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PREFACE

This book provides a roadmap for the creation of an enterprise system in
which organizations can significantly improve both customer satisfaction and
their bottom line. The described techniques help manufacturing, development,
and service organizations become more competitive and/or move them to
new heights. This book describes a structured approach for the tracking and
attainment of organizational goals through the wise implementation of tradi-
tional Six Sigma techniques and other methodologies—throughout the whole
enterprise of an organization.

In the first edition of this book I described a Smarter Six Sigma Solutions
(S4) approach to the wise implementation and integration of Six Sigma meth-
odologies.* Within this edition, we will go well beyond traditional Six Sigma
methods to an enhanced version of the S4 method described in the first edition.

With this enhanced version of S4 we integrate enterprise measures and
improvement methodologies with tools such as lean and theory of constraints
(TOC) in a never-ending pursuit of excellence. This enhanced version of S4

also serves to integrate, improve, and align with other initiatives such as total
quality management (TQM), ISO 9000, Malcolm Baldrige Assessments, and
the Shingo Prize. Because of this focus, I coined the term Integrated Enter-
prise Excellence (IEE, I double E) to describe this enhanced version of S4.
In this book, I will refer to this ‘‘beyond traditional Six Sigma methodology’’
as S4/IEE.

Keith Moe, retired Group VP from 3M, defines the high-level goal of
business as ‘‘creating customers and cash.’’ This book describes an approach

*Satellite-Level, 30,000-Foot-Level, 50-Foot-Level, Smarter Six Sigma Solutions, and S4 are ser-
vice marks of Smarter Solutions, Inc. Smarter Solutions is a registered service mark of Smarter
Solutions, Inc.
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that helps for-profit and nonprofit organizations achieve this objective. The
described organizational enterprise cascading measurement system (ECMS)
helps companies avoid the measurement pitfalls experienced by many com-
panies today. It also helps organizations create meaningful metrics at a level
where effective improvements can be targeted, the operational level. These
operational metrics can be tracked and improved upon by using the described
S4/IEE strategy, which has alignment with customer needs and bottom-line
benefits.

Through Six Sigma, many companies have achieved billions of dollars in
bottom-line benefits and improved customer relationships. However, not all
organizations have experienced equal success. Some organizations have had
trouble jump-starting the effort, others in sustaining the momentum of the
effort within their companies. The described S4/IEE methods in this book
help organizations overcome these difficulties by implementing a statistical-
based, cascading measurement system that leads to the creation of S4/IEE
projects whenever improvements in business or operational metrics are
needed. This is in contrast to the creation of Six Sigma/lean projects that
may or may not be aligned with the overall needs of the business.

This book describes how to select and track the right measures within a
company so that lean/Six Sigma efforts better meet the strategic needs of the
business and reduce the day-to-day firefighting activities of the organization.
In addition, the described S4/IEE project execution roadmap illustrates how
to execute lean/Six Sigma projects wisely so that the most appropriate lean
or Six Sigma tool is used when executing both manufacturing and transac-
tional projects. Organizations of all sizes can reap very large benefits from
this pragmatic approach to implementing Six Sigma, no matter whether the
organization is manufacturing, service, or development.

This second edition is a major revision. Described are some techniques
that have evolved while conducting Six Sigma training and coaching at
Smarter Solutions, Inc. I have noted that our process for implementing and
executing Six Sigma has evolved into much more than the traditional imple-
mentation of Six Sigma. One example of this S4/IEE difference is the
satellite-level, 30,000-foot-level, and 50-foot-level metrics. In this book we
will describe how these metrics can, for example, help organizations dramat-
ically reduce the amount of their day-to-day firefighting activities. Another
example is the seamless integration of methodologies such as lean manufac-
turing, theory of constraints (TOC), and ISO 9000 within S4/IEE. A third
example is the integration of S4/IEE with an organization’s strategic planning
process. This S4/IEE strategy helps organizations develop and execute their
strategic plan, as well as track their progress against the organizational goals
of the plan.

This book describes not only the tools and roadmap for executing S4/IEE
process improvement/reengineering projects but also the infrastructure for
selecting and managing projects within an organization. It provides many
practical examples and has application exercises. In addition, it offers a class-
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room structure in which students can learn practical tools and a roadmap for
immediate application.

