferent. Because resources are controlled by top management, it is
imperative for them to understand that if true improvement in cus-
tomer satisfaction and profitability are a concern for the organiza-
tion, resources including money and time must be allocated to the
projects. Otherwise the effort is for naught. Some of the oversights
in this allocation may be:

• Appropriately trained and knowledgeable personnel

• Adequate leadership commitment

• Inspection and testing availability

• Work performance personnel

• Verification capability

Q: How is robustness incorporated in the six sigma methodology?

A: Robustness is an issue of both design and process. The idea is to identify
factors that are important enough in the presence of noise, so that 
satisfaction is the result. A typical strategy for robustness is to change the
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technology to be robust, make basic current design assumptions insensi-
tive to noise(s), reduce or remove the noise factors, insert a compensa-
tion device, and send the error state/noise somewhere else where it will
be less harmful—in other words, disguise the effect.

Q: In six sigma methodology there is a lot of talk about stability, capability, nor-
mality, and nonnormality. What is that all about?

A: Stability is a concept that allows the process to be consistent over time
without any unusual variation. Capability is a comparison of what a
process should do with what it actually does. In most cases, in order for
the traditional capability to be calculated, stability and normality must
be assured. Normality is the concept where a distribution of a process
follows the bell curve. It assumes processes are measured with adequate
measuring devices, no censoring, no correlation, no truncation, and no
mixture of distributions. Nonnormality is a skew process.

Some of the typical Six Sigma Capability Indexes are:

• DPUlt = Defects per unit Long Term

• DPMOlt = (Total DPUlt x 106) / Total Opportunities

• Zst=Corresponding Value from Normal Table with adjustment for
short-term to long-term measurement (A z-shift adjustment of 1.5 is
often used). Zst Index is often used for multiple CTQs in roll-ups
and scorecards. Zst = 3*Cpk for one-sided specs. However, Zst does
not in general equal 3*Cp, though many believe it does. If using Ppk
instead of Cpk, understand the differences. You’re using a different
estimate of the standard deviation s.

• Critical To Quality Characteristic—CTQ

CASE STUDY 

Typical Processes that Do Not Fit the Normal Distribution

Not all processes follow the normal distribution. Here we present some that do not.

Process Distribution

Stock prices, financial data Lognormal

Time between failures Gamma

Lamp life Weibull, Lognormal,

Fatigue life Weibull, Lognormal, Extreme Value

Chemical reactions Logistic

Mechanical properties of material Extreme Value

Number of defects Poisson

Invoice errors Poisson
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• Finally, another issue relevant to all process capability indexes: 
The estimate of standard deviation s = sqrt(sample variance) is 
a biased estimator. There are actually a number of ways to esti-
mate variance and standard deviation. For example: Minitab 12 Six
Sigma estimates standard deviation as the square root of the vari-
ance, while Minitab 12 Process Capability (correctly) uses a correc-
tion factor.

On the other hand, if process is not stable, get it stable! Typical tools for
this are:

• Run charts, control charts, and variograms to assess stability over
time and autocorrelation structure to identify the assignable vs. 
common (random) cause variation

• Process centering (particularly Impacts Cpk)

• Short term versus long term (including std. deviation estimation)

Some metrics to consider:

• Q1/Q3, Q3-Q1, (Q3-Q1)/Q2, X0.95-X0.05, variance, skewness,
Kurtosis, mode(s)

• Range, coefficient of variation.=std.dev/(x-bar), nonuniformity%
range =100[range/(2y-bar)], and appropriate confidence 
intervals. (Q1, Q2 and Q3 are quartiles)

• Depending on the situation you may want to consider: (a) (Q3-
Q1)/Q2 statistic which is a nonparametric version of the
coefficient of variation, (b) (Q1-Q0)/(Q3-Q0) statistic is a more
consistent stability factor, or (c) order statistics versus distributions

• Incidence of outliers

• Time series effects

TIPS AND TECHNIQUES

A Quick Procedure for Decomposing Multi-Modal Data Comprised of a
Mixture of More than Two Normals

• Count the number of subdata sets as the number of peaks or submodes
• Take the peaks as your means
• Disregarding outliers, estimate one standard deviation as (Low Mode –

Minimum)/3
• Estimate the other standard deviations for the other subdata sets as (standard

deviation 1)/(maximum frequency 1) = (standard deviation 2)/(maximum fre-
quency 2) = (standard deviation 3)/(maximum frequency 3) = . . .

Special caution: You can only apply this procedure when special conditions are
satisfied. One such condition is that the number of data points from each of the
subdata sets must be the same or very close.
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• The interpretation of process capability confidence interval width

• Bimodal mixtures of normals—this may indicate two different 
causes (suppliers, operators, failure modes, etc.)
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CHAPTER 3 

DMAIC Model

You can’t cross the sea merely by standing and staring at the
water. Don’t let yourself indulge in vain wishes. 

—R. Tagore

Business and the world has changed at a staggering rate. And yet, some
areas seem to have remained relatively untouched, to the detriment of 
society. For example, the finance arm of the business world has operated
for decades as a separate entity, collecting numbers, setting targets, 
marking report cards, and determining the reward systems. Its job was to
focus on the basic building blocks and efficiencies and handle transactions.
In this process of trying to optimize each component, the system was 
suboptimized. 

Today, finance has become a full team member in many organiza-
tions, working side-by-side with design, production, purchasing, and 
engineering at the inception of business decisions through to product
launch. 

Unfortunately, there are still many organizations that have yet to achieve
the flexibility of this more adaptable system. The six sigma process is a dis-
cipline that strengthens this cooperative approach and, by the nature of its
functional model, provides a step-by-step prescription to achieve break-
through strategies once a project has been selected.

In its entirety the classical model consists of Define, Measure, Analyze,
Improve, and Control (DMAIC), as illustrated in Exhibit 3.1. This chapter
will focus on each of the stages and will summarize some of the key events
that must take place for efficient and effective results to take place in the
next stage.
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Exhibit 3.1 Overview of the DMAIC Model

Stage and Typical 
Definition Substeps Typical Tools Deliverables

1. Define
Refine the six • Define problem • Brainstorming • The “real”’ 
sigma project • Identify customer • Cause-and-effect customers
team’s under- • Identify CTQs diagram • Data to verify 
standing of the • Map process • Process mapping customers’ needs 
problem to be • Scope/update • Cause-and-effect collected
addressed. project matrix • Team charter 

• Current FMEA (goal, scope, 
• Y/X diagram timeline, 
• CT matrix financial benefits)

• High-level process 
map the “as is”

2. Measure
Establish • Identify • Process mapping • Key measurements 
techniques for measurement • Cause and effect identified
collecting data and variation • FMEA • Rolled throughput 
about current • Determine • Gauge R&R yield
performance data type • Graphical • Defects identified

• Develop data techniques • Data collection 
collection plan plan completed

• Perform • Measurement 
measurement capability study 
system analysis completed

• Conduct data • Baseline measures 
collection of process 

• Perform graphical capability
analysis • Defect reduction 

• Conduct baseline goals established
analysis

3. Analyze
The team nar- • Perform • Process mapping • Detailed “as is” 
rows its focus capability • Graphical process map
on a distinct  analysis techniques • The sources of 
group of • Select analysis • Multivariate variation and their
project issues tools studies prioritization
and oppor- • Apply graphical   • Hypothesis • SOPs reviewed
tunities by analysis tools testing • Identify the vital few
looking more • Identify sources • Correlation factors (KPIVs) with
closely at    of variation • Regression appropriate and
the data. applicable data

• Refined problem
statement with 
“new” understanding

• Estimates of the 
quantifiable 
opportunity
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Exhibit 3.1 (continued)

Stage and Typical 
Definition Substeps Typical Tools Deliverables

4. Improve
The team • Generate • Process mapping • Alternative
generates ideas, improvement • Design of improvements
designs, and alternatives experiments • Implementation of 
pilots; • Create “should • Simulation “best” alternative 
implements be” process map • Optimization for improving 
improvements; • Conduct FMEA the process
and validates • Perform • “Should be” 
them. cost/benefit process

analysis map developed
• Pilot • Validation of 
• Validate the improvement

improvement • Cost/benefit 
analysis for 
proposed solution

• Implementation 
plan developed

• Communication 
plan established 
for any changes

5. Control
To institu- • Conduct  • Control plans • Control plan
tionalize the Poka Yoke • Statistical process completed
process or • Develop long- control • Evidence that the 
product term MSA plan • Gage control process is in control
improvement • Implement plan • Documentation of 
and monitor control charts • Mistake proofing the project
ongoing • Develop • Preventive • Translation 
performance reaction plan maintenance opportunities 

• Update SOP identified
and training plan • Systems and 

structures changed 
to institutionalize 
the improvement

• Audit plan 
completed

CASE STUDY

Finance Transformation Drives Shareholder Value

In business, manufacturing tries to maximize the manufacturing process as designed. The
financial world also has a distinct responsibility within the organization. The chart below
demonstrates that responsibility with a selection and integration strategy that optimizes the
goals of the organization, given the appropriate metrics and drivers.

(continued)
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CASE STUDY (continued)

Shareholder Value and 
Customer Satisfaction

Prioritize measures and Incorporate Streamline Continue to 
related initiatives to drive measures into transaction reassess adaptive 
shareholder value and managerial processes to transformation
customer satisfaction processes reduce costs and policies and 

improve service methodologies for 
level improvement

Value creation: Management Transaction Customer 
The focus here should be insight: transformation: satisfaction:
on the impact of financial, The focus here is The focus here The focus here is 
operational, and intangible on the approach is on the to understand the 
drivers on share price. By that finance transformation of customer’s needs, 
understanding the causal needs to take to financial wants, and 
relationship between drivers obtain new and transaction expectations and 
and shareholder value, timely insight processing across to design the 
companies can better from corporate an organization services in such a 
allocate capital to those financial and and collaboratively way that these 
initiatives that will have operational with customers needs, wants, and 
a greater value operating systems. By and suppliers to expectations are 
impact. integrating the increase efficiency met. To be 

planning, and service levels. successful here, 
budgeting, Through an operational 
forecasting, integrated definitions must 
consolidation, approach to be defined and 
reporting, shared services, the voice of the 
measurement, and computer customer must be 
analysis processes technology, heard. 
through the use organizational 
of measurement structure, and 
frameworks, business process 
linked inputs/ outsourcing, an 
outputs, and the organization can 
latest tech- realize maximum 
nologies, finance gains quickly.
organizations will 
be better 
positioned to 
focus on the 
value added of 
the processes

It is important to note that the financial transformation using the six sigma approach
should integrate value metrics and business drivers in the financial processes (specific to
each organization) and, above all, leverage new integrated financial management tools to
the appropriate and applicable situations. The following should at least be considered:
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• Develop a strategy for growth, cost management, and capital allocation based on the link-
age between shareholder value and key intangible, financial, and operational drivers.

• Develop an integrated approach to planning, budgeting, forecasting, reporting, 
performance analyses, and measurement that is based on a financial and/or opera-
tional driver framework, and delivered through a partnering relationship with internal
business customers.

• Develop a comprehensive plan for transforming processing through the use of 
modern and collaborative technology, shared services, and/or processes and/or appli-
cation outsourcing. 

DEFINE

The first stage—Define—refines the six sigma project team’s understand-
ing of the problem to be addressed. This stage also sets the critical 
groundwork for getting the team organized; determining the roles and
responsibilities; establishing goals and milestones; and reviewing the
process steps. 

The key points of this stage can be summarized with:

• Voice of the customer 

• Project scoping 

• Cause and effect prioritization and project planning. 

There are five substeps within this stage, each one having its own focus
and linkage to the customer: 

1. Define the problem

2. Identify the customer

3. Identify Critical To Qualitys (CTQs)

4. Map the process

5. Scope the project and update project charter (if necessary)

Let us examine each one separately.
Defining the problem means that the problem is based on available

data, is measurable, and excludes any assumptions about possible causes or
solutions. It must be specific, and real.

Identifying the customer is a little more demanding. Look for the func-
tionality of the product/service that the organization provides to satisfy a
specific need, want, or even an expectation. Depend on market analysis, the
Kano model, maybe a Quality Function Deployment (QFD) or extensive
secondary research to identify what customer the organization is looking for
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and how it can be successful in satisfying him/her. Therefore, it is necessary
to identify who is directly impacted by the problem and at what cost. Begin
by a random sample analysis to identify the overall impact and then proceed
with a detailed analysis of the Cost Of Poor Quality (COPQ). The focus of
the team is to identify a large base of customers so that the benefits and
improvement can be expanded to larger groups of customers.

Identifying Critical To Quality (CTQ) characteristics is the phase in which
the project team must determine what is important to that customer from
the customer’s point of view. Identification of CTQs ascertains how the par-
ticular characteristics appear when meeting customer expectations. Typical
questions here are: What is good condition?, What is on time?, and so on.

After CTQs are identified, everyone in the team must agree on develop-
ing an operational definition for each CTQ. Effective operational defini-
tions accurately describe the Critical To Quality characteristic (which is
specificity in meaning), so that the customer’s expectation is captured.
CTQs are always written, in order to ensure consistent interpretation and
measurement by multiple people. Typical methods of identifying CTQs
include, but are not limited to, focus groups, surveys, and interviews. The
outputs are: CTQs, operational definitions, and parameters for measuring.

An organization—any organization—is a collection of processes. These
processes are the natural business activities performed that produce value,
serve customers, and generate income. Managing these processes is the key
to the success of the organization. Process mapping is a simple yet power-
ful method of looking beyond functional activities and rediscovering the
core processes. Process maps peel away the complexity of the organiza-
tional structure and focus on the processes that are truly the heart of the
business. Armed with a thorough understanding of the inputs, outputs,
and interrelationships of each process, the organization can understand
how processes interact in a system; evaluate which activities add value for
the customer; and mobilize teams to streamline and improve processes in
the realms of should be and could be.

Mapping of the process in this stage of the Define phase of the six sigma
methodology is nothing more than a high-level visual representation of the
process steps leading up to fulfillment of the identified CTQ. This as is
process map will be useful throughout the process as a method for seg-
menting complex processes into manageable portions; a way to identify
process inputs and outputs; a technique to identify areas of rework; a way
to identify bottlenecks, breakdowns, and non value-added steps, and a
benchmark against which future improvements can be compared with the
original process. 

The last step of the Define stage is the scoping of the project. During
this step the team members will further specify project issues; develop a
refined problem statement; and brainstorm suspected sources of variation.
The focus of this step is to reduce the scope of the project to a level that
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ensures the problem is within the team’s area of control; data can be col-
lected to show both the current and improved states; and improvements
can be made within the project’s time frame.

A refined problem statement is a highly defined description of the prob-
lem. Beginning with the general problem statement and applying what has
been learned through further scooping, the team writes a refined problem
statement that describes the problem in narrow terms and indicates the
entry point where the team will begin its work. In addition, a considerable
amount of time is spent at this step to identify the extent of the problem
and how it is measured.

MEASURE

The second stage—Measure—is designed to establish techniques for col-
lecting data about current performance that highlights project opportuni-
ties and provides a structure for monitoring subsequent improvements.
Upon completing this stage, the team will have a plan for collecting data
that specifies the data type and collection technique; a validated measure-
ment system that ensures accuracy and consistency; a sufficient sample of
data for analysis; a set of preliminary analysis results that provides project
direction; and a baseline measurement of current performance.

The focus of this stage is to develop a sound data collection plan; to
identifiy the key process input variables (KPIV); to display variation using
Pareto charts, histograms, and run charts; and to develop baseline meas-
ures of process capability and process sigma level. The seven substeps of
this stage are:

1. Identify measurement and variation 

2. Determine data type

3. Develop data collection plan

4. Perform measurement system analysis

5. Conduct data collection

6. Perform graphical analysis

7. Conduct baseline analysis. 

The measure substeps establish the requirements of measurement and
variation, including: the types and sources of variation and the impact of
variation on process performance; different types of measures for variance
and the criteria for establishing good process measures; and the different
types of data that can be collected and the important characteristics of each
data type. 
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As for variation in this subset, one of the requirements is to define the
variation based on the type. There are two types: 

1. Common causes. Conditions in a process that generate variation through
interaction of the 5Ms (machine, material, method, measurement,
manpower) and 1E (environment). Common causes affect everyone
working in the process, and effect all of the outcomes. Common causes
are always present and thus are generally predictable. They are gener-
ally accepted sources of variation and offer opportunities for process
improvement.

2. Special causes. Things in a process that generate variation due to extraor-
dinary circumstances related to one of the 5M or 1E. Special causes are
not always present; do not affect everyone working in the process; and
do not affect all of the outcomes. Special causes are not predictable.

In the determine data type substep, the team must be able to answer the
question, “What do we want to know?” Reviewing materials developed dur-
ing the previous stage, the team determines what process/product charac-
teristics they need to learn more about. A good start is the definition of the
data. The data type is determined by what is measured. Two types of data
can be collected by measuring:

1. Attribute. One way to collect data is to merely count the frequency of
occurrence for a given process characteristic, for example, the number
of times something happens or fails to happen. Data collected in this
manner is known as attribute data. Attribute data cannot be meaning-
fully subdivided into more precise increments and is discrete by nature.
Go/No go and Pass/Fail data are examples of this category

2. Variable. A different way to look at data is to describe the process char-
acteristic in terms of its weight, voltage, or size. Data collected in this
manner is known as variable data. With this type, the measurement
scale is continuous—it can be meaningfully divided into finer and finer
increments of precision

In the develop data collection plan substep the team develops and doc-
uments their plans for collecting data. Therefore, for optimum results at
least the following should be considered:

• What the team wants to know about the process

• The potential sources of variation in the process (Xs)

• Whether there are cycles in the process and how long data must be 
collected to obtain a true picture of the process
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• Who will collect the data

• Whether operational definitions contain enough detail

• How data will be displayed once collected

• Whether data is currently available and what data collection tools will
be used if current data does not provide enough information

• Where errors in data collection might occur and how errors can be
avoided or corrected

Remember that a data collection plan is the documentation of:

• What data will be collected

• Why it is needed

• Who is responsible for collecting it

• How it will be collected

• When it will be collected

• Where it will be collected

In the perform measurement system analysis substep, the team needs to
verify the data collection plan once it is complete and before the actual data
is collected. This type is called a measurement system analysis (MSA). A typ-
ical MSA will indicate whether the variation measured is from the process or
the measurement tool. The MSA should begin with the data collection plan
and end when there is a high level of confidence that the data collected will
accurately depict the variation in the process. MSA is a quantitative evalua-
tion of the tools and process used in making data observations.

Perhaps the most important concept in any MSA study is the notion that
if the measurement system fails to pass analysis before collecting data, do
not collect additional data. Rather than fixing the measurement system,
quite often the organization focuses on fixing the gauge, fixing the meas-
urement system, and training the operators (measurement takers). 

In the perform data collection substep, the team must make sure that
the collected data are appropriate, applicable, accurate, and provide
enough information to identify the potential root cause of the problem. It
is not enough to plan carefully before actually collecting the data and then
assume that everything will go smoothly. It is important to ensure that the
data continues to be consistent and stable as it is collected. The number
one rule of data collection is: Be there. Do not turn over data collection to
others. Plan for data collection, design data collection sheets, train data
collectors, and then stay involved throughout the data collection process.
The outcome of this step must be an adequate data set to carry into the
analyze stage.
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ANALYZE

The third stage—Analyze—serves as an outcome of the measure stage. The
team should narrow its focus on a distinct group of project issues and oppor-
tunities. In other words, this stage allows the team to further target 
improvement opportunities by taking a closer look at the data. Remember
that the measure, analyze, and improve stages frequently work hand in hand
to target a particular improvement opportunity. For example, the analyze
stage might simply serve to confirm opportunities identified by graphical
analysis. Conversely, the analyze stage might uncover a gap in the data 
collection plan that requires the team to collect additional information.

Of paramount importance in this stage is the recognition and utilization
of the data. There are two possibilities:

1. Attribute: Data reflecting one of two conditions, usually in a qualitative
format, such as Yes/No, Good/Bad, and so on. 

2. Variable: Data reflecting a range of conditions, such as processing time,
pressure, temperature, and so on.

Another important aspect of this stage is the introduction of the
hypothesis testing. This is a statistical analysis to validate differences
between data groups. For example, for attribute data, use the chi-square or
hypothesis testing for one or two proportions at the p value of .05 level of
significance. In the case of variable data, use analysis of means (1 sample 
t-test or 2 sample t-test), analysis of variance for means, analysis of variance
(F-test, homogeneity of variance), correlation, regression, and so on.

The four substeps for this stage are:

1. Perform capability analysis. This is a process for establishing the current
performance level of the process being examined. This baseline capa-
bility used to verify process improvements through the Improve and
Control phases. Capability is stated as a short-term sigma value so that
comparisons between processes can be made.

2. Select analysis tools. This substep allows the team to look at the com-
plete set of graphical analysis tools to determine how each tool might
be used to reveal details about process performance and variation.

3. Apply graphical analysis tools. Graphical analysis refers to the tech-
nique of applying a set of basic graphical analysis tools to a set of data
to produce a visual indication of performance.

4. Identify sources of variation. This substep continues the process of 
narrowing and focusing that began with project selection. The team will
use the results produced by graphical analysis to target specific sources
of variation.
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Upon completion of this stage, the team members should be able to
answer the following questions:

• What was the improvement opportunity?

• What was the approach to analyzing the data?

• What are the root causes contributing to the improvement opportunity?

• How was the data analyzed to identify sources of variation?

• Did analysis result in any changes to the problem statement or scope?

IMPROVE

As an outcome of the analyze stage the team should have a strong under-
standing of the factors impacting their project, including:

• Key process input variables (the vital few “Xs” that impact the “Y”)

• Sources of variation—where the greatest degree of variation exists

The fourth stage—Improve—is to generate ideas, design, pilot and imple-
ment improvements, and validate the improvements. Perhaps the most
important items in this stage are the process of brainstorming; the devel-
opment of the should be process map; the review and/or generation of the
current Failure Mode and Effect Analysis (FMEA); a preliminary cost/
benefit analysis; a pilot of the recommended action; and the preliminary
implementation process. Design of experiments (DOE) is an effective
methodology that may be used in both the Analyze and Improve stages.
However, DOE can be a difficult tool to use outside of a manufacturing 
environment where small adjustments can be made to input factors 
and output can be monitored in real time. In nonmanufacturing, 
other creative methods are frequently required to discover and validate
improvements.

The substeps of this stage are:

1. Generate improvement alternatives. The emphasis here is to generate
alternatives to test as product/process improvements. Basic tools used
here are brainstorming and DOE. With either tool, a three-step process
is followed:

a. Define improvement criteria. Develop Criteria To Quality character-
istics

b. Generate possible improvements. The best potential improvements
are most effectively evaluated based on the criteria matrix

c. Evaluate improvements and make the best choice
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Some of the criteria items are: must criteria; desirable criteria—both
the list and the weight are evaluated; score improvements against desir-
ables; and cross multiply and prioritize 

2. Create should be process map. The should be process map is a map that
represents the best possible improvement the project team is capable of
implementing. It is possible that a number of improvements could be
made to improve a process. The individual process map steps will serve
as the input function of the FMEA. 

3. Conduct FMEA. The FMEA is meant to be a before the failure action, not
an after the fact reaction. Perhaps the most important factor in any FMEA
is the fact that it is a living document and therefore it should be continu-
ally updated as changes occur or more information is gained. 

4. Perform cost/benefit analysis. This analysis is a structured process for
determining the trade-off between implementation costs and anticipat-
ed benefits of potential improvements. 

5. Pilot. This step is a test of sorts. It is a trial implementation of 
a proposed improvement, conducted on a small scale under close
observation 

6. Validate improvement. One way to validate effectiveness of the changes
made is to compare the sigma values before and after the changes have
been made. (Remember that this means comparing the same defects
per million opportunities.) 

CONTROL

The fifth stage—Control—is to institutionalize process or product
improvements and monitor ongoing performance. This stage is the place
where the transition from improvement to controlling the process and
maintaining the new improvement takes place. Of course, the transition
is the transferring of the process from the project team to the original
owner.

To facilitate a smooth transition and ensure the team’s work sticks, 
a detailed control plan must be developed. The objective of the control
plan is to document all pertinent information regarding at least the 
following:

• Who is responsible for monitoring and controlling the process?

• What is being measured?

• What are the performance parameters?

• What corrective measures must be taken when problems occur?
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To make sure these questions and issues are addressed, the control plan
should include at least:

• Mistake proofing

• Long-term MSA plan

• Appropriate and applicable charts (Statistical Process Control)

• Reaction plan

• The new and/or revised Standard Operating Procedures (SOPs)

The substeps of this stage are:

1. Conduct Poka Yoke (mistake proofing). The idea here is to remove the
opportunity for error before it happens. At a minimum, mistake proof-
ing is a way to detect and correct an error where it occurred and avoid
passing the error to the next worker or the next operation. This keeps
the error from becoming a defect in the process and potentially impact-
ing the customer CTQ 

2. Develop a long-term MSA plan. Similar to the original MSA conducted
in the measure stage, the long-term MSA looks at all aspects of data 
collection relating to ongoing measurement of the Xs and high-level
monitoring of the Ys. Specifically, the long-term MSA documents how
process measurements will be managed over time to maintain desired
levels of performance 

3. Implement control charts. A control is simply a run chart with upper
and lower control-limit lines drawn on either side of the process 
average. Another way to view the control chart is to see it as a graphical
representation of the behavior of a process over time 

4. Develop a reaction plan. A reaction plan provides details on actions to
be taken should control charts indicate the revised process is no longer
in control. Therefore, having a reaction plan helps ensures that control
issues are addressed quickly and that corrective actions are taken 

5. Update the Standard Operating Procedures (SOP) and training plan.
Updating SOPs and training plans is the practice of revising existing
process documentation to reflect the process improvements.

Upon completion of the control stage, the process owner will understand
performance expectations, how to measure and monitor Xs to ensure 
performance of the Ys, and what corrective actions should be executed if
measurements drop below the desired and anticipated levels. Finally, at the
completion of the control stage, the team is disbanded while the Black Belt
begins the next project with a new team.
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CHAPTER 4 

Design for Six Sigma

Stand up straight 

—Mom

To understand the philosophy of designing for six sigma, let us look at two
different quotes from Confucius.

• A man who commits a mistake and doesn’t correct it is committing another mistake.

• To know what you know and know what you don’t know is the characteristic of
one who knows.

Obviously, the first quote requires us to fix problems, and that is the
essence of the DMAIC (Design-Measure-Analyze-Improve-Control) model.
However, the second quote is a little more complicated because it forces us
to think out of our own thinking box, realizing that there might be anoth-
er answer to the things that we do not know. At this juncture, Albert
Einstein provides us with an insight to our predicament. He said: “You can’t
solve problems with the same level of knowledge that created them.” In
other words, we have to look elsewhere for our answers. We cannot always
depend on history. We have to look beyond our current status and capa-
bility if we are indeed committed to continual improvement.

Einstein, indeed, hit a homerun with this statement because design for
six sigma (DFSS) goes beyond the fixing of the problem. It goes beyond the
current knowledge. It forces one to think of future designs. Design for six
sigma is a proactive approach to eliminating problems from occurring.
That is a design issue. That is why, in the preface and introduction, I
stressed that the power of the six sigma methodology is in the design for six
sigma. However, when I am asked what I think is the minimum that should
be done to investigate a problem, my first question is: “Do you really want
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to solve the problem?” Why ask this? Because some problems aren’t worth solving.
Some problems aren’t even problems. A problem may be part of the way
you have chosen to do business and you may not want to change. Or the
problem may be part of everyday variability. Trying to solve it is like trying
to stop the tides. Trying to fix it wastes effort and your misguided efforts
might make things worse.

Some problems aren’t worth solving because their consequences are too
small to worry about. Perhaps they can be trended and attacks made on the
ones that cumulatively cause enough loss to worry about. And some prob-
lems are blessings in disguise—problems that, when solved, allow an even
bigger problem to cause a real disaster.

But for problems that really need fixing, design for six sigma is the only
way. The question now is, “What’s the minimum effort required?”
Minimum requirements are:

1. Completely understand what happened

2. Identify the causal factors that led to the problem

3. Systematically find the root causes of each causal factor

4. Develop and implement fixes to eliminate the root causes

Some people suggest using less effort than these four steps. They insist
all that is needed is a checklist or a quick 5 Whys or even the rigor of the
DMAIC model. They are being penny wise and pound foolish in trying to
save time. In reality, instead of saving time, they are really wasting time.
They get unreliable, inaccurate answers that lead to fixes that waste even
more time. Guessing at answers won’t improve performance. Look at some
of the companies that claimed to use six sigma—the DMAIC version. In the
short term, they appeared to be making money. But, as time went by, many
of these companies lost money and some laid off thousands of workers. It
is imperative to understand that the traditional six sigma—the program
most people discuss—is focused on eliminating defects in products, manu-
facturing, and/or service processes by completing specific short-term proj-
ects with an associated cost benefit. The DFSS process, however, through
the DCOV (Design-Characterize-Optimize-Verify) model prevents defects
by completing projects in the design process aimed at improving function-
al performance over time with quantified reduction in product and or
manufacturing/service process variability.

Design for six sigma is very demanding, and yet, the opportunity for true
improvement and real customer satisfaction lies only with a systematic study
up front, in the design. The goal is to improve customer functionality
through customer satisfaction and customer loyalty. The process of
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improvement, then, is to establish a functional relationship between cus-
tomer satisfaction drivers (dependent variables) and specific design param-
eters, CTQ’s (independent variables). By reducing the sensitivity of 
the associated system to noise factors and then manufacturing the inde-
pendent variables at a six sigma level, the performance that drives 
customer satisfaction and ultimately loyalty will be more consistently
achieved over time. Although the DCOV process steps are presented in a
sequential flow, process execution is not necessarily sequential. For exam-
ple, capturing the voice of the customer, system design, and functional
mapping are typically iterative processes. However, design for robustness
and for producibility are both simultaneous and iterative. The DCOV
process may become generic and can also be applied during any of the 
following phases—that is, advanced project and forward product, as well as
ongoing.

To apply these principles to a successful design the following items must
be understood and followed: 

• Understand the fundamental ideas underlying the notion of manufac-
turability or serviceability

• Understand how statistically designed experiments can be used to iden-
tify leverage variables, establish sensitivities, and define tolerances

• Understand how product and process complexity impacts design 
performance

• Explain the concept of error propagation (both linear and nonlinear)
and what role product/process complexity plays

• Describe how reverse error propagation can be employed during 
system design

• Explain why process shift and drift must be considered in the analysis
of a design and how it can be factored into design optimization

• Describe how six sigma tools and methods can be applied to the design
process in and of itself

• Discuss the pros and cons of the classical approach to product/process
design relative to that of the six sigma approach.

When the organization is faced with too much to do and too little reserves,
it must not shortcut the investigation process for important problems.
Some problems just shouldn’t be investigated. For the ones that should be
investigated, a rigorous approach is recommended and that is the DCOV
model: Define, Characterize, Optimize, and Verify. Exhibit 4.1 provides an
overview summary of the DCOV model. 
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Exhibit 4.1 Overview of the DCOV Model

Stage Task Tools Deliverables

Define: Inputs: • Kano model • Kano diagram
Selection of the Quality/customer • Quality function • CTS scorecard
appropriate CTSs satisfaction history; deployment • Y relationship 

warranty data; • Regression to customer 
benchmarking; • Conjoint analysis satisfaction
functional, service- • Benchmarked 
ability, corporate CTSs
and regulatory • Target and 
requirements; ranges for
evaluation of CTS Ys
process in inte-
grating targets; 
surveys; audit of 
current design/
process; brand 
profiler; Kano 
analysis; Quality 
Function Deploy-
ment (QFD); design 
specifications.

Action:
Definition of 
customer and/or 
product require-
ments; relating 
requirements to 
customer satisfaction; 
peer review

Output:
Projected targets and 
preliminary model 
of understanding

Characterize: Input: • Functional • Function 
System design and Functional structures diagram(s)
functional mapping boundaries and • Axiomatic • Mapping of 

interface matrices designs Y → critical 
as applicable; • TRIZ function → y’s
function trees • P-diagram • P-diagram, 
(Y → y); P-diagram; • R&R checklist including 
robustness and/or • DOE critical
reliability checklist; • Technical 
functional metrics, y’s
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Exhibit 4.1 (continued)
Stage Task Tools Deliverables

boundaries and • Control 
interfaces of System factors, x’s
Design Specification • Noise 
(SDS); functional factors, n’s
tree (y → x); • Transfer function
P-diagrams; • Scorecard with 
robustness and/or target and range 
reliability checklist for y’s and x’s

• Plan for optimi-
Action: zation and 
Activities that verification
actually help the • R&R checklist
decomposition of Y 
into contributing 
elements, y

I
relate 

independent y’s to 
x’s (modeling) or 
relate correlated y’s 
to x’s (modeling, 
axiomatic design); 
choose Robustness 
strategy; Innovate: 
(a) Structured 
Inventive Thinking 
(SIT), or (b) Theory 
of Inventive Problem 
Solving (TRIZ); 
understand manu-
facturing capability; 
peer review

Output:
Pareto diagrams; 
benchmarked CTS’s, 
and target range of y; 
results of screening 
experiments, prior 
engineering 
knowledge; 
preliminary target 
and/or range estimates 
of x

i
; internal and or 

external benchmark 
of manufacturing 
capability of x’s.

(continued)
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Exhibit 4.1 (continued)
Stage Task Tools Deliverables

Optimize: Input: • Design FMEA • Transfer function
Design for robust- P-diagram • Process FMEA • Scorecard with 
ness and design (important y

i
’s , • Experimental estimate of σ

for producibility what to measure, design— • Target nominal 
control factors (x’s), response surface values identified 
noise factors, error • Parameter for x’s
states; experimental design—two • Variability 
plan (two-step step optimization metric for 
optimization with • Tolerance design CTS Y or 
confirmation run); • Simulation tools related 
robustness and • Error prevention— function, e.g., 
reliability checklist; compensation, range, standard 
design FMEA estimate noise, deviation, 
(including noise mistake proofing • S/N ratio 
factor analysis); • Gage R&R improvement
process capability; • Control plan • Tolerances 
present process specified for 
capability; historical important 
process data (model, characteristics
surrogate); assembly/ • Short-term 
manufacturing capability, 
process flow z-score
diagrams (process • Long-term 
mapping); reference capability
gauge R &R • Updated 
capability studies; verification 
process FMEA, plans: robust-
including noise ness and 
factor analysis reliability 

checklist 
Action: (if available)
Reduce sensitivity to • Updated 
noise (parameter control plan
design, robustness 
assessment, reliability, 
and robustness); 
determine tolerances 
(tolerance design, 
statistical tolerancing, 
reliability, and 
robustness); eliminate 
specific failure 
modes using 
strategies such as
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Exhibit 4.1 (continued)
Stage Task Tools Deliverables

beef up (redundancy), 
eliminate noise, 
compensate; activities 
that actually help the 
optimization process 
to produce x

i
s nominal 

with 6σ capability by 
applying robustness 
methods to process 
(using two-step 
optimization: (1) 
reduce variability 
(2) shift to target); 
using appropriate 
error proofing such 
as DFA, DFM, 
assembly sequence, 
Poka Yoke, and so on; 
update control plan; 
peer review

Output:
Short-term capa-
bility; long-term 
capability; updated 
control plan. Also, 
verifiability metric 
for CTS or related 
function, i.e., range, 
standard deviation, 
S/N ratio improve-
ment; target and 
tolerances specified 
for specific 
characteristics

Verify: Inputs: • Reliability testing • Product/service 
Verify that the Data from previous • Specific testing meeting 
capability and steps. Also, • Design reviews customer
product integrity reliability and/or requirements
over time is as robustness plan; 
designed and as  design verification 
the customer is plan with key 
expecting them noises.

(continued)
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Exhibit 4.1 (continued)
Stage Task Tools Deliverables

Action:
Four predominant 
activities are 
conducted here:
1. CTS/CTQ 

Characteristic/
measure and a 
comparison 
between the 
Z

estimate
and Z

actual

2. Subassessments 
(as needed)

3. Test/simulation 
and comparison 
between the 
Z

estimate
and Z

actual

4. Variability over 
time for both 
product and 
process. Also, 
correlate tests 
to customer 
usage; improve 
ability of tests to 
discriminate 
good/bad parts, 
subsystems, 
systems; 
peer review 

Output:
Overall review of 
assessments for 
previous steps with 
champion or 
appropriate manage-
ment. Also, test results 
such as key life testing; 
accelerated tests; 
long-term process 
capabilities; product 
performance over time 
(Weibull, survival plot, 
and so on); reliability/
robustness demonstra-
tion matrix.
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CASE STUDY

The Essential Items for Understanding the DFSS Process 

To understand the concept of the DFSS it is necessary to understand the key items that 
permit use of this methodology. The chart below presents some of the most important 
elements in understanding the DFSS process.

Dimension Key Concept Behaviors and/or  Expectations

Customer Operational Must know and satisfy the needs, 
definition wants, and expectations

Quality Value added Must be able to relate the value that the
customer is willing to associate the prod-
uct and/or service with what he or she is
paying

Statistical Risk/benefit Use and/or develop appropriate and appli-
cable statistical, reliability, and mathemat-
ical models to explain situations and fore-
cast specific outcomes

Relationship Trust Sharing and/or reflecting on inputs and
outputs in addition to the actual process;
understanding and accepting the holistic
approach to process

Informative Advice Learning facts about plans/progress; com-
menting on use of information; providing
custom/accurate and sufficient knowledge

Facilitative Alternatives Exploring interests, abilities, ideas; reveal-
ing other views without any fear of retalia-
tion; questioning the feasibility and appli-
cability as well as the attainability of
objectives; discussing own decisions
about career expectations, training, and
education

Confrontive Challenge Respecting decisions as well as actions;
providing insight into unproductive strate-
gies/behaviors; and being willing to evalu-
ate need as well as the capacity to change

Mentoring Motivation Disclose experiences and be willing to be
a role model; take risks; enriching experi-
ences and relationship throughout the
organization

Employee vision Initiative Thinking critically about their own process
as well as their career; realizing their per-
sonal potential as part of the team of
improvement; initiating change and being
part of the negotiating transition for the
outcome suggested.
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DEFINE

In the first phase of the DCOV model, the Define stage is first explored.
That means that the appropriate CTSs are selected. The purpose of this
stage is twofold: (1) Identify the Critical to Satisfaction (CTS) drivers, Y

i

and (2) Establish operating window for chosen Y’s  for new and aged con-
ditions (a ≤ Y

i
≤ b).

The process for exploring the define stage is divided into three areas:

1. Inputs. The activities that are the initiators for further evaluation.
Typical activities are: quality/customer satisfaction history; warranty
data; benchmarking; functional, serviceability, corporate, and regula-
tory requirements; evaluation of process in integrating targets; surveys;
audit of current design/process; brand profiler; Kano analysis; Quality
Function Deployment (QFD); design specifications.

2. Action. The activities that actually help in the selection of the Y’s. Typical
activities are: definition of customer and/or product requirements;
relating requirements to customer satisfaction; peer review.

3. Output. The results of the action. Typical results are projected targets
and the preliminary model of understanding.

CHARACTERIZE

In the second phase of the DCOV model, the Characterize stage is
explored. This stage, generally, is completed through a two-step approach.
The first is the system design and the second is the functional mapping. In
both cases, the goal is to characterize the robustness of the design.
Therefore, the purpose of the first step is to flow CTS Y’s down to lower y’s
(Y = f(y

1
, y

2
, y

3
, ... y

n
)) and to characterize robustness opportunities (Y = f

(x, n)). The purpose of the second step is to relate CTS y’s to CTQ design
parameters (x’s) and to optimize the strategy to deliver this robustness.

The process for exploring the first step of the characterize stage is divid-
ed into three areas:

1. Inputs. The activities that will generate the activity of this step. Typical
activities are: functional boundaries and interface matrices as applica-
ble; function trees (Y → y); P-diagram; robustness and or reliability
checklist and so on.

2. Action. They are the activities that actually help the decomposition of Y
into contributing elements, y

i
; Obtain Y = f(y

1
, y

2
, y

3
,...y

n
) through mod-

eling such as DOE using CAE or hardware (if applicable), experience,
and/or prior knowledge; Peer review
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3. Output. They are the results of the action. Typical results are Pareto dia-
grams, Benchmarked CTSs, and target range of y

The process for exploring the second step of the Characterize stage is
divided into three areas:

1. Inputs. They are the activities that will generate the activity of this step.
Typical activities are: Functional boundaries and interfaces of system
design specification (SDS); functional tree (y → x); P-diagrams; robust-
ness and/or reliability checklist

2. Action. The activities that actually help the decomposition of y
i
into con-

tributing elements, x
i
. Typical activities are: relate independent y’s to x’s

(modeling) or relate correlated y’s to x’s (modeling, axiomatic design);
choose robustness strategy; innovate Structured Inventive Thinking—
SIT, or Theory of Inventive Problem Solving—TRIZ); understand man-
ufacturing capability; peer review

3. Output. The results of the action. Typical results are: results of screen-
ing experiments, prior engineering knowledge; Pareto diagram, pre-
liminary target and or range estimates of x

i
; internal and/or external

benchmark of manufacturing capability of x’s.

OPTIMIZE

In the third phase of the DCOV model, the Optimize stage is explored.
This stage, generally, is completed through a two-step approach. The first
is the design for robust performance and the second is the design for pro-
ducibility. In both cases the goal is to improve robustness. Therefore, the
purpose of the first step is to characterize the present long time in service
robustness for the product and to improve robustness by further minimiz-
ing product sensitivity to manufacturing and usage conditions—as
required. The purpose of the second step is to characterize capability and
stability of present process. This step is performed simultaneously with the
first step. A further goal in this second step is to minimize process sensitiv-
ity to product and manufacturing variations—again, as required.

The process for exploring the first step of the Optimize stage is divided
into three areas:

1. Inputs. The activities that will generate the activity of this step. Typical
activities are: P-diagram (important y

i
’s , what to measure, control fac-

tors (x’s), noise factors, error states; experimental plan (two-step opti-
mization with confirmation run); robustness and reliability checklist;
design FMEA (including noise factor analysis); process capability
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2. Action. The activities that actually help find nominals for x’s that mini-
mize variability. In other words, specify tolerances. Typical activities are:
reduce sensitivity to noise (parameter design, robustness assessment,
reliability, and robustness); determine tolerances (tolerance design, sta-
tistical tolerancing, reliability, and robustness); eliminate specific fail-
ure modes using strategies such as beef up (redundancy), eliminate
noise, compensate, and so on

3. Output. The results of the action. Typical results are: veriability metric for
CTS or related function-range, standard deviation, S/N ratio improve-
ment, target, and tolerances specified for specific characteristics

The process for exploring the second step of the Optimize stage is divid-
ed into three areas:

1. Inputs. The activities that will generate the activity of this step. Typical
activities are: present process capability; historical process data (model,
surrogate); assembly/manufacturing process flow diagrams (process
mapping); repeatability and reproducibility gauge study; capability
studies; process FMEA, including noise factor analysis

2. Action. The activities that actually help the optimization process to pro-
duce x

i
s nominal with 6σ capability by applying robustness methods to

process (using two-step optimization to reduce variability and shift to
target); using appropriate error proofing such as DFA, DFM, assembly
sequence, Poka Yoke, and so on; update control plan; peer review

3. Output. The results of the action. Typical results are: short-term capa-
bility; long-term capability; updated control plan

VERIFY

In the fourth phase of the DCOV model, the Verify stage is explored. This
stage, generally, is completed through a two-step approach. The first is the
overall DFSS assessment and the second is the test and verify stage. In both
cases, the goal is to verify that the capability and product integrity over time
are as designed and as the customer is expecting them. Therefore, the pur-
pose of the first step is to estimate sigma for process capability and product
function over time. The second step is to assess actual performance, relia-
bility, and manufacturing capability, as well as to demonstrate customer
correlated (real world) performance over time. It is imperative to under-
stand that if the results of design for robust performance, design for pro-
ducibility; assessment and testing are not satisfactory, the model may revert
back to the previous stage or even further back in the functional mapping
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stage. Furthermore, in every one of these just mentioned stages, a trade-off
analysis should be performed to ensure all CTS’s are met. 

The process for exploring the first step of the Verify stage is divided into
three areas:

1. Inputs. The activities that will generate the activity of this step. Typical
activity is: data from previous steps

2. Action. The activities that actually help the DFSS overall assessment.
Four predominant activities are conducted here:

a. CTS/CTQ characteristic/measure and a comparison between the
Z

estimate
and Z

actual

b. Subassessments—as needed

c. Test/Simulation and comparison between the Z
estimate

and Z
actual

d. Variability over time for both product and process

3. Output. The results of the action. Typical results are: overall review 
of assessments for previous steps with champion or appropriate 
management.

The process for exploring the second step of the Verify stage is divided
into three areas:

1. Inputs. The activities that will generate the activity of this step. Typical
activities are: reliability and/or robustness plan; design verification plan
with key noises

2. Action. The activities that actually help to conduct physical and analyti-
cal performance tests enhanced with appropriate noise factors. Typical
activities are: correlate tests to customer usage; improve ability of tests
to discriminate good/bad parts, subsystems, systems; peer review

3. Output. The results of the action. Typical results are: test results such as
key life testing; accelerated tests; long-term process capabilities; 
product performance over time (Weibull, survival plot, and so on); 
reliability/robustness demonstration matrix

SPECIAL NOTE

One may wonder why a discussion on a prevention methodology with a
six sigma flavor is necessary. The answer is that unless there is a focus on
preventing the problems from happening to begin with, the organization
will repeat the same problems and fight the same fires. A good example of
this result is the statistics that Cooper1 presents over a 14-year time span, a
period in which industries had supposedly learned the value of 
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customer satisfaction, profitability, quality, and efficiency. The statistics pre-
sented by Cooper show the causes of new product/service failures in all
industries. They also illustrate that there is inadequate understanding of
the market and that nonrobust products are the key factors in new prod-
uct/service failures. Some of the statistics are, indeed, eye-opening (the
percentages are measured as multiple responses and therefore do not
equal 100%):

• Inadequate market analysis—45%

• Product problems or defects—29%

• Lack of effective marketing effort—25%

• Higher costs than anticipated—19%

• Competitive strength or reaction—17%

• Poor timing of introduction—14%

• Technical or production problems—12%

• All other causes—24%

One can see that designing the right product/service is in the best inter-
est of the organization. Items to consider are: 

• In the Identification (preliminary) stage: develop and validate model(s) and
transfer functions using DOE, regression, and physical properties; use
transfer functions to optimize process

• In the Design (for the fully characterized process) stage: determine DPU LT,
DPMO LT, and Z st for Xs and YsI

• In the Optimize stage: determine ability to control to optimum (target)
value using Minitab, Excel, contour plots, transfer functions, and
Monte Carlo simulation

• In the Validate stage: examine normality assumption: Transformation,
alternate distribution, or mixture of distributions? What are your Xs?
Determine relevant Ys (CTQs); determine relevant Xs

NOTES
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CHAPTER 5 

Project Management 

Experience shows that success is due less to ability than to zeal.
The winner is he who gives himself to his work, body and soul. 

—C. Buxton

A successful six sigma application is dependent on the selection of a proj-
ect, its evaluation, and implementation in such a way that the organization
will benefit in increased customer satisfaction and shareholder value. One
of the best ways to track these increases is through Project Management
(PM) techniques. This chapter will discuss some of the key issues that affect
the six sigma methodology.

PROJECT MANAGEMENT FOR BLACK BELTS

PM is the study of quality, time, cost, change, and people as they relate to
the specific project. A general model applicable for the six sigma method-
ology follows a five-step approach (see Exhibit  5.1).

Exhibit 5.1 PM as Applied to Six Sigma Methodology

However, all projects have three variables: Cost, time, and quality. Project
managers only have control of any two variables. The third variable becomes
a function of the others being managed. Therefore, you must determine up
front in a project, which of these variables is most critical and cannot be 

Define Plan Manage Closeout Evaluate
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compromised. However, it must be understood that this is not about bad or
good, but rather about specifications of the deliverable. A change in quality
in this reference means that you may be increasing or decreasing the expect-
ed outcomes of the projects. If you have a reduction in the amount of budg-
et for a project, you may not be able to provide the same value.

So, what is the definition of these three variables? As it refers to the six
sigma methodology and specifically to the project at hand, cost is the
amount of dollars that the organization will pay for all costs associated with
labor, to complete the project. All other costs are to be on an as approved
basis. Quality is the benefit to the organization that will be at least
$250,000. (To be fair here, even though the $250,000 is the default
amount, it actually depends on the organization and the magnitude of the
potential problems in the organization. In some organizations, this amount
may be as low as $100,000.) And time is the measurement characteristic
that the project will be completed in X days. 

In the Define step, the project is defined in the big picture. Examples of
specific activities may be:

• Problem statement

• Project scope

• Customer CTQs (Critical To Quality characteristics)

• High-level process map

• Customer satisfaction and/or COPQ (Cost Of Poor Quality) impact

• KPOV (Key Process Output Variable) metrics

• Project time line

• Project-tracking system

• Project champion approval

• Project goals

• Project charter

• Team formation

In the Plan step, the project charter is formalized. Specific activities may
deal with:

• Problem statement. The overall project of concern. It is imperative to dis-
tinguish issue from problem. An issue is a concern or something that
is about to become a problem.” A problem is a current complaint or a 
verifiable item through some objective evidence including customer
complaint or rework or scrap or something. Issues are generally han-
dled with the DCOV (Define, Characterize, Optimize, Verify) model,
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whereas problems are handled with the DMAIC (Define, Measure,
Analyze, Improve, Control) model.

• Business case. From a managerial perspective, the business case is very
important. Typical questions should be in the form of: Why is this 
project worth doing? Why is it important to do it now? What are the
consequences of not doing this project? What activities have equal or
higher priority in the organization?

• Goals statement. Be sure that the goals statement is based on measurable
characteristics. Are the goals of the project in alignment with the orga-
nizational objectives? Are the goals realistic and timely? Are the goals
specific and stretched enough to make a difference?

• Refined project scope. Sharpen and refine the focus on the problem.
• Project macro plan and milestones. Agree upon and set the starting and

completion dates for the project. These dates become the milestones
that the team has to key performance toward achieving. 

In addition, this is the step where the initial project plan is put in a
preliminary form. Known milestones and networks are defined.
(Milestones are specific points in time whereas networks are the path(s)
that connects these milestones.)

• Work breakdown structures. The fundamental question here is: What work
task(s) are required to be done between two milestones? Usually in the
six sigma methodology, this step begins by answering this question with
an overview of tasks that are then progressively cascaded to the second,
third, or nth level task as necessary. 

• Determination of series or parallel tasks. A series task is a task that requires
some other task to be completed prior to starting this task. A parallel
task is one that can be performed simultaneously with something else.

• Estimating time to complete individual tasks. Key questions at this phase are:
How long will it take to complete the task? What unit of measurement
is appropriate? What resources are available to complete the task?
• Perform a comparison of the preliminary projected completion date

to the required completion date. Items of concern here are: 
• Identify the critical path. (Critical path is the sequence of tasks that

takes the longest time and determines the project’s completion
date.) Add up the time required to complete the tasks on the critical
path, project the completion date of the critical path, and compare
to the required completion date.

• Search for alternative ways to achieve timely completion. Key questions
in this step are: Is the projected completion date later than the
required completion date? Can resources be applied to complete a
work task quicker? Can the network be redone so that some task(s) may
be woked on simultaneously with others? Can I realign the network?
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• Insert milestones and tollgates. At a minimum, a milestone should be
placed between all major summary tasks. As an alternative, place mile-
stones between secondary tasks. The idea of milestones is to make sure
that the practitioners understand the level of work required and for the
management team to make sure that resources are available to work on
individual, as well as parallel, projects. If the milestones show flexibility
and availability, then staggering projects may be a viable option.

• Roles and responsibilities. The roles and responsibilities of Champion,
Master Black Belt, Black Belt, and Green Belt, as well as the process
owner, must be covered up front in the overview/introduction team
management meeting. Signatures of all key players are important in  this
phase as an  indication of their understanding of, and agreement to, the
content of the particular project charter. Furthermore, their signatures
indicate their understanding of, and agreement to, their roles and
responsibilities to achieve the desired outcome of the particular project.

• Alignment to business objectives. Make certain that this particular project is
tied to the business objectives with the Y = f(x) cascade.

In the Manage step, the project is focused on the specific activities and
their administration. Fundamentally, the activities may be broken into four
categories:

1. Important/urgent. Reactive work, pressing problems, deadline-driven-
project, and tasks of the critical path

2. Important/not urgent. Proactive work, relationship building, tasks with
slack time, and planning

3. Not important/urgent. Interruptions of any kind, others’ priorities, some
meetings, other pressing matters, and popular activities

4. Not important/not urgent. Busy work, some mail and phone interruptions,
time wasters, and pleasant activities

Obviously, we prefer to be in the important and not urgent category.
This means that things are important but have not yet become urgent.
When we focus on this category, we do not go into the firefighting mode.
Specific activities may deal with:

• Proactive work. Focus on planning and avoid reactive actions; avoid slack
time within the critical path; avoid allowing noncritical path tasks to
become critical.

• Work slippage. The cause of most project failures is the slippage of the
project, hours at a time. To prevent slippage, team members must have
the attitude that each hour of the project matters, no matter how long
the project is.
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• Clearly define work. Make sure that the project goals are crystal clear. This
depends on the operational definition and how well the milestones are
defined and are measurable.

• Creating buy-in. Develop common understanding and agreement among
team members to the project goals and milestone measurables.

• Managing conflict. Unresolved conflict, no matter how small, will cause
delay. Therefore, try to either eliminate or diffuse conflicts before they
become problems.

• Managing change. The principle behind controlling change is to build
the change into the process under consideration. A good method of
doing this is to write a procedure for handling the change. To assure
success, involve many decision makers and stakeholders in developing
and evaluating the change and determining either the defeat or incor-
poration of it.