Since the first edition of this book there has been a proliferation of Six
Sigma books. The primary focus of these books is on the importance of
having executive management drive and orchestrate the implementation of
Six Sigma. I agree that the success of Six Sigma is a function of management
buy-in. Within Managing Six Sigma (Breyfogle et al. 2001) we elaborate on
the importance of and strategies to gain executive buy-in. In this book, I
elaborate more on this important topic and discuss strategies to gain both this
buy-in and organizational buy-in. However, I think that the success of Six
Sigma is also a function of an organization’s having a pragmatic statistical-
based project execution roadmap, which I think is not given nearly as much
attention as it should in most Six Sigma books, conference presentations, and
papers.

The primary roadmap described in this book falls under the traditional
define-measure-analyze-improve-control (DMAIC) Six Sigma strategy; how-
ever, we have added more structure and tools to the basic DMAIC approach.
With the S4/IEE approach we start by viewing and measuring the organization
as an enterprise system. To make improvements to this overall system, we
identify processes and then focus our attention on improving or reengineering
these processes through S4/IEE projects. In addition to DMAIC, Chapters
48–50 discuss design for Six Sigma (DFSS) and execution roadmaps that
utilize the tools and techniques from earlier chapters in this book.

Since the first edition of this book, the described S4/IEE approach has
added more structure to the alignment of Six Sigma improvement activities
with the measures of the business. This concept and integration of tools is
described in more detail in an easy-to-read book, Wisdom on the Green:
Smarter Six Sigma Business Solutions (Breyfogle et al. 2001b). In this book,
we use golf as a metaphor for the game of life and business, with its com-
plexities and challenges, challenging conditions, chances for creativity, pen-
alties, and rewards. This book can be used to understand better the power of
wisely applied Six Sigma/Lean methodologies and then explain the concepts/
benefits to others by giving them a copy of the book. This explanation can
be initiated by an employee giving copies to executive management to obtain
their buy-in or by executive management giving copies to all their employees
so they can better understand Six Sigma/Lean during its rollout within their
company.

The sequence of chapters in this edition has not been changed from the
first edition. A significant amount of effort was given to correcting typograph-
ical errors and improving sentence structure. This second edition has many
additions, including:

• Inclusion of the Smarter Solutions, Inc. high-level, nine-step DMAIC
project execution roadmap (see Figure A.1), where steps of the roadmap
reference sections and chapters of book for how-to execute methods.
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Sections and chapters of this book reference steps of the DMAIC road-
map so the reader can see where the tool could be applied in the roadmap.

• Integrating lean and TOC within the overall S4/IEE roadmaps.
• How to execute Design for Six Sigma (DFSS) roadmaps.
• Descriptions for all American Society for Quality (ASQ) black belt body

of knowledge topics (ASQ 2002), which are also referenced in the book’s
index (see Section A.6 in the Appendix).

• Many new examples.
• A summary of my observations and lessons learned from an APQC Six

Sigma benchmarking study, in which I was the Six Sigma Subject Matter
Expert (SME).

• A description of the benefits and use of an S4/IEE measurement strategy
that consists of high-level, satellite-level, and 30,000-foot-level views of
business and operational key process output variables (KPOVs). These
metrics can be used to track and quantify the success of S4/IEE projects
and reduce everyday firefighting activities at the day-to-day operational
level.

• A description of the benefits and use of 50-foot-level metrics as part of
the control phase to quickly identify for resolution special-cause condi-
tions for key process input variables (KPIVs) within an overall S4/IEE
strategy.

• Description and illustration of the benefits of linking Six Sigma/Lean
projects to high-level, satellite-level metrics.

• Addition of application examples at the front of many chapters and ex-
amples, which help bridge the gap between textbook examples and real-
life situations. These application examples could be encountered by a
variety of organizations such as service, development, or manufacturing.
I usually chose to put these illustrations at the beginning of the chapters
(e.g., Section 10.1) and examples (e.g., Section 10.13) so that the reader
could scan the application benefits before reading the chapter or section.
My reason for doing this was to help the reader see how he or she could
use and benefit from the described technique(s). After reading the chapter
or section, he or she can then reread the various applications for further
reinforcement of potential applications. I believe that a generic ‘‘how
could I use this methodology?’’ before introducing the concept can fa-
cilitate the application learning process.

• Addition of a phase checklist at the beginning of each part of the book
that describes a DMAIC phase.