• Creating control mechanisms. Perhaps the main task in this item is to create
tollgates for accountability. A tollgate is a milestone that is either mandated
for a go/no go decision to continue or a self-imposed communication
point. Accountability refers to the responsibility that the team agrees with
the criteria for success at the end of the project. This is also where the
team creates forums for information exchange.  Information regarding
the progress-to-date in reference to the project should flow in all direc-
tions and to all concerned. One of the main points of information should
be the effect of change on the network and the constant reflection of the
project plan.

• Maintaining project work room, storyboard, and/or project journal. Any or all
of these provides tools for constant reflection on the project. The infor-
mation should include: meeting minutes, project charter, status report,
project plan, change log, and all referenced material to the DMAIC
documents.

In the Closeout step, the project is brought to closure. The project is offi-
cially completed when at least the following activities have been completed: 

• The team has compiled results data confirming the improvement.

• Ongoing measures to monitor process performance and continued
effectiveness of the solution have been selected.

• The key charts for the revised process have been determined.

• All essential process documentation has been prepared and updated.

• The process owner accepts responsibility for the solution.

• The team and process owner agree on appropriate follow-up and
response to problems in the process.
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• The organizational knowledge has been transferred.

• The project tracking system is working and is updated.

• Issues and opportunities are discussed and addressed with the Master
Black Belt.

In the Evaluate step, the project is evaluated. All work is a process.
Therefore, the team’s work is a process. Just as the DMAIC and the DCOV
are to improve a process or design, the team should have a formalized
process to review and improve its work process.

TEAM MANAGEMENT

In any endeavor that we undertake, we depend on other people. The six
sigma methodology is no different, especially in the project initiation, evalu-
ation, and completion.  To maximize the effort and results, use team and
team management principles. The word team in reference to a project
means: Two or more people who must coordinate interdependent activities
and make joint decisions to accomplish a common goal. These activities
should be linked to business goals and objectives. Therefore, the makeup of
a team should be cross-functional and multidisciplinary in nature. Examples
of possible team members are: subject matter experts, customers, process
owners, operators, information technology personnel, and others as needed. 

Perhaps a key question for the team is to know the purpose of its exis-
tence. Typical questions are: Why was this team formed? What is the team’s
purpose? What is the team expected to accomplish? These three questions
set the stage for the team’s success. This is where the team, as a whole,
makes sure that everyone understands the project as it relates to the busi-
ness case, project charter, and project plan. In addition, it is not unusual
for the team to refine the DMAIC project charter and pursue a common
commitment with team ownership and the DMAIC project sponsor. The
three items of concern here are: 1) Ownership: Who owns it? Who makes
it happen within the spirit of the law? 2) Commitment: Who wants it? Who
helps make it happen? 3) Compliance: Who sees benefits? Who lets it hap-
pen? Who does what is expected? Who does what on the project? With this
question, the team focuses on the direct and indirect responsibilities of the
Master Black Belt, Black Belt, Project Champion, and Green Belt as they
relate to the project. Typical relationships are: impact, influence, expertise,
resources, authority, and others.

How will the work get done? The focus here is the process and how the deci-
sion is made. For the process, an appropriate and applicable documentation
must exist for evaluation. Typical examples of documentation are: project
tracking system; project journal; project storyboard, and others. For the 
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decision, first determine the level of the team’s authority and then follow up
with an agreement as to how decisions are to be made. Remember that a
decision may be in a variety of forms, including:

• Authority: Decision is made by positional authority

• Majority: Most votes

• Minority: Weighted based on expertise of the group

• Consensus: All members support the decision as a whole, even though
there are specific items that they do not like or support.

CASE STUDY

A Typical Project Overview

Much has been discussed in the literature about the significance of the project in the six
sigma methodology. Here we present an overview of a typical project

Project Role Project Project Project Team’s
Responsibilities Tasks Expectations

Green Belt

(Team member) Provide specific  Attend team meetings; Schedule time for
customer, process, or  complete assignments; meetings and
product knowledge   review progress; assignments;
to the project team challenge status quo; complete tasks on

cooperate with others time; actively listen 
to others; commit to
team’s success

Black Belt

(Team leader) Leads project team Defines, plans, and Be a strong leader;
to success manages project team effectively manage

through DMAIC or time and resources
DCOV process

Process owner Owns the process Manage the improved Support the team’s
process. Provide efforts; provide 
process information timely information

Master Black Belt Coaches and  Provide guidance on Make time available
supports project statistical tools and to meet with team
team leader leadership support leader; provide 

support

Project Champion

(Sponsor) Oversee, support, Set goals, coach team, Make time available
and provide team provide resources, to meet with team;
guidance be team advocate open to team’s 

suggestions
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TIPS AND TECHNIQUES

Who Needs Message Message or Who Delivers Message Best Way 
Information Frequency Outcome this Message Forum to Present

• Project • Daily Define goal: • Black belt • Project • Visual
champion (PC)• Weekly • Initial • Green belts tracking handouts

• Master BB • Monthly contact • Subject matter system • Overheads
• Black belt • DMAIC • Develop experts • Format • PowerPoint
• Green belts stage review awareness presentation • Project
• Project • DCOV • Gain • Meeting journal

stakeholders stage review support • Phone call/ • Storyboard
• At milestone • Resolve e-mail • Report

issue • Team review • Memo
• Report discussions/ • Meeting

progress sessions or minutes
• Obtain teleconference • E-mail

buy-in, and • Newsletter
so on

List, prioritize, 
and sequence 
messages or 
issues to be 
delivered

TIPS AND TECHNIQUES

Common Meeting Purposes and Goals

Planning Problem solving Decision making Evaluating Reporting

Plan agenda Generate, Evaluate Exchange Report 
and purpose categorize, and alternatives feedback progress
of meeting prioritize ideas (make sure (vertically

Make feedback is and
Recommend decision two-way) horizontally)
solutions

Build Decide on Review Gain support
relationships solutions project and compare

results to the
initial goals
and objectives

Plan future Clarify and Reward and
events (projects, resolve issues recognize
activities, tasks, accomplish-
steps, actions, ments
and so on)



Team Management 79

When deciding, make sure that the decision mode fits the decision
at hand and, above all, do your homework on final or complex decisions.
In the final analysis, a good decision is the one that is:

• Supported by the owners of the process affected by it

• Data driven

• Correlated with experience

• Based on consensus after examining and understanding the conse-
quences of the decision

• Appropriate, applicable, timely, and with the input and consideration
of important information and people

TIPS AND TECHNIQUES

Guideline to Plan, Conduct, Close, and Follow-up

Plan Conduct Close Follow-up

Purpose
Clearly define • Restate and gain • Summarize meeting • Summarize meeting
purpose and agreement outcomes and accomplishments
expected outcomes on purpose compare to purpose

People
Identify • Ask participants • Review action items • Document action
participants if they understand and responsible items and
and reason their role persons responsible persons
for attending

Process
Create and • Review agenda • Recap decisions • Update project
distribute agenda items and address journal of storyboard
prior to meeting • Facilitate versus question • File documentation
Prepare logistics, direct • Schedule next • Complete assignments
room, materials, • Decide on meeting
and equipment decision making • Evaluate meeting

mode
• Request and

assign supporting
meeting roles

Personal relations
Request participant • Welcome and • Thank team for • Monitor and help 
inputs to agenda or introduction their contributions others complete
agreement to the • Propose and assignments
proposed one agree to 

meeting 
guidelines 
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Are the interactions of team members at optimum? To make sure that
the interactions are quality oriented and harmonious, make sure that
open, honest, and respectful communication takes place among all team
members. Key objectives are:

• Introduce a process for effective creation, development, and leading
of teams

• Learn to conduct effective team meetings

• Recognize and use appropriate behavior styles to resolve conflict

• Recognize the team development and team performance cycle to assess
and impact team effectiveness

• Give and receive feedback

• Be cognizant of the process of becoming a team—forming, storming,
norming, performing, and adjournment

CHANGE MANAGEMENT

Change implies movement. Therefore, in order to move from the present
state to the future state, the leader has to establish a clear vision, under-
stand where people are coming from, align the change to meet their
needs/wants/desires, and develop an effective transition plan to prepare a
path for everyone to arrive safely at the future state. 

In order for change to be successful, leaders must be differentiated from
managers. The two are not the same. Some typical characteristics/functions
of each are shown in Exhibit 5.2.

Exhibit 5.2 Typical Characteristics/Functions of Leaders and Managers

Leaders Managers

• Are also managers • Not always leaders
• Demonstrate commitment or • Get compliance—at best

ownership • Maintain the course
• Chart the course • Do things right
• Do the right thing • Tend to be reactive
• Tend to be proactive • Task-oriented
• Goal-oriented • Short-term view
• Long-term view • Develop common
• Develop common understanding understanding

and agreement
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CASE STUDY

Change Transition Stages

To maximize the effort of the project in the six sigma methodology, we must understand
the flow of the project and the relationship of the participants. Here are the transition
stages as they relate to behaviors of the leaders:

This change transition stage helps leaders understand that people will descend
into a valley of darkness when changes are introduced.

Stage I

People’s first reaction to change is either to deny reality (don’t hear, nothing happens, work
continues along as usual) or full speed ahead (see possibilities and opportunities for
improvement and are ready to act on them now, sometimes called uninformed optimism).

Typical behaviors are:

• Deny Reality: Apathy, withdrawal, business as usual, focus on the past
• Full Speed Ahead: Excited, embrace change, focus on the future. There is activity going

on, but nothing much really gets done.

The leader is expected to
Provide initial information to all stakeholders to make them aware of the changes and why
they are needed. Explain what is expected and the actions they need to take to adjust to
the change. Give them time to let things sink in and schedule planning sessions to talk
things through. Look for leaders and centers of influence who might help people move on.

Stage II

Both groups move into the Resistance phase. The folks in denial are forced to accept new real-
ities and they become angry, depressed, frustrated, fearful, and uncertain. They dig their feet in
and become entrenched in the past. The people who moved full speed ahead hit the wall where
they begin to recognize this wasn’t the trip they signed up for (informed pessimism). Things are
more difficult and it will take more time, energy, and effort than they thought it would.

During this phase, a lot of grumbling, complaining, and moaning occurs. To help manage
expectations as a leader of change, one needs to accept this is the normal order of things.
He/she must learn to expect it and not let it discourage him/her. It is actually a good sign
that progress is being made. The leader should be more concerned if there is no resistance.

Typical behaviors are:
Hit the Wall or Entrenched in the Past: RESISTANCE. Anger, blame, anxiety, depression,
frustration. “What’s the difference? This company doesn’t care about me any more.” or “I
can’t change this group.” or “Look what I get for trying so hard—nothing!”

The leader is expected to:
Listen, acknowledge feelings, respond empathetically, and encourage support. Don’t try to
talk people out of their feelings or tell them to change. Let them know they have been heard
and understood. When possible, respond to their concerns or let them know why they can-
not be accommodated. The best way to move people beyond this stage is to provide a forum
where people can openly express their feelings, issues, experiences, and concerns. This will
help them let go and move on. Identify and leverage early wins or success stories.

(continued)
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CASE STUDY (continued)

Stage III

When people finally hit the low point in the curve, they begin to move up the other side
of change. This shift is an indication that things are going to get better. People give up the
past and focus on the future. There is a lot of chaos and uncertainty during this phase as
people try to figure out new responsibilities, test new ways of doing things, and explore
how things will work.

Typical behaviors are:
Test the Waters or Give Up the Past: EXPLORATION. Overpreparation, confusion, chaos,
lots of energy and new ideas, but no focus. “Let’s try this and this. Oh yeah, and what
about this?” Have too much to do and can’t focus energy.

The leader is expected to:
Focus on priorities and provide any needed training. Follow up with projects underway
and set short-term goals for people to successfully achieve. Involve stakeholders in brain-
storming and planning sessions. Seek their advice and input to provide them with greater
ownership.

Stage IV

As the results of all the searching, testing, and experimenting are compiled and analyzed,
a new form begins to emerge and people start to develop action plans to make the change
work. They are now ready to learn new things, adjust their expectations, and accept their
new roles. During this phase people are clear on how to reach them and will either com-
ply (allow the change to happen) or commit (help make change happen). This phase will
last until a new change is introduced and a new cycle of transition begins.

Typical behaviors are:
Comply or Commit: People begin to work together. There is more cooperation, better
focus, and a plan to get there. “How can we make this work?” Those who are committed,
continue to look for the next challenge. Those who comply, go along with the program but
don’t offer any help.

The leader is expected to:
Set long-term goals. Concentrate on more team building. Recognize and reward people
who are making things happen. The leader’s  challenge is to determine where the stake-
holders are and the actions needed to move them into the next level.

Six sigma presents the organization with a change in paradigm think-
ing, culture, and performance. However, this change must be a structured
approach that helps six sigma teams manage the human aspects, technol-
ogy, and culture of change. The planning of change must anticipate and
manage issues effectively not only for the projects but also for the process
and people involved in those projects. It must also provide positive 
outcomes for everyone involved to serve as motivating factors for future
projects. Finally, it must achieve desired project results faster and show to
the process owner(s) or management that the methodology of six sigma is
indeed doable in a definite time frame.
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How can this planning be accomplished? By realizing that it is hard 
to adjust to change; for people are willing victims of inertia. They feel 
comfortable with the status quo because they’re used to it. If something
new (technologies, government regulations, reorganizations, etc.) comes
along that threatens to rock the boat, they view it with suspicion and, some-
times, hostility. Yet change is a condition of life, the only thing that has
brought progress. And the truth of the matter is, the rate of change itself
is accelerating. Those who fail, or refuse, to adjust to it are condemning
themselves to professional obsolescence. So, the question still remains:
How can people adapt to change? The following considerations may help:

• Accept the challenge. Once you recognize the possibilities created by the
change, you’re ready to take advantage of them. In today’s high tech
world, that usually means increasing your knowledge in some way.
Learning is an exciting experience and should be approached in a 
spirit of adventure and anticipation.

• Try to understand it. Compare your own reaction to thunder to that of a
small child. You ignore it, but a child displays signs of anxiety and seeks
assurances from the nearest adult. From long experience, you know
that thunder is a natural phenomenon that cannot harm you. The child
knows no such thing. It is only human to fear the unknown. With
understanding comes confidence. That is why the first step toward cop-
ing with change is understanding it—the whys, hows, and whats of it.

• Assess your situation. Okay. You understand what is happening and why.
Now what does it mean to you? More work? Additional responsibility?
Reporting to a new supervisor? What? You must know the probable
effects on you, so that you may take the appropriate action

• Identify the opportunity. What may initially appear to be simply more work
may really be a golden opportunity to show what you  can do. Think
about it and dig out the opportunity behind it.

• Face the change with confidence. Knowledge is power but it is also ability,
confidence, and promotability. Understand the change, assess its
impact, identify opportunities, accept the challenge, and prepare for it
and change will not be something to fear but something to welcome
and turn to your own advantage.

• Prepare yourself. All development is self-development and it is up to you
to add to your personal know-how. Nobody will do it for you. The more
you prepare, the more qualified you will be to solve real problems.

• Reward positively. Rewards, as well as the prospect of them, provide psy-
chological groundwork for additional achievement. They excite us.
They provide tangible proof that we’re getting somewhere. And they
help make a game out of what is essentially a deadly serious business.
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An integral part of attacking any big project, therefore, is to set, in
advance, reward points, those places along the road to completion of
the task where you will consciously pause and treat yourself to some-
thing because you’ve earned it. Remember that it is precisely when we
think that our last effort has taken everything out of us—imagination,
perseverance, energy—that we desperately need a shot in the arm.

• Communicate freely. Building stakeholder commitment through communi-
cation is a process, not an event. The primary goal of your communica-
tion strategy is to provide people the information they need to make
informed choices about the change. Consistent, clear, and honest com-
munications enables you to build trust and help your stakeholders move
through the change transition stages.

However, in all phases of the DMAIC and DCOV models there is bound
to be some kind of resistance from someplace or “someone.” After all,
resistance is not necessarily bad.  Hopefully, the leader may see resistance
in the spirit of dialogue and not argumentation. This is partially because:

• Resistance is nature’s way of telling us something important is going on.

• Resistance allows issues and concerns to be dually expressed, before
they even become problems.

• Resistance should not be taken personally.

• Resistance or conflicts should be expected in some degree from every-
one.

• Resistance, in any form, gives you the opportunity to listen carefully, be
empathetic, and try to develop workable solutions. 

During the Initial Contact and Awareness phases of communication, it
is best to have a respected authority deliver the messages required to make
people aware of what changes are required, why they are required, and
how they will be introduced at a high level. Once that has been accom-
plished, tailor and craft messages and schedule meetings to address the
needs of each Stakeholder group.

The DMAIC and DCOV models address the technical aspects of change.
That is, its processes or products. This is often referred to as the scientific
or hard side of change. Change management addresses the human aspects
of change: the people or social side of the equation. This is referred to as
the soft side of change. 

To appreciate change management, it is necessary to first understand
the stages of change management. There are three:

1. The determination of the present state
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2. The determination of the root cause

3. The pathway to the future state

In the Present State, analyze the whole system as it works today—the as
is stage. The DMAIC process has very specific procedures to establish 
factual data on the problem, process, or product. To address the human
side of the equation, analyze the (1) people: Who are they? How can they
help? Do they have appropriate credentials? Remember that most people
faced with change tend to be annoyed, awkward, ill at ease, or very self-con-
scious; tend to think of what they have to give up; tend to feel alone; can
handle only so much change; are at different levels of readiness; doubt they
have the resources, time, energy, money, or skills to handle change; and
revert to odd behavior when the pressure is on; (2) culture: the beliefs and
behaviors that have been learned and shared; the written and unwritten
rules about what is valued and how things are done; and (3) history associ-
ated with the process: What is the history of our previous change efforts?
Have previous changes produced results? What lessons can be learned or
transferred from previous change efforts? How many changes are current-
ly underway? Have previous change efforts been launched to address the
problem or opportunity  the current  project is addressing?

Once the root cause(s) of the problem have been determined, move
into the Future State—the should be stage. In DMAIC, this is where solutions
or changes required to improve the process or solve the problem are 
identified, tested, and implemented. On the human side of the equation,
there must be a clear vision of where you are going and a shared need for
everyone impacted by the change. In DCOV, focus on technological
changes for improvement as they correlate to customer usage. On the
human side of the equation, the same requirements hold as those for the
DMAIC model.

TIPS AND TECHNIQUES

Strategies for Asking Questions

• The ability to draw out a person through active listening: empathy, para-
phrasing, restating, asking “Do you mean...?”

• Asking open-ended questions as well as a wide range of questioning tech-
niques to lead you to open-ended questions. (Ask “what”, “why”, “how.”)

• Uncovering the primary need or issue.
• Drawing out options that enable the person to take a small step towards a

solution.
• Getting commitment to a plan of action.
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The Transition Phase is the pathway that leads people successfully
through the transition from the Present to Future States. This stage is com-
mon among Change Management experts and includes Best Practices. Look
for benchmarking studies to evaluate the best in class. (A word of warning:
You will not be able to “get to” or “sustain” the Future State without
addressing the technical and human aspects of change. At the end of this
journey, most change leaders have discovered the technical or hard stuff
was easy. It’s the human or soft stuff that was hard.)

CASE STUDY

Relationship of Stakeholder and Culture

Whereas in the previous case we presented the behaviors of the leaders as the project
changed, here we present the relationships of the process owners and the culture of the
organization as they relate to the project.

Stakeholder Responsibility Dimensions Examples of 
of Culture Unwritten Rules

Project Has the power to Power/Hierarchy: Higher ranking person  
champion or initiate and sustain Status within has last word; very risk- 
process owner change; has a functions, authority, averse

vested interest in empowerment, 
the project’s success; risk-taking
provides resources 
and supports the 
project

Change Lead, manage, and Relationships: Highly competitive, 
leaders implement change; Social support, unwilling to accept 

has proximity, competition, constructive critiques  
influence, or power induction of from outsiders; very   
to a stakeholder newcomers, serious, not much 
group(s) attitude toward laughter or fun

mistakes

Change Implement actions Commitment: People who work long 
agents within a stakeholder Meeting deadlines; hours are promoted. No 

group(s) and accountability; apparent consequences 
provide links consequences if for lack of results
between change rules are not 
leaders and followed
stakeholders

Stakeholder Everyone impacted Communication: People seem resistant to 
group(s) by the change Candor; phone speak openly in meetings. 

(internal or external) calls; e-mails; Department meetings are 
influences, meetings; seldom conducted
contributes to, presentations; 
benefits from, access to 
is affected by, or  management
is accountable for 
the change
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TIPS AND TECHNIQUES

How to Establish Your Trustworthiness

1. Greeting—Offer welcoming words. Through words, the subordinates
(customers) should feel welcome, comfortable, and important. The sub-
ordinate (customer) should experience an immediate sense of confi-
dence in you.

2. Greeting—Maintain upbeat tone. Your tone should be warm, friendly, and
sincere. Do not let your tone or pitch drop at the end of the greeting.

3. Greeting—Use unhurried pace. The pace of the greeting should be
unhurried. If the pace is too quick, the subordinate (customer) may per-
ceive unintentional frustration or hurriedness. If the pace is too slow, the
subordinate (customer) may interrupt or feel you are lethargic or less
than capable.

4. Really listen—Don’t interrupt. When a subordinate (customer) calls with a
request or complaint, give them the space to explain their situation.
Particularly with complaints, we can be too quick to respond or cut the
subordinate (customer) short.

5. Express empathy through words. If the situation involves a problem (or
domineering/negative emotional context), then acknowledge those feel-
ings with words. If empathy is not expressed, then the emotion may not
be effectively diffused. As a result, the subordinate (customer) may feel
the need to keep bringing up the emotional context of the situation.

6. Express empathy through tone. Tone, with words of empathy, is required to
convey sincerity and respect for the  subordinate’s (customer’s) feelings.
Tone provides the sincerity needed to create a secure atmosphere. For any
empathic statement to sound sincere, the tone must be warm and natural.

7. Use their name as soon as you hear it. Before requesting an account 
number or other information for fact gathering, use the subordinate’s
(customer’s) name. If they have not given their name, be sure to get it and
then use it immediately. This lets the subordinate (customer) know that
you relate to them as a person, not a number.

8. Tell them you will help. Help the subordinate (customer) feel that they are
speaking with the right person and that you will do something for them now.
One of the best ways to do this is to say the words: “I can help you with this
right now.” Until the subordinate (customer) is assured that they are speak-
ing with a person of action, they may feel reserved or insecure about you.

9. Ask permission to gain more information. Before asking a series of ques-
tions, either directly or indirectly prepare the subordinate (customer) for
these questions. This will help the subordinate (customer) to feel at ease
rather than bombarded or interrogated.

(continued)
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TIPS AND TECHNIQUES (continued)

10. Use “I,” not “we,” when appropriate. Whenever possible, use “I” state-
ments to convey that you have taken responsibility for action. “We” is
vague and not helpful in establishing trust.

11. Be courteous, e.g., use please and thank you. Use please when requesting
information. Use thank you when the subordinate (customer) gives
information.

12. Show a sincere, helpful attitude through tone. The tone carries the words
of the call. If the tone is flat, discouraging, or bored, then the subordinate
(customer) will not perceive the positive impact of the words. If you do
not sound like you mean it, then you cannot show what you know!

13. Remain calm. Even if the subordinate (customer) is extremely emotional,
you need to stay rational. If you mirror the emotion, inappropriate pace,
or negative tone of a subordinate (customer), then the quality and 
effectiveness of service will rapidly diminish. Once the subordinate 
(customer) knows you will help them (because you have already estab-
lished in their minds that you respect their feelings and you want to 
help them now), resolving the situation or servicing a request is possible.
Before telling a subordinate (customer) what you will do for them, estab-
lish that you know exactly what they need.

14. Ask questions to find the catchpoint. Often, subordinates (customers) do
not say what they mean or know how to say what they need. To deter-
mine that you accurately understand the subordinate’s (customer’s)
needs, (1) pose a clarifying question, (2) probe for any additional infor-
mation that may uncover/clarify needs, or (3) both. Questioning is only
effective when coupled with focused listening activity.

15. Repeat numbers. We all transpose numbers—particularly with four or
more. To assure the subordinate (customer) we have the correct infor-
mation, we should repeat any numbers. When the subordinate (cus-
tomer) provides account numbers, repeat the numbers as you enter
them into the system. In addition, when providing numbers, offer to
repeat the information so the subordinate (customer) has a chance to
verify that they have not transposed numbers. Account numbers, tele-
phone numbers with area codes, addresses, dollar amounts, and social
security numbers should all be confirmed.

16. Avoid inappropriate jargon and tragic phrases. Jargon includes the use of
acronyms as well as any industry-specific terminology that is not com-
monly understood. Checking for the subordinate’s (customer’s) level of
understanding is important. 



Change Management 89

TIPS AND TECHNIQUES (continued)

Tragic phrases: Any words or phrases that create uneasiness or imply a
lack of action/responsibility in the subordinate’s (customer’s) mind.
Tragic phrases, which put distance between the subordinate (customer)
and you, are impersonal, vague, or interpreted as an excuse. Common
examples include: I’ll try, maybe, hopefully, unfortunately, ASAP, some-
time soon, can’t, won’t, not my area, etc.

17. Before hold/transfer—Explain and get permission. Lead with the benefit
about why the subordinate (customer) should be put on hold or 
connected with another party. Then, specifically request permission to do
so and wait for the answer. If the subordinate (customer) gives permis-
sion, thank them. If the subordinate (customer) does not give permission,
offer to call them back or have them call back at a time that is convenient
for them. (When transferring, use “connect” or “refer.” The word “trans-
fer” has become a tragic word.). Give connecting party the subordinate’s
(customer’s) name and all relevant information regarding the subordi-
nate’s (customer’s) situation. Before ending your part of the call, use the
subordinate’s (customer’s) name! End with an enthusiastic phrase.

18. After hold—Use their name . . . Wait for a response . . . And thank them.
Often, a subordinate (customer) becomes preoccupied with other
thoughts or activities while they have been placed on hold. The above
sequence provides the subordinate (customer) the opportunity to be
prepared to listen. In addition, it provides you an opportunity to ensure
that you have reestablished contact with the subordinate (customer) (i.e.,
you are not on hold or the customer has not hung up).

After transfer—Introduction . . . Thank the subordinate (customer) for
waiting while you gave information to connecting party

If it is a direct transfer (no introduction of connecting party to the cus-
tomer), and you are the connected party: (1) Say the subordinate’s 
(customer’s) name; (2) Wait for a response; (3) Thank the subordinate
(customer) for holding; (4) Introduce yourself and explain that you have
the needed information; and (5) Explain that you can help them now.

If it is an introductory transfer, then the connecting party will: (1) say the
subordinate’s (customer’s) name; (2) wait for a response; (3) thank the
subordinate (customer) for holding; and (4) introduce the second party.
The second party will: (1) say subordinate’s (customer’s) name; (2) explain
they have the needed information; and (3) let the subordinate (customer)
know they will help them now. 

(continued)
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TIPS AND TECHNIQUES (continued)

These transfer sequences will let the subordinate (customer) know that
they do not have to repeat information and that they will get action.

19. Convey that you understand and that you are willing to help. Special note:
This item may prove very helpful in transition meetings or bottleneck sit-
uations. Typical sequence of events may be at any upward stage from:
Green Belt to Black Belt to Master Black Belt to Champion to
Deployment Champion to Executive.

20. Work with, not against, the subordinate (customer). Prove that your only
agenda is to help the subordinate (customer). Show this through sincere
tone, listening intensely, and pausing briefly before speaking and offering
solutions. Once the subordinate (customer) knows that you want to help
them, that you will help them, that you respect their feelings, and that you
understand their situation, you can tell them what you will do. 

The subordinate (customer) knows that you have listened to them and,
in turn, they are ready to listen to you.

21. Give security—Use encouraging phrases. Encouraging phrases may be: (1)
personal, (2) specific, and (3) immediate.

Personal: Using subordinate’s (customer’s) name, “I,” and letting them
know yours.

Specific: The subordinate (customer) knows and hears what you will do
for them rather than what you cannot do for them.

Immediate: The subordinate (customer) knows when the next steps will
occur and what to expect at the next contact. Although a problem’s final
solution may not be immediate, you can always offer a status report. 
(If the problem is “A” and the solution is “Z,” the spirit of enthusiastic
phrases allows you to get the customer at least to “B.”)

Enthusiastic phrases include: Name, I can . . . , I will . . . , Thank you for
bringing that to my attention . . . , I’m glad . . . , I will call you by 4:00 p.m.
tomorrow, I will send that (specific) information to you right now, etc.

22. Be knowledgeable and accurate. Have enough knowledge to work (and
even stretch) for solutions for the subordinate (customer). Give clear,
specific explanations and do not mislead the subordinate (customer)
about expected outcomes.

23. Keep call to appropriate length. Often, when we fail to identify the catch-
point correctly, empathize, or establish trust quickly, the subordinate
(customer) lengthens the phone call or visit by repeating questions and
problems or venting emotions. Also, speculating about what might have
caused the problem lengthens the call unnecessarily.
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ORIENTATION

When executives are about to authorize a project, among the first steps 
in applying the six sigma methodology is to seriously ask the following
questions:

• Why is six sigma appropriate here and how can it help us? The answer must
be in terms not only of a problem solving methodology but a mind-set
that significantly improves the status quo in a variety of ways.

• Why do we need six sigma? Are other programs now in our organization
compatible with what we are investigating?  The answer must be in
terms of improving quality, improving customer satisfaction, reducing
cost, and increasing revenue.

• Do we have the resources to support a full six sigma program? The answer
here must be an honest one, especially in terms of time commitment
requirements.

• Where are we so far? Why? The answer must focus on the strengths and
weaknesses of current tools and methodologies that are used to tackle 
current problems. The answers must also answer with a certain level of
certainty why these tools and methodologies have or have not worked. 

TIPS AND TECHNIQUES (continued)

24. Be proactive—Set a deadline. Give a specific deadline for action before
the subordinate (customer) asks for one. In addition, offer relevant serv-
ices for future needs before they are requested. Take this opportunity to
offer additional products or services to the caller.

25. Speak clearly with proper volume. When we speak too loudly, we may
convey that we are hostile or impatient. When we speak too softly, we
may convey that we are incompetent or unsure. Diction should be clear
and understandable.

26. Maintain appropriate pace. Maintain an even, natural pace. If we speak
too quickly, then we may convey that we are rushed, eager to get off the
phone, irritated, or excitable. If we speak too slowly, then we may convey
that we are bored, uninterested, tired, or incapable.

27. Summarize the next step. Although it may seem obvious, do not assume
that the customer knows what you are going to do or that they know
what they need to do. Besides providing the opportunity for needed clar-
ification or additional requests, summarizing the next step provides a
sense of security that you will take the required action steps.
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• What are the top five issues that prevent us from improving with our as–is
culture? The answers must be data driven and not be based on feelings
or hunches, or be politically motivated. They should be based on war-
ranty data, customer complaints, profitability margins, waste, or any
other item important for your organization.

The challenge for these questions and answers is the need to see the
results now or in the near foreseeable future. We must not procrastinate or
wait until we have all the data and all situations understood. If we do, we
are going to fall victims to the old thinking and progress will be short-
changed. How do we facilitate our paradigm shift? By recognizing, or
rather evaluating, our own ego states. The conscious management of ego
states leads to making better choices. When we choose to respond in
healthier ways, our interactions with others are more productive and more
satisfying—for them and for us.

TIPS AND TECHNIQUES

Leadership Attitudes Toward Positive Project Results

A commitment to valuing people and making a difference
• I will treat you well, no matter what.
• Recognizing and valuing diverse styles.

A focus on building relationships
• Are they looking forward to another contact with you?
• Listening to and connecting with another’s needs. 
• Finding the bridges in communication gaps.

Letting others discover their own solution
• Removing yourself from the responsibility for finding their solution.
• Watch the tendency to go into convince mode or avoidance mode.

Not being attached to the need for them to like you (even though you would 
prefer it)
• A willingness to tell the truth (as you see it) and hear the truth. 
• A long-term commitment to reconciliation.

Managing your ego
• Stay focused on what you can control and what you can influence.
• Be aware of your emotional hot buttons.
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STRATEGIES FOR REVIEWING AND/OR PRESENTING PROJECTS

When projects are reported to management, management must be open
minded and ready to ask questions regarding both the process and results.
The vision of the project must always be in the front of all activities. It
reminds us of an old story about three young men and their attitude
toward their project. The story is something like this: 

In the days of misty towers, distressed maidens, and stalwart knights, a young
man, walking down a road, came upon a laborer fiercely pounding away at a
stone with hammer and chisel. The lad asked the worker, who looked frustrated
and angry, “What are you doing?” the laborer answered in a pained voice: “I’m
trying to shape this stone, and it is backbreaking work.”

The youth continued his journey and soon came upon another man 
chipping away at a similar stone, who looked neither particularly angry, nor
happy. “What are you doing?” the young man asked. “I’m shaping a stone for a
building.”

The young man went on and before long came to a third worker chipping
away at a stone, but this worker was singing happily as he worked. “What are you
doing?” the young man asked. The worker smiled and replied, “I’m building a
cathedral”.

CASE STUDY

Ego State Review

In any project and in any organization there are power struggles due to individual posi-
tions and/or personalities. To understand these power struggles we must understand some
basic aspects of psychology as they relate to personality and especially the ego. Here we
present an overview of the ego state.

1. Ego states are the thoughts and feelings that precede our actions.
2. Ego state responses are thinking patterns that are learned and developed over time.

Because they are learned, they can be changed—over time.
3. There are three ego states:

Rational: Thinking before acting or responding (feel equal to others)
Emotional: Reactive, selfish, or defensive (feel inferior to others)
Domineering: Critical, judgmental, superior (feel superior to others)

4. The Emotional and Domineering states are nonlistening states. Actions taken from
these ego states are often regretted later on.

5. Representatives and customers engage in ego state transactions that may or may not
be productive. Productive transactions are rational. Unproductive transactions are
emotional and/or domineering.

6. The key to creating a balanced or level transaction is to use a rational response. It is
more difficult for others to stay in an unproductive ego state when your responses are
rational.
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CASE STUDY

Understanding the Ego States

The previous case study presented the basics of the ego state. Here is a summary of behav-
iors that are inherent in the ego state.

State Tone Characteristic Words Body Language

Rational • Remains • Thinks, then acts • Offers • Maintains a 
relaxed • Solves problems alternatives straight  

• Is somewhat • Evaluates rationally and options relaxed stance
deliberate • Keeps cool • Uses the 5W • Listens actively

• Is self-assertive under pressure (Why, Who, • Makes regular 
• Maintains an • Acts equal Where, What, eye contact

unemotional to others When) in • Has an open 
level questioning posture

- I see your • Has a  
point... confident

- It seems as if... appearance
- I recognize...
- How do you 

feel about ...?

Emotional • Complains • Acts impulsively, • If only... • Has a forlorn 
• Nags selfishly, • Did I do OK? appearance
• Gets indignant rebelliously • It is not fair... • Withdraws
• Protests • Complains • I cannot... • Scowls
• Grumbles • Acts inferior • I do not care... • Purses lips
• Whines to others • One of • Has drooping 
• Acts sullen If only... these days... shoulders

Did I do OK? • It is not 
my fault...

Domineering • Acts harsh • Criticizes • The truth of • Looks down 
• Is judgmental • Personalizes the matter is... over rim of 
• Acts • Judges • If I were you... glasses

commanding • Blames • Do not • Points an 
• Patronizes • Acts superior tell me... accusing 
• Behaves in a to others • You should... finger

condescending you ought... • Frowns
manner you must... • Folds arms

• Is often sarcastic • Why don’t • Raises eye 
you... brows

• You disap- • Steeples 
point me... fingers

• You always • Places hands 
on hips with
head leaning
or straining 
forward
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The moral of the story, of course, is that we all have work to do but some-
times our attitude and our enthusiasm will carry us even through the mun-
dane. In six sigma methodology, it is conceivable to come upon a project
that is stubborn and more time-consuming than we originally thought. Do
not lose hope. Think of the results. Think of the cathedral! Think of the
benefits that the project will contribute to the organization. 

To facilitate a continual improvement mentality and encourage the par-
ticipants to pursue the project even under the most difficult situations, the
following items may help in the review process:

Welcome and Review Agreement

1. Welcome the associate with sincerity, develop rapport with casual con-
versation.

2. Today, we’re going to look at the goal you set, and see how it’s going.

3. When we last met, you decided to work on . . . .

Exchange Perceptions

4. How are you doing towards your goal? What is working for you? What
is not?

5. While listening for this goal in a number of your calls, I heard . . . (give
specific examples)

Explore Options/Approaches

6. Would you do anything differently . . . ?

7. May I suggest . . . .

Determine Next Goals

8. What would be helpful to focus on now?

9. What have you decided to work on next?

10. How would you approach that?

11. Along with that goal I think it would be helpful for you to focus on. . . .
What do you think?

Agree on Next Steps

12. It sounds like you’ve identified .... as your next goal. Do you agree?

13. So, I will do this ... and you are going to ... then we’ll meet again. . . .
How does that sound to you?



96 Project Management

14. How is this process working for you? Is anything not working?

15. If you could go back and change one thing, what would it be?

16. Acknowledge/thank associate for his/her effort.

CASE STUDY

Perspective of What Can Happen to Our Financial Institutions 
If We Are Not Careful

This case presents some historical perspective and commentary about the manufacturing
world of old and the consequences of not changing. The consequences are so great that
we make the point that if the financial world is not willing to make the changes for
improvement, maybe the same will happen to them

At one time manufacturing dominated our economy. Remember the saying, “As
GM goes so goes the Nation”? Well, that isn’t the case anymore. Foreign imports
are threatening to eat our lunch. Look around you. The construction industry is
thriving. But what do you see going up? Mostly office buildings. The few factories
being built are almost all for foreign companies that want to establish a base here.
Also, I’ve noticed that it’s not only large foreign companies that are building
plants in this country, but there are many smaller ones as well. These smaller
companies are not just the suppliers of components to the larger companies; they
are also companies that make machinery and tools.

So have you asked yourself what’s going on? Why all the office buildings and no
factories? The answer is simple. We are becoming, less and less, a nation that
manufactures goods and more and more, a wholesale distributor of goods and
services. This became really clear to me when I visited the SAE 2002 World
Congress in Detroit. The exhibits were from all over the world. I saw a lot of high-
ly sophisticated equipment and, in many cases, avant-garde systems. The larger
companies, of course, had the biggest exhibits in which they showed off their lat-
est technology. The sad thing was that most of these larger companies were over-
seas companies, like Bosch, Bridgestone, Siemens, Denso, and Komatsu, to name
just a few.

This is a change from the previous shows I attended years ago, when large U.S.
companies dominated the exhibits. Then you would see a lot of foreigners run-
ning around with cameras taking pictures. You don’t see that any more. Why
should they take pictures of their own products? And there isn’t anything they
could learn by taking pictures of the U.S. exhibits. There were smaller U.S. com-
panies, of course, that had exhibits. However, when I looked at the program I
counted only about 20% that were U.S.-based companies, not counting foreign
outfits with U.S. addresses.

I know there are people who will look at this and say: “Okay, what’s your point?
It looks like a win-win situation.” Well, it’s not. It’s a heads they win, tails we 
lose situation. We’re going to lose our manufacturing base. I suppose that most
people don’t care who makes the products they buy, as long as it’s what they



want, it’s cheap, and the quality is there. But that could all change should we
strictly depend on foreign companies to make the products we buy.

This would put all of the power in their hands. They could then control price,
quality, and even what products they sell us. If they developed a new technolo-
gy, they might decide to keep it for themselves. You could say all this is purely
hypothetical, and not likely to happen in the real world. But what about OPEC
and how they control oil production and prices? What about the conglomerate
financial institutions? Will they overpower the financial services we have had for
many years? 

I’ll give another example. At one time this country had four or five companies
that made large metal-forming presses. The auto industry uses hundreds of mam-
moth presses to stamp out large body panels, and it now has gravitated to the use
of a  specific type known as a transfer press to make these key body stampings.
Yet today if a U.S. auto company wants to buy a transfer press, it must go to
Japanese or German equipment manufacturers, because they dominate the trans-
fer press market. The last U.S.-built transfer press was delivered to a
DaimlerChrysler plant a few years ago.

What if these foreign companies decide, for one reason or another, to sell U.S.
companies only presses with old technology? I’m not saying this is being done,
but they have this option.

The danger of this can really be highlighted if you look at it from a military stand-
point. If our manufacturing base has been reduced to a point where foreign com-
panies produced a large percentage of the parts in our military hardware, you
can imagine the possible consequences.

It was reported that in our latest confrontation with China that half the parts in
the spy plane’s sophisticated equipment were made in Japan or other countries
besides the U.S. We’re going to have to make sure that in the future we do not
get into a conflict with a country that is a major spare parts supplier or we could
be in big trouble.

China ships a lot of goods to this country, and it’s growing every day. It seems
like everything I pick up lately is made in China. There are many people in this
country who believe that we can keep China in line by threatening to cut off
trade. I don’t believe this would work because U.S. business people who use
China as a supplier would scream bloody murder. However, China could threat-
en to cut off the flow of goods it sends us. I think the Chinese could make this
work in their favor because of their government and the control it has over its
people.

It’s time to wake up, America. If we turn over our manufacturing base to foreign
companies, it will eventually reduce our standard of living and everything else
we enjoy in this country. If we turn over our manufacturing base to foreign com-
panies, what stops us from giving away the leading technology and/or financial
superiority to someone else? What can be done to avoid this scenario?
Organizations must pursue  effective breakthrough improvements in customer
satisfaction and profitability. One of the ways to do that is through a six sigma
methodology, especially the DCOV model .
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CASE STUDY

Project Sequence for Finance

This case presents the sequence of events for a project in a financial environment

Project Sequence Finance’s Role Control Guidelines

Define: Collaborate with Champion BB must: 
Project sizing and MBB on sizing potential 1) Show sustained results for time 

opportunity frame (i.e., if the process occurs:
hourly, 1-2 weeks; if daily, 2-3
weeks; if weekly, 3-4; if monthly 
or annually, confer with MBB)
2) Show finance the control 
mechanism for ongoing moni-
toring and be able to explain it.

Define: Sign BB’s project agreement 
Project selection form indicating agreement 

with project focus

Measure Review project periodically 
with BB, including reviewing 

Analyze estimated impact (COPQ) that 
the BB put together for their 
scoped project and checking 
off box in Quality Management 
System (QMS)

Improve Preimplementation validation; 
Finance signs preimple-
mentation form. Finance 
checks off check box in QMS

At end of Improve: QMS will 
not let BB move from Improve 
to Control without 
pre-implementation box 
checked by finance

Control Postimplementation: QMS Note: Once finance has validated 
will not let BB move from the dollars, it becomes the 
Control to Complete without responsibility of finance and the 
postimplementation box process owner, not the BB, to 
checked by finance record the savings.

Postimplementation validation: 
BB reviews project Control 
chart (or other MBB-approved 
control mechanism) with 
Finance. Finance checks off 
box in QMS

Project Sign BB’s certification form 
completed (for subsequent projects post 

training, validation in QMS 
is sufficient)
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CHAPTER 6

Six Sigma and Statistics

There is a great difference between knowing and understanding:
You can know a lot about something and not really understand it 

—C. F. Kettering

The word statistics has two different meanings. More commonly, statistics
means a collection of numerical facts or data, such as stock prices, profits
of firms, annual incomes of college graduates, and so forth. In its second
meaning, statistics refers to an academic discipline, just as physics, biology,
and computer science are academic disciplines.

However, in the six sigma methodology, statistics refers to the branch of
mathematics that consists of a set of analytical techniques that can be
applied to data to help in making judgments and decisions in problems
involving uncertainty. Statistics, then, is a scientific discipline consisting of
procedures for collecting, describing, analyzing, and interpreting numeri-
cal data. One of the main objectives of statistics is to provide a set of pro-
cedures that enables us to make inferences, predictions, and decisions
about the characteristics of a population of data based on the information
obtained from only a part of the population.

The field of statistics can be divided into two parts: descriptive statistics
and inferential statistics. Years ago, the study of statistics consisted mainly
of the study of methods for summarizing and describing numerical data.
This study has become known as descriptive statistics because it primarily
describes the characteristics of large masses of data. (Formally, descriptive
statistics consists of procedures for (1) tabulating or graphing the general
characteristics of a set of data and (2) describing some characteristics of
this set, such as measures of central tendency or measures of dispersion.)
In many such statistical studies, data are presented in a convenient, easy-to-
interpret form, usually as a table or graph. Such studies usually describe
certain characteristics of the data, such as the center and the spread of 
the data.
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The methods used to collect statistical data often require knowledge of
sampling theory and experimental design. Once the data have been col-
lected, descriptive statistics is used to summarize the raw data in a simple,
meaningful way. Often this is accomplished by grouping the data into class-
es, thus forming what are called frequency distributions. When data are
grouped into classes or categories, it becomes easy to see where most of the
values are concentrated, but some information or detail may be lost due to
the grouping. Methods of summarizing data by using tables and graphs are
utilized throughout the six sigma methodology.

The second branch of statistics is called inferential statistics. While
descriptive statistics describes characteristics of the observed data, inferen-
tial statistics provides methods for making generalizations about the popu-
lation based on the sample of observed data. (Formally, inferential statistics
consists of a set of procedures that aids in making inferences and predic-
tions about a whole population based on information from a sample of the
population.)

Before building a large shopping center in a certain location, a real
estate developer would want to know about the local community: the
income and age distribution of residents in the area; their annual expen-
ditures on items such as jewelry, clothing, sporting goods, and books; what
proportion of them dine in expensive restaurants; and so forth. This would
be an example of inferential statistics.

To get this information, the developer would probably rely on a sample of
data obtained by interviewing some residents. The developer would then
organize the data so that general characteristics would become evident.
Using the methods of descriptive statistics, the developer would construct
frequency distributions, which show how many of the observations lie in a
specific interval or category. Sample means could be calculated, which would
show, for example, the average annual income in the community, the aver-
age age, the average annual expenditure on sporting goods, and so forth.

With this sample data, the developer could make inferences or predic-
tions about the entire population of people in the community. However,
the general characteristics of the sample of residents may not accurately
reflect the general characteristics of all the residents in the community. It
is always possible to make an error when ascribing properties to an entire
population based on a sample of observations. The analysis of the types of
errors that can be made involves inferential statistics, which depends on
probability theory. Thus, some knowledge of probability theory is necessary
to understand the methods of inferential statistics.

DEDUCTIVE AND INDUCTIVE STATISTICS

The field of statistics can also be divided into deductive statistics and induc-
tive statistics. In deductive statistics, we deduce the properties of a sample of
observations from the known characteristics of the population. In inductive
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statistics, we reverse the procedure. We start with a sample of observations
and try to draw general conclusions about the properties of the population
based on the characteristics of the sample. (Formally, in deductive statistics,
we try to deduce properties of a given sample based on known characteris-
tics of the population. Whereas in inductive statistics, we infer properties of a
population based on observations of a selected sample of the population.)

The field of deductive statistics is often referred to as probability theory. As
an example of a problem involving probability theory, suppose that an
insurance agent has data which show that about 1% of the population will
be involved in an accident this year. Thus, the agent knows something
about the entire population. Now suppose that the agent insures a sample
of 50 people. The agent might want to know the probability that no people
in this particular sample will be involved in a serious accident. In this exam-
ple, the agent is trying to use probability theory to deduce what is likely to
be observed in a sample when given information about the characteristics
of the entire population.

In inductive statistics, inferences about populations are made based on
information contained in a sample of data. In inductive statistics, only the
sample is known, and we try to determine the characteristics of the popu-
lation from the information contained in the sample.

CASE STUDY

Reasons for Sampling

To measure, evaluate, and verify, we need data. However, data gathering is very expensive
and time consuming. As such sampling is a preferred method. Here we try to justify the
sampling process. 
Since a sample is only a part of a population, any inferences we make about population
characteristics based on the sample may be erroneous. Despite this possibility, there are
various reasons for taking a sample rather than a census of the entire population. The most
important reasons for sampling are as follows:

• Expense: It is less expensive to obtain a sample than to survey the entire population.
• Speed of Response: Information is often needed quickly because important decisions

have to be made.
• Infinite Number of Observations: Sometimes populations of observations are generat-

ed as a result of a continuing or recurring process. In these cases, it is not possible to
observe every element because new observations are continually being made.

• Destructive Sampling: Frequently testing a product, such as determining the life length
of light bulbs or the effectiveness of a painkiller drug, requires destruction of the prod-
uct. Thus studying more than a sample is not practical.

• Accuracy: At times, a sample can be more accurate than a census of the entire popu-
lation. This is especially true when the study involves large amounts of repetitive,
tedious work, thus increasing the chance of making mistakes because of boredom,
fatigue, or the use of unskilled people. A sample obtained by well-trained, skilled peo-
ple can be more accurate than a census obtained by unskilled people.

(continued)
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CASE STUDY (continued)

A sample is expected to represent the population from which it was selected, but there is
no guarantee that a sample will exactly reproduce the characteristics of the population. A
sample may fail to be representative of the population for several reasons. The first is just
chance or bad luck. We may just happen to obtain a sample containing a large number of
atypical elements, thus leading to inaccurate estimates of the population parameters. The
second reason is the existence of sampling bias. A sample is biased if it is obtained by a
method that favors the selection of elementary units having particular characteristics. One
form of sampling bias is called selection bias. Selection bias is a systematic exclusion of
certain groups from the sample.

Because of chance or bad luck, the possibility of obtaining a large error of estimation
always exists. By choosing a sampling procedure wisely and selecting a large enough sam-
ple, it is possible to control the probability of obtaining a sampling error of any given size.
Increasing the sample size reduces the probability of getting any given error of estimation.
However, at some point, the costs of gathering more data will eventually exceed the ben-
efits obtained from a more reliable estimate.

Errors of estimation caused by a biased sample generally cannot be reduced by select-
ing a larger sample, and such errors will systematically lead to overestimates or underes-
timates of the population parameter. Some of the conditions that contribute to bias are:

• Sensitive questions may yield inaccurate or dishonest answers. For example, questions
involving criminal activity, drinking habits, drug use, and sexual habits are likely to
elicit dishonest, exaggerated, or incorrect answers.

• The bias of nonresponse can occur when some individuals are systematically omitted
from the sample. For example, daytime telephone surveys will tend to underrepresent
the working population (males and females) and overrepresent the individuals who are
staying home for a variety of reasons.

• The bias of self-selection can occur when the individuals being studied rather than the
statistician determine which units shall be included in the sample. Self-selection bias
is systematic refusal of some groups to respond to a poll. For example, radio talk
shows frequently ask listeners to call and cast a vote on some controversial issue. The
listener then decides whether to call and vote. In general, those people who call and
vote may have different (and stronger) opinions than those who do not call. The same
argument holds for conclusions based on mail received by members of Congress.
People who write letters have selected themselves to be in the sample, and letter writ-
ers, in general, tend to be different (if only more opinionated) from nonwriters.
Conclusions based on a sample of observations obtained by mail are likely to be sub-
ject to bias because not everyone will mail in a response. Often those people who do
not respond to voluntary opinion polls are more willing to leave things as they are,
whereas those who do respond tend to prefer a change.

• Interviewer bias occurs when the interviewer has some effect on the answer. The per-
sonal characteristics of the interviewer, such as age, sex, race, or occupation, may
influence the response. For example, when employees are asked about organization-
al issues in their own company (the moral surveys), their response varies depending
on whether the interviewer is management, nonmanagement, independent, and the
level of the employee. The manner in which the interviewer poses the question may
elicit an incorrect or skewed response. For example, “The federal deficit is too large,
isn’t it?” is more likely to elicit a positive response than “Do you think the federal
deficit is too large?” or “What do you think about the size of the federal deficit?”
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• Bias can be caused by recording answers incorrectly or making errors in processing
the data. For example, an inaccurate radar gun might be used to estimate the speed of
a car, or an inaccurate watch might be used to clock the speed of an athlete. Probably
the most common error in recording data occurs when an individual hits the wrong
key while inputting data into a computer.

Unless a sample is selected randomly, the results of any study may be tainted.

STAGES OF A SAMPLE STUDY

A sample study has three major stages: (1) the plan or sampling design, (2)
the actual data collection, and (3) the analysis of the data and the statement of
conclusions. Each of these stages consists of several activities. The following
list describes some of the choices that must be made in creating the sam-
pling design:

1. Identifying the target population and, if necessary, constructing a frame.
A frame is a listing of all units in a given problem.

2. If necessary, designing a questionnaire that is simple to fill out and that
elicits honest answers.

3. Choosing an appropriate sampling technique.

4. Deciding what estimates are needed, what tests are to be performed, or
what forecasts have to be made. Selecting the appropriate statistical
procedures to fulfill these goals.

5. Determining the sample size. In doing so, the gains in accuracy or 
reliability that a large sample provides must be balanced against the
increased costs of getting more information.

“Garbage in/garbage out” is a common saying. In reference to data, this
is of paramount importance because it is the data that will drive the deci-
sion, and the outcome of the analysis identifying a solution to a problem.
Therefore, the data collection phase requires utmost honesty and integri-
ty. Generally, this phase also requires the most time and expense. The
major steps in data collection are:

1. Selecting the sample of elementary units. An elementary unit is a per-
son or object on which a measurement is taken.

2. Obtaining the sample of observations from the sample of elementary
units.
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The statistical analysis phase of a sampling study consists of some of the
following activities:

• Describing the data using graphs or tables, and constructing frequency
distributions.

• Calculating various sample statistics, such as the sample mean, the sam-
ple variance, or the sample proportion.

• Estimating the appropriate population parameters, and constructing
point estimates and interval estimates.

• Testing hypotheses and making forecasts.

• Stating the conclusion.

TYPES OF SAMPLES

As we already have stated, the planning stage of a sampling study is of the
utmost importance. In the six sigma methodology it plays a major role in
both the DMAIC and DCOV models and, as a consequence, it is important
to be familiar with the appropriate samples and sample procedures. Of
course, the discussion here is only an introductory examination of the
process and the reader is advised to refer to some of the bibliographic ref-
erences for more detailed information on sampling.

All samples are divided into two categories. One is the probability samples
and the other, the nonprobability samples. In the nonprobability category,
the samples are convenience and judgment samples. A convenience sample
is obtained by selecting an object (unit) that can be acquired simply and con-
veniently. A judgment sample, however, is obtained by selecting an object
(unit) according to the judgment, intuition, and discretion of an expert or
someone familiar with the relevant characteristics of the population.

In the probability category, the samples are selected based on random-
ness. A random sample is obtained if every member of the population 
has an equal chance of being selected for the sample. The advantage of 
this type is that no particular item is systematically excluded from the study
and no particular item is more likely to be included than any other. This
means that each unit is selected independently. Because of this property,
the random sample is free from sampling bias. (The reader should note
that this is very significant as the nonprobability sample is more likely to
yield biased results since it depends on the knowledge and wisdom of the
investigator.)
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The most common sample procedures used in the six sigma methodol-
ogy are:

1. Simple random samples— samples are obtained in which (a) every pos-
sible set of n units has the same probability of being selected and (b)
the selection of any one unit in no way affects the chance of selecting
any other unit.

2. Systematic random samples— samples are obtained in the following
manner:
a. Number the units in the frame from 1 to N
b. Calculate the ratio N/n, where N is the population size and n is the

desired sample size
c. Let k be the largest integer less than or equal to N/n
d. Randomly select an elementary unit from the first k units in the

frame and then select every kth unit thereafter
3. Stratified random samples—samples are obtained by separating the

population into a number of non-overlapping subpopulations, called
strata, and then selecting a simple random sample from each stratum.

4. Cluster samples— samples are obtained by separating the population
into subpopulations called clusters and then selecting clusters by simple
random sampling. After the clusters have been selected, a complete
census is taken of every unit in each selected cluster.

5. Randomized response sampling—this method of sampling encourages
subjects to provide truthful answers to sensitive questions.

6. Sequential sampling—the sample size is not determined or fixed before
the sample is taken. The final size sample depends on the results obtained.

CASE STUDY

The Numbers Are In: Now What Do You Do?

Data alone provides no conclusions. The data must be transformed into information in
order to gain some relevant knowledge and ultimately to generate a decision. Once the
data has been collected it must be examined, prepared, and analyzed if it is to provide
useful and informative information.

It has been said that statistics is the art of lying by means of figures. If that is the case,
how are statistics generated, and what, if any, is their significance?

To answer this simple question, we must first understand the concept of data, and
then, the preparation and analysis of that data. 

(continued)
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CASE STUDY (continued)

Data

In any environment, any single observation about a specified characteristic of interest is
called datum. It is the basic unit of the quality person’s raw material. Any collection of
observations about one or more characteristics of interest, for one or more elementary units,
is called a data set. A data set is said to be univariate, bivariate, or multivariate depending
on whether it contains information on one variable, two, or more than two variables.

The set of all possible observations about a specific characteristic of interest is called
a population or universe. It is important to note that a population or universe is, by defini-
tion, ALL POSSIBLE observations about a variable. Any subset (portion) of the population or
universe is called a sample.

Caution should be exercised here, however, because a population and/or sample
depends entirely on how the question is raised. A sample may be a population and a pop-
ulation may be a sample. For example, Company XYZ had a recall of 1,000 parts. The
industry that this company belongs to had a recall of 1,000,000 parts. If Company XYZ
wants to analyze the 1,000 parts only, then the 1,000 parts become the population of this
study. If, however, Company XYZ wants to analyze and compare the 1,000 parts with the
1,000,000 parts, then the 1,000 parts are, in fact, a sample of all the recalled parts.

In addition to the sample and population concerns, any given characteristic of inter-
est can differ in kind or in degree among various elementary units. A variable that is nor-
mally expressed numerically because it differs in kind rather than degree, is called a qual-
itative variable. Qualitative variables can be dichotomous or multinominal. Dichotomous
qualitative variables are also called attribute or categorical variables because they are of
two categories. Examples are: Go/no go, male/female, good/bad, on/off, good/reject, and
so on. Multinominal qualitative variables can be made in more than two categories.
Examples: job titles, types of business, colors, and so on. 

However, a variable that is normally expressed numerically, because it differs in
degree rather than kind, is called a quantitative variable. Quantitative variables can, in turn,
be discrete or continuous. Observations about discrete quantitative variables can assume
values only at specific points on a scale of values, with gaps between them. Examples: cars
in stock, rooms in houses, and so on.

Observations about continuous quantitative variables can, in contrast, assume values
at all points on a scale of values, with no breaks or gaps between them. Examples: weight,
time, temperature, and so on. No matter how close two values are to each other, IT IS
ALWAYS POSSIBLE for a more precise device to find another value between them.

Here it must pointed out that quite often the distinction between qualitative and quan-
titative variables is visually obvious. The observations about one type of variable are
recorded in words; those about the other type in numbers. Yet the distinction can be
blurred. Quantitative variables can be converted into seemingly qualitative ones and the
opposite is also true. Examples: when we speak of high or low temperature/pressure we
have in fact taken a quantitative (measurable) variable and transformed it to an attribute
(subjective) variable. Information is lost in the process when this coding takes place.
Conversely, it is not uncommon to code attribute variables with numerical values, for
example, “good” as 1 and “bad” as 0.

Types of Data

The assignment of numbers and/or values to characteristics that are being observed—
which is measurement—can yield four types of data of increasing sophistication. It can
produce nominal, ordinal, interval, or ratio data and different statistical concepts and tech-
niques are appropriately applied to each type.
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• The weakest level of measurement produces nominal data, numbers that merely name
or label differences in kind and thus can serve the purpose of classifying observations
about qualitative variables into mutually exclusive groups. No mathematical opera-
tions are possible except counting.

• The next level of measurement produces ordinal data which are numbers that, by their
size, order or rank observations on the basis of importance, while intervals between
those numbers are meaningless. Again, no arithmetic operations are possible.

• In the third level of sophistication are the interval data that permits at least addition
and subtraction. Interval data are numbers that, by their size, rank observations in
order of importance and, between which, intervals or distances are comparable while
their ratios are meaningless. This kind of data possesses no meaningful origin and thus,
by a given definition, establishes the zero point as well as equally arbitrary intervals
between numbers.

• The most useful types of data are the ratio data which are numbers that, by their size,
rank observations in order of importance, and between which, intervals as well as ratios
are meaningful. All types of arithmetic operations are possible because these types of
numbers have a natural or a true zero point that denotes the complete absence of the
characteristic they measure and makes the ratio of any two such numbers independent
of the unit measurement.

Data Collection

Data can be gathered in different forms. First, however, the purpose of the data must be
determined. Only then can a decision be made as to what kind of data would best serve
the purpose. There can be many purposes for collecting data in the world of quality,
including but not limited to:

1. Understand the actual situation. Data are collected to check the extent of the current
process.

2. Analysis. Data are collected to perform statistical analysis for a historical perspective
of the process and/or future behavior of the same process.

3. Process control. After investigating product quality, this data can be used to determine
whether or not the process is normal. In this case, control charts are used in this eval-
uation and action is taken on the basis of these data.

4. Regulation. These data are used as the basis for regulating the process based on a pre-
viously set goal.

5. Acceptance or rejection. This form of data is used to approve or reject parts and/or
products after inspection. There are two methods: (a) total inspection and (b) sampling.
On the basis of the information obtained, a decision of what to do with the parts or
products can be made.

It is imperative that the purpose of data collecting is not to put everything into neat fig-
ures but to provide a basis for action. The data may be in any form, but is generally divid-
ed into the measurement data and the countable (attribute) data.

Once the purpose of the data has been defined, data can be generated by conducting
a survey or by performing an experiment. A survey, or observational study, is the collec-
tion of data from basic units without exercising any particular control over factors that may
make these units different from one another and that may therefore affect the characteris-
tic of interest being observed. An experiment involves the collection of data from basic
units, while exercising control over some or all factors that may make these units different
from one another and that may therefore affect the characteristic of interest being
observed. 

(continued)
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CASE STUDY (continued)

Sampling Data

As mentioned earlier, data is gathered before working on problems to provide information
that assures that everything is within allowable tolerances and under control. Data can
also be analyzed when things go out of control to find out what went wrong. Ideally, 100%
of the given output would be checked for problems. However, this is not usually feasible
because of time and cost considerations. Representative data can be acquired by closely
sampling the given output. This allows the use of smaller numbers for generalizations to
the entire population (output).

There are three types of samples used in all forms of statistical analysis, and they are:

1. Convenience sample. When expediency is of primary concern, a not-so-representative
sample may be selected.

2. Judgment sample. A personal judgment is used for the selection of the sample based
on some previous experience. Although used in the field of quality, caution should be
exercised because of inherent biases by the selector of the sample.

3. Random sample or probability sample. Unrepresentativeness is not one of the charac-
teristics of this sample. Rather, it is a subset of a population, chosen by a random
process that gives each unit of that population a known positive (BUT NOT NECES-
SARILY EQUAL) chance to be selected. If properly executed, the random selection
process allows no discretion to the experimenter concerning which particular units in
the population enter the sample. This form of sampling maximizes the chance of mak-
ing valid inferences about the totality from which it is drawn. There are four types of
random sampling:

a. Simple random sample. It is a subset of a population chosen in such a fashion that
every possible subset of like size has an equal chance of being selected. Be cau-
tioned in that the implication of each individual unit of the population has an
equal chance of being selected, but the converse is not true; that is, giving each
individual unit an equal chance of being selected does not assure that every pos-
sible subset of like size has an equal chance.

b. Systematic random sample. It is a subset of a population chosen by randomly
selecting one of the first elements and then inducing every ith element thereafter.
In this procedure the i is determined by dividing the population size, N, by desired
sample size, n.

c. Stratified random sample. It is a subset of a population chosen by taking separate
(simple or systematic) random samples from every stratum in the population, often
in such a way that the sizes of the separate samples vary with the importance of
the different strata.

d. Clustered random sample. It is a subset of a population chosen by taking separate
censuses in a randomly chosen subset of geographically distinct clusters.

Errors in Data

The process of gathering information is one of collecting and filtering data. The ultimate
solution is a combination of good information at all levels, structures that size the decision
making process, and personal reconnaissance on the part of the decision maker at each
level.

Statistics, even when most accurate, can never be the complete substitute for an in-
depth knowledge of the situation of collecting, filtering, and analyzing data. Deming (1986)a
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addresses this issue when he points out that there is a difference between visible and invis-
ible numbers. He comments that some managers look only at the visible numbers, “but the
visible numbers tell them so little. They know nothing of the invisible numbers. Who can put
a price on a satisfied customer, and who can figure out the cost of a dissatisfied customer?” 

Every sample from a large population is subject to a random or chance error, a sam-
pling error. This error is the difference between the value of a variable obtained by taking
a single random sample and the value obtained by taking the population. The second error
is the systematic or bias error, a nonsampling error, and is the difference between the value
of a variable obtained by taking the population and the true value. Another way of explain-
ing these errors is by thinking of sampling error as the reliability of data and nonsampling
as the validity of the data.

Reliability is a concept like repeatability. If you keep repeating, in all executionary
details, then there is a probability that your sample will have an operating range.
Furthermore, it will have a degree of stability, based on that operating range. Note that this
has nothing whatsoever to do with how accurate your sample was. This is a trap that most
practitioners fall into and justified with what is called confidence statement or statistical
significance. To speak of 90%, 95%, or even 99% confidence is an issue of very limited
value in management, knowing that findings of a particular sample would probably be
very similar to those of a second and/or third sample, if they were identically conducted.
Such knowledge begs the issue of whether the sample methodology was any good in the
first place. Statements of statistical significance beg the issue of data validity and, hence,
its usefulness.

One can hardly list all possible types of nonsampling error; all the ways that a sample
can yield misleading data; and all the sources of invalid information about a target
process. Only a selected few are listed here:

1. In the Planning Stage: 

a. Selection bias is a systematic tendency to favor the inclusion in a sample of select-
ed basic units with particular characteristics, while excluding other units with
other characteristics.

b. Response bias is a tendency for selection of a sample to be wrong in some sys-
tematic way.

2. In the Collection Stage:

a. Selection bias is apt to enter the sample when experimenters are instructed to
select the particular characteristics that they will sample within broad guidelines.

b. Response bias can arise for a number of reasons during data collection. Both the
experimenter and the process may be at fault.

c. Nonresponse bias may arise when no data (legitimate) is available from the sample.

3. In the Processing Stage:
The emergence of bias during data collection can conceivably be minimized by the
careful design of the sample. Nevertheless, bias can enter even at the data processing
stage. People who code, edit, keypunch, tabulate, print, and otherwise manipulate
data have many opportunities for making noncanceling errors. One of the areas that
is a major concern in the quality area is the issue of data outliers, or wild values. We
have a tendency to eliminate unbelievable data (high, low, or just different from the
majority), and/or to substitute zero for a no value and vice versa.

(continued)
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CASE STUDY (continued)

Control the Data

To optimize the results of your data, the following may be considered.

1. Weighting sample data. It is the multiplication of sample observations by one or more
factors to increase or decrease the emphasis that will be given to the observation. The
troublesome aspect of weighting is related to the selection or calculation of the weight-
ing factors. The specifications of the weighting scheme must be defined in terms of the
overall objective: What is the purpose of weighting? In most cases, the obvious answer
is the desire for the sample data to be representative of the population. The immedi-
ate follow-up to the first question is another: In what ways are the data to be repre-
sentative of the population? The answer to this question should lead us to select an
appropriate technique.

2. Beware of the homing pigeon syndrome. This is where collection becomes completely
dependent on the incoming paper flow for data. The interactive process is lost and the
data represents only what the sender wants you to know.

3. Reports/data required from the bottom up must be balanced by data interchange from
the top down. Asking the same old questions gets the same old answers. If the system
does not allow for an interchange in the data flow process, you will soon find yourself
asking the wrong questions, at which point the answers do not matter.

4. Have the appropriate sample for the specific project. It is imperative to have the cor-
rect sample plan figured out before experimenting. It is beyond the focus of this work
to discuss the mathematical calculations for sampling. However, any statistics book
may be of help.

5. Missing data. It is one of the most common problems in the field of quality. We all
have a tendency to fill in the blanks of missing data. When that happens, it is the worst
possible alternative that we, as experimenters, can do since (1) we do not really know
the outcome—therefore, we are guessing and (2) we are forcing a distribution of our
data that is not really representative of what we are studying. If there is missing data—
for whatever reason—treat it as such. In the case of computer utilization, most soft-
ware programs have a built-in command for handling the missing data. The identifi-
cation of missing data is conventionally noted as a dot (.).

6. Types of errors. When the data has been collected, there have been several assump-
tions made about the data and its significance. One of the important factors in decid-
ing on the appropriateness of the data is the issue of error. There are two basic errors
for most of the applications in the quality world. They are:

a. Type alpha or Type I error. This is the producer’s error. It means that the producer
is rejecting a good item.

b. Type beta or Type II error. This is the consumer’s error. It means that the consumer
is getting better quality than what he or she is paying for. (The way the organiza-
tion defines the error has a tremendous impact on whether or not, for example, the
appropriate sample has been selected, the analysis properly executed, the experi-
ment conducted was based on sound design, and so on.)

7. Significance testing. One of the most troubling issues in quality today is the issue of
significance. Both researchers and practitioners do not fully understand the concept. 

In everyday language the term significance means importance while in statistics—
this is very important— it means PROBABLY TRUE. The implication of these simple
definitions is that a particular study may be true without being important. As a result,
when a quality engineer says that a particular result is highly significant, she/he means
that the result is very probably true. Under no circumstances does she/he mean that
the result is highly important. 
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Significance levels show how probably true a result is. The most common level is
95% with no special significance; the result has a 95% chance of being true. This is
also misleading, however, due to the fact that most software packages show you “.05”,
meaning that the finding has a 5% chance of not being true, which is the same as a
95% chance of being true. The 95% level comes from academic publications, where
theory usually has to have at least a 95% chance of being true to be considered worth
reporting. However, under no circumstances is the 95% level of significance sacred.
It may be set at any level by the experimenter. In fact, in the business world, if some-
thing has a 90% chance of being true (p=.1), it certainly can’t be considered proven,
but it may be much better to act as if it were true rather than false.

To find the exact significance level, subtract the number shown from one. For
example, a value shown in the computer output as “.01” means there is a 99% (1-
.01=99) chance of being true. A strong warning about this significance is that IT MUST
BE SET A PRIORI—before the experiment and analysis have taken place. Do not fall
in the trap of changing the parameter of the significance when you see the significance
on the computer printout.

Statistical Tools

Once the preparation of the data is completed, it is time to proceed with the analysis.
There are many specific tools one can use in the analysis. Any statistics book can provide
the mechanics of each tool. In this work, however, discussion will be limited to the two
kinds of statistics and how one goes about selecting the right one.

The two kinds of statistics are (1) Descriptive statistics and (2) Inferential statistics.
Descriptive statistics are statistical methods concerned with describing or giving a clearer
picture of the data. Typical examples are: Mean, median, standard deviation, Spearman
Rank correlation, and Pearson Product-Moment correlation. They are used to organize and
summarize information about observations.

Inferential statistics are statistical methods concerned with inferring beyond the data.
These methods attempt to draw conclusions about a population of things on the basis of
observations of only a portion of the population. The experimenter uses a small sample of
data, then draws inferences about the population, attempting to make reasonable deci-
sions with incomplete information.

Inferential statistics are concerned with two types of problems. They are:

1. An estimation of what the population is like. Estimation deals with ascertaining the
magnitude of one or more universe parameters or the shape of the universe distribution.

2. Testing hypothesis about a population. Hypothesis testing is concerned with choosing
among alternatives or establishing whether or not a specified parameter value or dis-
tribution shape is tenable based on sample evidence.

Please note that the principles of estimation are needed in hypothesis testing. Hypothesis
testing underlies, for example, the concept of a control chart, whereas establishing exist-
ing process capability is more of a problem of estimation.

Special note: Balestracci (2002a)b has further defined the statistics in three categories
as follows:

1. Descriptive: What can I say about this specific individual (object)?
2. Enumerative: What can I say about this specific group (objects)?
3. Analytic: What can I say about the process that produced the result in the group or

individual?

(continued)
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CASE STUDY (continued)

In addition to these three categories, Balestracci (2002b)c identifies three mistakes that stat-
isticians can no longer afford to make. They are:

Mistake 1. Finding fault is a virtue—a means of demonstrating one’s insights.
Pointing out flaws is a form of brainstorming, which will lead, ultimately, to a bet-
ter way of doing things

Mistake 2. Credentials alone lead to acceptance. Success stories are effective in
gaining acceptance for unfamiliar statistical tools. People will respond to assur-
ances that an accomplished practitioner is at their disposal.

Mistake 3. Go for it, all or nothing!

a Deming, E.W. Out of Crisis. Cambridge, MA: Massachusetts Institute of Technology, 1986.

b Balestracci, D. Statistics and Reality, Part I. ASQ Statistics Division Newsletter, vol. 20, no. 3,
Summer 2002, pp. 14–19.

c Balestracci, D. Incoming Chair-Elect’s Message. ASQ Statistics Division Newsletter, vol. 20,
no. 3, Summer 2002, pp. 5–7.

MEASUREMENT

Measurement is by far one of the most important ingredients in the 
six sigma methodology. We look for items that crystallize the quality in 
such a way that the elements become determinants of all our future expec-
tations. Ziethaml and his colleagues1 have defined five commitments, and
we have added two of our own—Competition and Management leadership.
They are:

Reliability. The ability to provide what was promised, dependably
and accurately. Never overpromise and always keep your 
promises.

Responsiveness. The willingness to help customers and provide
prompt service. Always get the definition of prompt from the 
customer.

Assurance. The knowledge and courtesy of employees and their
ability to convey trust and confidence. Employees need to be
empowered to carry out this assurance of both power and
knowledge.

Empathy. The degree of caring and individual attention provided
to customers
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Tangibles. The physical facilities and equipment and the appear-
ance of personnel.

Competition. The ability to assess what the competition is doing is
of paramount importance. When one evaluates or researches
the competition, one is interested in the service they provide,
the cost of that service, the customers, and the opportunity for
growth.

Perhaps one of the most important aspects of studying the competition is
the notion of zone of tolerance (ZOT). A pictorial view of ZOT is shown in
Exhibit 6.1. Competition decreases the zone of tolerance because, as com-
petition increases, the customer is able to find precisely what she or he is
looking for through availability. In essence, through competition analysis,
one wants to go beyond the mere satisfaction of the customer. The interest
is to identify an extremely satisfied customer, a loyal customer, and, of
course, a delighted customer. 

Management leadership. A very popular general once said, “The
definition of leadership is the art of influencing people 
to progress with cooperation and enthusiasm towards the
accomplishment of a mission.” The sole objective of leadership
is to accomplish a mission. The objective is not to make every-
body happy nor to make yourself popular with employees—if
that happens, it is a bonus. In fact, you can be a successful
leader without happy employees or popularity, provided that 
is your objective as you transmit and interpret it. But the art 
of obtaining the enthusiastic cooperation of employees is 
the crux of the leadership problem. The mission objectives, as
the leader interprets them, may not, at first, seem desirable 
to your employees. It is up to the leader to make these objec-
tives seem desirable. Through the leader’s ability, personality,
education, and experience he must inspire the employees, 
both individually and collectively, to their best effort. The
leader should inspire, rather than demand; and lead, rather
than drive.

Leadership is learned by practice and study. People are not born 
with the ability to lead, it must be acquired and cultivated, just as the 
square dance caller has to practice and study to call, the pilot to fly, 
the teacher to teach, and the athlete to play ball. You cannot become 
a successful leader just by leading alone. A prerequisite for good leader-
ship is a certain amount of ability, risk taking, and a burning desire to
become a leader. 
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Exhibit 6.1 Zone of Tolerance

Leadership is a position where everything is dynamic. As a consequence,
the leader must be able to adjust and improve. In fact, continual improve-
ment in leadership is one of the basic essentials of six sigma. The leader
must develop his abilities by applying the correct mechanics of leading
until the leadership qualities become second nature. Leaders who never
progress beyond the mechanics are poor at best. 2 Normally, the leader will
not be successful if he rigidly adheres to rules or tries to exactly imitate a
successful leader. The leader must develop his or her own techniques that
best fit their own personality.

That leadership is an art should not discourage anyone from becoming
a leader. However, the leader must recognize that leadership does not pro-
vide specific formulae, rules or methods that will fit every situation.
Leadership is an intangible that cannot be seen, felt, or measured except
through its results. Moreover, one cannot predict the results with mathe-
matical accuracy. If you have skill as a leader, however, you can predict
results within the limits of the objectives.

Since leadership is a form of human relations, it must take into consid-
eration the changeable and complex personality of man himself.
Techniques of leading must keep pace with changing customs, beliefs, and
ideals of the society. Some techniques that were sound in the past century
are worthless today.3

In service quality, especially, not only must one understand the concept
of leadership, one must also practice it. Leadership has become more tech-
nical and more in need of measurement because organizations have
become more complex. As a consequence, the responsibility and account-
ability of today’s leaders has increased. Perfection in leadership, as in any
art, will never be realized. No matter how skillful a leader becomes, one can
always improve at any level of the organization. 

One of the strongest common tendencies of all people is a desire for
successful achievement. If an individual does not succeed in a given field,
he will usually shift his attention to some other field in which he may
achieve the desired success.

Humans work for many reasons. However, the primary reason is to gain
some sort of satisfaction. The nature of this satisfaction may be in any form—
advancement, recognition, affection, esteem of others, and so on. If, as a
result of his work, a person does not approach his desired end, his enthusi-
asm quickly drops, and with it, the quality of his work. This is where a good

Low Adequate Zone of Tolerance Desired
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leader with responsibility, authority, and the love of people helps channel the
effort and enthusiasm of all concerned toward a specific goal. The specific
goal may be focused in the areas of measuring, analyzing, evaluating, or 
recommending on a plethora of issues, including but not limited to:

• Attracting new customers

• Differentiating the organization from competitors

• Keeping and/or improving customer loyalty

• Improving the financial status (shareholder value) of the organization

• Reducing the cost of poor quality 

All these, of course, are dependent on data for sound decision making. It
is because of this data-driven notion that this short discussion of leadership
has been included in a statistical chapter. The leadership (executives) in
any organization must understand, at least conceptually, the fundamentals
of statistics, especially the significance of the data and sampling. For with-
out understanding, measurement and results may, indeed, be very nebu-
lous and counterproductive.

It is now necessary to discuss specific steps for measuring customer 
satisfaction:

1. Identify the moment(s) of truth. The moments of truth are the points where
a customer (internal or external) contact is made. The contact may be
significant, insignificant, often, irregular, long, short, and so on. It may
occur at any level of the organization

2. Identify key personnel. Identify the key players of the customer satisfaction
study. Generally, the key personnel are the ones who will be impacted
by the results of a customer satisfaction or service quality study (issue of
sampling).

3. Identify the focus of the study. Know the level of the customer and the spe-
cific items you are about to analyze.

4. Develop the measurement plan. Develop a plan that will measure the items
of your interest. As part of the planning, make sure that the people
involved with the study are aware of the things that can go wrong, the
sampling flow, and the appropriate sample selection. Some of the
things that can go wrong are:

a. Nonresponse error. This may be a clue that this sector of customers are
the least satisfied. Look at the design of the instrument and review
for problem areas. In addition, follow up with a random sample of
nonrespondents and use data to adjust estimates.
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b. Measurement error. The respondents may deliberately lie, misunder-
stand the question, be careless, and so on. Review the design of the
instrument and evaluate it appropriately.

c. Frame error. The list of your questions may be incomplete, biased, and
so on. Again, review and evaluate the questionnaire and provide the
appropriate corrective action for improvement.

d. Selection (sampling) error. The sampling plan may not be correct, the
sample is not random, names are repeated several times, and so on. To
make sure that the appropriate sample is drawn, consult any statistics
book. A simple formula for sample selection has been developed: 4

N = (Z/e)2 p(1-p), where

N = sample size

Z = Standard score corresponding to a given confidence level

(common levels are 1.64, 1.96, and 2.58 for a=.10, a=.05, and a=.01
respectively)

e = The proportion of sampling error in a given situation. Quite
often the value used is .10.

p = The proportion of cases in the population. Quite often the value
of .50 is used, since this amount will provide the maximum sample
size.

A typical correct selection sampling flow is:

Target population
↓

Accessible population
↓

Sample
↓

Accepting sample
↓

Data sample

There are at least two ways of measuring customer satisfaction. They are quan-
titative and qualitative measurements. An overview is shown in Exhibit 6.2.

Minimum measurement requirements that all instruments should include:

• Identify the customer(s) 

• Identify those impacted

• Who is our focus on

• What we want to measure
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Exhibit 6.2 Measurement Overview

Type Qualitative Quantitative

Goal Seeks to describe why Seeks to describe what 
customers believe as they do customers believe

Ability to Little if any generalizability May generalize if sample 
generalize results carefully drawn
Example  Interview Closed-end survey

Focus group Mail
Personal Telephone

• How we are going to measure 

• Primary research

Complaint tracking

Point of contact

Gap analysis

Survey

Focus group

Benchmarking

Interviews

• Secondary research

Complaints

Customer satisfaction data

Surveys

Results of past studies

TIPS AND TECHNIQUES

Sources of Information for Transactional Business

Customer Satisfaction Surveys Cost Saves
• Sales experience • Inventory
• Service experience • Rework

• Cycle time
• Opportunity costs
• Financial costs

Customer Satisfaction Criteria Financial Criteria

Project Tracking System
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TIPS AND TECHINQUES

Approaches to Evaluating Waste

Typical 
Aligning 

Process Savings to Calculating 
Major Classes of Waste Measurements Key Metrics Costs

Waste in Waste in • Which measures General • For any type 
Manufacturing Offices tell us how • First-time of error, 

• Overproduction • Changes, the process is through defect, or
• Waiting copies, files functioning? capability/ mistake,
• Transportation • Task time versus • Is there data on quality count the 
• Processing cycle time the process • Total dock- number of 
• Inventory • Distribution capability? to-dock time incidents 
• Motion • Processing • Are your • Build to over a 
• Producing • Excess docu- customers schedule period 

mentation, satisfied with • Overall of time
procedures, your product/ equipment • Determine 
backlogs service? • Total cost labor costs

• Errors, rework • How do we • Safety and • Identify either
• Hand-offs know the health costs 
• Meetings and customer is assessment associated

reports satisfied? review with the 
• Approval • Are we incident

cycles measuring the Organizational (defect 
right things? Timing per day) x 

• How long does • Customer (# people 
it take to cycle satisfaction who work 
the process? • Time-to-market in the area) x 

• How long does • Engineering (hours 
it take to do. . . ? throughput worked 

• What are • Material cost per day) x 
throughput efficiency (avg. hourly 
times for your wage & 
process? Order to benefit) = ___

• What are the Delivery • (Cost per item
costs of your • Customer used) x
operation? satisfaction/ (Quantity

• Where are the on time defective per 
current delivery year) = ___
bottlenecks • Turnover
in your process? • Operating costs

• Inventory-
controlled 
commodities
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TIPS AND TECHNIQUES (continued)

Typical 
Aligning 

Process Savings to Calculating 
Major Classes of Waste Measurements Key Metrics Costs

After Sales Service
• Customer 

satisfaction
• Right first-time-

on-time
• Order-to-

delivery 
cycle time

• Service drive 
fill rates

• Referral rate
• Operating costs

TIPS AND TECHNIQUES

When the Process Is Not Normal the Following Options Are Available

• Transform Data (Sometimes do an ad hoc normality test using the Box-Cox
Transformation. If “1” falls in the 95% confidence interval, it supports the
normality assumption.)

• Fit appropriate distribution
• Use distribution families (e.g., Pearson, Johnson, etc.) or expansions (Cornish-

Fisher, Gram-Charlier, Edgeworth). (Warning! Don’t try this unless you know
what you’re doing!! Statistica and software from Quality America can help.)

• Skewness squared and Kurtosis charts (need 200+ samples, but 300+ is 
preferable)

• Use variograms, periodograms, and/or similar tools if there is correlation over
time in order to determine the appropriate time-series model

• Use nonparametrics
• Use quantiles to estimate
• X0.99865 = mean + 3sigma, X0.50=mean, X0.00135=mean-3sigma
• C

p
=(USL-LSL)/(X0.99865- X0.00135)

• C
pk
=min((USL- X0.50)/(X0.99865- X0.50), C

p
=(X0.50 -LSL)/(X0.50 

- X0.00135))
• Use subgroup averages (traditionally used, but there are problems. For exam-

ple, when you take subgroup averages, your calculated Zst, C
p
, C

pk
, C

pm
, etc.,

will apply to those averages rather than to individual parts.)
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CASE STUDY

Typical Six Sigma Process for Evaluating Z st

This case presents the process of evaluating the six sigma value for the short term.

Examine Choose Calculate 
Clean Validate Distributional Appropriate and Report 
and Plot Data Assumptions Distribution DPMO Report Z st

• Check • Normality or • Historical or • DPU, DPMO • Z-score for a 
data sources assumed theoretical failures as standard 

• Check for distribution justification predicted by normal 
outliers (also, • Histogram fit distribution distribution 

• Check for constant • Probability (calculate (taking shift 
special variance) plots (best CI as into account, 
causes, etc. • Power with desired, calculate 

• Scatter plots tranformation confidence required, CI, as desired,
• Dotplots (Box-Cox) interval (CI)) and time required, 
• Histograms • Other • Nonparametric & tools and time & 
• Boxplots transformation tests permit) tools permit)
• Run charts • Check rational (Anderson-
• Control subgrouping Darling, K-S, 

charts, etc. (especially Chi-Squared, 
for means) Ryan-Joiner, 

• Check for Shapiro-
mixture of Wilk, etc.)
distributions • Distributional 

• Check fit (log-
distribution fit likelihood, 

overlaid 
contours, 
confidence 
interval plots)

• Hahn-Shapiro 
tables

Sometimes it doesn’t matter if your distribution is normal or not:

• Taking Advantage of the Central Limit Theorem: For large enough data sets, due to the
Central Limit Theorem, you can still use t-tests to test for equality of means. 

• If You Still Have Problems, Consider Nonparametric Statistics: Nonparametric tests,
including the Wilcoxon Test, Median Test, and Sign Test, can be used when there are
severe departures from normality and a substitute for the usual methods is needed.
Several basic but useful nonparametric procedures can be found in Minitab and most
other general statistics packages as well as statistics books.

STATISTICAL TOOLS USED IN THE SIX SIGMA METHODOLOGY

It is beyond the scope of this book to address the plethora of statistical tools
and methodologies used in the six sigma methodology. However, from an
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overview perspective, when attempting to address the quantification of
data using statistics, one of the following items is generally utilized: 

• Degrees of freedom

• Data type

• Central tendency

• Spread

• Variation

• Accuracy and precision

• Central limit theorem

• Distributions

• Confidence intervals

• Reliability

• Simulation

In Exhibits 6.3 and 6.4, the above items are used to identify some of the
most common specific statistical tools used in the DMAIC and DCOV mod-
els, respectively. The reader is encouraged to see other sources in the bib-
liography for the details.

Exhibit 6.3 Typical Tools Used in Six Sigma DMAIC Methodology

Tool Define Measure Analyze Improve Control

Flow charts X X
Brainstorming X X X
Cause-and-effect diagrams X X X
Data collection X X X
Graphs and charts  

(box plots, histograms, 
control charts, etc.) X X

Pareto analysis X X
Measurement X X
Problem criteria selection X
Employee involvement X
Auditing X
Benchmarking X X
Central limit theorem X
Checksheets X
Cleanliness (visual factory) X
Continual improvement 

techniques 
(lean manufacturing) X X X

(continued)
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Exhibit 6.3 (continued)

Tool Define Measure Analyze Improve Control

Customer feedback 
techniques
(surveys, warranty, etc.) X X

Control plan X X
Design of experiment X X
FMEA X X
Gage control X X
Geometric dimensioning 

and tolerancing (GD&T) X
Preventive maintenance X
Process capability X
Project planning X
Sampling plans X X X X
Self-directed teams X X X X
Standard operating 

procedures X X

Exhibit 6.4 Typical Tools Used in Six Sigma DCOV Methodology

Tool/Method Define Characterize Optimize Verify

Automated data acquisition X X
Automation controls X
Calibration certifications X
Certification X
Customer documents X
Customer surveys X
Defect data X X
Design simplification X
Discrete data X
Engineering changes X X
Engineering specifications X X
Expert judgment X X X
Graphing package X X X X
Inspection history files X
Industry standards X X X
Inspection and test procedure X
Literature reviews X X X
Operator certification X
Operator training X
Poke-a-Yoke methods X
Process audits X
Process simplification X
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Exhibit 6.4 (continued)

Tool/Method Define Characterize Optimize Verify

Qualitative interpretation X X X
XQuality function deployment X X
Quality program documents X
Test certification X
Vendor feedback surveys X X X
Worst-case analysis X X X
2-level fractional factorial design X X
2-level full factorial designs X X
3-level fractional factorial designs X X
3-level full factorial design X X
Advanced control charts X
Analysis of covariance X
Analysis of variance X X
Autocorrelation X X
Chi-square methods X X
Correlation studies X X X
Cross-tabulation methods X X
Cube plots X X
Defect probability X X
Distribution goodness-of-fit X X X
EVOP designs X
F-tests X X
Finite element analysis X X
Fractional factorials 

with outer arrays X X
Full factorials with outer arrays X X
GR&R control chart method X X X
GR&R statistical DOE X X X
Interaction plots X X
Mathematical models X X
Mixture designs X X
Monte Carlo simulation X
Multi-level full factorial designs X X
Nonparametric tests X X X
OR programming methods X
Physical models X
Random sampling X X X X
Random strategy designs X X X X
Realistic tolerancing X X X
Regression X X
Response surface designs X X
Taguchi designs X X
Time-series analysis X X
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The tools presented in Exhibits 6.3 and 6.4 are provided to help the
experimenter with the following items in the process of defining, evaluat-
ing, and completing a project. Sometimes the tools identified may also be
used to legitimize as well as authorize the program/project:

• Give appropriate and applicable feedback (vertical and horizontal)

• Select the appropriate project

• Apply applicable and appropriate tool/methodology in the solution
process

• Evaluate appropriately the project

• Optimize results

• Derive a data-driven solution

• Deal with change

• Work smarter

• Be a team player

• Listen to understand clearly

• Take a new assignment

• Request help (as needed)

• Get your point across (two-way communication)

• Resolve issues with others (conflict resolution)

• Active participation in any meeting

• Keep management informed

• Respond positively to negative people/situations

NOTES
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CHAPTER 7

Roles and Responsibilities

Judge a man by his questions rather than his answers. 

— Voltaire

For a successful six sigma program to thrive in any organization, two items
are of most importance:

1. Focus

2. Attitude

Both are driven by the commitment of management through appropriate
and applicable training, systematic culture change in the organization of
the way things are to the way things should be.

For powerful and continual success, the six sigma methodology must
eventually be institutionalized. That may be accomplished as a result of
active mentoring and coaching from top down in the organization.
Institutionalization may also be expedited with appropriate and applicable
targets, lots of scorekeeping, and very strong and rigorous use of measures
that define and control the scorekeeping. Typical scorekeeping tools and
activities are:

• Customer surveys

• Focus groups

• Resources/payback

• Cost of poor quality targets

• Function targets

• Green Belt utilization

• Control plan and sign offs

• Project impact
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In addition, the commitment of the executives and champions may be
instrumental in the application of six sigma throughout the organi-
zation. Commitment is illustrated by undertaking the following actions and
behaviors:

• Identify and remove the barriers and bottlenecks

• Develop a communication strategy

• Conduct business (performance) with six sigma in mind

• Ensure that the process owners support the selected projects

• Keep on asking questions of the MBB (Master Black Belts) and BB
(Black Belts) to ensure that they are focused appropriately

• Encourage follow-up

• Carefully select high-impact projects

• Help transition project ownership from BB to control phase

• Be as involved in the projects as possible! 

ROLES AND RESPONSIBILITIES IN A TYPICAL SIX SIGMA 

As in any discipline, there are several prerequisites concerning the roles and
responsibilities of the personnel about to embark in the six sigma method-
ology. Fundamentally, these prerequisites deal with technical knowledge but
also stress attitude. Specifically, the prerequisites are:

• Process/product knowledge

• Willing and able to learn both mathematical and statistical concepts

• Knowledge of the organization

• Communication and interpersonal skills

• Self-starter/motivated

• Open-minded

• Eager to learn new ideas

• Desire to drive change

• Leadership skills

• Project management skills (desired but optional)

• Team player

• Respected by others

• Track record on results
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THE DMAIC MODEL

Each role within the process has its own unique responsibilities. The follow-
ing defines each position and illustrates the responsibilities that are required

Executive

An executive is a member of the top management team that ensures that
at least the following items are performed:

• Establish the vision. Why are we doing six sigma?

• Support the culture change. Encourages others to take the risk and
make the change

• Articulate the business strategy. How does six sigma support the busi-
ness strategy?

• Actively monitor the results. Define the scorecard for six sigma and
hold others accountable for the results

• Provide resources

• Remove roadblocks and buffer conflicts

• Align the systems and structures with the changes taking place

• Participate with Black Belts through project reviews and recognition of
results

Deployment Champion

A deployment champion in the six sigma context is the individual who is
the representative of the executive committee with the express mission to:
organize, coordinate, break down barriers, drive the day-to-day deployment
strategy, and optimize resources. The deployment champion is recognized
as a leader in the organization and is responsible for the following:

• Develop a vision for the organization in tandem with the one of the
executive

• Create and maintain passion

• Develop a model for a continual improvement in the organization

• Facilitate the identification and prioritization of projects

• Develop the strategic decisions in the deployment of six sigma around
timing and sequencing of manufacturing, transactional, technical, and
new product focus
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• Extend project benefits to additional areas—incorporate lessons
learned in the corporate knowledge database

• Communicate and market the breakthrough strategy process and results

• Share best practices

• Establish and monitor a team process for optimum results

• Recruit, inspire, and free up Black Belts—select the best people

• Develop the reward and recognition program for Black Belts

• Remove barriers for Black Belts

• Coach and develop Black Belts

• Provide the drumbeat for results by reviewing projects and keeping
score through metrics

• Develop a comprehensive training plan for implementing the break-
through strategy

• Work with the deployment team to implement training and project
tracking

• Devote their full time to the project until the process is well embedded
in the organization

Project Champion

A project champion is the individual who has at least some ownership of
the project and is the buffer between the Black Belt and management.
Specifically, the core responsibilities of the project champion are:

• Accountable for performance of Black Belts and the results of projects

• Part-time—1 to 3 black belts assigned per project champion

• Middle management responsible for scooping and successful comple-
tion of Black Belt projects

• Keep a ready list of future projects

• Remove roadblocks for Black Belts and ensure timely completion of
projects

Master Black Belt

A Master Black Belt is the individual who:

• Is the expert in the tools and concepts of the six sigma methodology

• Develops and delivers training to various levels of the organization
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• Certifies the Black Belts

• Assists in the identification of projects

• Teaches/coaches and supports Black Belts and their projects

• Participates in project reviews and offers technical expertise

• Demonstrates passion concerning six sigma

• Shares best practices

• Takes on leadership of major programs

• Develops new tools or modifies old tools for application

• Understands the linkage between six sigma and the business strategy

• Assists project champions with project scooping

• Coaches senior teams at each key organization

• Manages large projects 

• Is committed full time for a specified time—usually a two-year cycle

Black Belt

A Black Belt serves as the project manager in the six sigma methodology.
Specifically, the core areas of responsibility are:

• Monitor. Cultivate a network of experts in the organization

• Teach. Provide formal training to local personnel in new strategies and
tools

• Coach. Provide one on one support to local personnel

• Transfer. Pass on new strategies and tools in the form of training, work-
shops, case studies, local symposia, and so on

• Discover. Find application opportunities for breakthrough strategies
and tools, both internal and external, suppliers and customers

• Identify. Recognize surfacing business opportunities through partner-
ships with other organizations

• Influence. Sell the organization on the use of the breakthrough strategy
and tools

Additional specific items include:

• Knowledge of the breakthrough strategy application

• Prepare initial project assessment to validate benefits

• Lead teams to project completion

• Determine most effective tools to apply
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• Select and analyze the appropriate and applicable data

• Identify barriers

• Identify project resources

• Get input from knowledgeable functional experts/teams

• Report progress to appropriate leadership level(s)

• Solicit help from champion when needed

• Influence without direct authority

• Be a breakthrough strategy enthusiast

• Stimulate champion thinking

• Manage project risk(s)

• Present the final report

• Deliver results on time

• Insure the results are sustained

• Document learning

• Teach the six sigma methodology process

• Train Green Belts

• Get data to analyze and focus on the main issue. (Data sources provide
information about customer satisfaction, warranty, cost, etc.)

• Help to down scope the project, and thus close it faster 

• Assist in conveying the business case to team members and Project
Champions

• Assist the financial analyst to approve the project ok to open and ok to close.

Green Belt

A Green Belt is the process owner individual who helps the Black Belt in
gathering and understanding the data. Core responsibilities are:

• Support Black Belts in project completion

• Participate as a team member of selected project

The Green Belt is the individual who really does the work on the proj-
ect. Without his or her contribution and understanding of what is really
going on, the project may indeed fail. Because of this significant contribu-
tion and responsibility to the project, this section includes some of the key
items of the Green Belt that are highly correlated to the success of the proj-
ect on the DMAIC model.



The DMAIC Model 135

Define

In the define phase, the Green Belt must demonstrate that the project team
fully understands the problem, with clear roles, responsibilities, goals, and
objectives. Specific primary expectations may be:

• Develop problem statement 

• Identification project scope

• Identify customers—critical to quality (CTQ)

• Identify KPOV (Key Process OUTPUT Variable) metrics (Ys)

Secondary expectations may be:

• Develop high-level process map

• Establish customer satisfaction in relation to cost of poor quality impact

• Create project time line

• Update project management system

• Project Champion approval

Measure

In the measure phase, the Green Belt must demonstrate an ability to estab-
lish effective data collection techniques and, subsequently, collect required
data to highlight current performance. Specific primary expectations 
may be:

• Identify KPIVs (Key Process INPUT variable) (Xs)

• Develop data collection plan

• Analyze and validate measurement system

• Collect data

• Assess current performance

Secondary expectations may be:

• Perform or review FMEA (Failure Mode Effects Analysis)

• Establish baseline either with the sigma level or DPMO (Defects Per
Million Opportunities)

• Identify project objectives

• Update project management system

• Project Champion approval
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Analyze

In the analyze phase, the Green Belt must demonstrate an ability to further
target improvement opportunities through analysis of data collected.
Specific primary expectations may be:

• Quantify KPIVs and improvement opportunities

• Root cause analysis

• Define performance objectives

Secondary expectations may be:

• Micro level process map

• Benchmark

• Update project management system

• Project champion

Improve

In the improve phase, the Green Belt must demonstrate an ability to 
generate, implement, and validate improvement ideas. Specific primary
expectations may be:

• Identify alternative solutions

• Determine optimal solution

• Validate improvements

• Quality improved performance

Secondary expectations may be:

• Diagnose KPIV performance

• Establish KPIV performance objective

• Update FMEA

• Cost/benefit analysis

• Develop and implement pilot plan

• Update project management system

• Project Champion approval



Generic Areas for Possible Project Selection 137

Control

In the control phase, the Green Belt must demonstrate an ability to insti-
tutionalize improvements and effectively monitor ongoing performance.
Specific primary expectations may be:

• Develop control metrics on KIPVs
• Develop monitor plan on KPOV

Secondary expectations may be:

• Validate control
• Establish or update SOPs 
• Apply Mistake Proofing principles
• Develop long-term MSA plan
• Establish or update training plan
• Establish Black Belt audit plan with time line
• Update project management system
• Project Champion approval

GENERIC AREAS FOR POSSIBLE PROJECT SELECTION

In Chapter 2, some of the criteria in selecting a good project were dis-
cussed. Here, an overview of specific areas of concerns and places to look
for opportunity is discussed, begining with some basic questions and then
providing typical areas for identifying metrics.

What processes are currently causing the largest number of defects?
(Focus on the top five.) Possible metrics or sources of data may be found in:

• Rolled throughput yield
• Scrap
• Disputed claims
• Returns
• Cost of poor quality, including rework

What are the largest customer complaints? (Focus on the top five.) Possible
metrics or sources of data may be found in:

• Returns
• Customer service calls
• Customer surveys
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How is the organization’s product/service performing compared to com-
petition? Possible metrics or sources may be found in:

• Low yield rate • Poor process capability

• High operating costs • Constrained capacity

• High customer failure • Measured with variable data
versus attribute data

• High scrap/rework costs • High product volume 

• High quality costs • Perceived poor quality

• High inventory/Waste In Process • High delinquency to 
customer

• Incoming product quality • Frequent setup 
requirements

• Long cycle times • High maintenance costs

• Unpredictable quality • Low machine utilization

• Unpredictable product • Inaccurate information
performance

• Missing information • High set-up costs

• Completeness • Legibility

• Forecasting misses

AREAS FOR POSSIBLE PROJECT SELECTION 
IN THE FINANCIAL WORLD

To be sure, in the manufacturing as well as in the nonmanufacturing world,
selecting a project for improvement, generally, is not an issue of concern.
That, however, is not the case in the financial world. Part of the dilemma is
that the problems in the financial world are convoluted, based on time,
and, very often, they depend on qualitative criteria. Typical characteristics
for project selection in this area include:

• Determining the value of customer satisfaction

• Actual material cost and processes

• Warranty and premium freight

• Manufacturing and/or processing costs

• Forecast development and maintenance

• Transaction accounting

• End-of-period accounting
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• System maintenance

• Revenue management

CASE STUDY 

Project Tracking Process

This case presents the flow of the tracking process for a project. Specifically, it addresses
the roles and responsibilities of key personnel in the project.

The Project Tracking Process Diagram, for the most part, follows the steps of the 
project life cycle and the key stakeholders who approve the project from start to close. A
typical flow is as follows:

• Director/Champion/Master BB: Uses the project selection criteria to do or make dis-
position of approval or not: Select and assign project; create project; approve project
(OK-to-Start); execute project; close project (OK-to-Close); verify process is sustained
(OK-to-End).

• Black Belt: Develops project information; enters information online; submits for OK-
to-Start; works through DMAIC model steps; submits for close; documents process is
sustained and submits for end.

• Financial Analyst: Approves costs and determines appropriate financial analysis.
• Process Owner: Agrees to participate in the project; accepts project responsibility;

owns and executes the control plan. 

The Black Belt works outside of the system during the project selection step. When the
project is scoped and defined, the Black Belt creates the Project Tracking System. It is at
this point that the project start date is set. Within two weeks of creating the project, the
Black Belt completes the basic details and submits a request for an OK-to-Start. Once the
project is approved, the Black Belt can work on the DMAIC phases until completion. The
project is submitted for OK-to-Close and, once approved, the project is closed and the end
date is set. A project typically takes about four to six months to complete. The last step is
sustainment, when the project results are proven and validated by the Process Owner.

The role of the Deployment Director can be shared by a Deployment Champion or a
Master Black Belt. This individual is appointed to lead the Black Belts with selecting proj-
ects that align with the organization’s strategic goals. The Project Champions are respon-
sible for assisting the Black Belts to ensure that projects are scoped properly to insure that
they can be completed in a four-to-six-month time period.

The Financial Analyst assists in quantifying the financials related to the project physi-
cals and supports the Black Belt on an ongoing basis.

Approvals are required from the Deployment Director, the Project Champion, and the
Financial Analyst at OK-to-Start and OK-to-Close stages as defined by the organizational
policies.

The Process Owner is the customer who is directly impacted by the problem that the
project will address. This individual will assume control of the process at the completion
of the project and validate that the project has been proven or sustained. The Process
Owner is not an approver in the system, yet consults with the Black Belt throughout the
project and also flags if a short-term containment is in place and if it’s removed by the time
the project is complete.

The Black Belt is responsible for the project and submits it for approval. More than one
Black Belt can work on a project, yet only the Recording Black Belt can update the infor-
mation in the system
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DCOV MODEL

In the DCOV, just like in the DMAIC model, there are specific roles and
responsibilities. Some of them are overlapping but some are unique to the
DCOV model.

The DCOV must start with the notion of team resources. That means
resources are divided into three main categories:

1. Tollgate Team. This team participates in the identification of all DFSS
(Design For Six Sigma) projects: allocate resources, conduct tollgate
reviews, and ensure that the business case remains valid. Specific respon-
sibilities are:

• Master Black Belt: Provide oversight for DFSS methodology and
quality of deliverables

• Project Champion: Ensure mid-level support for the project and
remove roadblocks

• Business Leader: Ensure alignment of DFSS project with business
goals and provide resources

2. Core Team: This team is responsible for driving the DFSS project and has
accountability for the resulting design; Coordinate the activities of the
project’s extended team and present the project outcomes at tollgate
review sessions. Specific responsibilities are:

• Black Belt: Ensure adherence to the DVOV methodology

• Project Leader: Overall project management; on small projects this
role might be assumed by the Black Belt.

• Information Technology: Proper integration of technology within
the final design

• Subject Matter Expert/Process Owner: Communicate process
requirements and ensure that the new design is capable of being
implemented

Special considerations for the core team regarding project management
include:

• Does the composition and availability of the core team meet assump-
tions stated in the initial charter?

• Do all core team members take ownership of the time line?

• Does the core team have sufficient control of extended resources to
complete project tasks?

• Does the team have sufficient decision-making authority?

• Have core team members been assigned as dedicated participants?
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3. Extended team: This team is responsible for various tasks in support of
applying the DCOV methodology relative to their areas of expertise and
may be engaged for a single activity or at multiple points during the proj-
ect. Members may be drawn from: benchmarking teams; marketing;
human resources; agency personnel; legal; finance; and so on. The idea
of the extended team is to properly coordinate and deploy the resources
appropriately and applicably. Specific items of concern may be:

• Contracting for their availability as a formal assumption in the DFSS
project charter

• Making timing, budget, deliverables and other commitments
dependent on Extended Team

• Formally addressing any availability issues as part of risk management
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CHAPTER 8

Six Sigma and Transactional
Business: Service Industries

I feel that the greatest reward for doing is the opportunity to do
more. 

—J. Salk

In the nonmanufacturing world, as in the manufacturing world, we are
concerned with overall effectiveness in the organization and profitability.
However, in the nonmanufacturing world (perhaps) we have to work a lit-
tle harder because the results in most cases are nontangible and often
depend on a moment’s experience.

Nevertheless, six sigma is concerned with and focuses primarily on the
following key items:

• Process: Systematic approach to reducing nonconformities that affect
what is important to the customer

• Tools: Both qualitative and quantitative tools are used as well as instruc-
tional devices for observing process variables and their relationships, in
addition to as managing their character

• Customer: Anyone who receives, product, service, or information

• Opportunity: Every chance to do something either right or wrong

• Success versus defects (nonconformances): Every result of an opportu-
nity either meets the customer specification or it does not.

We expect to identify, with a level of confidence, the customer and what is
important to him, by focusing on and implementing these key items of the
six sigma systematic methodology. Certainly we expect to reduce noncon-
formities in the system. And certainly, we expect to focus on targets of
issues that are important, measurable, and help the shareholder value. And
above all, we expect to reduce variation.
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When these things are accomplished, verified, and have become part of the
culture in the organization, we can talk about breakthrough improvement(s).
And just like in the manufacturing organizations, the six sigma breakthrough
strategy for service organizations is based on three core principles:

1. A business strategy for net income improvement

2. A means to enhance customer perception.

3. A solution for improving company value

WHY SIX SIGMA IN TRANSACTIONAL BUSINESS?

It has been said that at one time a typical service organization runs with
about 55 to 65% waste of its gross sales.1 By comparison, the typical manu-
facturing organization, at that time, was running between 12 and 23%.
Much improvement has been recorded since then, but the fact remains
that even in transactional business, waste continues to be a problem.
(Waste of course, is variation.)

Therefore, to maximize our profitability even in service, we need to
focus on a hierarchy that helps us to:

• Know what is important to the customer

• Center around the target

• Minimize variation

• Reduce concerns as they correlate to customer usage

Specifically, the six sigma methodology in the service industry tries to
define the true customer requirements; improve and measure key
process(es); manage business with true metrics rather than intuition; pro-
vide value to the business; and improve effectiveness. Furthermore, six
sigma helps put the synergy of the many talented people within the organ-
ization in a mindset change path rather than just on a set of tools to focus
on customer’s expectations. After all, if we cannot measure what we do and
how it adds value—why do it?

In Chapter 3 we discussed the model and each of the specific stages of
the DMAIC breakthrough strategy. Here is a summarization of the non-
manufacturing approach, focusing on the purpose and appropriate 
questions for each of the stages. The reader should realize that the
methodology is the same. What differs is the scope and the magnitude of
the problems.
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CASE STUDY

Typical Questions that Leaders Should Be Asking in
Nonmanufacturing Environmentsa

This case presents typical questions that leaders may ask in the pursuit of a six sigma
implementation in their organization.

• What processes (activities) are you (as the leader) responsible for? 
• What processes have the highest priority for improvement? How was this conclusion

reached? Where is the data that led to this conclusion? (For example, cost of poor
quality (COPQ), rolled throughput yield, and so on.)

• How is the process performed? Does the process map exist? Is it accurate? Does it
reflect the as is situation?

• What are the process performance measures? Why? How were they developed? How
accurate and precise is the measurement system? Is Gauge Repeatability and
Reproducibility (GR&R) performed? How often? Why?

• What are the customer-driven specifications for all of the performance measures? How
good or bad is the current performance? Do the data exist to support the current spec-
ification(s)? Show me the data. What are improvement goals for the process? Are they
attainable? Have they been identified through a thorough understanding of the cus-
tomer? Has Quality Function Deployment (QFD), process capability been conducted?

• What are all the sources of variability in the process? Has Cause and Effect (C&E),
Failure Mode, and Effect Analysis (FMEA) been performed?

• Which sources of variability are currently controlable? How are they controled and
what is the method of documentation? Is there a standardized program for Standard
Operating Procedures (SOPs), control plans, Statistical Process Control (SPC)?

• Are any of the sources variability supplier-dependent? If so, what are they, who is the
supplier and what is being done about it?

• What are the key variables that affect the average and variation of the measures of per-
formance. How do you know this? Show me the data. Has some statistical analysis
been conducted, such as: Analysis of Variance (ANOVA), Analysis of Means (ANOM),
F Test, T Test, Chi Square, and Design of Experiments (DOE)?

• What are the relationships between the measures of performance and the key vari-
ables? Do any key variables interact? How do you know for sure? Show me the data.
Has there been a statistical analysis performed on the data such as: DOE, and
Regression ?

• What setting for the key variables will optimize the measures of performance? How
do you know this? Show me the data. Has there been an analysis for Optimization
Routines?

aThis list is based on the work of M. Harry and R. Schroeder, Six Sigma, The Breakthrough
Management Strategy Revolutionizing the World’s Top Corporations, (New York, NY: Doubleday,
2000); Ford Motor Company, Transactional Training Manual (Dearborn, MI n.d.); Mikel,
Harry, The Vision of Six Sigma: A Roadmap for Breakthrough (Arizona: Sigma Publishing, 1994)
and The Vision of Six Sigma: Tools and Methods for Breakthrough, 4th ed. (Arizona: Sigma
Publishing, 1994).
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Define

The first phase of the DMAIC model is fundamentally:

1. To identify the customer(s) and their CTQs (Critical to Quality) concerns,
issues

2. To define the project scope and team charter

3. To map the process to be improved

Key questions are: 

• Who is the customer and what is important to them (CTQ)?

• What matters? Critical to quality (CTQ)?

• What’s the scope? What is the specific problem being addressed?

• What defect is the project attempting to reduce? What data has been 
collected to understand the customer requirements? What are the
boundaries of this project? To what extent are the team roles and goals
clearly understood and accepted? Are the key milestones and timelines
established? By how much (realistic/appropriate goal)? What’s the cur-
rent cost of defects (poor quality)? (What benefits will the organization
get by reducing this particular defect?)

• Where are the measurements currently taken?

• When, where and to what extent does the problem occur? What’s the
process? How does it function? How was the process map validated? Are
multiple versions necessary to account for different types of inputs?

• Why are you focusing on this project? What’s the current cost of defects
(Poor Quality)? What are the business reasons for completing this proj-
ect? Are they compelling to the team? Are they compelling to the key
stakeholders? Does this project correlate to the business strategy?

• How will you know if the team is successful? What is the goal of this 
project? Is the goal achievable? 

Measure

The second phase of the DMAIC model is fundamentally:

1. To develop process measures—dependent variables—Y’s, that will
enable you to evaluate the performance of the process
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2. To determine the current process performance and entitlement and
assess it against the required performance

3. To identify the input variables which cause variation in process 
performance—Y

Key questions are:

• Why is the project being addressed? Have you created a shared need?

• What’s the process? How does it function? How is the process perform-
ing? What is the current process sigma level for this project? 

• What are the process and output measures that are critical to understand-
ing the performance of this process? What are the performance standards
for Y? What is the link to the CTQ? Which outputs affect CTQs 
most?

• Who are the suppliers to the process? Which inputs seem to affect out-
puts (CTQs) most?

• What are the defects for this project? What are the primary sources of 
variability for this process? Are they control or noise variables? Is the
current ability to measure/detect good enough?

• How’s the process doing today? What are the SOPs associated with each
control variable? Where will the data be collected? What is the data 
collection plan? How much data was collected? Is the current ability to
measure/detect good enough?

• When was the sample taken?  How was the influences of assignable caus-
es eliminated within the rational subgroups? How were all the sources
of variation included between the rational subgroups? How good could
the (current) process be when everything is running smoothly? What’s
the best that the current process was designed to do?

Analyze 

The third phase of the DMAIC model is fundamentally:

1. To prioritize the input variables that cause variation in process 
performance—Y

2. To analyze the data to determine root causes and opportunities for
improvement

3. To validate the Key Process Input Variables (KPIV) with DATA
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Key questions are:

• Who is the process owner?

• What are all the Key Process Input Variables (KPIVs)? Are there any
quick-hit improvements? What resistance has been experienced or is
anticipated? Which inputs actually (for sure) affect the CTQs most? By
how much?

• Where was data collected on the inputs? 

• Do combinations of variables affect outputs? How has the data been ana-
lyzed to identify the vital few factors that account for variation in the
process? How were the key process input variables from your C&E dia-
gram verified?

• Why does the output of the process vary? What are the inputs that mat-
ter most? If an input is altered, does it really change the output? If
observed results (outputs) from the same process, in different loca-
tions, appear to be different ... are they really different?

• How many observations are needed to draw conclusions?

• What are the root causes of the problem?

• What level of confidence do the conclusions inspire? What are the 
quantifiable benefits over the current process performance when the
opportunities represented by addressing the problem are realized
(COPQ)?

Improve

The fourth phase of the DMAIC model is fundamentally:

1. To generate and validate improvements by setting the input variables to
achieve the optimum output

2. To determine Y = f(x...)

Key questions are:

• Once it has been determined, for sure, which inputs most affect the
outputs, how are they set (properly implemented)? Who is impacted by
the change? How are they impacted? What day-to-day behaviors will need
to change?

• How many trials must be run to find and confirm the optimal setting/
procedure of these key inputs?
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• What criteria was used to evaluate potential solutions? What things have
been considered to manage the cultural aspects of the change? What has
been done/will be done to mobilize support and deal with resistance?
What changes need to be made to rewards, training, structure, meas-
urements, and so on to sustain the change? Why was this solution cho-
sen? What are the potential problems with the plan? How was an experi-
ment or simulation conducted to ensure the optimum solution was
found? How does the solution address the root cause?

• Where was the solution validated?

• When will the solution be implemented? What is the implementation/
communication plan? 

Control

The fifth and last phase of the DMAIC model is fundamentally:

1. To institutionalize the improvement and implement ongoing control

2. To sustain the gains

Key questions

• Once the defects are reduced, how is the reduction maintained by the
functional team? How does the functional team keep it going (routinely)?
What must be set up to keep it going even when things change ... 
people, technology, and customers? How has job training been affected?
What are the biggest threats to making this change last?

• Who maintains the control plan? How will responsibility for continued
monitoring and improvement be transferred from the team to the
owner? What controls are in place to assure that the problem does not
recur? Why is the control plan effective? How do you know that it is
effective?

• Where is the data being collected? What control charts are being used?
What evidence is there that the process is in control? When will the data
be reviewed? When will the final report be completed?

Perhaps one of the most important issues in the control stage of the DMAIC
model is the notion of what to do next. The following typical questions are
designed to guide someone in the next steps of the implementation
process:
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• Who is looking for translation opportunities? Direction, customization,
adaptation?

• What is the next problem that should be addressed in regards to this over-
all process?

• Where are some other areas of the business that can benefit from what has
been learned? 

• When will the knowledge be shared with the other business areas?

• Why is it likely to succeed?

• How will the translation opportunities be communicated?

• What did the team learn about the process of making six sigma 
improvements?

THE DCOV MODEL

In Chapter 4 we discussed the model and each of the specific stages of the
DCOV strategy. Below is a summarization of the nonmanufacturing
approach, focusing on each of the stages and presenting them with their
own uniqueness. Remember that the DFSS (DCOV model) approach is
similar to, but not the same as, the AFSS (DMAIC model) approach.
Therefore, there is an overlap. The procedural methodology is the same.
What differs is the scope and the magnitude of the problems

Define

The focus is on selecting critical to satisfaction items. That means that in
this stage the:

• High-level conceptual description of a potential or a real problem is
addressed

• Linkage is established between customer and organization

• Business needs and/or strategy are correlated with a specific project

• Preliminary budget is established

• Dedication of resources is confirmed

• Executive commitment is confirmed

The result of this phase will generate (a) the business objectives (business
case; project statement; project goal; alternatives; project scope) and (b)
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project management (milestone timetable; team resources; communica-
tion plan; cost/benefit analysis; change management). The outcome, of
course, is full organizational support for the DFSS project, but more impor-
tantly, a fully functional project management infrastructure.

Typical basic tools/methodologies are:

• Project charter

• Process map

• Cost/benefit analysis

• Multi-generation (alternative(s)) plan

• Milestone timetable

• Communication plan

• Risk assessment

• Stakeholder analysis

• Influencing strategy

Characterize

The focus is on how to decompose Y into contributing elements, y
i
, and fur-

ther decompose y
i
into contributing elements. For the decomposition to be

effective, it is necessary to understand and evaluate the power of:

• Knowing the customer

• Knowing the competition

• Operationally defining the CTQs

• Confirming measurement protocols

• Assessing design risk

• Establishing metrics

• Identifying specific functions as they relate to Y

• Developing concepts for the pending design

• Assessing the pending concept design

• Developing high-level design requirements

• Updating metrics, as necessary

The result of this phase will generate (a) a best fit concept, (b) preliminary
process scorecards, (c) high-level design requirements, (d) preliminary capa-
bility, (e) preliminary risk assessment, and (f) updated business case issues,
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including a cost/benefit analysis. The outcome, of course, is a generation
of alternatives, as well as confirmation that CTQs have been built into the
design and that changes have been accounted for in the risk assessment or
business case. 

Typical tools and methodologies are:

• Needs matrix

• Benchmarking

• Competition matrix

• CTQ matrix

• Risk assessment

• Interviews

• Focus group

• Survey

• Customer complaint data

• Data mining

• Conjoint analysis

• Kano modeling

• Quality function deployment

• Functions matrix

• Pugh matrix

• Process requirements matrix

• Affinity diagram

• Brainstorming

• Simulation techniques, as necessary

Optimize

The focus is on how to optimize the process to produce x
i
’s at a desired

nominal with six sigma capability as required. Furthermore, find nominals
for x’s that minimize variability. If applicable, specify tolerances using Loss
Function. This means undertaking at least the following tasks:

• Review the high-level design requirements from the previous stage

• Develop a detailed design 

• Analyze detailed design capability

• Modify detailed design
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• Prepare control plan

• Prepare pilot plan

The result of this phase will generate a detailed design, predicted per-
formance, control plan, pilot plan, updated risk assessment, and updated
business case with cost/benefit analysis. The outcome, of course, is a
detailed enough design to be implemented.

Typical tools and methodologies are:

• Process mapping

• Design matrix

• Simulations

• Pugh matrix

• FMEA

• Control plan

• Control charts

• Process benchmarking

• Activity network diagram (AND)

• Mistake proofing

• Standard operating procedures

• Graphical tools

• Hypothesis testing/DOE

• DMAIC tools

Verify

The focus of the verify stage is to make sure to fill out the DFSS assessment—
agreement to top-level critical to satisfaction items. A second aim is to con-
duct performance key tests as appropriate. This means that:

• A confirmation of projected process performance through piloting took
place

• The design was verified for both scalability as well as robustness

• A transition to process owner took place.

The result of this phase will generate performance results from pilot, pilot
capability analysis, and a full-scale implementation plan. The outcome, of
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course, is full quantification of the financial and customer benefit; impli-
cations on the organization; replication opportunities; key learnings; and
identification of potential DMAIC projects and project updates.

Typical tools and methodologies are:

• Piloting techniques

• Control tools

• Scorecards

WHY DFSS IN TRANSACTIONAL BUSINESS?

Again, at the risk of being redundant, this is where the best ROI (Return
On Investment) exists because it forces the organization to:

• Embed the transfer function: Y = f(x) or, if robustness is required, Y =
f(x,n), to ensure customer expectations are met.

• Embed customer expectations into the design

• Predict design performance prior to pilot within a certain requirement

• Build performance measurement system(s) into the deseign to ensure
effective ongoing process management

• Leverage a common language for design

• Use tollgate reviews to ensure accountability

TYPICAL AREAS WHERE SIX SIGMA MAY BE 
BENEFICIAL IN THE SERVICE INDUSTRY

As already mentioned, waste is a commodity that exists everywhere. The
question then is not so much where to find it, but rather where is the best
ROI. Typical areas of investigating and minimizing (if not eliminating)
waste are:

• Absenteeism

• Recruitment and retention 

• Process(es) within individual departments

• Data integrity

• Responsiveness at customer centers
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• Health and Safety processes

• Training effectiveness

Typical examples of Transactional Projects are:

1. Project: Reduce absenteeism related to inappropriate disability leave 

Goal: Reduce absenteeism related to personal disability by XXXX days
annually

Responsible person: Champion, Black Belt

2. Project: Improve absenteeism management process consistency for
hourly employees in XYZ facility

Goal: Improve absenteeism management process consistency for hourly
employees in XYZ facility by 70%

Responsible person: Champion, Black Belt

3. Project: Improve recruiting process

Goal: To reduce to the 55% defect rate by eliminating 70% defects

Responsible person: Champion, Black Belt

4. Project: Increase quality of the dependent database at XYZ location or
specific database

Goal: Reduce errors related to additions of ineligible dependents by 70%

Responsible person: Champion, Black Belt

5. Project: (Please note that this project may be completed with the help of
the financial department as well): Reduce payroll errors

Goal: Reduce payroll pay errors by 70%, thus reducing rework required

Responsible person: Champion, Black Belt

6. Project: Reduction of lost time cases through risk and case management

Goal: Reduce lost time associated with lacerations in the XXX area by 40%

Responsible person: Champion, Black Belt

7. Project: Supplier training

Goal: Optimize class capacity utilization and change external customers

Responsible person: Champion, Black Belt

8 Project: Establish process to reduce Medicare overpayment

Goal: Reduce Medicare overpayment by X%

Responsible person: Champion, Black Belt
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CASE STUDY 

Leadership Road Map for Transactional Business 
and Relationship to Problem Statement

This case presents a road map for the leadership to follow regarding the problem and the
DMAIC model. In addition, this case shows the involvement of the leader in each of the
individual phases of the model.

Define Measure Analyze Improve Control

Present state Future state

Leadership skills

Orientation Problem Statements - Elements

A good problem statement should include the condition, criteria,
and measurement of the problem. That means: Under what condi-
tions does the problem exist? How do we know that there is a
problem? How do we measure it? On the other hand, and just as
important, we must understand that ineffective problem statements
will cause us misunderstandings and false results in the long run.
Typical issues related to ineffective problem statements include:
Problem is poorly defined or not quantifiable.
Problem does not link to a customer expectation.
Quantification of the problem is based on anecdotal information.
The source of the problem quantification data is not indicated.
Problem quantification is not supported by customer data.
The Problem Statement is stated as a predetermined solution.

Project Scope - Definition

As part of project selection, the team had to narrow the focus 
on a general area needing improvement to a specific project or
projects. Problems that are explored in specific projects can still
involve more factors or variables than can be effectively measured
and analyzed. Project scoping limits the range of variables or fac-
tors to be measured and analyzed in order to effectively target
process improvement opportunities. Similar to the process used in
project selection, team members must strive to reduce the scope
of their projects to a level that ensures:
The problem is within the team’s area of control
Data can be collected to show both the current and improved
states
Improvements can be made within the project’s time frame
Adequate team/personnel resources are available to perform the
project activities
All project parameters are identified
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Define Measure Analyze Improve Control

Business basics

Personal development

Project management: Define; plan; measure; close

Team management: team development; team management; 
meeting facilitation

Change management

Analyze Define Develop 
present state future state transition

plan

PROJECT PRIORITY HIERARCHY

In Chapters 2 and 5, the importance of the project in the typical six sigma
methodology was discussed. Rather than being redundant here, let us 
refocus the emphasis on the three major items even for the transactional
business. They are:

1. Customer. Fix external customer satisfaction issues

2. Company. Cost reduction, efficiency, bottleneck, process capability

3. Internal process improvement

DEPLOYMENT OF SIX SIGMA IN TRANSACTIONAL BUSINESS: 
SERVICE INDUSTRIES

Every methodology has to be deployed so that results may be evaluated. Six
sigma is no different. The roles and responsibilities were identified in
Chapter 7 and the training will be discussed in Chapter 9. What is very
interesting about the transactional business is the fact that the roles and
responsibilities are the same as that for the manufacturing. That is:

• Deployment of directors

• Master Black Belts

• Black Belts

• Project Champions

• Green Belts
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The caveat, of course, is that the official policy must be that the best talent
is nominated, there is no premature turnover, candidates are working full
time, candidates are placed effectively at end of program, and resources
are available.

As for the actual training, the differences are the approach, project
selection, and, perhaps, the magnitude of the ROI on a per-project basis.
For more information on training, see Chapter 9.

NOTE

P. Crosby. Quality Improvement through Defect Prevention. Winter Park, FL: Philip Crosby
Associates, 1985. 
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CHAPTER 9

Implementation Strategy,
Training, and Certification

You cannot teach a man anything; you can only help him find it
within himself. 

—Galileo

There are many ways to model a six sigma strategy. One of the most straight-
forward approaches is shown in Exhibit 9.1.

Using the strategy illustrated in the exhibit, effective executives should
pay more attention to the impact of their decisions than to the technique.
Speed is not important; results are. Perhaps the decisions will be more
effective if these steps is followed:

1. Classify the problem. Most problems are not unique; a few are. Some com-
mon problems may be unique to your company. Sometimes, what
appears to be a unique problem is really just the beginning of a com-
mon one. You can solve all generic problems by making and applying
rules, policies, or principles. When a problem is truly unique, however,
you must treat it individually. 

2. Define the problem. Make sure the definition explains all the observable
facts and does not blame easy targets. For example, in the 1960s the
U.S. auto industry blamed the high number of auto accidents on unsafe
roads and poorly trained drivers. However, as both roads and driver
training were improved and the total number of accidents continued to
climb, one fact became clear. We needed safer cars.

3. Define the boundary conditions. What are the objectives and goals that your
decision must satisfy? If your specifications change, your decision must
change. Critics rebuked Franklin Roosevelt for switching from a con-
servative candidate in 1932 to radical president in 1933. But Roosevelt
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had simply reacted to changing conditions—the economic collapse
between summer 1932 and spring 1933—which made his earlier plans
inappropriate. Decide. Don’t worry about what is acceptable. Usually
you will have to compromise in the end anyway. Decide what is right
given the circumstances. 

4. Take action. Converting a decision into action is the most time consum-
ing step. Make sure you tell the people who need to know, spell out who
will take action, and what they’ll do. A major manufacturer decided to
discontinue one of its models, but didn’t tell its purchasing clerk.
Consequently, the clerk continued to stockpile parts for it, resulting in
a costly inventory when production finally halted.

5. Get feedback. Gather information on, and personally check out, the
effectiveness of your decision. You need to do both to make sure the
decision continues to be relevant to actual events.

SIX SIGMA DMAIC IMPLEMENTATION STRATEGY

Six sigma implementation is as much about changing attitudes as it is about
establishing analytical bases for performance measurements.1 Zero defects
quality attitude is very demanding and it is not compromising in issues such
as long-term management commitment, involvement of all employees,
intensive training, outsource usage, high levels of communication, and
massive allocations of internal resources. 

Six sigma players are very clearly defined. The positions in six sigma are
Champion, Master Black Belt, Black Belt, and Green Belt. The characteris-
tics of each one of the players, and who should be assigned to the specific
positions, are very well determined, and so are the training programs, the
responsibilities, and the expected schedule. (A rule of thumb for generat-
ing Master Black Belts and Black Belts in an organization with at least
10,000 employees is the following: Revenues/1,000,000 = Number of BBs;
Number of BBs/10 = Number of MBBs. For smaller organizations, the rule
of thumb is: Organizations with 1,000-10,000 employees: MBBs = 2-5; BBs =
8-40. The ratio for the breakdown should be approximately: 1 Champion
to 2-4 Master BB to 4-8 BB to about 24 Green Belts. For organizations with
less than 1,000 employees: 1 Champion to 1-2 MBBs to 2-4 BBs to about
40-50 green belts.) 

As already mentioned, the DMAIC model is a five-step methodology for
implementation of six sigma. That is: Define, Measure, Analyze, Improve,
and Control. Implementing six sigma is no different than launching any
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other project. A project team, which is not under the authority of the
owner of the area, will be selected to initiate the implementation and will
be very well trained.

Define

The team should focus on process mapping in the early stage, and should
initiate customer research. This stage consists of a preliminary evaluation
of customer limits and a definition of CTQs. Chartering plays a major role
in any quality system and much more in six sigma due to its multi-attribute
characteristics. To have a successful Define stage, one of the key items is to
have a doable project. A doable project begins with a project charter that
should embody the following issues:

• The business reason for completing the project

• A statement of the customer problem

• A goal statement of the project

• Boundaries of the project scope

• Roles and responsibilities of the project team

• An outline of customer information and CTQs

It is recommended to establish a magnitude of order of resource allocation
in this stage.

Measure

Measurements are fundamentals of six sigma and, therefore, they are crit-
ical to a successful launching. CTQs characteristics are the main issue in
this stage. Measurements should be conducted with a well-defined check-
list, which should address representative sampling, focused surveys, and
methods of collecting data. The data should be arranged in a way that will
enable them to be analyzed in later stages and be presented (normal dis-
tributions, CTQs).

Analyze

This stage is characterized by applying inferential statistic methods; detailed
process map analyzing; identifying the root causes of poor quality, verifying
customer satisfaction limits, and obtaining the current sigma metrics.
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Improve

A major part of the improvement stage is dealing with finding solutions for
the problems noted in the Analyze stage. A variety of solutions will be sug-
gested. Making decisions is not a simple issue. The optimum solution
should be selected. When applicable, running a pilot and testing are rec-
ommended to verify the solutions that have been chosen. The last step in
this stage is implementation of the solutions. Failure Mode Effect Analysis
(FMEA) has been recommended with other methods as tools to verify
whether the solution can be applied to carry out the desired results. 

Control

The Control stage contains a routine of measurements (as conducted in
the measurement stage). The average and standard deviation should be
calculated and plotted on control charts with relation to customer limits.
The analyzer should verify that the distribution is still normal and should
be searching for gross deviations from the limits (or other deviations
according to the process characteristics). A change in the distribution pat-
tern can imply that the distribution is no longer random, and intense root
cause analysis should be conducted to improve the process. In order to
maintain adequate six sigma quality, a deviation in the process should be
identified early enough so that the performance of the process will be kept
within the limits.

DCOV IMPLEMENTATION STRATEGY

Applying six sigma methodology to new projects is very similar to the imple-
mentation of six sigma to a general business purposes. Typically, in most sit-
uations, the last two stages in the DMAIC methodology will be Design and
Verify. However, that approach to a DFSS is a very narrow view, since under
this notion there is no oportunity to deal with the re-improvement steps
that are taking part in the recurring process that are not part of DFSS.

To make sure that the full DFSS is understood, the DCOV model should
be followed for maximum cost savings. The DCOV approach is a planning
methodology to design a product and/or service with the customer and
profitability in mind.

So, in the Define stage, make sure that the customer requirements are
understood and the appropriate operational definitions are understood by
everyone in the project using market research, Kano model, QFD (Quality
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Function Deployment), conjoint analysis, data mining and anything else
that will aid in understanding the objective of the project.

In the Characterize stage, proceed to identify the key customer require-
ments and make them the specifications for the product and/or service.

In the Optimize stage, evaluate the previous results and optimize them
in such a way that the customer, as well as the organization, receives an
expected value.

In the Verify stage, define the necessity of experiments and pilots, and
encourage the use of DOE (Design Of Experiment) techniques to verify
the fitness of the experiments to their purposes. They will represent the
capability of the designed subject to successfully participate in the most
competitive markets. 

TRAINING

There are several levels of training in any six sigma implementation process.
However, all of them follow fairly closely to the general model of the break-
through strategy, which is: Plan, Train, Apply, and Review (PTAR). The
model is heavily based on the notion of a closed-loop feedback system. In
other words, depending on the competence level of the participants, the
training may be adjusted to move fast or slow and cover the material at an
appropriate pace. Typical generic programs are:

Introduction (Overview) to Six Sigma (4 to 8 hours)

The content of the introduction training should include at least the following:

• What is six sigma?

• Understanding the importance of leading change in six sigma 
methodology

• Typical six sigma terminology

• The DMAIC model

• What do the executive committee, Champion, Master Black Belt, Black
Belt, and Green Belt do to make six sigma a success?

• A typical implementation plan

• Basic tools of the methodology

• The significance of operational definition

• An overview of the DCOV model



Training 167

Executive Training (1 to 2 days)

The content of a typical executive training should include the following:

• What is six sigma?

• Understanding the importance of leading change in six sigma 
methodology

• The significance of team

• Typical six sigma terminology

• The DMAIC model

• What is process management?

• Measuring and calculating sigma levels

• What do the executive committee, Champion, Master Black Belt, Black
Belt, and Green Belt do to make the six sigma a success?

• A typical implementation plan

• Basic tools of the methodology

• Examples of successful six sigma programs

• Understanding the significance of the voice of the customer

• Selecting and characterizing projects

• The significance of operational definition

• An overview of the DCOV model

Champion Training (3 to 5 days)

A typical Champion training should include at least the following:

• Identify successful leadership competencies

• Understand a leader’s span of influence

• Leadership characteristics

• Understand the effect organizational culture has on business results
and how you will lead the culture

• Understand the issues of conflict resolution

• Understand what six sigma is

• The DMAIC model

• The DCOV model

• The roles and responsibilities for an effective six sigma program



168 Implementation Strategy, Training, and Certification

• Basic tools and methodologies

• Coaching skills

• Concept of variation

• Risk-benefit analysis

• Significance of proper allocation of resources

• Strategy and planning for influencing and reinforcing desired actions
and behaviors

Master Black Belt Training (5 days in addition to the Black Belt training)

A typical five-day session for the Master Black Belt should include the 
following:

• Clearly define a project’s purpose and a team’s mission

• Conduct effective team meetings

• Coaching skills

• Employ appropriate and applicable data-based improvement methods

• Use the organizational structure for support and guidance

• Conclude a project by being able to transfer it to the appropriate own-
ers and relate the results (benefits) to other areas of the organization

• Use the principles of lean manufacturing

• The differences between Kaizen, benchmarking, and six sigma 

• Project management principles

• Reliability principles

• Communication skills

• Interpersonal skills

• Using key metrics and the importance of measurements

• Basic and advanced statistical techniques

• Innovation and application of new techniques/applications to solve
problems

Black Belt Training (4 weeks with 3-week breaks between 
each of the training weeks)

The most extensive training in the six sigma methodology is the Black Belt
training. A typical training session will include:
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Session I (week 1)

• Understand the basic concepts of six sigma

• Develop the language of six sigma and statistics

• How to compute and apply basic statistics

• How to establish and benchmark capability

Session 2 (week 2)

• Understand the theory of sampling and hypothesis testing

• How to apply the key statistical tools for hypothesis testing

• Understand the elements of successful application planning

• How to apply and manage the breakthrough strategy

• How to identify and leverage dominant sources of variation

• How to establish realistic performance tolerances

Session 3 (week 3)

• Understand the basic principles of experimentation

• How to design and execute multivariable experiments

• How to interpret and communicate the results of an experiment

• How to plan and execute a variable search study

Session 4 (week 4)

• Understand the basic concepts of process control

• How to construct, use, and maintain charts for variables data

• How to construct, use, and maintain charts for attribute data

• How to implement and maintain precontrol and postcontrol

• How to plan and implement process control systems

Green Belt Training (5 days)

The typical Green Belt training should include the following:

• What is six sigma?

• The significance and the role of Champion, Master Black Belt, Black
Belt, and Green Belt in the six sigma methodology
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• Identifying opportunities for improvement

• Working with an improvement team

• Mapping processes

• Measuring defect and yield rates

• The concept of variation and its significance in six sigma methodology

• Calculating different six sigma statistics and indexes (six sigma level,
DPMO, Cp, Cpk, and so on)

• Collecting data and analyzing it with graphical means as well as statisti-
cal means

• Basic tools, graphs, and methodologies of six sigma

• Searching for root cause as opposed to symptoms

• Verifying a root cause

• Developing an action plan

• Measuring and maintaining the gain

DFSS: The DCOV Model (5 days)

The design for a six sigma curriculum is typically based on a five-day train-
ing schedule. The contents of the training should include

• What does six sigma mean to a designer?

• Why the DFSS approach is different than improvement

• The DCOV model, the strategy, and when to apply them

• How to define a six sigma project

• Principles to apply in establishing metrics for a project

• Importance of the voice of the customer in design

• The conceptual design and analysis phase

• Development of a detailed design from a high design

• Decision matrices

• Typical tools used in DFSS

• Optimizing a design and maximizing salability

• Verification process and its significance

For all these training sessions, there are variations to reflect the manufac-
turing, technical, and transactional business.
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CASE STUDY 

Generic Deployment Time Line for Six Sigma Methodology

This case presents a milestone timetable for a generic deployment of a six sigma method-
ology in a typical organization.

Timing Month 0 Month 1 Month 2 Month 6

When Executive Deployment/ Black Belt Green Belt training
training Project champion training

training

Purpose Buy in Learn how to Learn the tools Learn how to run 
manage the and solve specific experiments
process and specific and utilize specific 
how to choose problems basic tools under 
appropriate the guidance of a 
projects BB to solve prob-

lems in their own
areas

Who VPs, plant Respected Respected Process owners 
managers, managers in individuals who may be 
and selected the organization in the working directly on 
executives organization projects under the 

who have authority of a BB
demonstrated 
leadership 
abilities 

How long 1 day 5 days 4 months 5 days

TYPICAL COST

The cost for undertaking all the training is approximately $1,000–2,000 
per day per participant, and that does not cover lost work, or any other
expenses incurred for the training.

CERTIFICATION

The teachers have it. The accountants have it. The doctors and attorneys
have it. What is it? The answer is certification. Some call it certification,
some refer to it as having passed the bar or boards and so on. Whatever it
is called, the essence is one. And that is: Somebody from somewhere has
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decided that homogeneity in the profession of choice will be guaranteed
by a certification. The certification process generally follows a path of some
very prescriptive educational basis, passing a standardized test, testing
knowledge of the profession of choice, and, in some cases, passing a test
with an application portion attached as part of the certification. (The appli-
cation form of the test is generally given as a paper test simulation of a case
problem.) The result, of course, is competency. But competency may be
defined in many ways depending on who is doing the measuring. For exam-
ple, Skinner2 defined the path to competency as follows: “The whole
process of becoming competent in any field must be divided into a very
large number of very small steps, and reinforcement must be contingent
upon the accomplishment of each step. The solution to the problem of cre-
ating a complex repertoire of behavior also solves the problem of main-
taining the behavior in strength. . . . By making each successive step as
small as possible, the frequency of reinforcement can be raised to a maxi-
mum, while the possibly aversive consequences of being wrong are reduced
to a minimum.”

This is a very interesting point of view. The reader will notice that it
promotes a theory of motivation as well as one of cognitive development.
Motivation is external and based on positive reinforcement of many small
steps. Cognitive development, however, is based on what is learned, how it
is learned, and whether or not the evaluation on learning is consistent and
uniformly administered.3

In the field of quality, a recent movement has been to create a six sigma
certification, or what we call a discipline envy. Some of you may be familiar
with this concept. It has to do with the wish of one individual, or a group
(formal or informal), to model itself on, borrow from, or appropriate the
terms, vocabulary, and authority figures of another discipline. To be sure,
anthropomorphism has its uses. Discipline envy, which is very much a part
of life in statistics and instructional technology, the world of quality, and so
on, is a kind of fantasizing of an ego ideal elsewhere. Throughout man’s
history we have seen discipline envy. One hundred years ago, without ques-
tion, it was music that was the discipline of disciplines, the ego ideal for the
arts. Before that it was architecture. However, both Schelling and Goethe
compared architecture to “frozen music” and the power of this comparison
became the impetus for Walter Pater to proclaim “All art constantly aspires
toward the condition of music.” But that is not the end. We humans have
an unusual idiosyncrasy. The Germans call it Andersstreben—a desire to sub-
stitute one purity with another, and so on, in the name of superior result.
The problem with that notion, however, is that sometimes purity is substi-
tuted for impurity in the name of cleaning the specific contamination.

What does all this have to do with six sigma certification? Plenty! We have
come to believe that as quality professionals we must be certified to be pro-
fessionals because others do it. We have come to believe that certification
will give us a confirmation of respect from others. We have come to believe
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through certification that we will demonstrate excellence in our profession
or perhaps a superior discipline altogether. We have come to believe that
without a certification we have a loss of some kind and we do not measure
up to a more perfect and more whole discipline. 

You see, we have come to recognize envy as an aspect of specific ideal-
ization. The problem with that idealization, however, is that it has gone
wrong. For example, the subject envies the object for some possession or
quality and the more ideal the object, the more intense the envy. At this
point, envy becomes a signal of thwarted identification. When that happens
we are in deep trouble because the only solution at this point is some kind
of interdisciplinarity. 

And so, the question, is it possible to have a hierarchical discipline? And
if so, is it possible to identify that discipline through a rigorous certifica-
tion? We believe not. Why? Remember the now classic question that the
Annals of Improbable Research—the only humor magazine with eight Nobel
Prize laureates on its board—posed some time ago. The question was:
Which field of science has the smartest people? An astronomer provided
the following answer. “Speaking of ranking the various disciplines—
Politicians think they are Economists. Economists think they are Social
Scientists. Social Scientists think they are Psychologists. Psychologists think
they are Biologists. Biologists think they are Organic Chemists. Organic
Chemists think they are Physical Chemists. Physical Chemists think they are
Physicists. Physicists think they are Mathematicians. Mathematicians think
they are God. God ... ummm ... so happens that God is an Astronomer.”

Interdisciplinary is a word as much misunderstood these days as multi-
culturalism, and for similar reasons. Both words seem to their detractors to
break down boundaries and hierarchies; to level differences rather than
discriminate among them; to invite an absence of rigor; and to threaten—
somehow—to erase or destroy the root term (culture and discipline). As
Ronald Barthes wrote:4 “interdisciplinary studies do not merely confront
already constituted disciplines (none of which, as a matter of fact, consents
to leave off). In order to do interdisciplinary work, it is not enough to take
a subject (a theme) and to arrange two or three sciences around it.
Interdisciplinary study consists in creating a new object, which belongs to
no one.”

And how does that apply to the six sigma methodology? What is it made
of? A combination of many sciences, business disciplines, engineering, and
several others. To expect an individual to be an expert through certifica-
tion is an absurdity for several reasons:

• The issue of expert. The general consensus for a Shogun (Master Black
Belt) and a Black Belt is that they should be experts. No one as yet has
been able to define what an expert is. To know the methodology steps
does not qualify somebody to be an expert. An expert, at least in our
way of thinking, is an individual who not only knows the methodology
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but all the tools and their applications to the trade as well. We honestly
believe that it is an impossible task for any individual to know every-
thing well. Therefore, one cannot really be an expert by definition. This
is precisely the reason why six sigma depends on cross-functional teams
to do the actual work.

• The issue of statistics. Shoguns (Master Black Belts) and Black Belts are
expected to know statistics to solve their problems. They are taught sev-
eral statistical tests out of hundreds and hundreds in the hopes that
they will use the right one. It is easy to forget that several empirical stud-
ies have shown that many nonstatisticians do not fully understand the
statistical tests that they employ.5 And it is absurd to think that by teach-
ing someone ANOVA or reliability robustness or whatever for three
days, they will become experts. 

• The issue of interdisciplinary topics. Every Black Belt training has several
hours on leadership, project management, financial concepts, general
quality, and many other topics. To think for a moment that at the end
of the four-week training somebody has become an expert to solve all
sorts of problems in any organization is a ludicrous supposition on any-
one’s part. These are disciplines in their own right and it takes years to
understand and implement them appropriately. 

• The issue of the project. A Black Belt must select a project that is worth over
$250,000 to the organization. That is fine. However, the problem is the
definition of the problem, the arrival at that figure, and the subjective-
ness of the analytical process. Honestly, in quite a few instances, the
amount, the process, and the problems solved are not really problems to
solve customer satisfaction but rather a political agenda for management.
As such, the Shogun (Master Black Belt) and the Champion confer cer-
tifications of Black Belts as they see fit. There is no standardization.

Certification, at this time, is totally inappropriate, even though many
organizations keep on issuing certificates for Black Belts and at least two
not-for-profit organizations provide certifications for six sigma. It is unfor-
tunate that quality organizations are trying to make money and become
politically correct through a certification scheme, rather than focusing on
the process to make it better, more robust, and, at least agree on the Body
of Knowledge (BOK).

Six sigma, whether one wants to admit it or not, is a combination of
many disciplines that together can work to improve the process, product,
service, and organization. To talk about certification means that a person
must be certified in statistics, reliability, project management, organiza-
tional development, and the list is so long that one. . . . (Remember
Skinner’s definition?) When all those certifications are completed, then,
and only then, would certification perhaps be an option. Obviously that is
an impossible task and very unrealistic.
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What we can hope for is that the quality societies and individual organ-
izations will push for more appropriate and applicable education and train-
ing as well as consistent base knowledge. 

On a personal level, I have become aware of a key intellectual trick or
error within much, though not all, current theory that works to get partic-
ipants to renounce their faith in their personal capacities, especially their
own intuitions in their creativity. The trick or mistake could be called the
summoning of the near enemy, and it works in the following way. People can
often become ethically confused because of a particular problem inherent
in human dealings, that is, that any virtue has a bad cousin, a failing that
closely resembles the virtue and can be mistaken for it – what in Tibetan
Buddhism is called the near enemy. For example, the near enemy of equa-
nimity is apathy, the near enemy of quality is functionality, and the near
enemy of six sigma is definitional justification through defects of opportu-
nity and so on.

What I would wish to see is a profession that did a better job of teaching
everyone how to distinguish for himself or herself between scholarship that
moves things forward (truly improve the process and customer satisfac-
tion) and scholarship that just shakes things up (a revolutionary program
that changes the direction of our misunderstandings about customer satis-
faction and organizational profitability—a true 100X improvement pro-
gram). On a more subjective level, I would like to see great emphasis given
to the ascesis—self-transformation that produces integrity, honesty, flexi-
bility, and moral independence, so that we are indeed free to tell the
emperors that they are not wearing any clothes. Currently, the profession
is in a limbo state because we are afraid to speak. Our self-transformation
has become like a loss of self. A shift in this direction may occur in the next
few years, if for no other reason than that integrity, honesty, flexibility, and
moral independence are qualities whose value comes into high relief dur-
ing a time of high stakes and great need. 

I believe that the pressures of the current certification frenzy will con-
verge with the pressures of an already latent dissent within the profession
to produce some change, though I cannot predict whether the transfor-
mation will be more than superficial. I hope that part of the change will
involve a revived conversation about what it is to be six sigma certified.

These comments point to the craft of mindful listening that has been
practiced all along in our profession (in training sessions, conferences,
publications, and so on) and in our intimate encounters with books, along-
side the more highly rewarded craft of argumentation that, for the
moment, has got us into a trough. I have been addressing several debatable
points up to this point—I called them comments. They are based on my
interpretations and I provide the sources of that conclusion. That is: all the
points that have been enumerated. It seems to me that experience and
debate has got us out of even the worst trouble spots—I called them Trough.
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A first step in rethinking what we are about as a profession may be to stop
focusing on outsmarting one another and to find ways to foster the more
intuitive and receptive dimensions of our communal and intellectual lives.
Where this might lead I don’t know. But as a best-case scenario, our profes-
sion may, in time, develop a culture that, while retaining traditional schol-
arship or critical theory, uses interdisciplinary methodology as the basis for
a complex exploration of the art and science of listening. Listening is one
of the creative forces in the world, a force moreover that our species would
do well to cultivate if we want to have a good chance of surviving.

A part of me says that as long as this profession is invested in hierarchy,
which it always will be, there will be a built-in spiritual dullness that is the
opposite of listening. However, most people who decide to become quality
professionals specializing in six sigma methodology, no matter how invest-
ed they are in institutional security and prestige, also do this kind of work
because they had an experience, early in their lives, that taught them how
to let go of whatever they thought was the whole of reality and to take the
measure of a larger moral and human universe. Maybe six sigma certifica-
tion is at one of those rare junctures when the costs of closing ourselves off
within a world as defined by the disciplinary norms of the moment will
come to seem unacceptably high.

The debate over certification is likely to continue for some time.
Arguments will be advanced for and against the adoption of certification.
This is undoubtedly healthy because it involves a major policy issue in the
quality profession. One hopes that this debate will be based, at least in part,
on the basis of evidence rather than argumentation. If it is, one can be rea-
sonably confident that it will lead to the adoption of good policies. For
right now, however, certification does not make sense.

CASE STUDY

Issue of Certificationitis 

This case presents an elaboration on the discipline envy of the last section. It puts the cer-
tification issue in perspective and hopefully, the leaders of any organization will think
twice before they hang their hat on someone who claims to be “certified.”

College degrees, once the possession of a tiny elite of professional and wealthy indi-
viduals, are now held by more than a fourth of the U.S. population. But as educational
attainment has expanded, the social distinctiveness of the bachelor’s degree and its value
on the marketplace have declined, in turn, increasing the demand for still higher levels of
education. In fact, most problems of contemporary universities are connected to creden-
tial inflation.

Does this sound familiar? It should. The world of quality seems to have the same prob-
lem. That is certificationitis. We seem to think that a certification of the organization via
some standard or a certification of an individual will improve the performance of either
the organization and/or the individual.
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Let us examine some of the parallel issues of academia and the world of quality. In
1910, less than 10% of the population obtained, at most, high-school degrees.a Until mid-
century, high-school degrees were badges of substantial middle-class respectability, con-
ferring access to even the managerial jobs. Now, a high-school degree is little more than
a ticket to a lottery in which one can buy a chance at a college degree, which itself is
becoming a ticket to a yet higher-stakes lottery. In the same era, a worker was hired pri-
marily because he was willing to work for a fair day’s work and quality was pretty much
an issue of inspection. Now we have professionals telling us that unless we have certain
certifications we will not be as competitive as we could.

Such credential inflation is driven largely by the expansion of schooling—like a gov-
ernment printing more paper money—rather than by economic demand for an increasing-
ly educated labor force. Our educational system, as it widens access to each successive
degree, has been able to flood the market for educated labor at virtually any level. In the
field of quality we have seen the same proliferation. We began the quest of certification by
recognizing the first certification of the profession, the Certified Quality Engineer issued by
the American Society for Quality Control (now American Society for Quality or ASQ), and
then systematically diluted both the essence and prestige of that certification because of
financial gains in the certification process and because individuals were hungry for addi-
tional affirmations of their knowledge. (Today, the ASQ has over six distinct certifications,
each focusing on different aspects of quality competency.) Holders of such certifications
have attempted to justify the credential by introducing new techniques of management—
often faddish, yet distinct enough to give a technical veneer to their activities. 

Of course, the quality profession is not the only profession with the credentialitis fever.
Other professions have it as well. Lawyers, accountants, medical doctors, human resources
personnel, project managers, engineers, nurses, teachers, and so on are not immune.
Credentialed workers in these and other occupations have redefined their positions and
eliminated noncredentialed jobs around them. Thus, the spiral of competition for educa-
tion and the rising credential requirements for jobs have tended to be irreversible. Make
no mistake about it; just because there is a person with a credential or an organization
with a certification does not mean that everything is OK. To the contrary, problems still
exist. 

Many people believe that our high-tech era requires massive educational expansion.
Yet the skills of cutting-edge industries are generally learned on the job or through expe-
rience rather than in high school or college. Compare the financial success of the youth-
ful founders of Apple or Microsoft or Dell, some of them college dropouts, with the more
modest careers of graduates of computer schools. In our world of quality, the latest fad has
been a certification for six sigma Black Belts. The implication is that a Black Belt will do
such exceptional work that the organization will save over $1,000,000 (assuming 4 proj-
ects per year at $250,000 per project). It is wrong to assume that six sigma certification
will contribute to the success. There are other ways to do the same and they have been
explained in the literature over the last 50 years (at least). We keep forgetting that even in
a high-tech society, the proportion of the labor force consisting of experts—including Black
Belts or anything else— is not that high.

It is unfortunate that there is a pattern developing of bifurcation of the labor force into
an expert sector (Black Belts and Master Black Belts) and those who do not have any cer-
tification in the six sigma methodology. With continuing computerization and automation,
typical middle-management jobs may gradually disappear, leaving an even bigger gap
between a small elite of technical, managerial, and financial experts, and everyone else.

(continued)
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CASE STUDY (continued)

In fact, certification inflation is the dirty secret of modern organizations. If it became
public knowledge and a topic for political discussion, we would be forced to face head-on
the issue of our growing class inequality. The continual expansion of an inflationary and
questionable credentialing system palliates the problem of quality professional conflict in
the United States by holding out the prospect of upward mobility somewhere down the
line, while making the connection remote enough to cover the system’s failure to deliver. 

Of course, the credentialing spills over into careers within the organization. As organ-
izations become ever increasingly more hungry for the magic bullet to solve their problems
of profitability and customer satisfaction, the more demand there is for the six sigma spe-
cialists. These “specialists” have created their own guild of sorts by controlling the body of
knowledge as well as the examination for that certification. 

Many organizations prefer to concentrate their energies and derive their prestige from
the amount of Master Black Belts (MBB) or Black Belts (BB) they have in their organization
rather than true improvements across the board. This is true even when many of the most
successful MBBs or BB individuals leave their own organizations because they can now
demand more money.

Our current period of credential inflation has been accompanied by certification infla-
tion and recommendation inflation. The prevailing ethos is for quality professionals to get
as many certifications as they can to obtain a competitive edge. That ethos fits within the
training/educational structure of self-reinforcing inflation, whether it is for the organization
and/or the individual.

The top of the MBBs and the BBs elite do rather well materially under the current con-
ditions of credential inflation. Yet, at the other end of the profession, there is a growing and
increasing dissatisfaction of the traditional quality proletariat. The material conditions of
their lives are poor, and their career tracks are highly uncertain. Between the top and bot-
tom is a mass of quality employees who must cope with the pressures that go along with
increased competition for a declining proportion of top-level quality jobs. 

Will there be a revolt of the traditional quality professional proletariat? While it seems
at least hypothetically possible, social-conflict theory suggests that it is not very likely.
Mobilization of an unprivileged stratum depends upon the formulation of a self-conscious
ideology of group identity. Moreover, mobilization by the bottom stratum alone does not
change a system of power. Such changes start at the top, with a breakdown and struggle
among competing elites over how to fix it.

All this is very remote from conditions of organizational life today. MBBs and BBs still
define themselves primarily in terms of the intellectual content of their disciplines, giving
enormous implicit power to the certification. The strains that are palpable today for many
quality professionals lower in the hierarchy will probably remain merely localized, per-
sonal troubles. Meanwhile, organizations are under pressure to credential more employ-
ees at a tremendous cost. If the fundamental versus applied character of the disciplines is
at issue in today’s organization, along with the growing distance between a highly paid
elite of noted MBBs and BBs and an underclass of old-fashioned quality professionals,
then the causes are in the economic strains of a system whose mass production of cre-
dentials for employment has become very expensive. 

Can we stop the proliferation of certifications? Probably not, even if we wanted to. The
mainspring is employees’ desire to get credentials that will give them some edge in the job
market. As long as a free market of training/education providers exists, institutions have the
incentive to keep offering higher(?)(different) credentials. (As of today, there are at least two
different organizations who issue certifications with different bodies of knowledge as well
as requirements. The ASQ is one and the International Quality Forum or IQF is the other.)
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Draconian measures might include drastically curtailing requirements or raising 
standards to levels that flunk out all but a small elite in order for certification to mean 
anything. But such standards would be impossible to enforce without a centralized,
authoritarian system incompatible with modern democracy. The late Chinese dynasties put
such a measure into effect in exams for government office, setting a quota for passing at
below 1%. But that did not stop many in the Chinese gentry from spending decades of
their lives seeking credentials.

Nevertheless, a control upon credential inflation is built into the structure of our econ-
omy. Expanding the number of certifications may be analogous to printing money, but there
is one crucial difference: Printing money is cheap, while the cost of minting certifications
is high. It is implausible that the system will keep on inflating through the eagerness of
many individuals to be in the elite classification. An upper limit is set by the amount that
can be spent on training/education while leaving room for private and organizational
budgetary expenditures. At crunch points, costs become too high, enrollments fall,
dropouts increase, organizational assistance declines, and, before too long, the new pro-
grams are challenged by newer ones.

Eventually, the inflationary trend gets going again. As a society grows richer, it can
afford to allow more people to spend time competing in the training/education market-
place instead of directly in the workplace. But credential inflation and economic growth
are not perfectly synchronized. In an era of poor job prospects, the current training/edu-
cational system plays an important role in warehousing people and keeping them tem-
porarily off the job market, thus holding down unemployment for the elite.

Such results occur whether organizational budget makers are aware of what they are
doing or not. In that sense, we may have entered a period in which we can’t politically
afford to stop the processes that feed credential inflation. The issue boils down to whether
we want to manage credential inflation, manipulating policy to smooth out peaks and val-
leys, or let it take its own bumpy course.

aR. Collins. “The Dirty Little Secret of Credential Inflation.” The Chronicle Review, 
September 27, 2002, p. B19.
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APPENDIX A

Common Abbreviations 
in Six Sigma

1P One person
2R’s Sample mean
5M Machines, Materials, Methods, Measurement, Mother Nature
AdjR2 Adjusted R-square
ANOVA Analysis of Variance
C&E Cause and Effect
COPQ Cost Of Poor Quality
Cp Inherent process capability
Cpk Position of a six sigma process in relation to specification mean
Cpl Position of a  six sigma process in relation to lower specification limit
Cpm Position of mean to target in relation to specification limits
Cpu Position of a  six sigma process in relation to upper specification

limit 
CTA Cycle Time Analysis
CTQ Critical To Quality
CTS Critical To Satisfaction
D Defect
DFSS Design For Six Sigma
DOE Design Of Experiments
DOPU Defect Opportunity Per Unit
Dpm (DPM) Defects Per Million
DPMO Defects Per Million Opportunities
DPU Defects Per Unit
DVP Design Verification Plan
e Base of natural logarithm (≈2.718)
EVOP Evolutionary Operation
FMEA Failure Mode and Effect Analysis
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H
0

Null hypothesis
H

1
Alternative hypothesis

K Position of process in relation to specification mean
LCL Lower Control Limit
LSL Lower Specification Limit
µ Population mean
MPIW Mistake Proofing Improvement Worksheet
N Population size
n Sample size
O Number of defect opportunities per unit
p (lower case) Probability
P (upper case) Proportion defective
p Probability or sample proportion
PLEX Plant Experimentation
r2 Sample coefficient of determination
ROI Return On Investment
RPN Risk Priority Number
Σ (capital sigma) Summation
σ(lower case sigma) Population standard deviation
σ2 Population variance
s Sample standard deviation
s2 Sample variance
SIPOC The acronym used in the simplification of the flowchart consisting

of Suppliers, Inputs, Process, Outputs, and Customers
SOP Standard Operating Procedures
SPC Statistical Process Control
UCL Upper Control Limit
USL Upper Specification Limit
VOC Voice Of the Customer
X In sampling, random and representative
χ2 Hypothesis test of population means samples are involved when small
Y Process or input characteristics
Z-value A standardized value formed by subtracting the mean from the

experimental value and then dividing this difference by the standard
deviation.
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APPENDIX B

Core Competencies of 
Six Sigma Methodology

Much has been written about the six sigma methodology over the last five
years. However, the topic of six sigma is still elusive for most professionals
and especially executives of all sorts of organizations. It is our intent in this
appendix to identify the core competencies of the methodology so that
everyone who is interested in six sigma may study it and take the appropri-
ate training. The core competencies are divided into specific areas to ease
the burden of complexity.

CUSTOMER FOCUS 

• Provide a definition of the term customer satisfaction

• Understand the need–do interaction and how it relates to customer sat-
isfaction and business success

• Provide examples of the Y and X terms in the expression y = f(x)

• Interpret the expression y = f(x)

BUSINESS METRICS

• Define the nature of a performance metric

• Identify the driving need for performance metrics

• Explain the benefit of plotting performance metrics on a log scale

• Provide a listing of several key performance metrics

• Identify the fundamental contents of a performance metrics manual

• Recognize the benefits of a metrics manual

• Understand the purpose and benefits of improvement curves

• Explain how a performance metric improvement curve is used
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• Explain what is meant by the phrase six sigma rate of improvement

• Explain why a six sigma improvement curve can create a level playing
field across an organization

• State some problems (or severe limitations) inherent in the current
cost-of-quality theory. Identify and define the principle categories asso-
ciated with quality costs

• Compute the cost-of-quality (COQ) given the necessary background
data. Provide a detailed explanation of how a defect can impact the clas-
sical cost-of-quality categories

SIX SIGMA FUNDAMENTALS

• Recognize the need for change and the role of values in a business

• Recognize the need for measurement and its role in business success

• Understand the role of questions in the context of management 
leadership

• Provide a brief history of six sigma and its evolution

• Understand the need for measuring those things that are critical to the
customer, business, and process

• Define the various facets of six sigma and why six sigma is important to
a business

• Identify the parts-per-million defect goal of six sigma

• Define the magnitude of difference between three, four, five, and six
sigma

• Recognize that defects arise from variation

• Define the three primary sources of variation in a product

• Describe the general methodologies that are required to progress
through the hierarchy of quality improvement

• Define the phases of breakthrough in quality improvement

• Identify the values of a six sigma organization as compared to a four
sigma business

• Understand the key success factors related to the attainment of six
sigma.

• Understand why inspection and test is non-value-added to a business
and serves as a roadblock for achieving six sigma

• Understand the difference between the terms process precision and process
accuracy

• Provide a very general description of how a process capability study is
conducted and interpreted
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• Understand the basic elements of a sigma benchmarking chart

• Interpret a data point plotted on a sigma benchmarking chart

• Understand the difference between the idea of benchmark, baseline,
and entitlement cycle time

• Provide a brief description for the outcome 1 - Y.rt

• Recognize that the quantity 1 + (1 – Y.rt) represents the number of units
that must be produced to extract one good unit from a process

• Describe how every occurrence of a defect requires time to verify, ana-
lyze, repair, and reverify

• Understand that work-in-process (WIP) is highly correlated to the rate
of defects

• Describe what is meant by the term Mean Time Before Failure (MTBF)

• Interpret the temporal failure pattern of a product using the classical
bathtub reliability curve

• Explain how process capability impacts the pattern of failure inherent
in the infant mortality rate

• Provide a rational definition of the term latent defect and how such
defects can impact product reliability

• Explain how defects produced during manufacture influence product
reliability, which, in turn, influences customer satisfaction

• Rationalize the statement, “The highest quality producer is the lowest
cost producer.”

• Understand the fundamental nature of quantitative benchmarking on
a sigma scale of measure

• Recognize that the sigma scale of measure is at the opportunity level,
not at the system level

• Interpret an array of sigma benchmarking charts

• Understand that global benchmarking has consistently revealed four
sigma as average while best-in-class is near the six sigma region

• Draw first-order conclusions when given a global benchmarking chart

• Provide a brief description of the five sigma wall, what it is, why it exists,
and how to get over it

• State the general findings that tend to characterize or profile a four
sigma organization

• Explain how the sigma scale of measure could be employed for pur-
poses of strategic planning

• Recognize the cycle-time, reliability, and cost implications when inter-
preting a sigma benchmarking chart
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• Understand how a six sigma product without a market will fail, while a
six sigma product in a viable market is virtually certain to succeed

• Provide a qualitative definition and graphical interpretation of the stan-
dard deviation

• Understand the driving need for breakthrough improvement vs. con-
tinual improvement

• Define the two primary components of process breakthrough

• Provide a brief description of the four phases of process breakthrough
(i.e., measure, analyze, improve, control)

• Provide a synopsis of what a statistically designed experiment is and
what role it plays during the improvement phase of breakthrough

• Understand the basic nature of statistical process control charts and the
role they play during the control phase of breakthrough

• Explain the interrelationship between the terms process capability, process
precision, and process accuracy

• Explain how statistically designed experiments can be used to achieve
the major aims of six sigma from a quality, cost, and cycle-time point of
view

• Understand that the term sigma is a performance metric that only
applies at the opportunity level

DFSS PRINCIPLES

• Understand the fundamental ideas underlying the notion of 
manufacturability

• Understand how product and process complexity impacts design 
performance

• Understand how statistically designed experiments can be used to iden-
tify leverage variables, establish sensitivities, and define tolerances

• Explain the concept of error propagation (both linear and nonlinear)
and what role product/process complexity plays

• Describe how reverse error propagation can be employed during sys-
tem design

• Explain why process shift and drift must be considered in the analysis
of a design and how it can be factored into design optimization

• Describe how six sigma tools and methods can be applied to the design
process in and of itself

• Discuss the pros and cons of the classical approach to product/process
design relative to that of the six sigma approach



187

Glossary

Acceptance sampling A sampling inspection in which decisions concerning accept-
ance or rejection of materials or services are made. This also includes proce-
dures used in determining the acceptability of the items in question based on
the true value of the quantity being measured. The inspection of a sample from
a lot is used to decide whether to accept or not accept that lot. There are two
types of acceptance sampling: attributes sampling and variables sampling. In
attributes sampling, the presence or absence of a characteristic is noted in each
of the units inspected. In variables sampling, the numerical magnitude of a
characteristic is measured and recorded for each inspected unit; this involves
reference to a continuous scale of some kind.

Accountability/Responsibility matrix A structure that relates the project organiza-
tion structure to the work breakdown structure; it assures that each element of the
project scope of work is assigned to a responsible individual.

Accuracy A characteristic of measurement which addresses how close an observed
value is to the true value. It answers the question, “Is it right?”

Action plan The detailed plan to implement the actions needed to achieve strate-
gic goals and objectives (similar, but not as comprehensive as a project plan).

Activity A task or series of tasks performed over a period of time.

Activity description Any combination of characters that easily identifies an activity
to any recipient of the schedule.

Activity-based management Managing utilizing an accounting system that allocates
costs to products based on resources employed to produce the product.

Actual Cost of Work Performed (ACWP) The direct costs actually incurred and the
indirect costs applied in accomplishing the work performed within a given time
period. These costs should reconcile with the contractor’s incurred cost ledgers
that are regularly audited by the client.

ACWP Actual Cost of Work Performed.

Adult learning principles Key issues about how adults learn. These impact how
education and training of adults should be designed.

Affinity chart (diagram) A brainstorming tool used to gather large quantities of
information from many people; ideas usually are put on sticky notes, then cate-
gorized into similar columns; columns are named giving an overall grouping of
ideas. In other words, it is a management and planning tool used to organize
ideas into natural groupings in a way that stimulates new, creative ideas. Also
known as the KJ method.
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Agile approach See Lean approach.

Alpha (Α) risk The maximum probability of saying a process or lot is unacceptable
when, in fact, it is acceptable. See Producer’s risk.

Alternative analysis Breaking down a complex scope situation for the purpose of
generating and evaluating different solutions and approaches.

Alternatives Review of the means available and the impact of tradeoffs to attain the
objectives.

Amount at stake The extent of adverse consequences that could occur to the project.

Analysis The study and examination of something complex and its separation into
more simple components. Analysis typically includes discovering not only what
are the parts of the thing being studied, but also how they fit together and why
they are arranged in this particular way. A study of schedule variances for cause,
impact, corrective action, and results.

Analysis Of Means (ANOM) A statistical procedure for troubleshooting industrial
processes and analyzing the results of experimental designs with factors at fixed
levels. It provides a graphical display of data. Ellis R. Ott developed the proce-
dure in 1967 after he observed that nonstatisticians had difficulty understanding
analysis of variance. Analysis of means is easier for quality practitioners to use
because it is an extension of the control chart. In 1973, Edward G. Schilling fur-
ther extended the concept, enabling analysis of means to be used with normal
distributions and attributes data where the normal approximation to the bino-
mial distribution does not apply. This is referred to as analysis of means for treat-
ment effects.

Analysis of results The effect of each factor on the response of the system is deter-
mined. Using simple statistical techniques, the largest effects are isolated and a
prediction equation is formulated to predict the behavior of the system more
accurately.

Analysis of variance (ANOVA) A basic statistical technique for analyzing experi-
mental data. It subdivides the total variation of a data set into meaningful com-
ponent parts associated with specific sources of variation in order to test a
hypothesis on the parameters of the model or to estimate variance components.
There are three models: fixed, random, and mixed.

Analytical thinking Breaking down a problem or situation into discrete parts to
understand how each part contributes to the whole.

Analyze The third component of the DMAIC phase where process detail is scruti-
nized for improvement opportunities. Note that: (1) data is investigated and
verified to prove suspected root causes and substantiate the problem statement
and (2) process analysis includes reviewing process maps for value-added/
non-value-added activities. 

ANOM Analysis Of Means.

ANOVA Analysis Of Variance.

AOQ Average Outgoing Quality.

AOQL Average Outgoing Quality Limit.

Average Outgoing Quality (AOQ) The expected average outgoing quality follow-
ing the use of an acceptance sampling plan for a given level of quality. Any lots
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not meeting this level of quality must be inspected and nonconforming units
removed and replaced. These lots are then included with the acceptable lots.

Average Outgoing Quality Limit (AOQL).

Appraisal costs Costs incurred to determine the degree of conformance to quality
requirements. 

Approve To accept as satisfactory. Approval implies that the thing approved has the
endorsement of the approving agency; however, the approval may still require
confirmation by someone else. In management use, the important distinction is
between approve and authorize. Persons who approve something are willing to
accept it as satisfactory for their purposes, but this decision is not final. Approval
may be by several persons. The person who authorizes has final organization
authority. This authorization is final approval.

Approved changes Changes that have been approved by higher authority.

Area of project application The environment in which a project takes place, with its
own particular nomenclature and accepted practices, for example, facilities,
products, or systems development projects.

Arrow diagram A management and planning tool used to develop the best possi-
ble schedule and the appropriate controls to accomplish the schedule; the
Critical Path Method (CPM) and the Program Evaluation Review Technique
(PERT) make use of arrow diagrams.

Assignable causes (of variation) Significant, identifiable changes in the relation-
ships of materials, methods, machines, measurement, mother nature, and peo-
ple (5M&P).

Assurance To examine with the intent to verify.

Attribute data Go/no-go information. The control charts based on attribute data
include fraction defective chart, number of affected units chart, count chart,
count per-unit chart, quality score chart, and demerit chart.

Audit A planned, independent, and documented assessment to determine whether
agreed-upon requirements are being met.

Auditee The individual or organization being audited.

Auditor An individual or organization carrying out an audit.

Audit program The organizational structure, commitment, and documented meth-
ods used to plan and perform audits.

Audit team The group of individuals conducting an audit under the direction of 
a team leader, relevant to a particular product, process, service, contract, or 
project.

Audits Planned and documented activities performed by qualified personnel to
determine by investigation, examination, or evaluation of objective evidence, the
adequacy and compliance with established procedures, or the applicable docu-
ments and the effectiveness of implementation.

Authoritarian A person who lets individuals know what is expected of them, gives
specific guidance as to what should be done, makes his part of the group under-
stood, schedules work to be done, and asks group members to follow standard
rules and regulations.
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Authorize To give final approval. A person who can authorize something is vested
with authority to give final endorsement, which requires no further approval.

Authorized work An effort that has been approved by higher authority and may or
may not be defined or finalized.

Autocratic management Autocratic managers are concerned with developing an
efficient workplace and have little concern for people (theory X assumptions
about people). They typically make decisions without input from subordinates,
relying on their own positional power.

Autonomation (Jidoka) Use of specially equipped automated machines capable of
detecting a defect in a single part, stopping the process, and signaling for assis-
tance.

Availability The ability of a product to be in a state to perform its designated func-
tion under stated conditions at a given time. Availability can be expressed by the
ratio: [Uptime]/[Uptime + Downtime].

Average See Mean.

Average chart A control chart in which the subgroup average, Xbar, is used to eval-
uate the stability of the process level.

Balanced scorecard. Categorizes ongoing measures into four significant areas:
finance, process, people, and innovation. Used as a presentation tool to update
sponsors, senior management, and others on the progress of a business or
process. It is also useful for process owners. Translates an organization’s mission
and strategy into a comprehensive set of performance measures to provide a
basis for strategic measurement and management utilizing four balanced views:
financial, customers, internal business processes, and learning and growth.

Baseline Management plan and/or scope document fixed at a specific point in time
in the project life cycle.

Baseline concept Management’s project management plan for a project fixed prior
to commencement.

Baseline measures Data signifying the level of process performance as it is/was
operating at the initiation of an improvement project (prior to solutions).

Batch processing Running large batches of a single product through the process at
one time, resulting in queues awaiting next steps in the process.

Bathtub curve Also called the life-history curve. A graphic demonstration of the
relationship of the life of a product versus the probable failure rate. Includes
three portions: early or infant failure (break-in), a stable rate during normal use,
and wear out.

Bayes theorem A theorem of statistics relating conditional probabilities.

Bell-shaped curve A curve or distribution showing a central peak and tapering off
smoothly and symmetrically to tails on either side. A normal (Gaussian) curve is
an example.

Benchmarking An improvement process in which a company measures its per-
formance against that of best-in-class companies (or others who are good per-
formers), determines how those companies achieved their performance levels,
and uses the information to improve its own performance. The areas that can be
benchmarked include strategies, operations, processes, and procedures.
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Benefit-cost analysis A collection of the dollar value of benefits derived from an ini-
tiative and the associated costs incurred and then using the information for
computing the ratio of benefits to cost.

Beta (β) risk The maximum probability of saying a process or lot is acceptable
when, in fact, it should be rejected. See consumer’s risk.

BCWP Budgeted Cost of Work Performed.

BCWS Budgeted Cost of Work Scheduled.

Bias (in measurement) A characteristic of measurement that refers to a systematic
difference. This systematic difference is an error that leads to a difference
between the average result of a population of measurements and the true,
accepted value of the quantity being measured.

Big Q, little q A term used to contrast the difference between managing for quali-
ty in all business processes and products (big Q) and managing for quality in a
limited capacity, traditionally in only factory products and processes (little q).

Binomial distribution (probability distribution) Given that a trial can have only two
possible outcomes (yes/no, pass/ fail, heads/tails) of which one outcome 
has probability p and the other probability q (p + q = 1), the probability that the
outcome represented by p occurs r times in n trials is given by the binomial 
distribution.

Black Belt. A team leader, trained in the DMAIC process and facilitation skills, who
is responsible for guiding an improvement project to completion. Black Belts
are technically oriented individuals held in high regard by their peers. They
should be actively involved in the organizational change and development
process. Candidates may come from a wide range of disciplines and need not be
formally trained statisticians or engineers. Six sigma technical leaders work to
extract actionable knowledge from an organization’s information warehouse.
Successful candidates should understand one or more operating systems,
spreadsheets, database managers, presentation programs, and word processors.
As part of their training they will be required to become proficient in the use of
one or more advanced statistical analysis software packages.

Blemish An imperfection that is severe enough to be noticed but should not cause
any real impairment with respect to intended normal or reasonably foreseeable
use. See also Defect, imperfection, and nonconformity.

Block diagram A diagram that shows the operation, interrelationships, and inter-
dependencies of components in a system. Boxes, or blocks (hence the name)
represent the components; connecting lines between the blocks represent inter-
faces. There are two types of block diagrams: a functional block diagram, which
shows a system’s subsystems and lower-level products, their interrelationships,
and interfaces with other systems; and a reliability block diagram, which is simi-
lar to the functional block diagram except that it is modified to emphasize those
aspects influencing reliability. Also known as boundary diagram.

Boundaryless organization An organization without the internal or external
boundaries limiting the traditional structures. Also known as a network organi-
zation, a modular corporation, or a virtual corporation.

Brainstorming A problem-solving tool that teams use to generate as many ideas as
possible related to a particular subject. Team members begin by offering all their
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ideas; the ideas are not discussed or reviewed until after the brainstorming ses-
sion. Another way of defining brainstorming is a rapid pooling of ideas by a team
of people before any discussion or judgment takes place.

Breakdown Identification of the smallest activities or tasks in a job according to a
defined procedure.

Break-even chart A graphic representation of the relation between total value
earned and total costs for various levels of productivity.

Break-even point The productivity point at which value earned equals total cost.

Breakthrough A method of solving chronic problems that results from the effective
execution of a strategy designed to reach the next level of quality. Such change
often requires a paradigm shift within the organization.

Budget When unqualified, budget usually refers to an estimate of funds planned to
cover a fiscal period. Also, a planned allocation of resources. See Project budget.

Budget costs The translation of the estimate into man-hour rates, quantity units of
production, and so on so that these budget costs can be compared to actual costs
and variances developed to highlight performance and alert those responsible
to implement corrective action if necessary.

Budget estimate (-10, +25 percent) A budget estimate is prepared from flow sheets,
layouts, and equipment details. This is often required for the owner’s budget sys-
tem. These estimates are established on quantitative information and are a mix-
ture of firm and unit prices for labor, material, and equipment. They establish
the funds required and are used for obtaining approval for the project. Other
terms used to identify a budget estimate include appropriation, control, and
design.

Budgeted Cost of Work Performed (BCWP) The sum of the budgets for completed
portions of in-process work, plus the appropriate portion of the budgets for level
of effort and apportioned effort for the relevant time period. BCWP is common-
ly referred to as earned value.

Budgeted Cost of Work Scheduled (BCWS) The sum of the budgets for work
scheduled to be accomplished (including in-process work), plus the appropriate
portion of the budgets for level of effort and apportioned effort for the relevant
time period.

Business processes Processes that focus on what the organization does as a busi-
ness and how it goes about doing it. A business has functional processes (gener-
ating output within a single department) and cross-functional processes (gener-
ating output across several functions or departments). 

Calibration The comparison of a measurement instrument or system of unverified
accuracy to a measurement instrument or system of a known accuracy to detect
any variation from the true value.

Calibration (of instrument) Adjusting an instrument using a reference standard to
reduce the difference between the average reading of the instrument and the
true value of the standard being measured, i.e., to reduce measurement bias.

Camp-Meidell conditions For frequency distribution and histograms: A distribu-
tion is said to meet Camp-Meidell conditions if its mean and mode are equal and
the frequency declines continuously on either side of the mode.
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Capability (of process) The uniformity of product that a process is capable of pro-
ducing. Can be expressed numerically using Cp, Cr, Cpk, and Zmax/3 when the
data is normally distributed.

Capability ratio (Cp) Equal to the specification tolerance width divided by the
process capability.

Career path planning The process of integrating the individual’s career planning
and development into the organization’s personnel plans with the objective of
satisfying both the organization’s requirements and the individual’s career goals.

Cascading training Training implemented in an organization from the top down,
where each level acts as trainers to those below.

Cash flow analysis The activity of establishing cash flow (dollars in and out of the
project) by month and the accumulated total cash flow for the project for the
measurement of actual versus the budget costs. This is necessary to allow for fund-
ing of the project at the lowest carrying charges and is a method of measuring
project progress.

Catchball A term used to describe the interactive process of developing and
deploying policies and plans with Hoshin planning.

Cause and effect analysis A visually effective way of identifying and recording the
possible causes of a problem and the relationships between them as they are sug-
gested by the team. A pictorial diagram showing all the cause (process inputs)
and effect (resulting problem being investigated) relationships among the fac-
tors which affect the process. In essence, it is a tool for analyzing process vari-
ables. It is also referred to as the Ishikawa diagram. Kaoru Ishikawa developed it
and the fishbone diagram, so named because the complete diagram resembles
a fish skeleton (causes are the bones of the fish and the effect are shown as the
head of the fish). Sometimes it is also called the feather diagram because it
resembles a feather. The diagram illustrates the main causes and subcauses lead-
ing to an effect (symptom). The cause-and-effect diagram is one of the seven
tools of quality.

c-chart For attributes data: A control chart of the number of defects found in a
subgroup of fixed size. The c-chart is used where each unit typically has a num-
ber of defects. 

Cell A layout of workstations and/or various machines for different operations
(usually in a U-shape) in which multitasking operators proceed, with a part,
from machine to machine, to perform a series of sequential steps to produce a
whole product or major subassembly.

Cell (of frequency distribution and/or histogram) For a sample based on a con-
tinuous variable, a cell is an interval into which individual data points are
grouped. The full range of the variable is usually broken into intervals of equal
size and the number of points in each cell totaled. These intervals (cells) make
up a frequency distribution or histogram. This greatly reduces the amount of
information that must be dealt with, as opposed to treating each element (data
point) individually.

Center line For control charts: the horizontal line marking the center of the chart,
usually indicating the grand average of the quantity being charted.
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Central limit theorem If samples of a population with size n are drawn; the values of
xbar are calculated for each sample group; and the distribution of xbar is found,
the distribution’s shape is found to approach a normal distribution for sufficient-
ly large n. This theorem allows one to use the assumption of a normal distribution
when dealing with xbar. Sufficiently large depends on the population’s distribu-
tion and what range of xbar is being considered. For practical purposes, the easi-
est approach may be to take a number of samples of a desired size and see if their
means are normally distributed. If not, the sample size should be increased.

Central tendency A measure of the point about which a group of values is clus-
tered; some measures of central tendency are mean, mode, and median. In
other words, central tendency is the propensity of data collected on a process to
concentrate around a value situated somewhere midway between the lowest and
highest value.

Chaku-chaku (Japanese) Meaning “load-load” in a cell layout where a part is taken
from one machine and loaded into the next.

Champion An individual who has accountability and responsibility for many
processes or who is involved in making strategic-level decisions for the organi-
zation. The champion ensures ongoing dedication of project resources and
monitors strategic alignment (also referred to as a sponsor).

Change An increase or decrease in any of the project characteristics.

Change agent The person who takes the lead in transforming a company into a
quality organization by providing guidance during the planning phase, facilitat-
ing implementation, and supporting those who pioneer the changes.

Changeover Changing a machine or process from one type of product or service
to another.

Characteristic A dimension or parameter of a part which can be measured and
monitored for control and capability. A property that helps to identify or to dif-
ferentiate between entities and that can be described or measured to determine
conformance or nonconformance to requirements.

Charter A documented statement officially initiating the formation of a commit-
tee, team, project, or other effort on which a clearly stated purpose and approval
is conferred. It is the specific team document defining the context, specifics, and
plans of an improvement project and includes business case; problem and goal
statements; constraints and assumptions; roles; preliminary plan; and scope.
Periodic reviews of the charter with the sponsor ensure alignment with business
strategies; review, revise, and refine it periodically throughout the DMAIC
process based on data.

Checklist A tool used to ensure that all important steps or actions in an operation
have been taken. Checklists contain items that are important or relevant to an
issue or situation; A form used to ensure the factor level settings are correct for
each run of the experiment. The form can also be used to record the results of
each experimental run and to note any unplanned events that may distort or
bias the results. Checklists are often confused with check sheets and data sheets.
See also Check sheet.

Check sheet A simple data-recording device. The check sheet is custom-designed
for the particular use, allowing ease in interpreting the results and reducing the
likelihood of errors in recording data. The check sheet is one of the seven tools
of quality. Check sheets are often confused with data sheets and checklists. See
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also checklist. A sheet for the recording of data on a process or its product.
These may be: forms, tables, or worksheets facilitating data collection and com-
pilation; allowing for collection of stratified data. See also stratification. The
check sheet is designed to remind the user to record each piece of information
required for a particular study. The data from the check sheet can be typed into
a computer for analysis when the data collection is complete. 

Chi-square (χ2) As used for goodness-of-fit: a measure of how well a set of data fits a
proposed distribution, such as the normal distribution. The data is placed into
classes and the observed frequency, O, is compared to the expected frequency, E,
for each class of the proposed distribution. The result for each class is added to
obtain a chi-square value. This is compared to a critical chi-square value from a
standard table for a given (alpha) risk and degrees of freedom. If the calculated
value is smaller than the critical value, the data follows the proposed distribution
at the chosen level of significance.

Chronic condition Long-standing adverse condition which requires resolution by
changing the status quo. For example, actions such as revising an unrealistic
manufacturing process or addressing customer defections can change the status
quo and remedy the situation.

Chronic problem A long-standing adverse situation that can be remedied by chang-
ing the status quo. For example, actions such as revising an unrealistic manu-
facturing process or addressing customer defections can change the status quo
and remedy the situation.

Client quality services The process of creating a two-way feedback system to define
expectations, opportunities, and anticipated needs.

Cluster For control charts: a group of points with similar properties, usually an
indication of short duration, assignable causes.

Coaching A continuous improvement technique by which people receive
one-to-one learning through demonstration and practice and that is character-
ized by immediate feedback and correction.

Code of accounts Once the project has been divided into the WBS work packages,
a code or numbering system is assigned to the cost data for cost monitoring, con-
trol, reports, tax class separations, and forecasting purposes.

Coded plan matrix The levels of each factor within the plan matrix are represent-
ed by a code. The codes can be 1 and 2 or - and +. The use of - and + is preferred
as these simplify the use of the matrix when calculating the effect of each factor.
Taguchi, on the other hand, prefers the 1 and 2 designation.

Combative A project manager who is marked by an eagerness to fight or be dis-
agreeable over any given situation.

Commissioning Activities performed for the purpose of substantiating the capabili-
ty of the project to function as designed.

Commitment An agreement to consign or reserve the necessary resources to fulfill
a requirement until expenditure occurs. A commitment is an event.

Common cause Normal, everyday influences on a process; usually harder to elimi-
nate and requiring changes to the process. Problems from common causes are
referred to as chronic pain. (See also Control chart; Run chart; Special cause;
Variation.) Those sources of variability in a process which are truly random, that
is, inherent in the process itself.
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Common causes of variation Causes that are inherent in any process all the time.
A process that has only common causes of variation is said to be stable or pre-
dictable or in-control. Also called chance causes.

Communications management (framework) The proper organization and control
of information transmitted by whatever means to satisfy the needs of the project.
It includes the processes of transmitting, filtering, receiving, and interpreting or
understanding information using appropriate skills according to the application
in the project environment. It is, at once, the master and the servant of a proj-
ect in that it provides the means for interaction between the many disciplines,
functions, and activities, internal and external to the project, and which togeth-
er result in the successful completion of that project. Conducting or supervising
the exchange of information.

Compensation and evaluation The measurement of an employee’s performance
and the financial payment provided to that employee as a reward for his per-
formance and as a motivator for future performance.

Competence A person’s ability to team and perform a particular activity.
Competence generally consists of skill, knowledge, experience, and attitude
components.

Competency-based training A training methodology that focuses on building mas-
tery of a predetermined segment or module before moving on to the next.

Competitive analysis The gathering of intelligence relative to competitors in order
to identify opportunities or potential threats to current and future strategy.

Compromise Both sides agree such that each wins or loses a few points.

Computer cost applications The computer-assisted techniques to handle analysis
and store the volume of data accumulated during the project life that are essen-
tial to the cost management function. The areas associated with cost manage-
ment are: cost estimating database, computerized estimating, management
reports, economic analysis, analysis of risk and contingency, progress measure-
ments, productivity analysis and control, risk management, commitment
accounting, and integrated project management information systems. 

Concept An imaginative arrangement of a set of ideas.

Concept (phase) The first of four sequential phases in the generic project life
cycle. Also known as idea, economics, feasibility, or pre-feasibility phase.

Conceptual development A process of choosing/documenting the best approach
to achieve project objectives.

Conceptual project planning The process of developing broad-scope project docu-
mentation from which the technical requirements, estimates, schedules, control
procedures, and effective project management will all flow.

Concerns Number of defects (nonconformities) found on a group of samples in
question.

Concurrent engineering A process in which an organization designs a product or
service using input and evaluations from business units and functions early in
the process, anticipating problems, and balancing the needs of all parties. The
emphasis is on upstream prevention versus downstream correction.

Conducting the experiment The experiment, once planned and designed, is per-
formed by testing the system under investigation according to the combination
of factor level settings determined by each experimental run.



Glossary 197

Confidence interval Range within which a parameter of a population (for exam-
ple, mean, standard deviation, and so on) may be expected to fall, on the basis
of measurement, with some specified confidence level. 

Confidence level The probability set at the beginning of a hypothesis test that the
variable will fall within the confidence interval. A confidence level of 0.95 is
commonly used.

Confidence limits The upper and lower boundaries of a confidence interval.

Configuration (baseline) control A system of procedures that monitors emerging
project scope against the scope baseline. Requires documentation and manage-
ment approval on any change to the baseline.

Confirmation run An experiment performed under the optimal conditions pre-
dicted by the analysis of the results from the designed experiment. This test ver-
ifies or disproves the quantitative knowledge of the system (which was deter-
mined through the analysis).

Conflict management The process by which the project manager uses appropriate
managerial techniques to deal with the inevitable disagreements, both technical
and personal in nature, that develop among those working toward project
accomplishment.

Conflict resolution A process for resolving disagreements in a manner acceptable
to all parties. To seek a solution to a problem, five methods in particular have
been proven through confrontation, compromise, smoothing, forcing, and
withdrawal.

Conformance (of product) Adherence to some standard of the product’s proper-
ties. The term is often used in attributes studies of product quality; for example,
a given unit of the product is either in conformance to the standard or it is not.

Confounding When interaction effects cannot be separated from the main effects,
the main effects are said to be confounded with interactions.

Confrontation When two parties work together toward a solution of the problem.

Consensus Finding a proposal acceptable enough that all team members can sup-
port the decision and no member opposes it.

Constancy of purpose Occurs when goals and objectives are properly aligned to
the organizational vision and mission.

Constant-cause system A system or process in which the variations are random and
are constant in time. 

Constraint A constraint may range from the intangible (for example, beliefs, cul-
ture) to the tangible (for example, posted rule prohibiting smoking, buildup of
work-in process awaiting the availability of a machine or operator).

Constraint management Pertains to identifying a constraint and working to remove
or diminish that constraint, while dealing with resistance to change.

Constraints Applicable restrictions which will affect the scope. Any factor that
affects when an activity can be scheduled.

Construct A formally proposed concept representing relationships between empir-
ically verifiable events and based on observed facts.

Consultative A decision-making approach in which a person talks to others and
considers their input before making a decision.
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Consumer market customers End users of a product or service (customers and not
customers alike).

Consumer’s risk The maximum probability of saying a process or lot is acceptable
when, in fact, it should be rejected. In a sampling plan, consumer’s risk refers to
the probability of acceptance of a lot, the quality of which has a designated
numerical value representing a level that is seldom desirable. Usually the desig-
nated value will be the Lot Tolerance Percent Defective (LPTD). Also called beta
risk or type II error.

Consumption Conversion of a liquid resource to a less recoverable state, that is,
expenditures of time, human resources, dollars to produce something of value;
or the incorporation of inventoried materials into fixed assets.

Contingencies Specific provisions for unforseeable elements of cost within the
defined project scope. Contingencies are particularly important where previous
experience relating estimates and actual costs has shown that unforeseeable events
that will increase costs are likely to occur. If an allowance for escalation is includ-
ed in the contingency, it should be a separate item determined to fit expected
escalation conditions for the project. Sometimes also called contingency plan.

Contingency plan A plan that identifies key assumptions beyond the project man-
ager’s control, and their probability of occurrence. The plan identifies alterna-
tive strategies for achieving project success.

Contingency planning The establishment of management plans to be invoked in
the event of specified risk events. Examples include the provision and prudent
management of a contingency allowance in the budget, the preparation of alter-
native schedule activity sequences or workarounds, the evaluation of liabilities in
the event of complete project shut down, and emergency responses to reduce
those liabilities.

Continuous data The results of measuring a continuous variable. Any variable 
measured on a continuum or scale that can be infinitely divided. The measure-
ment depends on the system used; primary types include time, dollars, size,
weight, temperature, and speed; also referred to as variable data. See also Attrib-
ute data.

Continuous probability distribution A graph or formula representing the proba-
bility of a particular numeric value of continuous (variable) data, based on a par-
ticular type of process that produces the data.

Continuous process improvement The actions taken throughout an organization
to increase the effectiveness and efficiency of activities and processes in order to
provide added benefits to the customer and organization. It is considered a sub-
set of total quality management and operates according to the premise that
organizations can always make improvements. Continuous improvement can
also be equated with reducing process variation.

Continuous variable A variable which can assume any of a range of values; an
example would be the measured size of a part.

Contract A binding agreement to acquire goods and/or services in support of a
project.

Contract procurement management The function through which resources
(including people, plant, equipment, and materials) are acquired for the proj-
ect (usually through some form of formal contract) in order to produce the end
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product. It includes the processes of establishing strategy, instituting informa-
tion systems, identifying sources, selection, conducting proposals or tendering
invitation and award, and administering the resulting contract.

Contract review Systematic activities carried out by an organization before agree-
ing to a contract to ensure that requirements for quality are adequately defined,
free from ambiguity, documented, and can be realized by the supplier.

Contract risk The potential and consideration of risk in procurement actions.
Generally the forces of supply and demand determine who should have the max-
imum risk of contract performance, but the objective is to place the maximum
performance risk on the supplier while maintaining an incentive for efficient
performance. In a fixed price contract, the supplier accepts a higher risk than
in a cost type contract in which supplier’s risk is lowest.

Contract risk analysis Analysis of the consequences and probabilities that certain
undesirable events will occur and their impact on attaining the contract/pro-
curement objectives.

Contractor’s performance evaluation A comprehensive review of the contractor’s
technical and cost performance and work delivery schedules.

Contrast A contrast is a weighted average of the experiment’s results (response
data), where all the weights sum to zero. Each column of a contrast matrix rep-
resents the contrast for a factor or interaction.

Contrast matrix. When a coded plan matrix using the codes - and + is modified to
show -l and +1, it becomes known as a contrast matrix. Each column of the con-
trast matrix is known as a contrast and can be used to calculate the effect of the
factor or the interaction(s) attributable to that column.

Control The last element of the DMAIC phase. Once solutions have been imple-
mented, ongoing measures track and verify the stability of the improvement and
the predictability of the process. Control often includes process management
techniques and systems, including process ownership, cockpit charts, and/or
process management charts.

Control (general) A statistical concept indicating that a process operating within
an expected range of variation is being influenced mainly by common cause fac-
tors; processes operating in this state are referred to as in control. In other
words, control is the exercise of corrective action as necessary to yield a required
outcome consequent upon monitoring performance. See also Control charts;
Process capability; Variation.

Control (of process) A process is said to be in a state of statistical control if the
process exhibits only random variations (as opposed to systematic variations
and/or variations with known sources). When monitoring control with control
charts, a state of control is exhibited when all points remain between set control
limits.

Control chart A plot of some parameter of process performance, usually deter-
mined by regular sampling of the product, as a function (usually) of time or unit
number or other chronological variable. The control limits are also plotted for
comparison. The parameter plotted may be the mean value of a particular meas-
urement for a product sample of specified size (xbar chart), the range of values
in the sample (R chart), the percent of defective units in the sample (p chart),
and so on. Another way to look at the control chart is to view it as a basic tool
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that consists of a graphical representation of data with upper and lower control
limits on which values of some statistical measure for a series of samples or sub-
groups are plotted. It frequently shows a center line to help detect a trend of
plotted values toward either control limit. It is used to monitor and analyze vari-
ation from a process to see whether the process is in statistical control.

Control group An experimental group that is not given the treatment under study.
The experimental group that is given the treatment is compared to the control
group to ensure any changes are due to the treatment applied.

Control limits The limits within which the product of a process is expected (or
required) to remain. If the process leaves the limits, it is said to be out of con-
trol. This is a signal that action should be taken to identify the cause and elimi-
nate it if possible. Note: control limits are not the same as tolerance limits.
Control limits always indicate the voice of the process or the behavior of the
process. They are always calculated. Tolerance limits, on the other hand, are
always given.

Control plan A document that may include the characteristics for quality of a prod-
uct or service, measurements, and methods of control.

Control system A mechanism that reacts to the current project status in order to
ensure accomplishment of the project objectives.

COPQ Cost of Poor Quality.

COQ Cost Of Quality.

Core competency Pertains to the unique features and characteristics of an organi-
zation’s overall capability.

Corporate business life cycle A life cycle that encompasses phases of policy-plan-
ning and identification-of-needs before a project life cycle, as well as
product-in-service and disposal after the project life cycle.

Corporate culture Relates to the collective beliefs, values, attitudes, manners, cus-
toms, behaviors, and artifacts unique to an organization. While the word “cor-
porate” typically appears, corporate culture may refer to that of any type of
organization, large or small.

Corporate project strategy The overall direction set by the corporation of which
the project is a part, and the relationship of specific procurement actions to
these corporate directions. 

Corrective action Action taken to eliminate the root cause(s) and symptom(s) of
an existing deviation or nonconformity to prevent recurrence.

Corrective action (cost management) The development of changes in plan and
approach to improve the performance of the project.

Corrective action (communications management). Measures taken to rectify condi-
tions adverse to specified quality, and where necessary, to preclude repetition. 

Correlation Refers to the measure of the relationship between two sets of numbers
or variables.

Correlation coefficient Describes the magnitude and direction of the relationship
between two variables.

Cost Cash value of project activity.

Cost budgeting The process of establishing budgets, standards, and a monitoring
system by which the investment costs of the project can be measured and 
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managed, that is, the establishment of the control estimate. It is vital to be aware
of the problems before the fact so that timely corrective action can be taken.

Cost controls The processes of gathering, accumulating, analyzing, reporting, and
managing the costs on an ongoing basis. Includes project procedures, project
cost changes, monitoring actual versus budget, variance analysis, integrated
cost/schedule reporting, progress analysis, and corrective action.

Cost effective Better value for the money, or the best performance for the least cost.

Cost estimating The process of assembling and predicting the costs of a project. It
encompasses the economic evaluation, project investment cost, and predicting
or forecasting of future trends and costs.

Cost forecasting The activity of predicting future trends and costs within the proj-
ect duration. These activities are normally marketing oriented. However, such
items as sales volume, price, and operating cost can affect the project profitabil-
ity analysis. Items that affect the cost management functions are predicted
time/cost, salvage value, and so on.

Cost management The function required to maintain effective financial control of
the project through the processes of evaluating, estimating, budgeting, moni-
toring, analyzing, forecasting, and reporting the cost information.

Cost Of Poor Quality (COPQ) The costs associated with providing poor-quality
products or services. Dollar measures depicting the impact of problems (inter-
nal and external failures) in the process as it exists. COPQ includes labor and
material costs for handoffs, rework, inspection, and other non-value-added activ-
ity. In other words, the cost incurred from generating a defect; or cost that would
be avoided if, rather than a defect, the opportunity yielded a success.

Cost Of Quality (COQ) Costs incurred in assuring quality of a product or service.
There are four categories of quality costs: internal failure costs (costs associated
with defects found before delivery of the product or service); external failure
costs (costs associated with defects found during or after product or service
delivery); appraisal costs (costs incurred to determine the degree of confor-
mance to quality requirements); and prevention costs (costs incurred to keep
failure and appraisal costs to a minimum).

Cost performance measurement baseline The formulation of budget costs and
measurable goals (particularly time and quantities), for the purposes of com-
parisons, analysis, and forecasting future costs.

Counseling/coaching The process of advising or assisting an individual concerning
career plans, work requirements, or the quality of work performed.

Count chart A control chart for evaluating the stability of a process in terms of the
count of events of a given classification occurring in a sample.

Count-per-unit chart A control chart for evaluating the stability of a process in
terms of the average count of events of a given classification per unit occurring
in a sample.

Covariance A measure of whether two variables (x and y) are related (correlated).
It is given by the formula. σ

xy
= [Σ(x-Xbar) (y-ybar)]/n-1. n is the number of ele-

ments in the sample

C
P

For process capability studies. C
p

is a capability index defined by the formula:
C

p
= Tolerance/6σ. C

p
shows the process capability potential but does not con-

sider how centered the process is. C
p

may range in value from 0 to infinity, with
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a large value indicating greater potential capability. A value of 1.67 or greater, is
considered an acceptable value of a C

p
. Specifically in the six sigma methodolo-

gy its value is expected to be greater than 2.0.

C
pk

A widely used process capability index. It is expressed as a ratio of the smallest
answer of: [USL-Xbar]/3sigma or [Xbar – LSL]/3sigma. If the C

pk
has a value

equal to Cp the process is centered on the nominal; if C
pk

is negative, the process
mean is outside the specification limits; if C

pk
is between 0 and 1, then some of

the six sigma spread falls outside the tolerance limits. If Cpk is larger than 1, the
six sigma spread is completely within the tolerance limits. A value of 1.33 or
greater is usually desired. Also known as Z

min
/3.

CPM See Critical Path Method.

CPN See Critical Path Network.

CQI Continuous Quality Improvement.

Cr For process capability studies: The inverse of C
p
, C

r
can range from 0 to infinity

in value, with a smaller value indicating a more capable process.

Crashing Action to decrease the duration of an activity or project by increasing the
expenditure of resources.

Crawford Slip method Refers to a method of gathering and presenting anonymous
data from a group.

Criteria A statement that provides objectives, guidelines, procedures, and standards
that are to be used to execute the development, design, and/or implementation
portions of a project.

Criteria matrix Decision-making tool used when potential choices must be
weighed against several key factors (for example, cost, ease to implement,
impact on customer). Encourages use of facts, data, and clear business objectives
in decision making.

Criterion A standard, rule, or test upon which a judgment or decision can be based.

Critical activity Any activity on a critical path.

Critical incident An event that has greater than normal significance, often used as
a learning or feedback opportunity.

Critical path The sequence of tasks that takes the longest time and determines a
project’s completion date. In other words, the series of interdependent activities
of a project, connected end-to-end, that determines the shortest total length of
the project. The critical path of a project may change from time to time as activ-
ities are completed ahead of or behind schedule.

Critical Path Method (CPM) A scheduling technique using precedence diagrams
for graphic display of the work plan. The method is used to determine the
length of a project and to identify the activities that are critical to the comple-
tion of the project. In other words, an activity-oriented project management
technique that uses arrow-diagramming techniques to demonstrate both the
time and cost required to complete a project. It provides one time estimate of
normal time.

Critical Path Network (CPN) A plan for the execution of a project that consists of
activities and their logical relationships to one another.

Cross-functional team A group consisting of members from more than one depart-
ment that is organized to accomplish a project.
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Critical To Quality characteristic (CTQ) A characteristic of a product, service, or
information that is important to the customer. CTQs must be measurable in
either a quantitative manner (that is, 3.00 mg, and so on) or qualitative manner
(correct/incorrect, and so on).

CRM Customer Relationship Management.

CTQ Critical To Quality.

Culture (general) The integrated pattern of human knowledge, belief, and behav-
ior that depends upon man’s capacity for learning and transmitting knowledge
to succeeding generations.

Culture (organizational) A system of values, beliefs, and behaviors inherent in an
organization. See also Corporate culture.

Cumulative Sum chart (CuSum) A cumulative sum chart plots the cumulative devi-
ation of each subgroup’s average from the nominal value. The ordinate of each
plotted point represents the algebraic sum of the previous ordinate and the
most recent deviations from the target. If the process consistently produces parts
near the nominal, the CuSum chart shows a line that is essentially horizontal. If
the process begins to shift, the line will show an upward or downward trend. The
CuSum chart is sensitive to small shifts in process level.

Current reality tree A technique used in applying Goldratt’s Theory of Constraints.

Customer Anyone who receives a product, service, or information from an opera-
tion or process. The term is frequently used to describe external customers—
those who purchase the manufactured products or services that are the basis for
the existence of the business. However, internal customers are customers who
receive the intermediate or internal products or services from internal suppliers.
See external customer and internal customer. In other words, a customer is the
recipient of a product or service provided by a supplier.

Customer/client personnel Those individuals working for the organization who
will assume responsibility for the product produced by the project when the
project is complete.

Customer council A group usually composed of representatives from an organiza-
tion’s largest customers who meet to discuss common issues.

Customer delight The result achieved when customer requirements are exceeded
in ways that the customer finds valuable.

Customer loyalty/retention The result of an organization’s plans, processes, prac-
tices, and efforts designed to deliver their services or products in ways that cre-
ate retained and committed customers.

Customer Relationship Management (CRM) An organization’s knowledge of its cus-
tomers’ unique requirements and expectations, and its use of the information to
develop a closer and more profitable link to business processes and strategies.

Customer requirements Defines the needs and expectations of the customer, trans-
lated into measurable terms and used in the process to ensure compliance with
the customer’s needs.

Customer satisfaction The result of delivering a product or service that meets cus-
tomer requirements, needs, and expectations.

Customer segmentation Refers to the process of differentiating customers based
on one or more dimensions for the purpose of developing a marketing strategy
to address specific segments.
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Customer service The activities of dealing with customer questions. Customer serv-
ice may also be the department that takes customer orders or provides
post-delivery services.

Customer–supplier partnership A long-term relationship between a buyer and sup-
plier characterized by teamwork and mutual confidence. The supplier is con-
sidered an extension of the buyer’s organization. The partnership is based on
several commitments. The buyer provides long-term contracts and uses fewer
suppliers. The supplier implements quality assurance processes so that incoming
inspection can be minimized. The supplier also helps the buyer reduce costs and
improve product and process designs.

Customer value The market-perceived quality adjusted for the relative price of a
product.

CuSum Cumulative Sum chart.

Cycle A recurring pattern. Cycle refers to the time that it takes to complete a
process from beginning to end.

Cycle time All time used in a process; includes actual work time and wait time.

Cycle time reduction To reduce the time that it takes, from start to finish, to com-
plete a particular process.

Data Facts presented in descriptive, numeric, or graphic form.

Data application The development of a database of risk factors both for the current
project and as a matter of historic record.

Data collection The gathering and recording of facts, changes, and forecasts for
reporting and future planning.

Data refinements Rework or redefinition of logic or data that may have previously
been developed in the planning subfunction as required to properly input mile-
stones, restraints, priorities, and resources.

Date of acceptance The date on which the client agrees to the final acceptance of
the project. Commitments against the capital authorization cease at this time.
This is an event.

DCOV The design for the six sigma model: Define, characterize, optimize, and
verify.

Decision matrix A matrix used by teams to evaluate problems or possible solutions.
For example, after a matrix is drawn to evaluate possible solutions, the team lists
them in the far-left vertical column. Next, the team selects criteria to rate the
possible solutions, writing them across the top row. Then, each possible solution
is rated on a predetermined scale (such as 1-5) for each criterion and the rating
recorded in the corresponding grid. Finally, the ratings of all the criteria for
each possible solution are added to determine its total score. The total score is
then used to help decide which solution deserves the most attention.

Defect Any instance or occurrence where the product or service fails to meet cus-
tomer requirements—however defined. Also, any output of an opportunity
which does not meet a defined specification or a failure to meet an imposed
requirement (intended or reasonable expectation for use, including safety con-
siderations) on a single quality characteristic or a single instance of nonconfor-
mance to the specification. If the defect is in relation to safety then, it is often
classified as: Class 1—Critical, leads directly to severe injury or catastrophic
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economic loss; Class 2—Serious, leads directly to significant injury or significant
economic loss; Class 3—Major, is related to major problems with respect to
intended normal or reasonably foreseeable use; and Class 4—Minor, is related to
minor problems with respect to intended normal or reasonably foreseeable use.
See also blemish, imperfection, and nonconformity.

Defect opportunity A type of potential defect (nonconformity) on a unit of
throughput (output) which is important to the customer; for example: specific
fields on a form that create an opportunity for error that would be important to
the customer.

Defective Any unit with one or more nonconformities (defects). See also defects.

Defective Unit A sample (part) which contains one or more defects, making the
sample unacceptable for its intended, normal usage. See also nonconforming
unit.

Define First element of the DMAIC phase that defines the problem/opportunity,
process, and customer requirements; because the DMAIC cycle is iterative, the
process problem, flow, and requirements should be verified and updated for
clarity throughout the other phases. See also charter, customer requirements,
process map, and VOC.

Definitive estimate (-5, +10 percent). A definitive estimate is prepared from well-
defined data, specifications, drawings, etc. This category covers all estimate
ranges from a minimum to a maximum definitive type. These estimates are used
for bid proposals, bid evaluations, contract changes, extra work, legal claims,
permits and government approvals. Other terms associated with a definitive
estimate include check, lump sum, tender, post contract changes, etc.

Deflection The act of transferring all or part of a risk to another party, usually by
some form of contract.

Deformation The bending or distorting of an object due to forces applied to it.
Deformation can contribute to errors in measurement if the measuring instru-
ment applies enough force.

Degrees of freedom (df) The number of unconstrained parameters in a statistical
determination. For example, in determining xbar (the mean value of a sample
of n measurements), the number of degrees of freedom, df, is n. In determin-
ing the standard deviation (STD) of the same population, df = n-1 because one
parameter entering the determination is eliminated. The STD is obtained from
a sum of terms based on the individual unconstrained measurements but the
nth measurement must now be considered constrained by the requirement that
the values add up to make xbar. An equivalent statement is that one degree of
freedom is factored out because the STD is mathematically indifferent to the
value of xbar.

Delegating The process by which authority is distributed from the project manag-
er to an individual working on the project.

Deliverable A report or product of one or more tasks that satisfy one or more
objectives and must be delivered to satisfy contractual requirements.

Demerit chart A control chart for evaluating a process in terms of a demerit (or
quality score), such as a weighted sum of counts of various classified nonconfor-
mities.

Deming Cycle Also known as Deming Shewhart cycle. See Plan-Do-Check-Act cycle.



206 Glossary

Deming, W. Edwards W. Edwards Deming was an eminent U.S. quality consultant
(he prefered the title consultant in statistical studies) whose work guided
Japanese industry towards new principles of management and a new focus upon
quality and productivity. Deming was at the forefront of applying statistical meth-
ods to quality management and, among other things, helped to formalize the
PDSA (or PDCA) cycle. 

Demographics Variables among buyers in the consumer market including geo-
graphic location, age, sex, marital status, family size, social class, education,
nationality, occupation, and income.

Dependability The degree to which a product is operable and capable of perform-
ing its required function at any randomly chosen time during its specified oper-
ating time, provided that the product is available at the start of that period.
(Non-operation-related influences are not included.) Dependability can be
expressed by the ratio: [time available]/[time available + time required].

Deployment Used in strategic planning to describe the process of cascading plans
throughout an organization. 

Design The creation of a final approach for executing the project’s work.

Design contract A contract for design.

Design control A system for monitoring project scope, schedule, and cost during
the project’s design stage.

Design Of Experiment (DOE) A branch of applied statistics dealing with planning,
conducting, analyzing, and interpreting controlled tests to evaluate the factors
and noises that control the value of a parameter or group of parameters. The
Classical and Taguchi approaches are the two approaches to DOE. In both cases,
however, the primary concern is the planning of an experiment to minimize the
cost of data obtained and maximize the validity range of the results.
Requirements for a good experiment include clear treatment comparisons, con-
trolled fixed and experimental variables, and maximum freedom from system-
atic error. The experiments should adhere to the scientific principles of statisti-
cal design and analysis. Each experiment should include three parts: the
experimental statement, the design, and the analysis. Examples of experimental
designs include: single/multi factor block, factorial, Latin square, and nested
arrangements.

Design review Documented, comprehensive, and systematic examination of a
design to evaluate its capability to fulfill the requirements for quality.

Designing in quality vs. inspecting in quality See prevention vs. detection.

Desired quality Refers to the additional features and benefits discovered by a cus-
tomer when using a product or service that lead to increased customer satisfac-
tion. If the desired quality is missing, a customer may become dissatisfied.

Detail schedule A schedule used to communicate the day-to-day activities to work-
ing levels on the project.

Development (Phase) The second of four sequential phases in the generic project
life cycle. Also known as planning phase.

Deviation A nonconformance or departure of a characteristic from specified prod-
uct, process, or system requirements.
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Design for Six Sigma (DFSS) Describes the application of six sigma tools to prod-
uct development and process design efforts with the goal of designing in six
sigma performance capability.

Diagnostic journey and remedial journey A two-phase investigation used by teams
to solve chronic quality problems. In the first phase, the diagnostic journey, the
team moves from the symptom of a problem to its cause. In the second phase,
the remedial journey, the team moves from the cause to a remedy.

Dimensions of quality Refers to different ways in which quality may be viewed,
for example, meaning of quality, characteristics of quality, drivers of quality, and
so on.

Direct project costs The costs directly attributable to a project, including all per-
sonnel, goods and/or services together with all their associated costs, but not
including indirect project costs, such as any overhead and office costs incurred
in support of the project.

Discrete data Any data not quantified on an infinitely divisible scale. Includes a
count, proportion, or percentage of a characteristic or category (for example,
gender, loan type, department, location, and so on); also referred to as attribute
data.

Discrete probability distribution Means that the measured process variable takes
on a finite or limited number of values; no other possible values exist.

Discrete variable A variable that assumes only integer values; for example, the
number of people in a room is a discrete variable.

Discrimination The requirements imposed on the organization and the proce-
dures implemented by the organization to assure fairness in hiring and promo-
tion practices.

Discussion Dialogue explaining implications and impacts on objectives. The elab-
oration and description of facts, findings, and alternatives.

Dispersion (of a statistical sample) The tendency of the values of the elements in
a sample to differ from each other. Dispersion is commonly expressed in terms
of the range of the sample (difference between the lowest and highest values)
or by the standard deviation.

Dispersion analysis diagram A cause-and-effect diagram for analysis of the various
contributions to variability of a process or product. The main factors contribut-
ing to the process are first listed, then the specific causes of variability from each
factor are enumerated. A systematic study of each cause can then be performed.

Display A pictorial, verbal, written, tabulated, or graphical means of transmitting
findings, results, and conclusions.

Disposition of nonconformity Action taken to deal with an existing nonconformi-
ty; action may include: correction (repair), rework, regrade, scrap, obtaining a
concession, or amendment of a requirement.

Dispute Disagreements not settled by mutual consent which could be decided by
litigation or arbitration.

Disruptive A project manager that tends to break apart the unity of a group; one
that tends to be an agitator and causes disorder on a project.
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Dissatisfiers Those features or functions which the customer or employee has
come to expect and which, if they were no longer present, would result in dis-
satisfaction.

Distribution Describes the amount of potential variation in outputs of a process; it
is usually described in terms of its shape, average, and standard deviation.

DMAIC The acronym pertains to the methodology (breakthrough strategy) used
in the classical six sigma approach. It stands for: Define, Measure, Analyze,
Improve, and Control. It lends structure to process improvement, and design or
redesign applications, through a systematic process improvement/management
system. Whereas the DMAIC model is a process-oriented approach, it must be
separated from the DCOV model which pertains to methodology used in the
design for six sigma approach and stands for: Define, Characterize, Optimize,
and Verify.

Document control A system for controlling and executing project documentation
in a uniform and orderly fashion.

Documentation The collection of reports, user information, and references for dis-
tribution and retrieval, displays, back-up information, and records pertaining to
the project.

Dodge-Romig sampling plans Plans for acceptance sampling developed by Harold E
Dodge and Harry G. Romig. Four sets of tables were published in 1940: single-sam-
pling lot tolerance tables, double-sampling lot tolerance tables, single-sampling
average outgoing quality limit tables, and double-sampling average outgoing qual-
ity limit tables.

DOE Design of Experiment.

Downsizing The planned reduction in workforce due to economics, competition,
merger, sale, restructuring, or reengineering.

Downstream Processes (activities) occurring after the task or activity in question.

Defects Per Million Opportunities (DPMO) Calculation used in the sx sigma
process improvement initiatives indicating the amount of defects in a process
per one million opportunities; number of defects divided by (the number of
units times the number of opportunities) = DPO, times 1 million = DPMO. See
also DPO; six sigma; defect opportunity.

Defects Per Opportunity (DPO) Calculation used in process improvements to
determine the amount of defects per opportunity; number of defects divided by
(the number of units times the number of opportunities) = DPO. See also defect;
defect opportunity.

Defects Per Unit (DPU) The number of defects counted, divided by the number
of products or characteristics (units) produced.

DPMO Defects Per Million Opportunities.

DPO Defects Per Opportunity.

DPU Defects Per Unit.

Drivers of quality Include customers, products/ services, employee satisfaction,
and total organizational focus.

ECC Estimated Cost to Complete.
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Economic evaluation The process of establishing the value of a project in relation
to other corporate standards/bench marks, project profitability, financing,
interest rates, and acceptance.

Education Refers to the process undertaken to learn required additional knowl-
edge. Focus is on why. See also Training.

Effect plot A line graph that visually depicts the difference in the response average
at each factor level setting.

Effective interest The true value of interest rate computed by equations for com-
pound interest rate for a one-year period.

Effectiveness Measures related to how well the process output(s) meets the needs
of the customer (for example, on-time delivery, adherence to specifications,
service experience, accuracy, value-added features, customer satisfaction level);
links primarily to customer satisfaction.

Effects General term that encompasses both main effects and interaction effects.
It is a measure of the impact that a factor or interaction has on the response
when levels are changed.

Efficiency Measures related to the quantity of resources used in producing the out-
put of a process (for example, costs of the process, total cycle time, resources
consumed, cost of defects, scrap, and/or waste); links primarily to company
profitability.

Effort The application of human energy to accomplish an objective.

Eighty-twenty (80-20) rule A term referring to the Pareto principle, which suggests
that most effects come from relatively few causes; that is, 80 percent of the effects
come from 20 percent of the possible causes.

Employee involvement A practice within an organization whereby employees 
regularly participate in making decisions on how their work areas operate,
including making suggestions for improvement, planning, objectives setting,
and monitoring performance.

Employee relations Those formal activities and procedures used by an organiza-
tion to administer and develop its workforce.

Empowerment A condition whereby employees have the authority to make deci-
sions and take action in their work areas, within stated bounds, without prior
approval.

End users External customers who purchase products/services for their own use.

Endorsement Written approval. Endorsement signifies personal understanding
and acceptance of the thing endorsed, and recommends further endorsement
by higher levels of authority if necessary. Endorsement of commitment by a per-
son invested with appropriate authority signifies authorization. See Approve;
Authorize.

English system The system of measurement units based on the foot, the pound,
and the second.

Entity (or item) That which can be individually described and considered: process,
product, and organization, a system or a person or any combination thereof.
Totality of the characteristics of an entity that bear on its ability to satisfy stated
and implied needs.
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Environment (framework) The combined internal and external forces, both individ-
ual and collective, that assist or restrict the attainment of the project objectives.
These could be business or project related or may be due to political, economic,
technological, or regulatory conditions. In communications management, the
environment is the circumstances, objects, or conditions by which one is sur-
rounded.

Environmentally concerned Those individuals who align themselves with the views
of various groups concerned with issues of protecting the environment.

Equipment procurement The acquisition of equipment/material to be incorporat-
ed into the project.

Equity theory A theory that states that job motivation depends upon how equitable
the individual believes the rewards or punishment to be.

Estimate An evaluation of all the costs of the elements of a project or effort as
defined by an agreed-upon scope. 

Estimated Cost to Complete (ECC) The remaining costs to be incurred to satisfy
the complete scope of a project at a specific data date. The difference between
the cost to date and the forecast final cost.

Ethical A project manager that is honest, sincere, able to motivate and to press for
the best and fairest solution; one who generally goes by the book.

Ethics A code of conduct that is based on moral principles and which tries to bal-
ance what is fair for individuals with what is right for society.

Event An event is an identifiable single point in time on a project, task, or group
tasks. It may be the starting or the ending point of a task.

Evolutionary Operations (EVOP) A procedure to optimize the performance of a
process by making small, known variations in the parameters entering the
process and observing the effects of the variation on the product. This seems
identical to response surface methodology, except that it is done in a production
situation rather than during process development, and the variations must
therefore be kept small enough to meet product tolerances. In other words,
EVOP is the process of adjusting variables in a process in small increments in a
search for a more optimum point on the response surface.

EVOP Evolutionary Operations.

Exchange Conversion of title or ownership (for example, dollars for materials).

Excited quality The additional benefit a customer receives when a product or serv-
ice goes beyond basic expectations. Excited quality wows the customer and dis-
tinguishes the provider from the competition. If it is missing, the customer will
still be satisfied.

Executive education Usually refers to the education (and training) provided to
senior management.

Expectancy theory A motivational theory that says what people do is based on what
they expect to gain from the activity.

Expected quality Also known as basic quality, expected quality is the minimum ben-
efit a customer expects to receive from a product or service.

Expenditure The conversion of resources. An expenditure is an event. Conversions
of resources may take several forms, including exchange and consumption.
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Experimental design A structured approach to gaining new knowledge, including
that needed for quality improvement. The approach is based upon the system-
atic collection of information about a product or process. A formal plan that
details the specifics for conducting an experiment, such as which responses, fac-
tors, levels, blocks, treatments, and tools are to be used.

Experimental plan Determined by the number of factors, levels, and experimental
runs identified by the team. It involves choosing an orthogonal array on which
to base the experiment’s design. This, in turn, gives the combination of factor
level settings to be used for each experimental run.

Experimental run A trial of the system with the factors fixed at one combination of
levels.

Exponential distribution A probability distribution mathematically described by an
exponential function. Used to describe the probability that a product survives a
length of time, t, in service, under the assumption that the probability of a prod-
uct failing in any small time interval is independent of time. A continuous dis-
tribution where data are more likely to occur below the average than above it.
Typically used to describe the break-in portion of the bathtub curve.

External customer A person or organization who receives a product, a service, 
or information but is not part of the organization supplying it. See also internal
customer.

External failure When defective units pass all the way through a process and are
received by the customer.

External failure costs Costs associated with defects found during or after delivery
of the product or service.

F distribution The distribution of F, the ratios of variances for pairs of samples.
Used to determine whether or not the populations from which two samples were
taken have the same standard deviation. The F distribution is usually expressed
as a table of the upper limit below which F can be expected to lie, with some con-
fidence level, for samples of a specified number of degrees of freedom.

F test Test of whether two samples are drawn from populations with the same stan-
dard deviation, with some specified confidence level. The test is performed by
determining whether F, as defined above, falls below the upper limit given by the
F distribution table.

Facilitating The project manager is available to answer questions and give guidance
when needed; he does not interfere with day to day tasks, but rather maintains
that status quo.

Facilitator An individual who is responsible for creating favorable conditions that
will enable a team to reach its purpose or achieve its goals by bringing together
the necessary tools, information, and resources to get the job done.

Facilities/product life cycle A life cycle which encompasses phases of operation
and disposal, as well as, and following, the project life cycle.

Factor analysis A statistical technique that examines the relationships between a
single dependent variable and multiple independent variables. For example, it
is used to determine which questions on a questionnaire are related to a specif-
ic question such as “Would you buy this product again?”
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Factors Parameters or variables that may influence the performance of the prod-
uct or process under investigation. Those factors believed to have the most
impact are identified by the team and become the focus of attention for the
experiment. Simply put, these factors become the things to change during the
experiment.

Failure Mode Analysis (FMA) A procedure to determine which malfunction symp-
toms appear immediately before or after a failure of a critical parameter in a sys-
tem. After all the possible causes are listed for each symptom, the product is
designed to eliminate the problems.

Failure Mode Effects Analysis (FMEA) A procedure in which each potential failure
mode in every subitem of an item is analyzed to determine its effect on other
subitems and on the required function of the item.

Failure Mode Effects and Criticality Analysis (FMECA) A procedure that is per-
formed after a failure mode effects analysis to classify each potential failure
effect according to its severity and probability of occurrence.

Failure rate The average number of failures per unit time. Used for assessing reli-
ability of a product in service.

False xbar causes For xbar control charts: changes in the xbar control chart which
are not due to changes in the process mean, but to changes in the correspon-
ding R-chart.

Fast track The starting or implementation of a project by overlapping activities,
commonly entailing the overlapping of design and construction (manufactur-
ing) activities.

Fault tree analysis A technique for evaluating the possible causes which might lead
to the failure of a product. For each possible failure, the possible causes of the
failure are determined; then the situations leading to those causes are deter-
mined; and so forth, until all paths leading to possible failures have been traced.
The result is a flow chart for the failure process. Plans to deal with each path can
then be made.

Feasibility The assessment of the capability of being completed; the possibility,
probability, and suitability of accomplishment.

Feasibility studies The methods and techniques used to examine technical and
cost data to determine the economic potential and the practicality of project
applications. It involves the use of techniques such as the time value of money,
so that projects may be evaluated and compared on an equivalent basis. Interest
rates, present worth factors, capitalization costs, operating costs, depreciation,
and so on, are all considered.

Feasible project alternatives Reviews of available alternate procurement actions
which could attain the objectives.

Feather Diagram. See Cause and effect analysis.

Feedback (general) Information (data) extracted from a process or situation and
used in controlling (directly) or in planning or modifying immediate or future
inputs (actions or decisions) into the process or situation.

Feedback (process) Using the results of a process to control it. The feedback prin-
ciple has wide application. An example would be using control charts to keep
production personnel informed on the results of a process. This allows them to
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make suitable adjustments to the process. Some form of feedback on the results
of a process is essential in order to keep the process under control.

Feedback (teams) The return of information in interpersonal communication; it
may be based on fact or feeling and helps the party who is receiving the infor-
mation judge how well he/she is being understood by the other party. More gen-
erally, feedback is information about the interaction process that is used to make
decisions about its performance and to adjust the process when necessary.

Figure of merit A generic term for any of several measures of product reliability,
such as MTBF, mean life, and so on.

Filters (human-to-human communication) Those perceptions (based on culture,
language, demographics, experience, and so on), that affect how a message is
transmitted by the sender and how a message is interpreted by the receiver.

Final completion When the entire work has been performed to the requirements
of the contract, except for those items arising from the provisions of warranty,
and is so certified.

Financial closeout An accounting analysis of how funds were spent on the project.
It signifies a point in time when no further charges should be made against the
project.

Fishbone diagram See Cause and effect analysis.

Fitness for use A term used to indicate that a product or service fits the customer’s
defined purpose for that product or service.

Five (5) Ss Five practices for maintaining a clean and efficient workplace
(Japanese). The name comes from the five Japanese words that mean to sort
(seri), organize (seitor), clean (seisu), standardize (seiketisu), and improve the
standards and show respect (shitsuke). By applying the 5S practices, we directly
attack wasted motion and indirectly affect production failures, inventory, con-
veyance, waiting, excess, and inefficient production. For example:

Step 1: Sort. Put everything used on a daily basis into one pile. Things 
used weekly go into another pile, monthly a third pile, and items used 
less than monthly go into a fourth pile. Do this for every part of the work
area. Then from each pile, take out a single item to use and place the rest
into a spare pile. For example, if you have four boxes of pens, keep only 
one box.

Step 2: Clean. Clean all the work surfaces before putting anything back. Make
sure adequate disposal containers are within easy reach of the workstation.
Put all the spare parts into the communal storage area. Make a list of the
returned items so you can report them to management. File all necessary
documents and clean all the tools. Set a cleanliness standard that’s easy for
everyone to meet.

Step 3: Organize. Label all the files and binders. Items used on a daily basis
should be within arm’s reach of the worker. Items used on a weekly basis
should be within one step, and monthly items should be within two steps.
The rest can be stored within a few steps of the workstation. Clearly mark
where each item should be kept.

Step 4: Standardize. Post the agreed-upon cleanliness standard and take the
after picture. Provide transparent dust covers as needed. If the covers are
opaque, people might store unrelated items under a single cover.
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Step 5: Improve the standard. Go back to the workstation after a month and
identify any areas for improvement. Look for spares and return them to the
communal storage area. Review the cleanliness standard and revise it if nec-
essary. Repeat this step the following month. (To maintain neatness in a fac-
tory, you may want to organize the movable tool boards that get issued with
specific jobs. Paint outlines of the tools on the boards so it’s clearly evident
if a tool is missing. Meet with all the operators to determine the optimum
layout of the tools. Be aware of who is right-handed and who is left-handed
because that will impact the final layout. Then work on developing com-
promises. Step five is critical in this situation. Do some morale building.
Give people the opportunity to have some control over their work environ-
ment. In the office it is generally not necessary to outline the location of the
tools, it is important, however, to keep everything consistent. The picture
standard (the after picture you took in step four) is critical to maintaining
this standard. Allow employees to keep some personal things at their work-
stations, such as a picture or two.

Five whys A persistent questioning technique to probe deeper to locate the root
cause of a problem.

Flowchart (for programs, decision making, process development) A pictorial rep-
resentation of a process indicating the main steps, branches, and eventual out-
comes of the process. Also called a process map or activity flow. A graphical rep-
resentation of the steps in a process, flowcharts are drawn to better understand
processes. The flowchart is one of the seven tools of quality. 

FMA Failure Mode Analysis.

FMEA Failure Mode Effects Analysis.

FMECA Failure Mode Effects and Criticality Analysis.

Focus group A qualitative discussion group consisting of eight to ten participants,
invited from a segment of the customer base to discuss an existing or planned
product or service, lead by a facilitator working from predetermined questions.
(Focus groups may also be used to gather information in a context other than
customers.)

Force field analysis A technique for analyzing the forces that aid or hinder an
organization in reaching an objective. The analysis identifies forces/factors sup-
porting or working against an idea; restraining factors are listed on one side of
the page, driving forces on the other. It is used to reinforce the strengths (posi-
tive ideas) and overcome the weaknesses or obstacles.

Forcing The project manager uses his power to direct the solution. This is a type of
win-lose agreement where one side gets its way and the other does not.

Forecast An estimate and prediction of future conditions and events based on
information and knowledge available at the time of the forecast.

Forecasting The work performed to estimate and predict future conditions and
events. Forecasting is an activity of the management function of planning.
Forecasting is often confused with budgeting, which is a definitive allocation of
resources rather than a prediction or estimate.

Formal communication The officially sanctioned data within an organization,
which includes publications, memoranda, training materials or events, public
relations information, and company meetings. 
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Formative quality evaluation The process of reviewing the project data at key junc-
tures during the project life cycle for a comparative analysis against the
pre-established quality specifications. This evaluation process is ongoing during
the life of the project to ensure that timely changes can be made as needed to
protect the success of the project.

Fourteen (14) points W. Edwards Deming’s 14 management practices to help
organizations increase their quality and productivity: (1) Create constancy of
purpose for improving products and services. (2) Adopt a new philosophy. (3)
Cease dependence on inspection to achieve quality. (4) End the practice of
awarding business on price alone; instead, minimize total cost by working with a
single supplier. (5) Improve, constantly and forever, every process for planning,
production, and service. (6) Institute on-the-job training. (7) Adopt and insti-
tute leadership. (8) Drive out fear. (9) Break down barriers between staff areas.
(10) Eliminate slogans, exhortations, and targets for the workforce. (11)
Eliminate numerical quotas for the workforce and numerical goals for manage-
ment. (12) Remove barriers that rob people of pride of workmanship and elim-
inate the annual rating or merit system. (13) Institute a vigorous program of
education and self-improvement for everyone. (14) Put everybody in the com-
pany to work to accomplish the transformation.

Fraction defective chart (p chart) An attribute control chart used to track the pro-
portion of defective units.

Fractional factorial experimentation An experimental design that explores a frac-
tion of all the possible combinations of all the levels of all the factors.

Frequency distribution The number of times each outcome was observed for a
sample drawn from a statistical population.

Full factorial experimentation An experimental design that explores all the possi-
ble combinations of all the levels of all the factors.

Function (PM function) The series of processes by which the project objectives in
that particular area of project management, for example, scope, cost, time, and
so on, are achieved.

Function-quality integration The process of actively ensuring that quality plans and
programs are integrated, mutually consistent, necessary, and sufficient to permit
the project team to achieve the defined product quality.

Funnel experiment An experiment that demonstrates the effects of tampering.
Marbles are dropped through a funnel in an attempt to hit a flat-surfaced target
below. The experiment shows that adjusting a stable process to compensate for
an undesirable result or an extraordinarily good result will produce output that
is worse than if the process had been left alone.

Future reality tree A technique used in the application of Goldratt’s Theory of
Constraints.

Gantt chart A type of bar chart used in process/project planning and control to
display planned work and finished work in relation to time. Also called a mile-
stone chart.

Gap analysis A technique that compares a company’s existing state to its desired
state (as expressed by its long-term plans) to help determine what needs to be
done to remove or minimize the gap.



216 Glossary

Gatekeeping The role of an individual (often a facilitator) in a group meeting in
helping ensure effective interpersonal interactions (for example, someone’s
ideas are not ignored due to the team moving on to the next topic too quickly).

Gauge Repeatability and Reproducibility (GR&R) The evaluation of a gauging
instrument’s accuracy by determining whether the measurements taken with it
are repeatable (there is close agreement among a number of consecutive meas-
urements of the output for the same value of the input under the same operat-
ing conditions) and reproducible (there is close agreement among repeated
measurements of the output for the same value of input made under the same
operating conditions over a period of time).

GDT Geometric Dimensioning and Tolerancing.

General sequencing An overview of the order of performing activities.

Geometric Dimensioning and Tolerancing (GDT) A method to minimize produc-
tion costs by considering the functions or relationships of part features in order
to define dimensions and tolerances.

Go/no-go The state of a unit or product. Two parameters are possible: go con-
forms to specifications, and no-go does not conform to specifications. 

Goal A statement of general intent, aim, or desire; it is the point toward which
management directs its efforts and resources. Goals are often nonquantitative. 

Goal statement Description of the intended target or desired results of process
improvement or design/redesign activities; usually included in a team charter
and supported with actual numbers and details once data has been obtained.

Goodness-of-fit Any measure of how well a set of data matches a proposed distri-
bution. Chi-square is the most common measure for frequency distributions.
Simple visual inspection of a histogram is a less quantitative, but equally valid,
way to determine goodness-of-fit.

Government regulations and requirements. Those laws, regulations, rules, policies,
and administrative requirements imposed upon organizations by government
agencies. 

GR&R Gauge Repeatability and Reproducibility.

Grand average Overall average of data represented on an xbar chart at the time the
control limits were calculated. Is denoted as 

=
I

Grapevine The informal communication channels over which information flows
within an organization, usually without a known origin of the information and
without any confirmation of its accuracy or completeness (sometimes referred
to as the rumor mill).

Graph In quality management, visual comparison of variables that yield data in
numerical facts. Examples include: trend graphs, histograms, control charts, fre-
quency distributions, and scatter diagrams. In time management, the display or
drawing that shows the relationship between activities. A pictorial representation
of relative variables.

Green Belt Green Belts are six sigma team leaders capable of forming and facili-
tating six sigma teams and managing six sigma projects from concept to com-
pletion. Typically, Green-Belt training consists of five days of classroom training
and is conducted in conjunction with six sigma team projects. 
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Group communication The means by which the project manager conducts meet-
ings, presentations, negotiations, and other activities necessary to convey the
project’s needs and concerns to the project team and other groups.

Guideline A document that recommends methods to be used to accomplish an
objective.

Half-normal plots These are very similar to normal plots in that they are a graphi-
cal way of determining which factors are likely to have a significant effect. The
difference is that half-normal plots use the absolute value of the contrasts (that
is, ignore the sign) and a set of half-normal scores (which are the positive half
of a larger set of normal scores).

Handoff Any time in a process when one person (or job title) passes on the item
moving through the process to another person; the activity has the potential to
add defects, time, and cost to a process.

Hanger A break in a network path.

Heteroscedasticity A condition where the variance of Y changes as the independ-
ent variable changes location. The variance of Y is correlated to the mean of Y.
Heteroscedasitcity is an observed condition generally when the independed vari-
able of interest interacts with some other independent variable. As the interac-
tion increases, so does the heteroscedasticity.

Hierarchy structure Describes an organization that is organized around functional
departments/product lines or around customers/customer segments and is
characterized by top-down management. Also referred to as a bureaucratic
model or pyramid structure.

Histogram A graphic representation of a frequency distribution. The range of the
variable is divided into a number of intervals of equal size (called cells) and an
accumulation is made of the number of observations falling into each cell. The
histogram is essentially a bar graph of the results of this accumulation; a graph-
ic summary of variation in a set of data. The pictorial nature of the histogram
lets people see patterns that are difficult to see in a simple table of numbers.
When raw numbers are plotted in a histogram, it is referred to as a frequency
plot or distribution and illustrates the centeredness of the sample or population.
The histogram is one of the seven tools of quality.

Historic records Project documentation that can be used to predict trends, analyze
feasibility, and highlight problem areas/pitfalls on future similar projects.

Historical data banks The data stored for future reference and referred to on a
periodic basis to indicate trends, total costs, unit costs, technical relationships,
and so on. Different applications require different database information. This
data can be used to assist in the development of future estimates.

Hold point A point, defined in an appropriate document, beyond which an activi-
ty must not proceed without the approval of a designated organization or
authority.

Horizontal structure Describes an organization that is structured along a process
or value-added chain, eliminating hierarchy and functional boundaries. Also
referred to as a systems structure.

Hoshin kanri, hoshin planning Japanese-based strategic planning/policy deploy-
ment process that involves consensus at all levels as plans are cascaded
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throughout the organization, resulting in actionable plans and continual moni-
toring and measurement.

HRM Human Resources Management.

House of quality A diagram (named for its house-shaped appearance) that clarifies
the relationship between customer needs and product features. It helps corre-
late market or customer requirements and analysis of competitive products with
higher level technical and product characteristics and makes it possible to bring
several factors into a single figure. Also known as Quality Function Deployment
(QFD).

Human Resources Management (HRM) The function of directing and coordinat-
ing human resources throughout the life of the project by applying the art and
science of behavioral and administrative knowledge to achieve predetermined
project objectives of scope, cost, time, quality, and participant satisfaction.

Hygiene factors A term used by Frederick Herzberg to label dissatisfiers. See
Dissatisfiers.

Hypergeometric distribution A probability distribution for the probability of draw-
ing exactly n objects type from a sample of N objects of which r are of the desired
type. A discrete (probability) distribution defining the probability of r occur-
rences in n trials of an event, when there are a total of d occurrences in a popu-
lation of N.

Hypothesis statement A complete description of the suspected cause(s) of a
process problem. 

Impact analysis. The mathematical examination of the nature of individual risks on
the project, as well as potential structures of interdependent risks. It includes the
quantification of their respective impact severity, probability, and sensitivity to
changes in related project variables including the project life cycle. To be com-
plete, the analysis should also include an examination of the external status quo
prior to project implementation as well as the project’s internal intrinsic worth
as a reference baseline. A determination should also be made as to whether all
risks identified are within the scope of the project’s risk response planning
process.

Impact interpretation Clarification of the significance of a variance with respect to
overall objectives.

Imperfection A quality characteristic’s departure from its intended level or state
without any association to conformance to specification requirements or to the
usability of a product or service. See also Blemish, defect, and nonconformity.

Implementation (phase) The third of four sequential phases in the project life
cycle. Also known as execution or operation phase.

Improve The fourth element of the DMAIC phase where solutions and ideas are
creatively generated and decided upon. Once a problem has been fully identi-
fied, measured, and analyzed, potential solutions can be determined to solve the
problem in the problem statement and support the goal statement. 

In-control process A process in which the statistical measure being evaluated is in
a state of statistical control; that is, the variations among the observed sampling
results can be attributed to a constant system of chance/common causes. See also
out-of-control process.
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Indirect project costs All costs which do not form a part of the final project, but are
nonetheless required for the orderly completion of the project and which may
include, but not necessarily be limited to, field administration, direct supervi-
sion, incidental tools and equipment, startup costs, contractor’s fees, insurance,
taxes, and so on.

Individual development A process that may include education and training, but
also includes many additional interventions and experiences to enable an indi-
vidual to grow and mature both intellectually and emotionally.

Individuals chart with moving range A control chart used when working with one
sample per subgroup. The individual samples are plotted on the x chart rather
than subgroup averages. The individuals chart is always accompanied by a mov-
ing range chart, usually using two subgroups (two individual readings) to calcu-
late the moving range points.

Individuals outside the project All those individuals who impact the project work
but who are not considered members of the project team.

Infant mortality High failure rate which shows up early in product usage. Normally
caused by poor design, manufacture, or other identifiable cause.

Informal communication The unofficial communication that takes place in an
organization as people talk freely and easily; examples include impromptu meet-
ings and personal conversations (verbal or e-mail).

Information Data transferred into an ordered format that makes it usable and
allows one to draw conclusions.

Information gathering Researching, organizing, recording, and comprehending
pertinent information.

Information system Technology-based system used to support operations, aid day-
to-day decision making, and support strategic analysis (also known as: manage-
ment information system, decision system, information technology (IT), or data
processing).

Information systems A structured, interacting, complex of persons, machines, and
procedures designed to produce information which is collected from both inter-
nal and external sources for use as a basis for decision making in specific con-
tract/procurement activities.

In-progress activity An activity that has been started but is not completed on a
given date.

Input Any product, service, or piece of information that comes into the process
from a supplier.

Input measures Measures related to and describing the input into a process; pre-
dictors of output measures.

In-service date That point in time when the project is placed in a state of readiness
or availability when it can be used for its specifically assigned function.

Inspection Examination or measurement of work to verify whether an item or
activity conforms to a specific requirement. That means measuring, examining,
testing, and gauging one or more characteristics of a product or service and
comparing the results with specified requirements to determine whether con-
formity is achieved for each characteristic.
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Inspection accuracy The percentage of defective units which are correctly identi-
fied by an inspector. The percentage is determined by having a second inspec-
tor review both the accepted and rejected units.

Instability (of a process) A process is said to show instability if it exhibits variations
larger than its control limits, or shows a systematic pattern of variation.

Institutionalization Fundamental changes in daily behaviors, attitudes, and prac-
tices that make changes permanent; cultural adaptation of changes implement-
ed by process improvement, design, or redesign including complex business 
systems such as HR, MIS, training, and so on.

Interaction Mutual action or reciprocal action or influence.

Interaction effect A condition in which the impact of a factor on the system
changes depending on the level of another factor. If this is the case, it is said that
the two factors interact with each other. These are also known as two-way inter-
actions or second-order effects. There are higher-order interaction effects, such
as third-order effects, that involve three factors, but frequently, higher-order
interactions are insignificant.

Interaction plot A line graph that depicts the interaction between factors.

Interdependence Shared dependence between two or more items.

Interface activity An activity connecting a node in one subnet with a node in 
another subnet, representing logical interdependence. The activity identifies
points of interaction or commonality between the project activities and outside
influences.

Interface management The management of communication, coordination, and
responsibility across a common boundary between two organizations, phases, or
physical entities which are interdependent.

Interface program A computer program that relates status system line items to
their parent activities in the project plan.

Intermediate customers Distributors, dealers, or brokers who make products and
services available to the end user by repairing, repackaging, reselling, or creat-
ing finished goods from components or subassemblies.

Internal audit An audit conducted within an organization by members of the
organization to measure its strengths or weaknesses against its own procedures
and/or external standards; a first-party audit.

Internal capability analysis A detailed view of the internal workings of organization
(for example, how well its capabilities match strategic needs).

Internal customer The recipient, person, or department of another person’s or
department’s output (product, service, or information) within an organization.
See also External customer.

Internal failure costs Costs associated with defects found before the product or
service is delivered.

Internal project sources Intra-firm sources and records including historical data on
similar procurements, cost and performance data on various suppliers, and
other data which could assist in proposed procurements.

Interpret Present in understandable terms.
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Interpretation Reduction of information to appropriate and understandable terms
and explanations.

Interrelationship digraph A management and planning tool that displays the rela-
tionship between factors in a complex situation. It identifies meaningful cate-
gories from a mass of ideas and is useful when relationships are difficult to deter-
mine.

Intervention An action taken by a leader or a facilitator to support the effective
functioning of a team or work group.

Intervention intensity The strength of the intervention by the intervening person;
intensity is affected by words, voice inflection, and nonverbal behaviors.

Intimidating A project manager that frequently reprimands employees for the sake
of an image as a tough guy, at the risk of lowering department morale.

Involuntary Contrary to or without choice; not subject to control of the will
(reflex).

Internal Rate of Return (IRR) A discount rate that causes net present value to
equal zero.

IRR Internal Rate of Return.

Ishikawa diagram See Cause and effect analysis.

ISO “equal” (Greek). A prefix for a series of standards published by the
International Organization for Standardization.

ISO 9000 series standards A set of individual but related international standards
and guidelines on quality management and quality assurance developed to help
companies effectively document the quality system elements to be implemented
to maintain an efficient quality system. The standards, initially published in
1987, revised in 1994 and 2000, are not specific to any particular industry, prod-
uct, or service. The standards were developed by the International Organization
for Standardization, a specialized international agency for standardization com-
posed of the national standards bodies of over 100 countries.

ISO 14000 series A set of standards and guidelines relevant to developing and sus-
taining an environmental management system.

ISO/TS 16949 A standard for the automotive industry, replacing the QS–9000
standard.

Jidoka A Japanese method of autonomous control involving the adding of intelli-
gent features to machines to start or stop operations as control parameters are
reached, and to signal operators when necessary.

JIT Just-In-Time manufacturing.

Job aid Any device, document, or other media which can be provided a worker to
aid in correctly performing their tasks (for example, laminated setup instruction
card hanging on machine, photos of product at different stages of assembly,
metric conversion table).

Job description A narrative explanation of the work, responsibilities, and basic
requirements of the job.

Job enlargement Increasing the variety of tasks performed by an employee.

Job enrichment Increasing the worker’s authority in the work to be done.
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Job specification A list of the important functional and quality attributes (knowl-
edge, skills, aptitudes, and personal characteristics) needed to succeed in the job.

Joint planning meetings A meeting involving representatives of a key customer and
the sales and service team for that account to determine how better to meet the
customer’s requirements and expectations.

Judgment sampling An approach, generally to be avoided, that involves making
educated guesses about which items or people are representative of a whole. 

Judicial A project manager who exercises the use of sound judgment or is charac-
terized by applying sound judgment to most areas of the project.

Juran’s Trilogy See Quality trilogy.

Just-In-Time manufacturing (JIT) An optimal material requirement planning sys-
tem for a manufacturing process in which there is little or no manufacturing
material inventory on hand at the manufacturing site and little or no incoming
inspection. It is time dependent, which means that, time manufacturing coordi-
nates inventory and production to get away from the batch mode of production
in order to improve quality.

Just-in-time training Providing job training coincidental with, or immediately prior
to, its need for the job.

K In process capability studies, a measure of difference between the process mean
and the specification mean (nominal). It is represented by (Mean –
Midpoint)/(Tolerance/2).

Kaikaku (Japanese) A breakthrough improvement in eliminating waste.

Kaizen (Japanese) A term that means gradual unending improvement by doing lit-
tle things better and setting and achieving increasingly higher standards. The
term was made famous by Masaaki Imai in his book Kaizen: The Key to Japan’s
Competitive Success.

Kaizen blitz/event An intense, short timeframe, team approach to employ the con-
cepts and techniques of continuous improvement (for example, to reduce cycle
time, increase throughput). 

Kanban A system inspired by Tauchi Ohno’s (Toyota) visit to a U.S. supermarket.
The system signals the need to replenish stock or materials or to produce more
of an item. Also called a pull approach.

Kano model A representation of the three levels of customer satisfaction defined
as dissatisfaction, neutrality, and delight.

Key event schedule A schedule comprised of key events or milestones. These
events are generally critical accomplishments planned at time intervals through-
out the project and used as a basis to monitor overall project performance. The
format may be either network or bar chart and may contain minimal detail at a
highly summarized level. This is often referred to as a milestone schedule.

KJ method See Affinity chart.

Knowledge management Transforming data into information, the acquisition or
creation of knowledge, as well as the processes and technology employed in
identifying, categorizing, storing, retrieving, disseminating, and using informa-
tion and knowledge for the purposes of improving decisions and plans.
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Key Process INPUT Variable (KPIV) An independent material or element, 
with descriptive characteristic(s), which is either an object (going into) or a
parameter of a process (step) and which has a significant (key) effect on the out-
put of the process.

Key Process OUTPUT Variable (KPOV) A dependent material or element, with
descriptive characteristic(s), which is the result of a process (step) which either
is, or significantly affects, the customer’s CTQ.

KPIV Key Process INPUT Variable.

KPOV Kep Process OUTPUT Variable.

Kurtosis A measure of the shape of a distribution. If the distribution has longer
tails than a normal distribution of the same standard deviation, then it is said to
have positive kurtosis (platykurtosis); if it has shorter tails, then it has negative
kurtosis (leptokurtosis). Kurtosis is measured by E(X-µ)4/σ. The value of 3 is for
normal; greater than 3 is for leptokurtic; and less than 3 is for platykurtic.

L
8

array An orthogonal array that is used for an eight-run experiment. It can be
used to test a maximum of seven factors.

L
12

array.—An orthogonal array that is used for a twelve-run experiment. It can be
used to test a maximum of eleven factors. This array is especially handy for a
screening experiment involving many two-level factors because main effects are
confounded with fractions of interactions (rather thasn the entire interaction.)
This array cannot be used to measure interactions because the interactions can-
not be separated from the main effects.

L
l6

array An orthogonal array that is used for a sixteen-run experiment. It can be
used to test a maximum of fifteen factors.

L
18

array. A mixed orthogonal array. The first column accommodates two levels and
the rest of the columns are for three levels. It is one of the preferred arrays for
screening.

Lag The logical relationship between the start and/or finish of one activity and the
start and/or finish of another activity.

LCI Learner-Controlled Instruction.

LCL Lower Control Limit.

Leader An individual, recognized by others, as the person to lead an effort. One
cannot be a leader without one or more followers. The term is often used inter-
changeably with manager (See Manager.). A leader may or may not hold an offi-
cially designated management-type position. Key ingredients of any leader are:
(a) a willingness to be different (rock the boat); (b) willingness to get involved
in the trenches to find the real problems—the problem is always closer to the
source; (c) willingness to delegate authority and responsibility for task at hand;
(d) knowing when to stop and when to ignore advisers and consultants; (e) abil-
ity to develop and cultivate selective amnesia for the success of the project at
hand—this means change opinion and strategy in the middle of the campaign;
(f) ability to prioritize and be a master of the 80/20 rule; (g) ability to bring clo-
sure and quit in his/her terms; and (h) ALWAYS remember that leadership is an
issue of responsibility.
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Leadership (general) An essential part of a quality improvement effort.
Organization leaders must establish a vision, communicate that vision to those
in the organization, and provide the tools, knowledge, and motivation necessary
to accomplish the vision.

Leadership (project managment) The process by which the project manager influ-
ences the project team to behave in a manner that will facilitate project goal
achievement.

Lean (agile) approach/lean thinking The focus is on reducing cycle time and waste
using a number of different techniques and tools; for example, value stream
mapping, and identifying and eliminating monuments and non-value-added
steps. A lean culture is present when: (a) there is less fire fighting; (b) all oper-
ating targets and operations are stable; (c) the entire organization shares the
same vision; (d) everyone is always looking for a way to improve ... but the
improvements come from a standardized foundation; (e) the actual condition
of the operation is evident on the manufacturing floor on any day, at any time,
and (f) “we” and “us” are heard more often than “you” and “they.”

Lean manufacturing Applying the lean approach to improving manufacturing and
nonmanufacturing operations.

Learner-Controlled Instruction (LCI) The process when the learner is working
without an instructor, at their own pace, building mastery of a task (comput-
er-based training is a form of LCI). Also called self-directed learning.

Learning curve The time it takes to achieve mastery of a task or body of knowledge
or a concept that recognizes the fact that productivity by workers improves as
they become familiar with the sequence of activities involved in the production
process.

Learning objectives The objectives to be met upon completion of a course of study
or the learning of a skill. Also called terminal objectives.

Learning organization An organization that has as a policy to continue to learn and
improve its products, services, processes, and outcomes; “an organization that is
continually expanding its capacity to create its future.”

Leptokurtosis For frequency distributions: a distribution which shows a higher
peak and shorter tails than a normal distribution with the same standard
deviation.

Life cycle A product life cycle is the total time frame from product concept to the
end of its intended use; a project life cycle is typically divided into five stages:
concept, planning, design, implementation, evaluation, and close-out.

Life cycle costing The concept of including all costs within the total life of a proj-
ect from concept, through startup and implementation, to dismantling. It is
used for making decisions between alternatives. The term is used principally by
the government to express the total cost of an article or system. It is also used in
the private sector by the real estate industry.

Line item The smallest unit of product whose status is tracked in a status system.

Line/functional manager The individual responsible for activities in one of the pri-
mary functions of the organization, such as production or marketing, with
whom the project manager must relate in achieving the project’s goals.
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Linear regression The mathematical application of the concept of a scatter dia-
gram where the correlation is actually a cause-and-effect relationship.

Linear responsibility matrix A matrix providing a three-dimensional view of proj-
ect tasks, responsible persons, and level of relationship.

Linearity The extent to which a measuring instrument’s response varies with the
measured quantity.

Listening post data Customer data and information gathered from designated lis-
tening posts.

Logic The interdependency of the activities in a network.

Long-term goals Goals that an organization hopes to achieve in the future, usually
in three to five years. They are commonly referred to as strategic goals.

Lot A defined quantity of product accumulated under conditions that are consid-
ered uniform for sampling purposes.

Lot formation The process of collecting units into lots for the purpose of accept-
ance sampling. The lots are chosen to ensure, as much as possible, that the units
have identical properties, for example, that the units were produced by the same
process operating under the same conditions.

Lot Tolerance Percent Defective (LTPD) For acceptance sampling: the poorest
quality in an individual lot that should be accepted, expressed in percent defec-
tive units. Commonly associated with a small consumer’s risk.

Lower Control Limit (LCL) Control limit for points below the central line in a con-
trol chart.

Lower Specification Limit (LSL) The lowest value of a product dimension or meas-
urement which is acceptable.

LTPD Lot Tolerance Percent Defective.

Macro environment Consideration, interrelationship, and action of outside
changes such as legal, social, economic, political, or technological which may
directly or indirectly influence specific project actions.

Macro processes Broad, far-ranging processes that often cross functional
boundaries. 

Main effect A measure of the influence of varying the factor levels on the system
response (or quality characteristic).

Maintainability The probability that a given maintenance action for an item under
given usage conditions can be performed within a stated time interval when the
maintenance is performed under stated conditions using stated procedures and
resources. Maintainability has two categories: (1) serviceability—the ease of con-
ducting scheduled inspections and servicing, and (2) repairability—the ease of
restoring service after a failure.

Management The process of planning, organizing, executing, coordinating, moni-
toring, forecasting, and exercising control

Management-by-fact Decision making using criteria and facts; supporting intuition
with data; tools used include process measurement, process management tech-
niques, and rational decision-making tools (for example, criteria matrix).
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Management plan A document that describes the overall guidelines within which a
project is organized, administered, and managed to assure the timely accom-
plishment of project objectives.

Management styles The project manager may adopt several different management
styles, according to circumstances, in the process of leadership and team 
motivation. These include: authoritarian, combative, conciliatory, disruptive,
ethical, facilitating, intimidating, judicial, promotional, and secretive. Each of
these is defined as follows:

Authoritarian A project manager who lets individuals know what is expected of
them, gives specific guidance as to what should be done, makes his part in
the group understood, schedules work to be done, and asks group members
to follow standard rules and regulations.

Combative A project manager whose style is marked by an eagerness to fight
or be disagreeable over any given situation.

Conciliatory A project manager who is friendly and agreeable; one that
attempts to assemble and unite all project parties involved to provide a com-
patible working team.

Disruptive A project manager who tends to break apart the unity of a group;
one that tends to be an agitator and causes disorder on a project.

Ethical A project manager who is honest, sincere, able to motivate and to press
for the best and fairest solution; one who generally goes by the books.

Facilitating The project manager is available to answer questions and give
guidance when needed; he does not interfere with day to day tasks, but
rather maintains that status quo.

Intimidating A project manager who frequently reprimands employees for the
sake of an image as a tough guy, at the risk of lowering department morale.

Judicial A project manager who exercises the use of sound judgment or is
characterized by applying sound judgment to most areas of the project.

Promotional A project manager who encourages subordinates to realize their
full potential, cultivates a team spirit, and lets subordinates know that good
work will be rewarded.

Secretive A project manager who is not open or outgoing in speech activity or
purpose, much to the detriment of the overall project.

Management time Man-hours related to the project management team.

Management training Usually refers to training and/or education provided to any
management or professional level person from front line supervision up to, but
not including executives.

Manager An individual who manages and is responsible for resources (people,
material, money, time). A person officially designated with a management-type
position title. A manager is granted authority from above, whereas a leader’s role
is derived by virtue of having followers. However, the terms manager and leader
are often used interchangeably.

Managerial grid A management theory developed by Robert Blake and Jane
Mouton that maintains that a manager’s management style is based on his or her
mind-set toward people; it focuses on attitudes rather than behavior. The theo-
ry uses a grid to measure concern with production and concern with people.
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Managerial quality administration The managerial process of defining and moni-
toring policies, responsibilities, and systems necessary to retain quality standards
throughout the project.

Manpower planning The process of projecting the organization’s manpower needs
over time, in terms of both numbers and skills, and obtaining the human
resources required to match the organization’s needs. See Human resources
management.

Market-perceived quality The customer’s opinion of an organization’s products or
services as compared to those of the competitors.

Master Black Belt This is the highest level of technical and organizational profi-
ciency. Because Master Black Belts train Black Belts, they must know everything
the Black Belts know, as well as understand the mathematical theory on which
the statistical methods are based. Masters must be able to assist Black Belts in
applying the methods correctly in unusual situations. Whenever possible, statis-
tical training should be conducted only by Master Black Belts. If it is necessary
for Black Belts and Green Belts to provide training, they should only do so under
the guidance of Master Black Belts. Because of the nature of the Master’s duties,
communications and teaching skills should be judged as important as technical
competence in selecting candidates.

Materials Review Board (MRB) A quality control committee or team, usually
employed in manufacturing or other materials-processing installations, that has
the responsibility and authority to deal with items or materials that do not con-
form to fitness-for-use specifications. An equivalent, error review board, is some-
times used in software development.

Matrix A two-dimensional structure in which the horizontal and vertical intersec-
tions form cells or boxes. Each cell may contain a block of knowledge whose
interface with other blocks is determined by its position in the structure.

Matrix (statistics) An array of data arranged in rows and columns.

Matrix chart/diagram A management and planning tool that shows the relation-
ships among various groups of data; it yields information about the relationships
and the importance of task/method elements of the subjects.

Matrix organization A two-dimensional organizational structure in which the hori-
zontal and vertical intersections represent different staffing positions with
responsibility divided between the horizontal and vertical authorities.

Matrix structure An organization that is structured into a combination of func-
tional and product departments; it brings together teams of people to work on
projects and is driven by product scope.

Mean A measure of central tendency. It is the arithmetic average of all measure-
ments in a data set. Also known as the average. There are two means: (1) Mean
(of a population) (µ)—the true arithmetic average of all elements in a popula-
tion. xbar approximates the true value of the population mean; and (2) Mean
(of a statistical sample) (<X-score>- xbar)—the arithmetic average value of some
variable. The mean is given by the formula, where x is the value of each meas-
urement in the sample. All x’s are added together and divided by the number of
elements (n) in the sample.



228 Glossary

Mean Time Between Failures (MTBF) The average time interval between failures
for repairable product for a defined unit of measure (for example, operating
hours, cycles, or miles).

Means (in the Hoshin planning usage) The step of identifying the ways by which
multiyear objectives will be met, leading to the development of action plans.

Measure The second element of the DMAIC model, where key measures are iden-
tified and data are collected, compiled, and displayed. A quantified evaluation
of specific characteristics and/or level of performance based on observable data.

Measurement The reference standard or sample used for the comparison of prop-
erties.

Measurement accuracy The extent to which the average result of a repeated meas-
urement tends toward the true value of the measured quantity. The difference
between the true value and the average measured value is called the instrument
bias, and may be due to such things as improper zero-adjustment, nonlinear
instrument response, or even improper use of the instrument.

Measurement error The difference between the actual and measured value of a
measured quantity.

Measurement precision The extent to which a repeated measurement gives the
same result. Variations may arise from the inherent capabilities of the instru-
ment, from variations of the operator’s use of the instrument, from changes in
operating conditions, and so on.

Measurement system capability The method and tools used to collect and measure
the results of the experiment must be carefully verified to avoid introducing dis-
tortion or bias.

Median (of a statistical sample) The middle number or center value of a set of data
when all the data are arranged in an increasing sequence. For a sample of a spe-
cific variable, the median is the point <X-tilda> such that half the sample ele-
ments are below and the other half are above of the median.

Median chart For variables data: a control chart of the median of subgroups.

Method The manner or way in which work is done. When formalized into a pre-
scribed manner of performing specified work, a method becomes a procedure.

Metric A standard of measurement.

Metrology The science and practice of measurement.

Micro managing Managing every little detail (for example, approving a requisition
for post-it notes).

Micro processes Narrow processes made up of detailed steps and activities that
could be accomplished by a single person.

Milestone A significant event in the project (key item or key event). A point in time
when a critical event is to occur; a symbol placed on a milestone chart to locate
the point when a critical event is to occur.

Milestone chart Another name for a Gantt chart.

Milestones for control Interim objectives; points of arrival in terms of time for pur-
poses of progress management.

MIL-STD Military standard.
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MIL-STD-105D A set of specifications for acceptance sampling plans based on
Acceptable Quality Level (AQL). For a given AQL, lot size, and level of inspec-
tion, the specification lists the number of defective units that is acceptable and
the number that requires rejection of the lot. The specifications allow for tight-
ening or loosening of inspection requirements based on previous inspection.

MIL-STD-414 A set of specifications for acceptance sampling plans based on
Acceptable Quality Level (AQL) for variables data using the assumption that the
variable is normally distributed.

MIL-STD-2000 A set of standard requirements for soldered electrical and elec-
tronic assemblies. Standards address design, production, process control, and
inspection of these assemblies.

Mind mapping A technique for creating a visual representation of a multitude of
issues or concerns by forming a map of the interrelated ideas.

M.I.S Management Information Systems.

M.I.S. quality requirements The process of organizing a project’s objectives, strate-
gies, and resources for the M.I.S. data systems.

Mission statement An explanation of purpose or reasons for existing as an organi-
zation; it provides the focus for the organization and defines its scope of 
business.

Mitigation The act of revising the project’s scope, budget, schedule, or quality,
preferably without material impact on the project’s objectives, in order to
reduce uncertainty on the project.

Mixture A combination of two distinct populations. On control charts, a mixture is
indicated by an absence of points near the centerline.

Mode (of a statistical sample) The value of the sample variable that occurs most
frequently.

Modified control limits Control limits calculated from information other than the
process’s statistical variation, such as tolerances. Modified control limits must be
used cautiously, because the process could be working within its normal varia-
tion but show up on the control chart as out of control if limits do not account
for that variation.

Moment of truth (MOT) Any event or point in a process when the external customer
has an opportunity to form an opinion (positive, neutral, or negative) about the
process or organization. A MOT is described by Jan Carlzon, former CEO of
Scandinavian Air Services, in the 1980s as: “Any episode where a customer comes
into contact with any aspect of your company, no matter how distant, and by this
contact, has an opportunity to form an opinion about your company.”

Monitoring The capture, analysis, and reporting of actual performance compared
to planned performance.

Monitoring actuals versus budget One of the main responsibilities of cost manage-
ment is to continually measure and monitor the actual cost versus the budget 
in order to identify problems, establish the variance, analyze the reasons for 
variance, and take the necessary corrective action. Changes in the forecast final
cost are constantly monitored, managed, and controlled.
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Monte Carlo simulation A computer modeling technique to predict the behavior
of a system from the known random behaviors and interactions of the system’s
component parts. A mathematical model of the system is constructed in the
computer program, and the response of the model to various operating
parameters, conditions, and so on can then be investigated. The technique is
useful for handling systems whose complexity prevents analytical calculation.

Monument The point in a process which necessitates a product to wait in a queue
before processing further; a barrier to continuous flow. Sometimes called bot-
tleneck or constraint.

MOT Moment of truth.

Motivating The process of inducing an individual to work toward achieving the
organization’s objectives while also working to achieve their personal objectives.

Moving average moving range charts A control chart which combines rational sub-
groups of data and the combined subgroup averages and ranges are plotted.
Often used in continuous process industries, such as chemical processing, where
single samples are analyzed.

MRB Materials Review Board. 

MTBF Mean Time Between Failures.

Muda (Japanese) An activity that consumes resources but creates no value; seven
categories are part of the Muda concept. They are: Correction, processing,
inventory, waiting, over-production, internal transport, and motion.

Multiattribute evaluation Simpler than QFD (Quality Function Deployment), this
process rank-orders and weights customer requirements relative to the competi-
tion. In addition, it estimates the cost of each requirement in order to prioritize
improvement actions.

Multidisciplinary team Sometimes known as Multiplication Table. A team of people
is brought together to work on the experiment. Each member has expertise or
knowledge that is directly applicable to the achievement of the experiment’s
objective.

Multivoting A decision-making tool that enables a group to sort and cull through a
long list of ideas to identify priorities. Faced with a list of ideas, problems, caus-
es, and so on, each member of a group is given a set number of votes. Those
items receiving the most votes get further attention/consideration.

Multivariate control chart A control chart for evaluating the stability of a process in
terms of the levels of two or more variables or characteristics.

N Population sample size.

n Sample size (the number of units in a sample).

Natural team A work group having responsibility for a particular process.

Near critical activity An activity that has a low total float.

NDE Nondestructive evaluation. See Nondestructive testing and evaluation.

NDT&E Nondestructive testing and evaluation.

Near-term activities Activities that are planned to begin, be in process, or be com-
pleted during a relatively short period of time, such as 30, 60, or 90 days.



Glossary 231

Negotiating The process of bargaining with individuals concerning the transfer of
resources, the generation of information, and the accomplishment of activities. 

Net Present Value (NPV) A discounted cash flow technique for finding the present
value of each future year’s cash flow.

Network diagram A schematic display of the sequential and logical relationship of
the activities which comprise the project. Two popular drawing conventions or
notations for scheduling are arrow and precedence diagramming.

Networking The exchange of information or services among individuals, groups,
or institutions.

Next operation as customer Concept that the organization is comprised of serv-
ice/product providers and service/product receivers or internal customers.

Node One of the defining points of a network; a junction point joined to some or
all of the others by dependency lines.

Nominal For a product whose size is of concern: the desired mean value for the
particular dimension, the target value.

Nominal chart A control chart which plots the deviation from the nominal value.
A nominal chart is often used when individual samples are taken in short-run,
low-volume processes. It allows multiple part numbers manufactured by similar
processes to be plotted on the same control charts.

Nominal group technique A technique similar to brainstorming, nominal group
technique is used by teams to generate ideas on a particular subject. Team mem-
bers are asked to silently come up with as many ideas as possible, writing them
down. Each member is then asked to share one idea, which is recorded. After all
the ideas are recorded, they are discussed and prioritized by the group.

Nonconformance A deficiency in characteristics, documentation, or procedure
that renders the quality of material/service unacceptable or indeterminate.

Nonconforming unit A sample (part) which has one or more nonconformities,
making the sample unacceptable for its intended use. See also Defective unit.

Nonconformity A departure of a quality characteristic from its intended level or
state. The nonfulfillment of a specified requirement See also Defect, blemish,
defect, and imperfection. 

Nondestructive evaluation (NDE) See Nondestructive testing and evaluation.

Nondestructive testing and evaluation (NDT&E) Testing and evaluation methods
that do not damage or destroy the product being tested.

Nonlinearity (of a measuring instrument) The deviation of the instrument’s
response from linearity.

Non-value-added Tasks or activities that can be eliminated with no deterioration in
product or service functionality, performance, or quality in the eyes of the
customer.

Non-value-adding activities Steps/tasks in a process that do not add value to the
external customer and do not meet all three criteria for value-adding; includes
rework, handoffs, inspection/control, wait/delays, etc. See also Value-adding
activities.
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Nonverbal communication Gestures, facial expressions, and verbal fragments that
communicate emotions without the use of words; sometimes known as body lan-
guage. Ideally, nonverbal communication involves minimal use of the spoken
language.

NPV Net Present Value.

Normal distribution A probability distribution in the shape of a bell. It is because
of this shape that sometimes it is referred as the bell shape distribution. The nor-
mal distribution is a good approximation for a large class of situations. It is a dis-
tribution for continuous data and where most of the data are concentrated
around the average. It is equally likely that an observation will occur above or
below the average. One example is the distribution resulting from the random
additions of a large number of small variations. The central limit theorem
expresses this for the distribution of means of samples; the distribution of means
results from the random additions of a large number of individual measure-
ments, each of which contributes a small variation of its own. The normal distri-
bution (or Gaussian distribution) is exhibited by many naturally occurring vari-
ables and its predictive properties are used extensively in statistical analysis. It is
significant to know that in this kind of distribution the average, the middle and
the mode are the same.

Normal plots These are useful graphical tools for helping to identify which factor
effects are likely to be real or active (among other uses). Normal plots are used
to determine the normality of a set of data. Factor effects that do not follow the
expected normal distribution are assumed to have resulted from changing fac-
tor levels (as opposed to random fluctuations).

Normal score These are expected ordered values for the standard normal distri-
bution (that is, having a mean of 0 and a standard deviation of 1). They form the
x-axis locations of a normal plot. The scores can be obtained from existing
tables.

Norms Behavioral expectations, mutually agreed-upon rules of conduct, protocols
to be followed, social practice.

np-chart For attributes data: a control chart of the number of defective units in a
subgroup. Assumes a constant subgroup size.

Number of affected units chart (np chart) A control chart for evaluating the sta-
bility of a process in terms of the total number of units in a sample in which fre-
quency of an event of a given classification occurs.

Objective A quantitative statement of future expectations and an indication of
when the expectations should be achieved; it flows from goals and clarifies what
people must accomplish.

Objective (in an experiment) The primary reason for attempting the experiment,
that is, a description of the outcome the experiment is designed to achieve. This
may be the elimination of an existing problem or the achievement of a desirable
goal.

Objective evidence Verifiable qualitative or quantitative observations, information,
records, or statements of fact pertaining to the quality of an item or service or
to the existence and implementation of a quality system element.

Observation An item of objective evidence found during an audit.
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OD Organization development.

Off-the-job training Training that takes place away from the actual work site.

OJT On-the-job-training.

One factor at a time testing The traditional approach to experimentation where
different levels of a factor are compared under fixed conditions (all other fac-
tors kept at a constant level).

One-to-one marketing The concept of knowing and marketing to the customers’
unique requirements and expectations. See also Customer relationship
management.

On-the-job-training (OJT) Training that takes place at the actural work site. It is
usually conducted at the workstation and typically done one-on-one.

Open book management An approach to managing that exposes employees to the
organization’s financial information, provides instruction in business literacy,
and enables employees to better understand their role and contribution within
the organization and its impact.

Operating Characteristic (OC) curve For a sampling plan, the OC curve indicates
the probability of accepting a lot based on the sample size to be taken and the
fraction defective in the batch. 

Operation The operation of a new facility is described by a variety of terms, each
depicting an event in its early operating life. These are defined below, in chrono-
logical order:

1. Initial Operation The project milestone date on which material is first intro-
duced into the system for the purpose of producing products.

2. Normal Operation The project milestone date on which the facility has
demonstrated the capability of sustained operations at design conditions
and the facility is accepted by the client.

Operational definition A clear, precise description of the factor being measured or
the term being used; ensures a clear understanding of terminology and the abil-
ity to operate a process or collect data consistently.

Opportunity Any event that generates an output (product, service, or information).

Optimization The third element of the DCOV model. Optimization refers to
achieving planned process results that meet the needs of the customer and sup-
plier alike and minimize their combined costs. 

Order of magnitude (-25, +75 percent) This is an approximate estimate, made with-
out detailed data, that is usually produced from cost capacity curves, scale up or
down factors that are appropriately escalated, and approximate cost capacity
ratios. This type of estimate is used during the formative stages of an expendi-
ture program for initial evaluation of the project. Other terms commonly used
to identify an order of magnitude estimate are preliminary, conceptual, fac-
tored, quickie, and feasibility. 

Organization development (OD) An organization-wide (usually) planned effort,
managed from the top, to increase organization effectiveness and health
through interventions in the organization’s processes; using behavioral science
knowledge, technology, research, and theory to change an organization’s



234 Glossary

culture to meet predetermined objectives involving participation, joint decision
making, and team building.

Organization structure Identification of participants and their hierarchical rela-
tionships.

Organizational politics The informal process by which personal friendships, loyal-
ties, and enmities are used in an attempt to gain an advantage in influencing
project decisions.

Original duration The first estimate of work time needed to execute an activity.
The most common units of time are hours, days, and weeks.

Orthogonal array A matrix of levels arranged in rows and columns. Each row rep-
resents the combination of factor level settings in a given experimental run.
Each column represents a specific factor that can be changed from experiment
to experiment. When a factor has not been allocated to a column, the column
can be used to estimate an interaction effect. The array is called orthogonal
because the effect of each factor on the experimental results can be separated.

Out of control A process that exhibits variations larger than the control limits is
said to be out of control.

Out-of-control process A process in which the statistical measure being evaluated
is not in a state of statistical control. The variations among the observed sam-
pling results cannot all be attributed to a constant system of chance causes; spe-
cial or assignable causes exist. See also In-control process. 

Out of spec A term used to indicate that a unit does not meet a given specification.

Output Any product, service, or piece of information coming out of, or resulting
from, the activities in a process.

Output measures Measures related to and describing the output of the process;
total figures/overall measures.

Outsourcing A strategy to relieve an organization of processes and tasks in order to
reduce costs, improve quality, reduce cycle time (for example, by parallel pro-
cessing), reduce the need for specialized skills, and increase efficiency.

Overall quality philosophy The universal belief and performance throughout the
company, based on established quality policies and procedures. Those policies
and procedures become the basis for collecting facts about a project in an order-
ly way for study (statistics).

p chart (percent defective). For attributes data: a control chart of the percentage
of defective units (or fraction defective) in a subgroup. Also called a fraction
defective chart or proportion chart.

Panels Groups of customers recruited by an organization to provide ad hoc feed-
back on performance or product development ideas.

Parallel structure Describes an organizational module in which groups, such as
quality circles or a quality council, exist in the organization in addition to, and 
simultaneously with, the line organization Also referred to as collateral structure.

Parameter design (Taguchi) The use of design of experiments for identifying the
major contributors to variation.
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Parametric cost estimating An estimating methodology using statistical relation-
ships between historical costs and other project variables such as system physical
or performance characteristics, contractor output measures, or manpower load-
ing, and so on. Also referred to as top down estimating.

Pareto Analysis An analysis of the frequency of occurrence of various possible con-
cerns. This is a useful way to decide quality control priorities when more than
one concern is present. The underlying Pareto principle states that a very small
number of concerns is usually responsible for most quality problems.

Pareto chart Quality tool based on Pareto principle. The Pareto chart uses attrib-
ute data with columns arranged in descending order, with highest occurrences
(highest bar) shown first; uses a cumulative line to track percentages of each
category/bar, which distinguishes the 20% of items causing 80% of the problem.
It is considered to be one of the seven basic tools of quality. Sometimes it is also
referred to as Pareto diagram.

Pareto diagrams (quality) A graph, particularly popular in nontechnical projects, to
prioritize the few change areas (often 20% of the total) that cause most quality
deviations (often 80% of the total) in a descending order. 

Pareto principle (80/20 rule) Based on Alfredo Pareto’s research stating that the
vital few (20%) of causes have a greater impact than the trivial many (80%) caus-
es with a lesser impact. 

Participative management A style of managing whereby the manager tends to work
from theory Y assumptions about people, involving the workers in decisions
made.

Partnership/alliance A strategy leading to a relationship with suppliers or cus-
tomers aimed at reducing costs of ownership, maintenance of minimum stocks,
just-in-time deliveries, joint participation in design, exchange of information on
materials and technologies, new production methods, quality improvement
strategies, and the exploitation of market synergy.

Parts Per Million (PPM).

Payback period The number of years it will take the results of a project or capital
investment to recover the investment from net cash flows. 

PDCA Plan-Do-Check-Act cycle.

PDM Precedence Diagram Method.

PDPC Process Decision Program Chart.

PDSA cycle Plan, Do, Study, and Act, sometimes called the PDCA cycle for Plan,
Do, Check, and Act.

Percent complete A ratio comparison of the completion status to the current pro-
jection of total work.

Percent defective For acceptance sampling: the percentage of units in a lot which
are defective, that is, of unacceptable quality.

Performance The calculation of achievement used to measure and manage proj-
ect quality.

Performance appraisal A formal method of measuring employees’ progress
against performance standards and providing feedback to them.
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Performance control Control of work during contract execution.

Performance evaluation The formal system by which managers evaluate and rate
the quality of subordinates’ performance over a given period of time.

Performance management system A system that supports and contributes to the
creation of high-performance work and work systems by translating behavioral
principles into procedures.

Performance plan A performance management tool that describes desired per-
formance and provides a way to assess the performance objectively.

Performance study Analysis of a process to determine the distribution of a run.
The process may or may not be in statistical control.

Personal recognition The public acknowledgement of an individual’s performance
on the project.

Personal rewards Providing an individual with psychological or monetary benefits
in return for his or her performance.

Personnel training The development of specific job skills and techniques required
by the individual to become more productive.

Persuade To advise, to move by argument, entreaty, or expostulation to a belief,
position, or course of action.

PERT. Program Evaluation and Review Technique.

Pilot Trial implementation of a solution, on a limited scale, to ensure its effective-
ness and test its impact; an experiment verifying a root cause hypothesis. 

PIT Process Improvement Team.

Plan An intended future course of action.

Plan development Stage of planning during which the plan is initially created.

Plan-Do-Check-Act cycle (PDCA) A four-step process for quality improvement. In
the first step (plan), a plan to effect improvement is developed. In the second
step (do), the plan is carried out, preferably on a small scale. In the third step
(check), the effects of the plan are observed. In the last step (act), the results are
studied to determine what was learned and what can be predicted. The
plan-do-check-act cycle is sometimes referred to as the Shewhart cycle because
Walter A. Shewhart discussed the concept in his book Statistical Method from the
Viewpoint of Quality Control, or as the Deming cycle (particularly in Japan)
because W. Edwards Deming introduced the concept in Japan.

Plan-Do-Study-Act (PDSA) The same basic model as the PDCA except instead of
Check, Deming, in the early 1980s, replaced it with Study to denote action
rather than complacency.

Plan matrix In a designed experiment, the combination of factors and levels
assigned to a matrix which specifies the setting of factors for particular experi-
mental runs is known as the plan matrix. Alternative names given to this matrix
are the experimental design and experimental layout.

Platykurtosis For frequency distributions: a distribution which has longer tails than
a normal distribution with the same standard deviation.

Plug date A date externally assigned to an activity that establishes the earliest or
latest date on which the activity is allowed to start or finish.
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Point estimate (statistics) A single-value estimate of a population parameter. Point
estimates are commonly referred to as the points at which the interval estimates
are centered; these estimates give information about how much uncertainty is
associated with the estimate.

Poisson distribution A probability distribution for the number of occurrences of
an event; n number of trials; p probability that the event occurs for a single trial;
r number of trials for which the event occurred. The Poisson distribution is a
good approximation of the binomial distribution for a case where p is small.
Simpler said, it is a distribution used for discrete data, applicable when there are
many opportunities for occurrence of an event but a low probability (less than
0.10) on each trial.

Poka-yoke A term that means to mistake proof a process by building safeguards
into the system that avoid or immediately find errors. It comes from poka, which
means “error,” and yokeru, which means “to avoid.” Also known as mistake proof-
ing and error proofing.

Policy Directives issued by management for guidance and direction where unifor-
mity of action is essential. Directives pertain to the approach, techniques,
authorities, and responsibilities for carrying out the management function.

PONC Price Of Nonconformance.

Price Of Nonconformance (PONC) The cost of not doing things right the first
time.

Population (general) A group of people, objects, observations, or measurements
about which one wishes to draw conclusions.

Population (statistical) The set of all possible outcomes of a statistical determina-
tion. The population is usually considered as an essentially infinite set from
which a subset called a sample is selected to determine the characteristics of the
population. For example, if a process were to run for an infinite length of time,
it would produce an infinite number of units. The outcome of measuring the
length of each unit would represent a statistical universe, or population. Any
subset of the units produced (say, a hundred of them collected in sequence)
would represent a sample of the population. Also known as universe.

Portfolio analysis A process of comparing the value of proposed projects or acqui-
sitions relative to the financial impacts on current projects as well as the poten-
tial impact on resources of the proposed project or acquisitions.

Post contract evaluations Objective review and analysis of the performance of both
parties’ performance, realistic technical problems encountered, and the correc-
tive actions taken.

Post processing Processing of data done after it is collected, usually by computer.

Post project analysis and report A formal analysis and documentation of the pro-
ject’s results including cost, schedule, and technical performance versus the
original plan.

Post project evaluation An appraisal of the costs and technical performance of a
completed project and the development of new applications in project manage-
ment methods to overcome problems that occurred during the project life to
benefit future projects.
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Ppk Potential process capability used in the validation stage of a new product
launch (uses the same formula as C

pk
, but a higher value is expected due to the

smaller time span of the samples).

PPM. Parts Per Million.

Precedence Diagram Method (PDM) A method of constructing a logic network
using nodes to represent the activities and connecting them by lines that show
dependencies.

Precedence diagram method arrow. A graphical symbol in PDM networks used to
represent the lag describing the relationship between work activities. 

Precision The accuracy of the measure you plan to do. This links to the type of
scale or detail of your operational definition, but it can have an impact on your
sample size, too.

Precision (of measurement) The extent to which repeated measurement of a stan-
dard with a given instrument yields the same result. A characteristic of meas-
urement that addresses the consistency or repeatability of a measurement system
when the identical item is measured a number of times.

Precontrol A method of controlling a process based on the specification limits. It
is used to prevent the manufacture of defective units, but does not work toward
minimizing variation of the process. The area between the specifications is split
into zones (green, yellow, and red) and adjustments are made when a specified
number of points fall in the yellow or red zones. A control process, with simple
rules, based on tolerances. It is effective for any process where a worker can
measure a quality characteristic (dimension, color, strength, and so on) and can
adjust the process to change that characteristic, and where there is either con-
tinuous output or discrete output totaling three or more pieces.

Predecessor activity Any activity that exists on a common path with the activity in
question and occurs before the activity in question.

Prediction equation An equation which can predict an estimate of a response with
factors set at predetermined levels.

Preliminary plan Used when developing milestones for team activities related to
process improvement; includes key tasks, target completion dates, responsibili-
ties, potential problems, obstacles and contingencies, and communication
strategies.

Prerequisite tree A technique used in the application of Goldratt’s Theory of
Constraints. 

Prescribe To direct specified action. To prescribe implies that action must be car-
ried out in a specified fashion.

Prevention costs Costs incurred to keep internal and external failure costs and
appraisal costs to a minimum.

Prevention vs. detection A term used to contrast two types of quality activities.
Prevention refers to those activities designed to prevent nonconformances in
products and services. Detection refers to those activities designed to detect non-
conformances already in products and services. Another term used to describe
this distinction is “designing in quality” vs. “inspecting in quality.”
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Preventive action Action taken to eliminate the causes of a potential nonconfor-
mity, defect, or other undesirable situation in order to prevent occurrence.

Primary Process that refers to the basic steps or activities that will produce the out-
put without the nice-to-haves.

Primary reference standard A standard maintained by the National Bureau of
Standards for a particular measuring unit. The primary reference standard
duplicates as nearly as possible the international standard and is used to cali-
brate other (transfer) standards, which in turn are used to calibrate measuring
instruments for industrial use. It is the source for traceability.

Priorities The imposed sequences desired with respect to the scheduling of activi-
ties within previously imposed constraints.

Priorities matrix A tool used to choose between several options that have many
useful benefits, but where not all of them are of equal value.

Probability The likelihood of occurrence.

Probability (mathematical) The likelihood that a particular occurrence (event) has
a particular outcome. In mathematical terms, the probability that outcome X
occurs is expressed by the formula: P(x) = (number of trials giving outcome
x/total number of trials). Note that, because of this definition, summing up the
probabilities for all values of X always gives a total of 1: this is another way of say-
ing that each trial must have exactly one outcome.

Probability distribution A relationship giving the probability of observing each pos-
sible outcome of a random event. The relationship may be given by a mathemat-
ical expression, or it may be given empirically by drawing a frequency distribution
for a large enough sample. In essence, it is a mathematical formula that relates
the values of characteristics to their probability of occurrence in a population. 

Problem/need statement/goal. Documentation to define the problem; to document
the need to find a solution; and to document the overall aim of the sponsor.

Problem/opportunity statement. Description of the symptoms or the pain in the
process, usually written in noun-verb structure. This statement is usually
included in a team charter and supported with numbers and more detail once
data have been obtained.

Problem resolution The interaction between the Project Manager and an individual
team member with the goal of finding a solution to a technical or personal prob-
lem that affects project accomplishment.

Problem solving A rational process for identifying, describing, analyzing, and
resolving situations in which something has gone wrong without explanation.

Procedure A prescribed method of performing specified work. A document that
answers the questions: What has to be done? Where is it to be done? When is it
to be done? Who is to do it? Why do it? (contrasted with a work instruction
which answers: How is it to be done? With what materials and tools is it to be
done?); in the absence of a work instruction, the instructions may be embedded
in the procedure.

Process An activity or group of activities that takes an input, adds value to it, and
provides an output to an internal or external customer; a planned and repetitive
sequence of steps by which a defined product or service is delivered. A process
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where the energy transformation (or value added) takes place. In manufactur-
ing the elements are: Machine, Method, Material, Measurement, Mother
Nature, and Manpower. In nonmanufacturing the elements are: Manpower,
Place, Policy, Procedures, Measurement, and Environment.

Process (framework) The set of activities by means of which an output is achieved.
A series of actions or operations that produce a result, especially a continuous
operation.

Process analysis diagram A cause-and-effect diagram for a process. Each step of the
process and the factors contributing to it are shown, indicating all
cause-and-effect relationships. This allows systematic tracing of any problems
that may arise, to identify the source of the problem.

Process capability Determination of whether a process, with normal variation, is
capable of meeting customer requirements; measure of the degree a process
is/is not meeting customer requirements, compared to the distribution of the
process. See also Control; Control charts. The level of uniformity of product
which a process is capable of yielding. Process capability may be expressed by the
percent of defective products, the range, or the standard deviation of some
product dimension. Process capability is usually determined by performing
measurements on some (or all) of the product units produced by the process. A
statistical measure of the inherent process variability for a given characteristic.
See C

p
, C

pk
, and P

pk
.

Process capability index The value of the tolerance specified for the characteristic
divided by the process capability. There are several types of process capability
indexes, including the widely used C

p
and C

pk
.

Process characterization The identification and benchmarking of key product
characteristics. This is done by way of gap analysis.

Process control Maintaining the performance of a process at its capability level.
Process control involves a range of activities such as sampling the process prod-
uct, charting its performance, determining causes of any excessive variation, and
taking corrective actions. A management and planning tool that identifies all
events that can go wrong and the appropriate countermeasures for these events.
It graphically represents all sequences that lead to a desirable effect.

Process design Creation of an innovative process needed for newly introduced
activities, systems, products, or services.

Process improvement The act of changing a process to reduce variability and cycle
time and make the process more effective, efficient, and productive. Specifically,
process improvement is focused on incremental changes/solutions to eliminate
or reduce defects, costs, or cycle time. It leaves basic design and assumptions of
a process intact. See also Process redesign.

Process Improvement Team (PIT) A natural work group or cross-functional team
whose responsibility is to achieve needed improvements in existing processes.
The life span of the team is based on the completion of the team purpose and
specific goals.

Process management The collection of practices used to implement and improve
process effectiveness. It focuses on holding the gains achieved through process
improvement and assuring process integrity. Also refers to defined and
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documented processes, monitored on an ongoing basis, which ensure that meas-
ures are providing feedback on the flow/function of a process; key measures
include financial, process, people, innovation. See also Control.

Process map, or flowchart Graphic display of the process flow that shows all activ-
ities, decision points, rework loops, delays, inspections, and handoffs.

Process mapping The flowcharting of a work process in detail, including key meas-
urements.

Process measures Measures related to individual steps as well as to the total
process; predictors of output measures.

Process optimization Aimed at the identification and containment of those process
variables which exert undue influence over the key product characteristics.

Process organization A form of departmentalization where each department spe-
cializes in one phase of the process.

Process owner The manager or leader who is responsible for ensuring that the
total process is effective and efficient.

Process quality audit An analysis of elements of a process and appraisal of com-
pleteness, correctness of conditions, and probable effectiveness.

Process redesign Method of restructuring process flow elements eliminating hand-
offs, rework loops, inspection points, and other non-value-adding activities; typ-
ically means clean slate design of a business segment and accommodates major
changes or yields exponential improvements (similar to reengineering). See also
Process improvement; Reengineering.

Process village Refers to machines grouped by type of operation (contrast with a
cell layout).

Procurement ranking Qualitative or quantitative determinations of prospective
suppliers’ capabilities and qualifications in order to select one or more sources
to provide proposed material/service.

Producer’s risk The maximum probability of saying a process or lot is unacceptable
when, in fact, it is acceptable. For a sampling plan, producer’s risk refers to 
the probability of not accepting a lot, the quality of which has a designated
numerical value representing a level that is generally desirable. Usually the des-
ignated value will be the acceptable quality level. Also called alpha risk and type
I error.

Product organization A departmentalization where each department focuses on a
specific product type or family.

Product orientation A tendency to see customers’ needs in terms of a product they
want to buy, not in terms of the services, value, or benefits the product will produce.

Product quality audit A quantitative assessment of conformance to required prod-
uct characteristics.

Product/service liability The obligation of a company to make restitution for loss
related to personal injury, property damage, or other harm caused by its prod-
uct or service.

Productivity The measurement of labor efficiency when compared to an estab-
lished base. It is also used to measure equipment effectiveness, drawing produc-
tivity, and so on.
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Professional development plan An individual development tool for an employee.
Working together, the employee and his/her supervisor create a plan that
matches the individual’s career needs and aspirations with organizational
demands.

Profitability A measure of the total income of a project compared to the total
monies expended at any period of time. The techniques that are utilized are
payout time, Return on Original Investment (ROI), Net Present Value (NPV),
Discounted Cash Flow (DCF), sensitivity, and risk analysis.

Profound knowledge, system of As defined by W. Edwards Deming, the system of
profound knowledge states that learning cannot be based on experience only; it
requires comparisons of results to a prediction, plan, or an expression of theo-
ry. Predicting why something happens is essential to understand results and to
continually improve. The four components of the system of profound knowl-
edge are: (1) appreciation for a system, (2) knowledge of variation, (3) theory
of knowledge, and (4) understanding of psychology.

Program An endeavor of considerable scope encompassing a number of projects.

Program Evaluation and Review Technique (PERT) An event-oriented project
management planning and measurement technique that utilizes an arrow dia-
gram or road map to identify all major project events and demonstrates the
amount of time (critical path) needed to complete a project. It provides three
time estimates: optimistic, most likely, and pessimistic.

Program management The management of a related series of projects executed
over a broad period of time, and which are designed to accomplish broad goals,
to which the individual projects contribute.

Progress Development to a more advanced state. Progress relates to a progression
of development and therefore shows relationships between current conditions
and past conditions.

Progress trend An indication of whether the progress rate of an activity or project
is increasing, decreasing, or remaining the same (steady) over a period of time.

Project Any undertaking with a defined starting point and defined objectives by
which completion is identified. In practice, most projects depend on finite or
limited resources by which the objectives are to be accomplished.

Project accounting The process of identifying, measuring, recording, and commu-
nicating actual project cost data.

Project budget The amount and distribution of money allocated to a project.

Project change An approved change to project work content caused by a scope of
work change or a special circumstance on the project (weather, strikes, etc.). See
also Project cost changes.

Project close-out A process that provides for acceptance of the project by the proj-
ect sponsor, completion of various project records, final revision and issue of
documentation to reflect the as-built condition, and the retention of essential
project documentation. See Project life cycle.

Project close-out and start-up costs The estimated extra costs (both capital and
operating) that are incurred during the period from the completion of project
implementation to the beginning of normal revenue earnings on operations.
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Project cost The actual costs of the entire project.

Project cost changes The changes to a project and the initiating of the preparation
of detail estimates to determine the impact on project costs and schedule. These
changes must then be communicated clearly (both written and verbally) to all
participants so that approval/rejection of the project changes have been
obtained (especially those which change the original project intent).

Project cost systems The establishment of a project cost accounting system of
ledgers, asset records, liabilities, write offs, taxes, depreciation expense, raw
materials, prepaid expenses, salaries, and so on.

Project data review A review of qualification data to determine its adequacy.

Project data verification. Verification of qualification data to check its accuracy.

Project duration.The elapsed time, from project start date through to project finish
date.

Project goods Equipment and/or materials needed to implement a project.

Project information sources Identification and listing of various available sources,
internal as well as external, to provide relevant information on specific pro-
curements.

Project integration The bringing together of diverse organizations, groups, or
parts to form a cohesive whole to successfully achieve project objectives.

Project life cycle The four sequential phases in time through which any project
passes, namely: concept; development; execution (implementation or opera-
tion); and finishing (termination or close out). Note that these phases may be
further broken down into stages depending on the area of project application.
Sometimes these phases are known as: concept, planning, design, implementa-
tion, and evaluation. 

Project lists The tabulations of information organized in meaningful fashion.

Project management (PM) The art of directing and coordinating human and mate-
rial resources throughout the life of a project by using modern management
techniques to achieve predetermined objectives of scope, cost, time, quality, and
participant satisfaction.

Project manager. The individual appointed with responsibility for project manage-
ment of the project. In the six sigma methodology that person has been desig-
nated to be the Black Belt.

Project objectives Project scope expressed in terms of outputs, required resources,
and timing.

Project organization The orderly structuring of project participants.

Project personnel Those members of a project team employed directly by the
organization responsible for a project.

Project phase The division of a project time frame (or project life cycle) into the
largest logical collection of related activities.

Project plan (general) All the documents that comprise the details of why the proj-
ect is to be initiated, what the project is to accomplish, when and where it is to
be implemented, who will have responsibility, how the implementation will be
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carried out, how much it will cost, what resources are required, and how the pro-
ject’s progress and results will be measured.

Project plan (project management) A management summary document that gives
the essentials of a project in terms of its objectives, justification, and how the
objectives are to be achieved. It should describe how all the major activities
under each project management function are to be accomplished, including
that of overall project control. The project plan will evolve through successive
stages of the project life cycle. Prior to project implementation, for example, it
may be referred to as a project brief. 

Project planning The identification of the project objectives and the ordered activ-
ity necessary to complete the project. The identification of resource types and
quantities required to carry out each activity or task.

Project policies General guidelines/formalized methodologies on how a project
will be managed.

Project preselection meetings Meetings held to supplement and/or verify qualifi-
cations, data, and specifications.

Project procedures The methods, practices, and policies (both written and verbal
communications) that will be used during the project life.

Project rationale (business case) Broad statement defining area of concern or
opportunity, including impact/benefit of potential improvements, or risk of not
improving a process; links to business strategies, the customer, and/or company
values. Provided by business leaders to an improvement team and used to devel-
op problem statement and project charter.

Project reporting A planning activity involved with the development and issuance
of (internal) time management analysis reports and (external) progress reports.

Project risk The cumulative effect of the chances of uncertain occurrences which
will adversely affect project objectives. It is the degree of exposure to negative
events and their probable consequences. Project risk is characterized by three
factors: risk event, risk probability, and the amount at stake.

Project risk analysis Analysis of the consequences and probabilities that certain
undesirable events will occur and their impact on attaining the contract/pro-
curement objectives.

Project risk characterization Identifying the potential external or internal risks asso-
ciated with procurement actions using estimates of probability of occurrence.

Project segments Project subdivisions expressed as manageable components.

Project services Expertise and/or labor needed to implement a project not avail-
able directly from a project manager’s organization.

Project stage A subset of project phase.

Project team (framework) The central management group of the project. The peo-
ple, considered as a group, that shares responsibility for the accomplishment of
project goals and who report either part-time or full-time to the Project
Manager.

Promotional Encourages subordinates to realize their full potential, cultivates a
team spirit, and lets subordinates know that good work will be rewarded.



Glossary 245

Proportion defective Fraction of units with nonconformances (defects); number
of defective units divided by the total number of units; translate the decimal fig-
ure to a percentage. See also Defects; Defective.

Proposal project plan Usually the first plan issued on a project and accompanies
the proposal. It contains key analysis, procurement, and implementation mile-
stones; historical data; and any client-supplied information. The proposal proj-
ect plan is usually presented in bar chart form or summary level network, and is
used for inquiry and contract negotiations.

Prospectus The assembly of the evaluation profitability studies and all the perti-
nent technical data in an overall report for presentation and acceptance by the
owner and funders of a project.

Psychographic customer characteristics Variables among buyers in the consumer
market that address lifestyle issues and include consumer interests, activities,
and opinions pull system. See Kanban.

Public, The (project external) All those that are not directly involved in the proj-
ect but who have an interest in its outcome. This could include, for example,
environmental protection groups, Equal Employment Opportunity groups, and
others with a real or imagined interest in the project or the way it is managed.

Public, The (project internal) All personnel working directly or indirectly on the
project.

Punch list A list made near to the completion of a project showing the items of
work remaining in order to complete the project scope.

Purchase Outright acquisition of items, mostly off-the-shelf or catalog, manufac-
tured outside the purchaser’s premises. 

QA/QC Quality assurance/quality control. 

QFD Quality Function Deployment. 

QLA Quality Level Agreement.

Qualitative measurement A measure which is classified by type and relies on the
observer making a subjective judgment.

Quality A broad concept and/or discipline involving degree of excellence; a dis-
tinguished attribute or nature; conformance to specifications; measurable stan-
dards of comparison so that applications can be consistently directed toward
business goals. A subjective term for which each person has his or her own defi-
nition. In technical usage, quality can have two meanings: (1) the characteristics
of a product or service that bear on its ability to satisfy stated or implied needs
and (2) a product or service free of deficiencies.

Quality adviser The person (facilitator) who helps team members work together in
quality processes and is a consultant to the team. The adviser is concerned about
the process and how decisions are made rather than about which decisions are
made. In the six sigma initiative this person is also called Champion.

Quality assessment The process of identifying business practices, attitudes, and
activities that are enhancing or inhibiting the achievement of quality improve-
ment in an organization.
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Quality assurance (general) The function of assuring that a product or service will
satisfy given needs. The function includes necessary verification, audits, and
evaluations of quality factors affecting the intended usage and customer satis-
faction. This function is normally the responsibility of one or more upper man-
agement individuals overseeing the quality assurance program. The primary
tools of quality assurance are statistical analysis, inspection, and SPC (Statistical
Process Control). It is also a discipline (or department) that is charged with
maintaining product or service conformance to customer specifications.

Quality assurance (contract/procurement management) Planned and systematic
actions necessary to provide adequate confidence that the performed service or
supplied goods will serve satisfactorily for its intended and specified purpose.

Quality assurance (managerial) The development of a comprehensive program
that includes the processes of identifying objectives and strategy, of client inter-
facing, and of organizing and coordinating planned and systematic controls for
maintaining established standards. This, in turn, involves measuring and evalu-
ating performance to these standards, reporting results, and taking appropriate
action to deal with deviations.

Quality assurance/quality control (QA/QC) Two terms that have many interpreta-
tions because of the multiple definitions for the words assurance and control. For
example, assurance can mean the act of giving confidence, the state of being cer-
tain, or the act of making certain. Control can mean an evaluation to indicate
needed corrective responses, the act of guiding, or the state of a process in
which the variability is attributable to a constant system of chance causes. (For a
detailed discussion on the multiple definitions, see ANSI/ISO/ASQC A35342,
Statistics-Vocabulary and Symbols-Statistical Quality Control.) One definition of
quality assurance is all the planned and systematic activities implemented with-
in the quality system that can be demonstrated to provide confidence that a
product or service will fulfill requirements for quality. A definition for quality
control is the operational techniques and activities used to fulfill requirements
for quality. Often, however, quality assurance and quality control are used inter-
changeably, referring to the actions performed to ensure the quality of a prod-
uct, service, or process. The focus of assurance is planning and that of control is
appraising.

Quality audit A systematic, independent examination and review to determine
whether quality activities and related results comply with planned arrangements
and whether these arrangements are implemented effectively and are suitable to
achieve the objectives.

Quality characteristic A particular aspect of a product which relates to its ability to
perform its intended function or the aspect of a system to be measured in an
experiment. It is a measure of the desired response of the system as opposed to
error states or failure modes. Quality characteristic is used to determine the suc-
cess of the experiment’s objective. It is also those unique characteristics of prod-
ucts and services by which customers evaluate their perception of quality.

Quality circles Quality improvement or self-improvement study groups composed
of a small number of employees—10 or fewer—and their supervisor.

Quality control The process of maintaining an acceptable level of product quality.
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Quality control (technical) The planned process of identifying established system
requirements and exercising influence through the collection of specific (usu-
ally highly technical and itself standardized) data. It is the basis for decision on
any necessary corrective action is provided by analyzing the data and reporting
it comparatively to system standards.

Quality cost reports A system of collecting quality costs that uses a spreadsheet to
list the elements of quality costs against a spread of the departments, areas, or
projects in which the costs occur and summarizes the data to enable trend analy-
sis and decision making. The reports help organizations review prevention costs,
appraisal costs, and internal and external failure costs.

Quality council The group driving the quality improvement effort and usually hav-
ing oversight responsibility for the implementation and maintenance of the
quality management system; it operates in parallel with the normal operation of
the business. (This leadership guides the implementation of quality or six sigma
within an organization; establishes, reviews, and supports the progress of quali-
ty improvement teams.) Also called quality steering committee.

Quality culture Employee opinions, beliefs, traditions, and practices concerning
quality.

Quality engineering The analysis of a manufacturing system at all stages to maxi-
mize the quality of the process itself and the products it produces.

Quality evaluation methods The technical process of gathering measured variables
or counted data for decision making in quality process review. Normally these
evaluation methods should operate in a holistic context involving proven statis-
tical analysis, referred to previously as statistical process control. A few example
methods are: graphs and charts; Pareto diagrams; and exception reporting.

Quality function The function of maintaining product quality levels; the execution
of quality control. The entire collection of activities through which an organiza-
tion achieves fitness-for-use, no matter where these activities are performed.

Quality Function Deployment (QFD) A structured method in which customer
requirements are translated into appropriate technical requirements for each
stage of product development and production. The QFD process is often
referred to as listening to the voice of the customer. See also House of quality.

Quality improvement Actions taken throughout the organization to increase the
effectiveness and efficiency of activities and processes in order to provide added
benefits to both the organization and its customers.

Quality Level Agreement (QLA) Internal service/product providers assist their
internal customers in clearly delineating the level of service/product required
in quantitative measurable terms. A QLA may contain specifications for accura-
cy, timeliness, quality/usability, product life, service availability, responsiveness
to needs, and so on.

Quality loop Conceptual model of interacting activities that influence quality at
the various stages ranging from the identification of needs to the assessment of
whether those needs are satisfied.

Quality loss function A parabolic approximation (Taylor’s series) of the quality loss
that occurs when a quality characteristic deviates from its target value. The qual-
ity loss function is expressed in monetary units: The cost of deviating from the



248 Glossary

target increases as a quadratic function the farther the quality characteristic
moves from the target. The formula used to compute the quality loss function
depends on the type of quality characteristic being used. The quality loss func-
tion was first introduced in this form by Genichi Taguchi.

Quality management (QM) Quality itself is the composite of material attributes
(including performance features and characteristics) of the product, processor
service that are required to satisfy the need for which the project is launched.
Quality policies, plans, procedures, specifications, and requirements are
attained through the subfunctions of quality assurance (managerial) and quali-
ty control (technical). Therefore, QM is viewed as the umbrella for all activities
of the overall management function that determine the quality policy, objec-
tives, and responsibilities, and implement them by means such as quality plan-
ning, quality control, quality assurance, and quality improvement within the
quality system.

Quality metrics Numerical measurements that give an organization the ability to
set goals and evaluate actual performance versus plan.

Quality plan The document setting out the specific quality practices, resources,
and sequence of activities relevant to a particular product, project, or contract.
Also known as control plan.

Quality planning The activity of establishing quality objectives and quality
requirements.

Quality policy Top management’s formally stated intentions and direction for the
organization pertaining to quality.

Quality principles Rules or concepts that an organization believes in collectively.
The principles are formulated by senior management with input from others
and are communicated and understood at every level of the organization.

Quality process review The technical process of using data to decide how the actu-
al project results compare with the quality specifications/requirements. If devi-
ations occur, this analysis may cause changes in the project design, development,
use, and so on, depending on the decisions of the client, involved shareholders
and the project team.

Quality score chart (Q chart) A control chart for evaluating the stability of a
process in terms of a quality score. The quality score is the weighted sum of the
count of events of various classifications in which each classification is assigned
a weight.

Quality specifications Particular specifications of the limits within which each qual-
ity characteristic of a product is to be maintained.

Quality system The organizational structure, procedures, processes, and resources
needed to implement quality management.

Quality system audit A documented activity performed to verify, by examination
and valuation of objective evidence, that applicable elements of the quality 
system are suitable and have been developed, documented, and effectively
implemented in accordance with specified requirements.

Quality trilogy A three-pronged approach to managing for quality. The three legs
are quality planning (developing the products and processes required to meet
customer needs), quality control (meeting product and process goals), and
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quality improvement (achieving unprecedented levels of performance).
Creation of the term is attributed to Joseph M. Juran.

Quantitative measurement A numerical measure which is independent of the
observer and is objective.

Questionnaires. See Surveys.

Queue processing Processing in batches (contrast with continuous flow process-
ing).

Queue time Wait time of a product awaiting the next step in process.

Quincunx A tool that creates frequency distributions. Beads tumble over numer-
ous horizontal rows of pins, which force the beads to the right or left. After a ran-
dom journey, the beads are dropped into vertical slots. After many beads are
dropped, a frequency distribution results. In the classroom, quincunxes are
often used to simulate a manufacturing process. The quincunx was invented by
English scientist Francis Galton in the 1890s. 

R&R Repeatability and Reproducibility.

Radar chart A method to show, in graphic form, the size of gaps among a number
of both current organization performance areas and ideal performance areas;
the resulting chart resembles a radar screen.

Random Varying with no discernible pattern.

Random number generator Used to select a stated quantity of random numbers
from a table of random numbers, the resulting selection is then used to pull spe-
cific items or records corresponding to the selected numbers to comprise a ran-
dom sample.

Randomization The executing of experimental runs in a random order. If the qual-
ity characteristic, or response, is likely to vary due to testing condition changes,
one precaution is to randomize the run order.

Random sample The process of selecting a sample of size n where each part in the
lot or batch has an equal probability of being selected.

Random sampling A sampling method in which every element in the population
or sample has an equal chance of being included.

Range Measure of dispersion. That is, the difference between the highest and low-
est of a group of values.

Range chart (R chart) A control chart in which the subgroup range, R, is used to
evaluate the stability of the variability within a process. A control chart of the
range of variation among the individual elements of a sample. For example, the
difference between the largest and smallest elements—as a function of time, or
lot number, or similar chronological variable. 

Ratio analysis The process of relating isolated business numbers, such as sales, mar-
gins, expenses, debt, and profits, to make them meaningful.

Rational subgroup A subgroup which is expected to be as free as possible from
assignable causes (usually consecutive items). For control charting: a subgroup
of units selected to minimize the differences due to assignable causes. Usually
samples taken consecutively from a process operating under the same condi-
tions will meet this requirement.
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R-bar Average range value displayed on a range control chart. The value is set at
the time control limit(s) are calculated.

Real time The application of external time constraints which might affect the cal-
endar time position of execution of each activity in the schedule.

Recommend To offer or suggest for use. Recommendation describes the presenta-
tion of plans, ideas, or things to others for adoption. To recommend is to offer
something with the option of refusal.

Record Document or electronic medium which furnishes objective evidence of
activities performed or results achieved.

Records management The procedures established by an organization to manage
all documentation required for the effective development and application of its
workforce.

Red bead experiment An experiment developed by W. Edwards Deming to illus-
trate that it is impossible to put employees in rank order of performance for the
coming year based on their performance during the past year because per-
formance differences must be attributed to the system, not to employees. Four
thousand red and white beads, 20% red, in a jar and six people are needed for
the experiment. The participants’ goal is to produce white beads because the
customer will not accept red beads. One person begins by stirring the beads and
then, blindfolded, selects a sample of 50 beads. That person hands the jar to the
next person, who repeats the process, and so on. When everyone has his or her
sample, the number of red beads for each is counted. The limits of variation
between employees that can be attributed to the system are calculated. Everyone
will fall within the calculated limits of variation that could arise from the system.
The calculations will show that there is no evidence one person will be a better
performer than another in the future. The experiment shows that it would be a
waste of management’s time to try to find out why, say, John produced 4 red
beads and Jane produced 15. Instead, management should improve the system,
making it possible for everyone to produce more white beads.

Reengineering Completely redesigning or restructuring a whole organization, an
organizational component, or a complete process. It’s a start all over again from
the beginning approach, sometimes called a breakthrough. In terms of improve-
ment approaches, reengineering is contrasted with incremental improvement
(kaizen). It is similar to process redesign, though in practice usually at a much
larger scale or scope.

Refinement The rework, redefinition, or modification of the logic or data that may
have previously been developed in the planning process as required to properly
input milestones, restraints, and priorities.

Registration to standards A process in which an accredited, independent
third-party organization conducts an on-site audit of a company’s operations
against the requirements of the standard to which the company wants to be 
registered. Upon successful completion of the audit, the company receives a cer-
tificate indicating that it has met the standard requirements.

Regression analysis A study used to understand the relationship between two or
more variables, or a technique for determining the mathematical relation
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between a measured quantity and the variables it depends on. The relationship
can be determined and expressed as a mathematical equation. For example,
the method might be used to determine the mathematical form of the proba-
bility distribution from which a sample was drawn, by determining which form
best fits the frequency distribution of the sample. The frequency distribution is
the measured quantity and the probability distribution is a mathematical rela-
tion. Regression analysis makes it possible not only to explain relationships but
also to predict one variable from knowledge about another.

Regulatory personnel Those individuals working for government regulatory 
agencies whose task it is to assure compliance with their particular agency’s
requirements.

Reinforcement The process of providing positive consequences when an individ-
ual is applying the correct knowledge and skills to the job. It has been described
as “catching people doing things right and recognizing their behavior,” Caution:
less than desired behavior can also be reinforced unintentionally.

Rejectable Quality Level (RQL) For acceptance sampling: expressed as a percent-
age or proportion of defective units; the poorest quality in an individual lot that
should be accepted. Commonly associated with a small consumer’s risk. See also
Lot Tolerence Percent Defective (LTPD).

Reliability The probability that a product will function properly for some specified
period of time under specified conditions. In measurement system analysis, reli-
ability refers to the ability of an instrument to produce the same results over
repeated administration to measure consistently. In reliability engineering, it is
the probability of a product performing its intended function under stated con-
ditions for a given period of time. See also Mean time between failures.

Remaining available resource The difference between the resource availability
pool and the level schedule resource requirements. It is computed from the
resource allocation process.

Remaining duration The estimated work units needed to complete an activity as of
the data date.

Remaining Float (RF) The difference between the early finish and the late finish
date.

Remedy Something that eliminates or counteracts a problem cause; a solution.

Repair An action taken on a nonconforming product so that it will fulfill the
intended usage requirements although it may not conform to the originally
specified requirements.

Repeatability (of a measurement) The extent to which repeated measurements of
a particular object with a particular instrument produces the same value. In
other words, it is a measurement stability concept in which a single person gets
the same results each time he/she measures and collects data. Repeatability is
necessary to ensure data consistency and stability. See also Reproducibility.

Repeatability and Reproducibility (R&R) A measurement validation process to
determine how much variation exists in the measurement system (including the
variation in product, the gage used to measure, and the individuals using the
gage).
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Repetition Repetition means taking multiple measurements for each row of an
experiment before proceeding to the next row. This precaution will combat the
lack of repeatability.

Replication Taking one measurement for each row, then repeating the entire
experiment multiple times.

Reporting Planning activity involved with the development and issuance of (inter-
nal) time management analysis reports and (external) progress reports.

Reproducibility The variation between individual people taking the same meas-
urement and using the same gauging. In other words, it is a measurement sta-
bility concept in which different people get the same results when they measure
and collect data using the same methods. Reproducibility is necessary to ensure
data consistency and stability. See also Repeatability.

Residual analysis A means of comparing actual and predicted results of the exper-
iment so as to verify that no bias has been introduced into the experimental pro-
cedure.

Resistance to change Unwillingness to change beliefs, habits, and ways of doing
things.

Resolution (of a measurement) The smallest unit of measure which an instrument
is capable of indicating.

Resolution III An experimental plan where some of the main effects are con-
founded with two-way interactions.

Resolution IV An experimental plan where all the main effects are unconfounded
with two-way interactions, but the two-way interactions are confounded with
each other.

Resolution V An experimental plan where all the main effects and two-way inter-
actions are unconfounded with each other.

Resource Any factors, except time, required or consumed to accomplish an activi-
ty. Any substantive requirement of an activity that can be quantified and defined,
for example, manpower, equipment, material, and so on.

Resource allocation process The scheduling of activities in a network with the
knowledge of certain resource constraints and requirements. This process
adjusts activity level start and finish dates to conform to resource availability
and use.

Resource availability date The calendar date when a resource pool becomes avail-
able for a given resource.

Resource availability pool The amount of resource availability for any given allo-
cation period.

Resource code The code used to identify a given resource type.

Resource description The actual name or identification associated with a resource
code.

Resource identification Identification of potential sources that could provide the
specified material or services. These sources could be identified either from the
firm/project list of vendors or by advertising the need of procurement.
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Resource-limited planning The planning of activities so that predetermined
resource availability pools are not exceeded. Activities are started as soon as
resources are available (subject to logic constraints), as required by the activity.

Resource plots A display of the amount of resources required as a function of time
on a graph. Individual, summary, incremental, and cumulative resource curve
levels can be shown.

Resource requirements matrix A tool to relate the resources required to the proj-
ect tasks requiring them. A resource requirements matrix is used to indicate
types of individuals needed, material needed, subcontractors, and so on.

Response data The results of each run of the designed experiment as a measure of
the identified quality characteristic.

Response planning The process of formulating suitable risk management strate-
gies for the project, including the allocation of responsibility to the project’s var-
ious functional areas. It may involve mitigation, deflection, and contingency
planning. It should also make some allowance, however tentative, for the com-
pletely unforeseen occurrence.

Response plot The results of each run of the designed experiment as a measure of
the identified quality characteristic.

Response Surface Methodology (RSM) A method of determining the optimum
operating conditions and parameters of a process by varying the process param-
eters and observing the results on the product. This is the same methodology
used in Evolutionary Operations (EVOP), but is used in process development
rather than actual production, so that strict adherence to product tolerances
need not be maintained. An important aspect of RSM is to consider the rela-
tionships among the parameters, and the possibility of simultaneously varying
two or more parameters to optimize the process.

Response system The ongoing process put in place during the life of the project
to monitor, review, and update project risk and make the necessary adjustments.
Examination of the various risks will show that some risks are greater in some
stages of the project life cycle than in others.

Responsibility Charged personally with the duties, assignments, and accountabili-
ty for results associated with a designated position in the organization.
Responsibility can be delegated but cannot be shared.

Responsibility charting The activity of clearly identifying personnel and staff
responsibilities for each task within the project.

Restraint An externally imposed factor affecting when an activity can be scheduled.
The external factor may be labor, cost, equipment, or other such resource. 

RETAD Rapid Exchange of Tooling and Dies.

Return On Equity (ROE) The net profit after taxes, divided by last year’s tangible
stockholders’ equity, and then multiplied by 100 to provide a percentage. Also
referred to as return on net worth.

Return On Investment (ROI) An umbrella term for a variety of ratios measuring
an organization’s business performance and calculated by dividing some meas-
ure of return by a measure of investment and then multiplying by 100 to provide
a percentage. In its most basic form, ROI indicates what remains from all money
taken in after all expenses are paid.
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Return On Net Assets (RONA) A measurement of the earning power of the firm’s
investment in assets, calculated by dividing net profit after taxes by last year’s tan-
gible total assets and then multiplying by 100 to provide a percentage.

Review To examine critically to determine suitability or accuracy.

Revision plans A mechanism (process) for updating processes, procedures, and
documentation.

Rework Action taken on a nonconforming product/service so that it will fulfill the
specified requirements.

Rework loop Any instance in a process when the thing moving through the process
has to be corrected by returning it to a previous step or person/organization in
the process. Rework adds time, costs, and potential for confusion and more
defects. See also Non-value-adding activities.

RF Remaining Float.

Right the first time A term used to convey the concept that it is beneficial and
more cost effective to take the necessary steps up front to ensure a product or
service meets its requirements than to provide a product or service that will need
rework or not meet customers’ needs. In other words, an organization should
engage in defect prevention rather than defect detection.

Risk assessment The process of determining what risks are present in a situation
(for example, project plan) and what actions might be taken to eliminate or
mediate them.

Risk data applications The development of a database of risk factors both for the
current project and as a matter of historic record.

Risk deflection The act of transferring all or part of a risk to another party, usual-
ly by some form of contract.

Risk event The precise description of what might happen to the detriment of the
project.

Risk factor Any one of risk event, risk probability, or amount at stake, as defined
above.

Risk identification The process of systematically identifying all possible risk events
which may impact on a project. They may be conveniently classified according
to their cause or source and ranked roughly according to ability to manage effec-
tive responses. Not all risk events will impact all projects, but the cumulative
effect of several risk events occurring in conjunction with each other may well
be more severe than the examination of the individual risk events would suggest.

Risk management The art and science of identifying, analyzing, and responding to
risk factors throughout the life of a project and in the best interests of its objec-
tives. In other words, the process of review, examination, and judgment con-
cerning whether or not the identified risks are acceptable in the proposed
actions.

Risk mitigation The act of revising the project’s scope, budget, schedule, or quali-
ty, preferably without material impact on the project’s objectives, in order to
reduce uncertainty on the project.

Risk probability The degree to which the risk event is likely to occur.
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Risk response planning The process of formulating suitable risk management
strategies for the project, including the allocation of responsibility to the pro-
ject’s various functional areas. It may involve risk mitigation, risk deflection, and
contingency planning. Risk response planning should also make some
allowance, however tentative, for the completely unforeseen occurrence.

Risk response system The ongoing process put in place during the life of the proj-
ect to monitor, review, and update project risk and make the necessary adjust-
ments. Examination of the various risks will show that some risks are greater in
some stages of the project life cycle than in others.

Robustness The condition of a product or process design that remains relatively
stable with a minimum of variation even though factors that influence opera-
tions or usage, such as environment and wear, are constantly changing. 

ROE Return On Equity.

ROI Return On Investment.

Role-playing A training technique whereby participants spontaneously perform in
an assigned scenario taking specific roles.

Rolled-throughput yield The cumulative calculation of defects through multiple
steps in a process; total input units, less the number of errors in the first process
step number of items rolled through that step. To get a percentage, take the
number of items coming through the process correctly divided by the number
of total units going into the process; repeat this for each step of the process to
get an overall rolled-throughput percentage. See also Yield. 

RONA Return On Net Assets.

Root cause analysis A quality tool used to distinguish the source of defects or prob-
lems. It is a structured approach that focuses on the decisive or original cause of
a problem or condition.

Route For inspection, inventory, or other in-plant data collection: the sequence or
path that the operator follows in the data collection process. 

RQL Rejectable Quality Level. 

RSM Response Surface Methodology.

Run A set of consecutive units, that is, sequential in time. In Statistical Process
Control (SPC) a signal condition of seven consecutive points above or below the
centerline.

Run chart A line graph showing data collected during a run or an uninterrupted
sequence of events. A trend is indicated when the series of collected data points
head up or down crossing the centerline. When the run chart is referred to as a
time plot, it is meant to be a measurement display tool showing variation in a fac-
tor over time. A run chart indicates trends, patterns, and instances of special
causes of variation. See Control chart; Special cause; Variation.

s A symbol used to represent standard deviation of a sample.

S curves Graphical display of the accumulated costs, labor hours, or quantities,
plotted against time for both budgeted and actual amounts.

Sample (statistics) A representative group selected from a population. The sample
is used to determine the properties of the population. A finite number of items
of a similar type taken from a population for the purpose of examination to
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determine whether all members of the population would conform to quality
requirements or specifications.

Sample size The number of elements, or units, in a sample, chosen from the 
population.

Sample standard deviation chart (s chart) A control chart in which the subgroup
standard deviation, s, is used to evaluate the stability of the variability within a
process. 

Sampling The process of selecting a sample of a population and determining the
properties of the sample with the intent of projecting those conclusions to the
population. The sample is chosen in such a way that its properties (even though
small) are representative of the population. Sampling is the foundation of sta-
tistics; it can save time, money, and effort. Sampling allows for more meaningful
data and can improve the accuracy of a measurement system.

Sampling bias When data can be prejudiced in one way or another and do not rep-
resent the whole, the sample is biased.

Sampling variation The variation of a sample’s properties from the properties of
the population from which it was drawn.

Scatter diagram A graphical technique to analyze the relationship between two
variables. Two sets of data are plotted on a graph, with the y-axis being used for
the variable to be predicted and the x-axis being used for the variable to make
the prediction. The graph will show possible relationships. Using this method,
two variables might appear to be related, although they might not be. Those who
know most about the variables must make that evaluation. Sometimes this is
referred to as the scatter plot. The scatter diagram is one of the seven tools of
quality. 

Scenario planning A strategic planning process that generates multiple stories
about possible future conditions, allowing an organization to look at the poten-
tial impact on them and different ways they could respond.

Schedule A display of project time allocation.

Schedule (pictorial display) A display in the form of a still picture, slide, or video
that represents scheduling information.

Schedule refinement The rework, redefinition, or modification of the logic or data
that may have previously been developed in the planning process as required to
properly input milestones, restraints, and priorities.

Schedule revision In the context of scheduling, a change in the network logic or
in resources which requires redrawing part or all of the network.

Schedule update Revision of the schedule to reflect the most current information
on the project.

Schedule variance Any difference between the projected duration for an activity
and the actual duration of the activity. Also defined as the difference between
projected start and finish dates and actual or revised start and finish dates.

Schedule work unit A calendar time unit when work may be performed on an 
activity.

Scheduling The recognition of realistic time and resource restraints which will, in
some way, influence the execution of the plan.
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Scientific management Management aimed at finding the one best way to perform
a task so as to increase productivity and efficiency.

Scope The boundaries of the process or the process improvement project; scope
clarifies specifically where opportunities for improvement reside (start- and
end-points). It defines where and what to measure and analyze. Scope needs to
be within the sphere of influence and control of the team working on the proj-
ect—the broader the scope, the more complex and time-consuming the process
improvement efforts will be. In other words, it is the work content and products
of a project or component of a project. Scope is fully described by naming all
activities performed, the resources consumed, and the end products which
result, including quality standards. A statement of scope should be introduced by
a brief background to the project, or component, and the general objective(s).

Scope baseline A summary description of the project or component’s original con-
tent and end product including basic budgetary and time constraint data.

Scope baseline approval It is the process of approval of the scope baseline by the
appropriate authority, usually project sponsors and/or a senior project manage-
ment staff.

Scope change A deviation from the originally agreed project scope.

Scope constraints Applicable restrictions which will affect the scope.

Scope criteria Standards or rules composed of parameters to be considered in
defining the project.

Scope interfaces Points of interaction between the project or its components and
its/their respective environments.

Scope management The function of controlling a project in terms of its goals and
objectives through the processes of conceptual development, full definition or
scope statement, execution, and termination.

Scope of work A narrative description of the work to be accomplished or resource
to be supplied.

Scope performance/quality. The basic objective of the project. It defines the char-
acteristics of the project’s end product as required by the sponsor.

Scope reporting A process of periodically documenting the status of basic project
parameters during the course of a project. The three areas of scope reporting
are: (1) Scope schedule, (2) scope statement, and (3) screening. 

Scope schedule Basic time constraints.

Scope statement A documented description of the project as to its output,
approach, and content.

Screening Techniques used for reviewing, analyzing, ranking, and selecting
the best alternative for the proposed action.

Secondary Float (SF) The difference between the CPM (Critical Path Method) cal-
culated early finish and the imposed finish date.

Secretive A Project Manager that is not open or outgoing in speech activity or pur-
pose, much to the detriment of the overall project.

Selective listening When one hears what they are predisposed to hear.
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Self-inspection The process by which employees inspect their own work according
to specified rules.

Self-managed team A team that requires little supervision and manages itself and
the day-to-day work it does. Self-directed teams are responsible for whole work
processes with each individual performing multiple tasks.

Semantics The language used to achieve a desired effect on an audience.

Sensitivity (of a measuring instrument) The smallest change in the measured quan-
tity which the instrument is capable of detecting.

Service and support personnel Those individuals working in functions such as per-
sonnel, accounting, maintenance, and legislative relations that are needed to
keep the primary functions operating effectively.

Setup time The time taken to change over a process to run a different product or
service.

Seven basic tools of quality Tools that help organizations understand their process-
es in order to improve them. The tools are the cause-and-effect diagram, check
sheet, control chart, flowchart, histogram, Pareto chart, and scatter diagram. See
Individual entries.

Seven management tools of quality The tools used primarily for planning and
managing are activity network diagram (AND) or arrow diagram, affinity dia-
gram (KJ method), interrelationship digraph, matrix diagram, priorities matrix,
process decision program chart (PDPC), and tree diagram.

SF Secondary Float.

Shape Pattern or outline formed by the relative position of a large number of indi-
vidual values obtained from a process.

Shewhart control chart A graphic continuous test of hypothesis. Commonly known
as xbar and R charts. See also Control chart.

Shewhart cycle. See Plan-do-check-act cycle.

Shewhart, Walter A Walter A. Shewhart was a statistician at the forefront of apply-
ing statistical methods to quality management in the late 1920s. Among other
things, he helped to formalize the PDCA cycle.

Ship-to-stock program An arrangement with a qualified supplier whereby the sup-
plier ships material directly to the buyer without the buyer’s incoming inspec-
tion; often a result of evaluating and approving the supplier for certification.

Short-run SPC A set of techniques used for SPC in low-volume, short-duration
manufacturing.

Short-term plan A short-duration schedule, usually four to eight weeks, used to
show in detail the activities and responsibilities for a particular period. A man-
agement technique often used as needed or in a critical area of the project.

Should-be process mapping A process-mapping approach showing the design of a
process the way it should be (e.g., without non-value-adding activities; with
streamlined workflow and new solutions incorporated). Contrasts with the as-is
form of process mapping. See also Process redesign; Value-adding activities;
Non-value-adding activities.
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SI system The metric system of units of measure. The basic units of the system are
the meter, the kilogram, and the second. The system is sometimes called the
MKS system for this reason.

Sigma (σ) The standard deviation of a statistical population. It is also a statistical
unit of measure that reflects process capability. This capability may be measured
from either short- or long-term perspective. The conversions are as follows:

Short Term Long Term

Short term No action (z value) Add 1.5σ
Long Term Subtract 1.5s No action

Sigma hat (<sig-hat>) Symbol used to represent the estimate standard deviation
given by the formula Rbar/d2. The estimated standard deviation may only be
used if the data is normally distributed and the process is in control.

Sigma limits For histograms: lines marked on the histogram showing the points n
standard deviations above and below the mean.

Signal-to-noise ratio (S/N ratio) A mathematical equation that indicates the mag-
nitude of an experimental effect above the effect of experimental error due to
chance fluctuations.

Silo, functional An organization where cross-functional collaboration and cooper-
ation is minimal and where the functional silos tend to work towards their own
goals to the detriment of the organization as a whole. Also known as chimneys.

Simulation (modeling) Using a mathematical model of a system or process to pre-
dict the performance of the real system. The model consists of a set of equations
or logic rules that operate on numerical values representing the operating
parameters of the system. The result of the equations is a prediction of the sys-
tem’s output.

Single-Minute Exchange of Dies (SMED) A goal to be achieved in reducing the
setup time required for a changeover to a new process; the methodologies
employed in devising and implementing ways to reduce setup.

Single-piece flow A method whereby the product proceeds through the process
one piece at a time, rather than in large batches, eliminating queues and costly
waste.

SIPOC Acronym for Suppliers, Inputs, Process, Outputs, and Customer; enables
an at-a-glance, high-level view of a process.

Situational leadership A leadership theory that maintains that leadership style
should change based on the person and the situation, with the leader displaying
varying degrees of directive and supportive behavior.

Six sigma Level of process performance equivalent to producing only 3.4 defects
for every one million opportunities or operations. The term is used to describe
process improvement initiatives using sigma-based process measures and/or
striving for six sigma level performance. The sigma value indicates how often
defects are likely to occur. The higher the sigma value, the less likely a process
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will produce defects. As sigma increases, costs go down, cycle time goes down,
and customer satisfaction goes up.

Six-sigma approach A quality philosophy; a collection of techniques and tools for
use in reducing variation; a program of improvement methodology.

Six-sigma quality A term used generally to indicate that a process is well controlled,
that is, process limits—3 sigma from the centerline in a control chart, and
requirements/tolerance limits —6 sigma from the centerline. The term was ini-
tiated by Motorola.

Skewness A measure of a distribution’s symmetry. A skewed distribution shows a
longer than normal tail on the right or left side of a distribution.

Skill An ability and competence learned by practice.

Skip-level meeting An evaluation technique which occurs when a member of sen-
ior management meets with persons two or more organizational levels below,
without the intervening management present, to allow open expression about
the effectiveness of the organization.

Slack time The time an activity can be delayed without delaying the entire project;
it is determined by calculating the difference between the latest allowable date
and the earliest expected date. See Project evaluation and review technique. 

SMED Single-Minute Exchange of Dies.

Smoothing Differences between two groups are played down and the strong points
of agreement are given the most attention. 

S/N ratio Signal-to-noise ratio.

Solution statement A clear description of the proposed solution(s); used to evalu-
ate and select the best solution to implement. 

SOW Statement Of Work.

Spaghetti chart A before-improvement chart of existing steps in a process and the
many back-and-forth interrelationships (so named for its resemblance to a bowl
of spaghetti); used to see the redundancies and other wasted movements of peo-
ple and material.

Span of control How many subordinates a manager can effectively and efficiently
manage.

SPC Statistical Process Control. 

Special cause Instance or event that impacts processes only under special circum-
stances, that is, not part of the normal, daily operation of the process. 

Special causes Causes of variation that arise because of special circumstances. They
are not an inherent part of a process. Special causes are also referred to as
assignable causes.

Specification The engineering requirement, used for judging the acceptability of
a particular product/service based on product characteristics, such as appear-
ance, performance, and size. In statistical analysis, specifications refer to the
document that prescribes the requirements with which the product or service
has to perform.

Specification (of a product) A listing of the required properties of a product. The
specifications may include the desired mean and/or tolerances for certain
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dimensions or other measurements; the color or texture of surface finish; or any
other properties that define the product. 

Specification (contract/procurement management) Written, pictorial, or graphic
information which describes, defines, or specifies the services or items to be pro-
cured.

Specification (time management) An information vehicle that provides a precise
description of a specific physical item, procedure, or result for the purpose of
purchase and/or implementation of the item or service.

Specification control A system for assuring that project specifications are prepared
in a uniform fashion and only changed with proper authorization.

Sponsor (or Champion) A person who represents team issues to senior manage-
ment; gives final approval on team recommendations and supports those efforts
with the quality council; facilitates obtaining team resources as needed; helps
Black Belt and team overcome obstacles; and acts as a mentor for the Black Belt.

Sporadic problem A sudden adverse change in the status quo that can be remedied
by restoring the status quo. For example, actions such as changing a worn part
or proper handling of an irate customer’s complaint can restore the status quo. 

SQC Statistical Quality Control.

Stability (of a process) A process is said to be stable if it shows no recognizable pat-
tern of change. See also Control; Constant cause system.

Stabilization The period of time between continuous operation and normal oper-
ation. This period encompasses those activities necessary to establish reliable
operation at design conditions of capacity, product quality, and efficiency.

Stages of creativity One model gives the following stages: generate, percolate, illu-
minate, and verify.

Stages of experimental design The typical stages in conducting a typical experi-
mental design experiment are: 

1. Set objective 

2. Select team

3. Define characteristic 

4. Define characteristic of interest

5. Determine capability 

6. Select factors 

7. Select levels 

8. Plan the experiment 

9. Select the appropriate and applicable experimental plan 

10. Conduct the analysis 

11. Take action

Stages of team growth The four development stages through which groups typi-
cally progress: forming, storming, norming, and performing. Knowledge of the
stages help team members accept the normal problems that occur on the path
from forming a group to becoming a team.

Stakeholders People, departments, and organizations that have an investment or
interest in the success or actions taken by the organization.
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Standard A basis for the uniformity of measuring performance. Also, a document
that prescribes a specific consensus solution to a repetitive design, operating, or
maintenance problem. In other words, a statement, specification, or quantity of
material against which measured outputs from a process may be judged as
acceptable or unacceptable.

Standard (measurement) A reference item providing a known value of a quantity
to be measured. Standards may be primary. The standard essentially defines the
unit of measure, or secondary (transfer) standards, which have been compared
to the primary standard (directly or by way of an intermediate transfer stan-
dard). Standards are used to calibrate instruments that are then employed to
make routine measurements.

Standard deviation A measure of the variation among the members of a statistical
sample. A calculated measure of variability that shows how much the data are
spread around the mean. It is shown as the lowercase sigma of the Greek alpha-
bet as σ for the population and s for samples.

Standard procedure Prescribes that a certain kind of work be done in the same way
wherever it is performed.

Standard proposal schedule A preestablished network on file.

Startup That period after the date of initial operation, during which the unit is
brought up to acceptable production capacity and quality. Startup is the activity
that is often confused (used interchangeably) with date of initial operation.

Statement Of Work (SOW) A description of the actual work to be accomplished. It
is derived from the work breakdown structure and, when combined with the
project specifications, becomes the basis for the contractual agreement on the
project. Also referred to as scope of work.

Statistic An estimate of a population parameter using a value calculated from a ran-
dom sample.

Statistical confidence/Statistical significance The level of accuracy expected of an
analysis of data. Most frequently it is expressed as either a 95% level of signifi-
cance or 5% confidence level.

Statistical control (of a process) A process is said to be in a state of statistical con-
trol when it exhibits only random variations.

Statistical inference The process of drawing conclusions on the basis of statistics.

Statistical Process Control (SPC) Statistical methods for analyzing and controlling
the variation of a process. Use of data gathering and analysis to monitor process-
es, identify performance issues, and determine variability/capability. See also run
charts; control charts.

Statistical Quality Control (SQC) The application of statistical methods for meas-
uring, controlling, and improving the quality of processes. SPC is one method
included in SQC. Often, however, the term “statistical process control” is used
interchangeably with “statistical quality control,” although statistical quality con-
trol includes acceptance sampling as well as statistical process control.

Statistical thinking A philosophy of learning and action based on three fundamen-
tal principles: (1) all work occurs in a system of interconnected processes; (2)
variation exists in all processes; and (3) understanding and reducing variation
are vital to improvement.
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Statistics The mathematical methods used to determine the best range of probable
values for a project and to assess the degree of accuracy or allowance for unpre-
dictable future events such as accidents, technological innovations, strikes, and
so on that can occur during the project life. The techniques that can be used are
risk analysis with Monte Carlo simulation, confidence levels, and range analysis.

Status The condition of the project at a specified point in time.

Status system System for tracking status at lowest level of detail.

Statusing Indicating most current project status.

Stop work order Request for interim stoppage of work due to nonconformance, or
for funding or technical limitations.

Storyboard A pictorial display of all the components in the DMAIC process, used
by the team to arrive at a solution; used in presentations to Sponsor, senior man-
agement, and others.

Storyboarding A technique that visually displays thoughts and ideas and groups
them into categories, making all aspects of a process visible at once. Often used
to communicate to others the activities performed by a team as they improve a
process.

Strategic fit review A process by which senior managers assess the future of each
project in a particular organization in terms of its ability to advance the mission
and goals of that organization.

Strategic plan The target plan prioritized by critical total float from the current
schedule.

Strategic planning A process to set an organization’s long-range goals and identify
the actions needed to reach the goals.

Strategy A framework guiding those choices that determine the nature and direc-
tion to attain the objective.

Stratification (of a sample) If a sample is formed by combining units from several
lots having different properties, the sample distribution will show a concentra-
tion or clumping about the mean value for each lot: this is called stratification.
In control charting, if there are changes between subgroups due to stratifica-
tion, the R-chart points will all tend to be near the centerline. In other words,
stratification is a way of looking at data in multiple layers of information such as
what (types, complaints, etc.), when (month, day, year, etc.), where (region, city,
state, etc.), and who (department, individual).

Stratified (random) sampling A technique to segment (stratify) a population prior
to drawing a random sample from each strata, the purpose of which is to
increase precision when members of different strata would, if not stratified,
cause an unrealistic distortion.

Structural variation Variation caused by regular, systematic changes in output, such
as seasonal patterns and long-term trends.

Study The methodical examination and/or analysis of a question or problem.

Subgroup For control charts: a sample of units from a given process, all taken at or
near the same time.

Subnet The subdivision of a network into fragments, usually representing some
form of subproject.
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Suboptimization The need for each business function to consider overall organi-
zational objectives, resulting in higher efficiency and effectiveness of the entire
system, although performance of a function may be suboptimal.

Substantial completion The point in time when the work is ready for use or is being
used for the purpose intended and is so certified.

Successor activity Any activity that exists on a common path with the activity in
question and occurs after the activity in question.

Summary schedule A single-page, usually time-scaled, project schedule. Typically
included in management-level progress reports. Also known as a milestone
schedule.

Summative quality evaluation The process of determining what lessons have been
learned after the project is completed. The objective is to document which
behaviors helped determine, maintain, or increase quality standards and which
did not (for use in future projects).

Supplementary agreement Contract modification which is accomplished by the
mutual action of parties.

Supplementary conditions Modifications, deletions, and additions to standard
general conditions developed for particular goods/services.

Supplementary information Identification and collection of additional informa-
tion from supplementary sources and its review and analysis.

Supplier Any person or organization that feeds inputs (products, services, or infor-
mation) into the process; in a service organization, many times the customer is
also the supplier. In other words, any provider whose goods and services may be
used at any stage in the production, design, delivery, and use of another com-
pany’s products and services. Suppliers include businesses such as distributors,
dealers, warranty repair services, transportation contractors, and franchises; and
service suppliers, such as healthcare, training, and education. Internal suppliers
provide materials or services to internal customers.

Supplier audits Reviews that are planned and carried out to verify the adequacy
and effectiveness of a supplier’s quality program, drive improvement, and
increase value.

Supplier certification The process of evaluating the performance of a supplier with
the intent of authorizing the supplier to self-certify shipments if such authoriza-
tion is justified.

Supplier default Failure on the part of a supplier to meet technical or delivery
requirements of the contract.

Supplier expediting Actions taken to ensure that the goods/services are supplied
in accordance with the schedule documented in the contract.

Supplier quality assurance Confidence that a supplier’s product or service will ful-
fill its customers’ needs. This confidence is achieved by creating a relationship
between the customer and supplier that ensures the product will be fit for use
with minimal corrective action and inspection. According to J. M. Juran, there
are nine primary activities needed: (1) define product and program quality
requirements, (2) evaluate alternative suppliers, (3) select suppliers, (4) con-
duct joint quality planning, (5) cooperate with the supplier during the execu-
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tion of the contract, (6) obtain proof of conformance to requirements, (7) cer-
tify qualified suppliers, (8) conduct quality improvement programs as required,
and (9) create and use supplier quality ratings.

Supplier ranking Qualitative and/or quantitative determinations of prospective sup-
pliers’ qualifications relative to the provision of the proposed goods/services.

Supplier selection strategy and criteria Selection of new suppliers is based on the
type and uniqueness of the product or service to be purchased, and the total
cost. Suppliers of commodity-type items and basic supplies may be selected from
directories and catalogs. For more sophisticated products and services, stringent
evaluation criteria may be established.

Supply chain The series of processes and/or organizations that are involved in pro-
ducing and delivering a product to the final user.

Supply chain management The process of effectively integrating and managing
components of the supply chain.

Support systems Starting with top-management commitment and visible involve-
ment, support systems are a cascading series of interrelated practices or actions
aimed at building and sustaining support for continuous quality improvement.
Such practices/actions may include: mission statement, transformation of com-
pany culture, policies, employment practices, compensation, recognition and
rewards, employee involvement, rules and procedures, quality-level agreements,
training, empowerment, methods and tools for improving quality, tracking-
measuring-evaluating-reporting systems, and so on. 

Surveillance Continual monitoring of a process.

Surveillance audit The regular audits conducted by registrars to confirm that a
company registered to the ISO 9001 standard still complies; usually conducted
on a six-month or one-year basis. 

Survey An examination for some specific purpose; to inspect or consider carefully;
to review in detail (survey implies the inclusion of matters not covered by
agreed-upon criteria). Also, a structured series of questions designed to elicit a
predetermined range of responses covering a preselected area of interest. May
be administered orally by a survey taker, by paper and pencil, or by computer.
Responses are tabulated and analyzed to surface significant areas for change.

SWOT analysis An assessment of an organization’s key strengths, weaknesses,
opportunities, and threats. It considers factors such as the organization’s indus-
try, the competitive position, functional areas, and management.

Symptom An indication of a problem or opportunity.

System A system can be defined as a combination of elements that have an influ-
ence on each other and are organized to fulfill a purpose. A system can be the
product itself or a process used for manufacturing or assembling that product.
A methodical assembly of actions or things forming a logical and connected
scheme or unit or a network of connecting processes that work together to
accomplish the aim of the whole.

Systematic sampling Sampling method in which elements are selected from the
population at a uniform interval (e.g., every half-hour, every twentieth item);
this is recommended for many six sigma measurement activities.
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Systematic variation (of a process) Variations that exhibit a predictable pattern.
The pattern may be cyclic (i.e., a recurring pattern) or may progress linearly
(trend).

Systems approach to management A management theory that views the organiza-
tion as a unified, purposeful combination of interrelated parts; managers must
look at the organization as a whole and understand that activity in one part of
the organization affects all parts of the organization. Also known as systems
thinking.

Tacit knowledge Unarticulated heuristics and assumptions used by any individual
or organization.

Tactical plans Short-term plans, usually of one- to two-year duration, that describe
actions the organization will take to meet its strategic business plan.

Tactics The strategies and processes that help an organization meet its objectives.

Taguchi, Genichi Genichi Taguchi is a leading Japanese engineering specialist
whose name is often taken to be synonymous with quality and the design of
experiments as applied to engineering. His major contributions have been the
integration of engineering practice and statistical methods to achieve robust
designs. He developed the quality loss function and signal-to-noise ratio 
concepts.

Taguchi loss function Pertains to where product characteristics deviate from the
normal aim and losses increase according to a parabolic function; merely
attempting to produce a product within specifications doesn’t prevent loss (loss
that is inflicted on society after shipment of a product).

Take-off A term used for identifying and recording from drawings the material and
quantities required for estimating the time and cost for the completion of an
activity.

Takt (Tact) time The available production time divided by the rate of customer
demand. Operating to takt time sets the production pace to customer demand.
Sometimes it is spelled as “Tact” (Total Actual Cycle Time).

Tally sheet Another name for checksheet.

Tampering Action taken to compensate for variation within the control limits of a
stable system. Tampering increases rather than decreases variation, as evidenced
in the funnel experiment.

Task Types Characterization of tasks by resource requirement, responsibility, disci-
pline, jurisdiction, function, and so on.

t-distribution For a sample with size n, drawn from a normally distributed popula-
tion, with mean xbar and standard deviation s. The true population parameters
are unknown. The t-distribution is expressed as a table for a given number of
degrees of freedom and a risk. As the degrees of freedom get very large, it
approaches a z-distribution.

Team A set of two or more people who are equally accountable for the accom-
plishment of a purpose and specific performance goals. Team is also defined as
a small number of people with complementary skills who are committed to a
common purpose.
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Team building The process of influencing a group of diverse individuals, each with
their own goals, needs, and perspectives, to work together effectively for the
good of the project such that their team will accomplish more than the sum of
their individual efforts could otherwise achieve. In other words, it is the process
of transforming a group of people into a team and developing the team to
achieve its purpose.

Team decision making The process by which the project manager and his team
determine feasible alternatives in the face of a technical, psychological, or polit-
ical problem, and make a conscious selection of a course of action from among
these available alternatives.

Team dynamics The interactions which occur among team members under differ-
ent conditions.

Team facilitation Deals with both the role of the facilitator on the team and the
techniques and tools for facilitating the team.

Team members The individuals reporting either part-time or full-time to the proj-
ect manager who are responsible for some aspect of the project’s activities.

Team motivation The process by which the project manager influences his project
team to initiate effort on the project tasks, expend increasing amounts of effort
on those tasks, and to persist in expending effort on these tasks over the period
of time necessary for project goal accomplishment.

Team performance evaluation, rewards, and recognition Special metrics are need-
ed to evaluate the work of a team (to avoid focus on any individual on the team)
and as a basis for rewards and recognition for team achievements.

Team reward system The process by which the project team receives recognition
for their accomplishments.

Team structure A type of organization based on teams.

Team-based structure Describes an organizational structure in which team mem-
bers are organized around performing a specific function of the business, such
as handling customer complaints or assembling an engine.

Technical quality administration The technical process of establishing the plan for
monitoring and controlling the project’s satisfactory completion. This plan also
includes policies and procedures to prevent or correct deviations from quality
specifications/requirements.

Technical quality specifications The process of establishing the specific project
requirements, including execution criteria and technologies, project design,
measurement specifications, and material procurement and control that satisfy
the expectations of the client, shareholders, and project team.

Technical quality support The process of providing technical training and expert-
ise from one or more support group(s) to a project in a timely manner. Effects
of these groups could generate considerations for future client needs or war-
ranty services.

Technical specifications Documentation which describes, defines, or specifies the
goods/services to be supplied. See also Specifications.

Termination (phase) The fourth and final phase in the generic project life cycle.
Also known as final or close-out phase.
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TF Total Float.

Theory Of Constraints (TOC). Goldratt’s theory deals with techniques and tools
for identifying and eliminating the constraints (bottlenecks) in a process.

Theory of knowledge A belief that management is about prediction, and people
learn not only from experience but also from theory. When people study a
process and develop a theory, they can compare their predictions with their
observations, and profound learning results.

Theory X and theory Y A theory developed by Douglas McGregor that maintains
that there are two contrasting assumptions about people, each of which is based
on the manager’s view of human nature. Theory X managers take a negative
view and assume that most employees do not like work and try to avoid it.
Theory Y managers take a positive view and believe that employees want to work,
will seek and accept responsibility, and can offer creative solutions to organiza-
tional problems.

Theory Z Coined by William G. Ouchi, theory Z refers to a Japanese style of man-
agement that is characterized by long-term employment, slow promotions, con-
siderable job rotation, consensus-style decision making, and concern for the
employee as a whole.

Throughput time The total time required (processing + queue) from concept to
launch or from order received to delivery, or raw materials received to delivery
to customer.

Tied activity An activity that must start within a specified time or immediately after
its predecessor’s completion.

Time-limited scheduling The scheduling of activities so that predetermined
resource availability pools are not exceeded unless the further delay will cause
the project finish to be delayed. Activities can be delayed only until their late
start date. However, activities will begin when the late start date is reached, even
if resource limits are exceeded. Networks with negative total float time should
not be processed by time-limited scheduling.

Time management The function required to maintain appropriate allocation of
time to the overall conduct of the project through the successive stages of its nat-
ural life cycle (i.e., concept, development, execution, and termination) by
means of the processes of time planning, time estimating, time scheduling, and
schedule control.

Time periods Comparing calculated time versus specified time in relation to con-
straints and time span objectives.

TOC Theory Of Constraints.

Tolerance The permissible range of variation in a particular dimension of a prod-
uct. Tolerances are often set by engineering requirements to ensure that com-
ponents will function together properly. In other words, the variability of a
parameter permitted and tolerated above or below a nominal value.

Tolerance design (Taguchi) Provides a rational grade limit for components of a sys-
tem; determines which parts and processes need to be modified and to what
degree it is necessary to increase their control capacity; a method for rationally
determining tolerances.
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Top management From the viewpoint of the Project Manager (Black Belt), top man-
agement includes the individual to whom he or she reports on project matters and
other managers senior to that individual (Champion and executive committee).

Top-management commitment Participation of the highest-level officials in their
organization’s quality improvement efforts. Top-management participation
includes establishing and serving on a quality committee, establishing quality
policies and goals, deploying those goals to lower levels of the organization, 
providing the resources and training that the lower levels need to achieve the
goals, participating in quality improvement teams, reviewing progress organiza-
tion-wide, recognizing those who have performed well, and revising the current
reward system to reflect the importance of achieving the quality goals.
Commitment is top management’s visible, personal involvement as seen by oth-
ers in the organization.

Total Float (TF) The amount of time (in work units) that an activity may be
delayed from its early start without delaying the project finish date. Total float is
equal to the late finish or the late start minus the early start of the activity.

Total indicator readout (Runout) Measurement of a characteristic such as concen-
tricity or flatness for maximum or minimum value as well as range. The part is
rotated or moved such that the gage measures the entire area in question. The
value(s) of interest are either read manually from the gage or determined auto-
matically by automated data collection equipment.

Total Productive Maintenance (TPM) A maintenance program aimed at reducing
and eventually eliminating equipment failure, setup and adjustment, minor
stops, reduced speed, product rework, and scrap.

Total Quality Control (TQC) A management philosophy of integrated controls,
including engineering, purchasing, financial administration, marketing, and
manufacturing, to ensure customer quality satisfaction and economical costs of
quality.

Total Quality Management (TQM) A term initially coined by the Naval Air Systems
Command to describe its management approach to quality improvement. Total
quality management has taken on many meanings. Simply put, TQM is a man-
agement approach to long-term success through customer satisfaction. TQM is
based on the participation of all members of an organization in improving
processes, products, services, and the culture they work in. TQM benefits all
organization members and society. The methods for implementing this
approach are found in the teachings of such quality leaders as Philip B. Crosby,
W. Edwards Deming, Armand V. Feigenbaum, Kaoru Ishikawa, J.M. Juran, and
others. The concept of TQM is based on planning and communication. To sup-
port this concept there are six principles: (1) TQM starts on top, (2) TQM
requires total involvement. (3) TQM focuses on the customer, (4) TQM uses
teams, (5) TQM requires training for everybody, and (6) TQM uses tools to
measure and follow progress. In total, these principles will transform any organ-
ization if applied appropriately and with management commitment. The funda-
mental steps of implementing TQM are: (1) create a steering committee to 
oversee the implementation; (2) develop measures of quality and quality costs
before the improvement program begins; (3) provide support to the teams; and
(4) reward success. 



270 Glossary

TPM Total Productive Maintenance.

TQC Total Quality Control.

TQM Total Quality Management.

Traceability The ability to trace the history, application, or location of an item or
activity and like items or activities by means of recorded identification.

Traditional organizations Those organizations not driven by customers and quality
policies. Also refers to organizations managed primarily through functional
units.

Training The skills that employees need to learn in order to perform or improve
the performances of their current job or tasks, or the process of providing those
skills.

Training evaluation The techniques and tools used and the process of evaluating
the effectiveness of training.

Training needs assessment The techniques and tools used and the process of deter-
mining an organization’s training needs.

Transactional leadership A style of leading whereby the leader articulates the vision
and values necessary for the organization to succeed. The leader sees the work
as being done through clear definitions of tasks and responsibilities and the pro-
vision of resources as needed.

Transition tree A technique used in applying Goldratt’s Theory of Constraints.

Transmit To send or convey from one person or place to another.

Tree diagram A management and planning tool that shows the complete range of
subtasks required to achieve an objective. A problem-solving method can be
identified from this analysis.

Trend A gradual, systematic change with time or other variable. Consecutive points
that show a nonrandom pattern.

Trend analyses Mathematical methods for establishing trends based on past proj-
ect history allowing for adjustment, refinement, or revision to predict cost.
Regression analysis techniques can be used for predicting cost/schedule trends
using data from historical projects.

Trend analysis The charting of data over time to identify a tendency or direction.

Trend monitoring A system for tracking the estimated cost/schedule/resources of
the project vs. those planned.

Trend reports Indicators of variations of project control parameters against
planned objectives.

Trending budget The review of proposed changes in resources allocation and the
forecasting of their impact on budget. To be effective, trending should be regu-
larly performed and the impacts on budget plotted graphically; used in this
manner, trending supports a decision to authorize a change.

True xbar causes For xbar control charts: changes in the xbar control chart which
are due to actual changes in the mean produced by the process. True xbar
changes are usually accompanied by a stable pattern in the R-chart.

t-test A test of the statistical hypothesis that two population means are equal. The
population standard deviations are unknown, but thought to be the same. The
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hypothesis is rejected if the t value is outside the acceptable range listed in the
t-table for a given a risk and degrees of freedom. Another way of describing it is
a method for testing hypotheses about the population mean; the t statistic meas-
ures the deviation between the sample and population means, in terms of the
number of standard errors.

Type I error (Alpha error) An incorrect decision to reject something (such as a sta-
tistical hypothesis or a lot of products) when it is acceptable. Also known as pro-
ducer’s risk and alpha risk. In control chart analysis, concluding that a process
is unstable when in fact it is stable.

Type Il error (Beta error) An incorrect decision to accept something when it is
unacceptable. Also known as consumer’s risk and beta risk. In control chart
analysis, concluding that a process is stable when in fact it is unstable.

u-chart For attributes data: a control chart of the average number of defects per
part in a subgroup. Count per unit chart.

UCL Upper Control Limit.

Uncertainty Lack of knowledge of future events. See also project risk.

Unconditional guarantee An organizational policy of providing customers unques-
tioned remedy for any product or service deficiency.

Uniform distribution This distribution means that all outcomes are equally likely.

Unit A discrete item (lamp, invoice, and so on) that possesses one or more CTQ(s).
Note: Units must be considered with regard for the specific CTQ(s) of concern
to a customer and/or for a specific process.

Unit of measure The smallest increment a measurement system can indicate. See
also Resolution.

Unit Price (UP) contract A fixed price contract where the supplier agrees to fur-
nish goods/services at unit rates and the final price is dependent on the quan-
tities needed to carry out the work.

Universe See Population.

Update To revise the schedule to reflect the most current information on the
project.

Upper Control Limit (UCL) For control charts: the upper limit below which a
process remains if it is in control. The UCL, just like the LCL, is process driven.

USL. Upper Specification Limit.

Upstream Processes (tasks, activities) occurring prior to the task or activity in
question. 

Upper Specification Limit (USL) The highest value of a product dimension or
measurement which is acceptable. Customer driven.

Validation Confirmation by examination of objective evidence that specific
requirements and/or a specified intended use are met.

Validity Refers to the ability of a feedback instrument to measure what it was
intended to measure.

Value-added Tasks or activities that convert resources into products or services con-
sistent with customer requirements. The customer can be internal or external to
the organization.
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Value-adding activities Steps/tasks in a process that meet all three criteria defining
value as perceived by the external customer: (1) the customer cares; (2) the
thing moving through the process changes; and (3) the step is done right the
first time.

Value analysis, value engineering, and value research (VA, VE, VR) Value analysis
assumes that a process, procedure, product, or service is of no value unless
proven otherwise. It assigns a price to every step of a process and then computes
the worth-to-cost ratio of that step. In other words, it is an activity devoted to
optimizing cost performance. VA is the systematic use of techniques which iden-
tify the required functions of an item, establish values for those functions, and
provide the functions at the lowest overall cost without loss of performance
(optimum overall cost). VE points the way to elimination and reengineering.
Value research, related to value engineering, for given features of the serv-
ice/product, helps determine the customers’ strongest likes and dislikes and
those for which customers are neutral. Focuses attention on strong dislikes and
enables identified neutrals to be considered for cost reductions.

Value chain See Supply chain.

Value-enabling activities Steps/tasks in a process enabling work to move forward
and add value to the customer but not meeting all three of the value-adding cri-
teria. These activities should still be scrutinized for time and best practices—can
it be done better? 

Value stream The primary actions required to bring a product from concept to
placing the product in the hands of the end user.

Value stream mapping The technique of mapping the value stream. 

Values Statements that clarify the behaviors that the organization expects in order
to move toward its vision and mission. Values reflect an organization’s personal-
ity and culture.

Variability The property of exhibiting variation; for example, changes or differ-
ences, in particular in the product of a process.

Variable data Data resulting from the measurement of a parameter or a variable as
opposed to attributes data. A dimensional value can be recorded and is only lim-
ited in value by the resolution of the measurement system. Control charts based
on variables data include average (xbar) chart, individuals (X) chart, range (R)
chart, sample standard deviation (s) chart, and CUSUM chart.

Variables Quantities which are subject to change or variability.

Variables data Concerning the values of a variable, as opposed to attributes data. A
dimensional value can be recorded and is only limited in value by the resolution
of the measurement system.

Variable sampling plan A plan in which a sample is taken and a measurement of a
specified quality characteristic is made on each unit. The measurements are
summarized into a simple statistic and the observed value is compared with an
allowable value defined in the plan.

Variance Any actual or potential deviation from an intended or budgeted figure or
plan. A variance can be a difference between intended and actual time. Any dif-
ference between the projected duration for an activity and the actual duration
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of the activity. Also, in relation to a project, variance is the difference between
projected start and finish dates and actual or revised start and finish dates.

Variance (statistics) The square of the standard deviation.

Variance analysis (project oriented) The analysis of the following:

1. Cost Variance = BCWP – ACWP

2. %Over/Under= [ACWP-BCWP ]/BCWPX100

3. Unit variance analysis for at least the following items:

a. Labor Rate

b. Labor Hours/Units of Work Accomplished

c. Material rate

d. Material Usage 

4. Schedule/Performance = BCWP - BCWS

Variance reports Documentation of project performance about a planned or meas-
ured performance parameter.

Variation A change in data, a characteristic, or a function that is caused by one of
four factors: special causes, common causes, tampering, or structural variation.
Change or fluctuation of a specific characteristic that determines how stable 
or predictable the process may be; affected by environment, people, machinery/
equipment, methods/procedures, measurements, and materials. Any process
improvement should reduce or eliminate variation. See also Common cause; 
Special cause.

Verification The act of reviewing, inspecting, testing, checking, auditing, or other-
wise that may establish and document whether items, processes, services, or doc-
uments conform to specified requirements. In other words, the confirmation of
data, application of judgment, and comparison with other sources and previous
monitor results.

Vertically integrate To bring together more of the steps involved in producing a
product in order to form a continuous chain owned by the same firm. This typ-
ically involves taking on activities that were previously in the external portion of
the supply chain.

Vision A statement that explains what the company wants to become and what it
hopes to achieve.

Visual control A technique of positioning all tools, parts, production activities, and
performance indicators so that the status of a process can be understood at a
glance by everyone; provide visual clues: to aid the performer in correctly pro-
cessing a step or series of steps, to reduce cycle time, to cut costs, to smooth flow
of work, or to improve quality.

Vital few, useful many A term used by J. M. Juran to describe his use of the Pareto
principle, which he first defined in 1950. (The principle was used much earlier
in economics and inventory control methodologies.) The principle suggests that
most effects come from relatively few causes; that is, 80% of the effects come
from 20% of the possible causes. The 20% of the possible causes are referred to
as the vital few; the remaining causes are referred to as the useful many. When
Juran first defined this principle, he referred to the remaining causes as the
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trivial many, but realizing that no problems are trivial in quality assurance, he
changed it to useful many.

Voice of the Customer (VOC) An organization’s efforts to understand the cus-
tomers’ needs and expectations (voice) and to provide products and services
that truly meet such needs and expectations. That understanding may be facili-
tated through data (complaints, surveys, comments, market research, and so on)
representing the views/needs of a company’s customers; the data should be
translated into measurable requirements for the process. Generally, the VOC is
identified as a functionality that the customer is seeking.

Walk the talk Means not only talking about what one believes in but also being
observed acting out those beliefs. Employees’ buy-in of the TQM concept is
more likely when management is seen as committed and involved in the process
every day.

Walkabout A visual, group technique used in resolving resource planning conflicts
among organizational components.

Waste Activities that consume resources but add no value; visible waste (for exam-
ple, scrap, rework, downtime) and invisible waste (for example, inefficient
setups, wait times of people and machines, inventory). It is customary to view
waste as any variation from target.

WBS See Work Breakdown Structure.

Weibull distribution A distribution of continuous data that can take on many dif-
ferent shapes and is used to describe a variety of patterns; used to define when
the infant mortality rate has ended and a steady state has been reached (decreas-
ing failure rate); relates to the bathtub curve.

Wisdom The culmination of the continuum from data to information to knowl-
edge to wisdom.

Withdrawal One or both sides withdraw from the conflict.

Work acceptance Work is considered accepted when it is conducted, documented,
and verified as per acceptance criteria provided in the technical specifications
and contract documents.

Work analysis The analysis, classification, and study of the way work is done. Work
may be categorized as value-added work (necessary work) or non-value-added
(rework, unnecessary work, idle). Collected data may be summarized on a
Pareto chart, showing how people within the studied population work. The need
for and value of all work is then questioned and opportunities for improvement
identified. A time use analysis may also be included in the study.

Work authorization Process of sanctioning all project work.

Work authorization/release In cases where work is to be performed in segments
due to technical or funding limitations, work authorization/release authorizes
specified work to be performed during a specified period.

Work Breakdown Structure (WBS) A project management technique by which a
project is divided into tasks, subtasks, and units of work to be performed.
In other words, it is a task-oriented family tree of activities that organizes,
defines, and graphically displays the total work to be accomplished in order to
achieve the final objectives of a project. Each descending level represents an
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increasingly detailed definition of the project objective. WBS is a system for sub-
dividing a project into manageable work packages, components, or elements to
provide a common framework for scope/cost/schedule communications, allo-
cation of responsibility, monitoring, and management.

Working calendar The total calendar dates which cover all project activities, from
start to finish.

Work class quality A term used to indicate a standard of excellence. The best of the
best. Sometimes referred to as world class quality.

Work group A group composed of people from one functional area who work
together on a daily basis and whose goal is to improve the processes of their
function.

Work instruction A document which answers the question: How is the work to be
done? See Procedure.

Work packages/control point. WBS elements of the project isolated for assignment
to work centers for accomplishment. Production control is established at this
element level.

Work plan Designer’s schedule plan, budget, and monitoring system utilized dur-
ing the design stage.

Work unit A calendar time unit when work may be performed on an activity.

X Variable used to signify factors or measures in the input or process segments of a
business process or system. It appears as part of the Y = F(X). It is the independ-
ent factor that can control and/or predict the F(Y). The X must be directly cor-
related with the customer’s needs, wants, or expectations. X is also known as
cause, control, and problem. It is the basis for identifying the projects for the
Black Belts.

X-bar chart Average chart.

Xbar and R charts For variables data: control charts for the average and range of
subgroups of data. See also Control chart.

Xbar and sigma charts For variables data: control charts for the average and stan-
dard deviation (sigma) of subgroups of data. This chart is much more effective
than the xbar and R chart. See also Control chart.

Y Variable used to signify factors or measures at the output of a business process or
system. Equivalent to results. A key principle of six sigma is that Y is a function
of upstream factors; or Y= f(x). It is the dependent variable that the predictors
of F(x) try to define. It is also known as output, effect, symptom, and monitor.

Yield Total number of units handled correctly through the process step(s).
Mathematically it may be shown as the ratio between salable goods produced
and the quantity of raw materials and/or components put in at the beginning of
the process.

z-distribution For a sample size of n drawn from a normal distribution with mean
p and standard deviation σ. Used to determine the area under the normal curve.

Zero defects A performance standard popularized by Philip B. Crosby to address a
dual attitude in the workplace. People are willing to accept imperfection in
some areas, while in other areas they expect the number of defects to be zero.
This dual attitude had developed because of the conditioning that people are



276 Glossary

human and humans make mistakes. However, the zero-defects methodology
states that if people commit themselves to watching details and avoiding errors,
they can move closer to the goal of zero.

Zero investment improvement. Another name for a kaizen blitz.

Zmax/3 The greater result of the formula when calculating C
pk

. Shows the distance
from the tail of the distribution to the specification which shows the greatest
capability. See C

pk
.

Zmin/3 The smaller result of the formula when calculating C
pk

. Shows the distance
from the tail of the distribution to the specification which is the smallest capa-
bility. See C

pk
.

z-test A test of a statistical hypothesis that the population mean xbar is equal to the
sample mean µ when the population standard deviation is known.
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identification, 22, 39, 40, 146
independent variables and DFSS, 53
and six sigma design, 53

Critical to Satisfaction (CTS), 60, 63
CTQ. See Critical To Quality (CTQ)
CTS. See Critical To Satisfaction (CTS)
CTX (process) tree, 19
CTY (product) tree, 19
Customer service and satisfaction

attributes, 3, 4
core processes, 7
and creativity, 1
customer defined, 2
customer satisfaction
defined, 2
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Customer service and 
satisfaction (continued)
drivers, 53
measurement of, 117–119

delightfulness, 1, 2
employees, personal responsibility, 1, 2
expectations, levels of, 2, 3
factors leading to failure, 1
feedback systems, 5
goal of six sigma design, 52, 53
implementation process, 5
practical approach, case study, 6
service quality improvement, 4, 5
strategy, 2–5
tools and methodology, 6, 7

Customers
and DMAIC model, define stage, 39,

40, 146
project customers, specifying, 22

Data collection plan, 22, 42, 43
DMAIC model, measure stage, 41–44

DCOV model, 16, 52
and change management, 84, 85
characterize stage, 60, 61
define stage, 60
Design for Six Sigma. See Design for

Six Sigma (DFSS)
DMAIC model compared, 16
implementation strategy, 165, 166
optimize stage, 61, 62
overview of model, 54–58
process, 53
roles and responsibilities, 140, 141
service industries

characterize stage, 151, 152
define stage, 150, 151
optimize stage, 152, 153
verify stage, 153, 154

statistical tools used, 124–126
training, 170
verify stage, 62, 63

Decisionmaking, 77, 78
Defect per million opportunity

(DPMO), 18
Defect per opportunity (DPO), 18
Define-Measure-Analyze-Improve-

Control (DMAIC) model. See
DMAIC model

Deming’s philosophy
relation to six sigma, 22–24

Deployment Champion
role and responsibilities, 131, 132

Design-Characterize-Optimize-Verify
(DCOV) model. See DCOV model

Design for Six Sigma (DFSS), 16
CTQs (independent variables), 53
customer satisfaction drivers

(dependent variables), 53
factors for success, 53
goal of, 52, 53
key elements, chart, 59
minimum requirements, 52
philosophy of design, 51, 52
principles, 186
service industries, 154
tips and techniques, chart, 64–66
training, 170

Design of experiments (DOE), 45
Development of six sigma, 9, 12
DFSS. See Design for Six Sigma (DFSS)
DMAIC model, 16, 35

analyze stage, 44, 45
role of Green Belt, 136

and change management, 84, 85
control stage, 46, 47

role of Green Belt, 137
DCOV model compared, 16
define stage, 39–41

role of Green Belt, 135
implementation strategy, 163–165
improve stage, 45, 46

role of Green Belt, 136
measure stage, 41–43

role of Green Belt, 135, 136
origins of, x
overview, 36–39
roles and responsibilities, 131–137
service industries

analyze stage, 148
control stage, 149, 150
define stage, 146
improve stage, 148, 149
measure stage, 147

and six sigma, 52
statistical tools used, 123, 124

DPMOlt, 30
DPUlt (Defects per unit Long Term), 30
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Ego management, 92–94
Elements of six sigma, 9
Employees

personal responsibility, 1, 2
reduction in workforce and six

sigma, 17
Executives, 17

role and responsibilities, 131
support for methodology, x, xi
training, 167

Extended team, 141

Failure Mode and Effect Analysis
(FMEA), 45, 46

Finance
importance of in business world, 35

Focus, 129
Focus groups, 6, 129
Fundamentals of six sigma, 184–186

Glossary, 187–276
Goals of six sigma, 12

and metrics, 28
Graphical analysis, 44
Green Belt, 17, 76, 77, 157, 163

role and responsibilities, 134–137
training, 169, 170

Hidden factory, 18
Histograms, 41
House of quality, 22
Hypothesis testing, 44

Implementation of six sigma
DCOV, 165, 166
DMAIC, 163, 164

analyze, 164
control, 165
define, 164
improve, 165
measure, 164

strategy, 161, 163
model, 162

time involved, 18
time line, 171

Importance of six sigma to business,
14, 15

Institutionalizing six sigma, 129
Internal auditing, 6
Interviews

customer satisfaction, 6

Kano model, 6, 39, 60
Key business drivers (big X), 15
Key metrics (big Y), 15
Key process input variables (KPIV), 45

identifying, 41, 135
validating, 148

Key process output variables (KPOV),
72, 135

Leadership, xvii–xxx, 115, 116
behaviors and characteristics, 

xii, xiii
leadership road map for service

industries, 156, 157
Leading indicators, 15
Lean thinking

six sigma and theory of constraints
compared, 15

Long-term prospects for six sigma, 
16, 17

Manufacturers
applicability of six sigma, 18

Master Black Belt, 17, 76, 77, 130, 
157, 163

role and responsibilities, 132, 133
training, 168

Measurement system analysis (MSA), 43
and control plan, 47
long-term plan, 47

Measurements
statistics. See Statistics

Methodologies and tools, xi
compatibility of six sigma with, 17

Methodology
appraisal and prevention 

approaches, 13
important factors in, 10–12
problem-solving, 12, 13

Metrics, 15, 183, 184
and goals, 28

Mistake proofing, 47
Motorola

development of six sigma, x, 9, 12
Multi-modal data, 31

Need Matrix
characterizing CTQ, 22

Newtonian interpretation, xxx, xxxi,
xxxii

Non-essential costs, 14
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Nonmanufacturers
applicability of six sigma, 18
service industries. See Service 

industries
Nonnormality, 30
Normality, 30

Orientation
application of six sigma to project,

91, 92
ego management, 92–94

Overall strategic plan, 24–29

Pareto charts, 41, 123
Personal responsibility

employees, 1, 2
Pilot program, 45, 46
Poka Yoke (mistake proofing), 47
Prevention, 13, 16

DCOV model. See DCOV model
and six sigma, 63

Problem-solving
appraisal and prevention 

approaches, 13
appraisal approach, 16
DCOV model. See DCOV model
and design for six sigma, 51, 52
DMAIC model. See DMAIC model
investigation process, 53
prevention approach, 16
six sigma as methodology, 12, 13

Problem statement, 19, 72, 73
DMAIC model, define stage, 41
leadership road map for service

industries, 156, 157
Process capability

baseline measures, developing, 41
indexes

stability, 31
and standard deviation, 31

variations, 42
Process owner, 77
Processes

distribution, case study, 30
Proficiency, levels of, 17
Project, 19

authorization of and questions to
consider in application of six
sigma, 91, 92

DMAIC model, define stage, 40, 41

identifying good projects, 20
presentation strategies, 94, 95
review process, 94–96
scope of, 40, 41, 72
selection, 137–139
significance of, 19
tracking, case study, 139

Project Champion, 77, 157
role and responsibilities, 132

Project charter, 164
Project Management (PM)

Black Belts, 71–76. See also Black Belt
change management, 80–91
closeout step, 71, 75, 76
define step, 71, 72
evaluate step, 71, 76
leadership attitudes, 92–94
manage step, 71, 74, 75
orientation, 91–94
plan step, 71–74
project sequence for finance, case

study, 98
and six sigma methodology, 71
strategies for viewing or presenting

projects, 94–98
team management, 76–80
tips and techniques, 78–80
variables, 72

Project objective, 20

Quality
cost of poor quality, 20, 40
needs, 24–29
principles and policies, formulation

of, 29
Quality Function Deployment (QFD),

6, 22, 39

Reaction plan, 47
Resistance, 84
Return on investment (ROI), xii, 10

cost of poor quality, 20
service industries, 154

Robustness, 29, 30
Roles and responsibilities, 74, 130

DCOV model, 140, 141
DMAIC model. See DMAIC model
project tracking, 139
service industries, 157, 158

Run charts, 41
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Scorecard, 20
Service industries

DCOV model
characterize stage, 151, 152
define stage, 150, 151
optimize stage, 152, 153
verify stage, 153, 154

deployment of six sigma, 157, 158
design for six sigma (DFSS), 154
DMAIC model

analyze stage, 148
control stage, 149, 150
define stage, 146
improve stage, 148, 149
measure stage, 147

principles, 144
problem statement, leadership road

map, 156, 157
project priority, 157
projects, typical examples, 155
questions for leaders in nonmanufac-

turing environment, 145
return on investment (ROI), 154, 155
roles and responsibilities, 157, 158
and six sigma, 143–145
waste, areas of investigating and min-

imizing, 154, 155
Seven deadly sins, 24
Shift, 14
“Should be” process map, 45, 46
SIPOC model, 17
Six sigma

defined, 10, 13
origins of, x, 9, 12
theory of constraints and lean think-

ing compared, 15
Stability, 30

process capability indexes, 30–31
Standard deviation

and process capability indexes, 31
Standard deviation shift, 14
Standard Operating Procedures

(SOPs), 47
Statistical Process Control, 47
Statistics

data collection, 102
deductive, 102, 103
defined, 101
descriptive, 101

and experts, 174
frequency distributions, 102
inductive, 102, 103
inferential, 101, 102
measurement, 114–119

customer satisfaction, steps for
measuring, 117–119

qualitative, 118
quantitative, 118
requirements, 119
six sigma value, short term 

(Z st), 122
tips and techniques, 119–121

sampling, 103–105
case study, 107–114
sample study, 105, 106
types of samples, 106, 107

tools used in six sigma methodology,
123–126

Strategy
customer service and satisfaction,

2–5
DCOV model

implementation strategy, 165, 166
DMAIC model

implementation strategy, 163–165
implementation of six sigma, 

161, 163
model, 162

overall strategic plan, 24–29
project presentation strategies, 94–98

Surveys, 6
Systems approach, 6

Team
project overview, chart, 77

Team management, 76–80
communications, 80
decisionmaking, 77, 78
documentation, 77
relationships, 76, 77
tips and techniques, 78–80

Theory of Constraints
six sigma and lean thinking com-

pared, 15
Theory of Variation, 25–27
Tollgate team, 140
Total quality management (TQM), 9

and six sigma, 17
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Training, 163, 166
Black Belt training, 168, 169
certification, 171–179
Champion training, 167, 168
cost, 171
executive training, 167
Green Belt training, 169, 170
introduction to six sigma, 166
Master Black Belt training, 168
service industries, 158

Variations
causes, 42
measurement system analysis 

(MSA), 43
sources of, identifying, 44

Waste, approaches to evaluating, 
120, 121

Zone of tolerance, 115, 116
Zst, 30, 122
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