• Addition of a five-step measurement improvement process.
• Addition of nonparametric estimates.
• Summary of the activities and thought process for several S4/IEE

projects.
• Addition of Chapter 54, which shows the integration of S4/IEE with

ISO 9000:2000, Malcolm Baldrige Assessment, Shingo Prize, and ad-
vanced quality planning (AQP).
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• Addition of 10 chapters, which have the following additional part group-
ings:
• Part VI describes lean and theory of constraints and their S4/IEE

integration.
• Part VII describes Design for Six Sigma (DFSS) techniques for both

products and processes. In addition, 21-step integration of the tools and
roadmaps is described for manufacturing, service, process DFSS, and
product DFSS.

• Part VIII describes change management, project management, financial
analysis, team effectiveness, creativity, and the alignment of S4/IEE
with various business initiatives. Note: I positioned these topics in the
last part of the book so the S4/IEE tool application flow in earlier
chapters would not be disrupted by the introduction of these methods.
Readers should initially scan these chapters to build awareness of the
content so that they can later reference topics when needed.

• Addition of many S4/IEE project examples.
• A description of how S4/IEE provides an instrument for executing the

8-step transformation change steps described by Kotter (1995).
• Illustrations showing why some classical approaches can lead to the

wrong activity. For example:
• Section 1.18 describes why the requirement that all Six Sigma projects

have a defined defect can lead to the wrong activity and why a sigma
quality level metric calculation can be very time-consuming and lead
to playing games with the numbers.

• Section 11.23 illustrates why Cp, Cpk, Pp, Ppk metrics can cause con-
fusion, costing companies a great deal of money because of inappro-
priate decisions. This section also describes an alternative method of
collecting data and describing the capability/performance of a process.

• Example 43.12 describes why acceptable quality level (AQL) sampling
procedures can be a deceptive metric and why organizations can benefit
if they were able to eliminate the techniques from their internal and
supplier/customer procedures. Example 43.16 describes the strategy for
an S4/IEE project to assess the value of the AQL method within an
organization.

• Section 10.25 describes why the selection of traditional control charting
can often lead to an inappropriate activity.

• Description of techniques that can significantly improve business oper-
ations. For example:
• Example 43.2 describes an alternative approach to reliability mean time

between failures (MTBF) assessments in development.
• Example 43.7 describes alternative considerations for employee sur-

veys.
• Example 43.10 describes an alternative to tracking and improving the

hidden factory of an organization.
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• Example 43.12 describes an S4/IEE project to reduce incoming wait
time in a call center.

• Example 43.13 describes an S4/IEE project to reduce the response time
in a call center.

• Example 43.17 describes an S4/IEE project for the qualification of
capital equipment.

• Example 43.18 describes an S4/IEE project for the qualification of
supplier’s production process and on-going certification.

This book can be useful in many situations, fulfilling needs such as the fol-
lowing:

• An executive is considering the implementation of Six Sigma within his/
her company. He or she can read Chapters 1 and 2 to get a basic
understanding of the benefits and how-to implementation process. By
scanning the rest of the book, the executive can get a feel for the sub-
stance of the S4/IEE methodology and how to ask questions that lead to
the ‘‘right’’ activities (see checklists in Parts I–V).

• An organization needs a book to use in its Six Sigma workshops.
• Book topics not covered during black belt training (see Section A.4)

could be referenced during the training for later reading. Also, black
belts can use book examples to illustrate to suppliers, customers, or
peers how they are using an approach which can yield more informa-
tion with less effort.

• A subset of book topics could be used during green belt training. After
the training, green belts can later reference the book to expanding their
knowledge about Six Sigma methods.

• An organization wants a practical approach that offers technical options
when implementing DFSS.

• A practitioner, confused by the many aspects and inconsistencies of im-
plementing a Six Sigma business strategy, wants a description of alter-
native approaches enabling him/her to choose the best approach for the
situation at hand. This understanding also reduces the likelihood of a Six
Sigma requirement/ issue misunderstanding with a supplier/customer.

• A university wants to offer a practical course in which students can see
the benefits and wise application of statistical techniques to their chosen
profession.

• A high-level manager wants to read parts of a book to see how his/her
organization might benefit from a Six Sigma business strategy and sta-
tistical techniques. From this investigation the manager might want to
see the results of more statistical design of experiments (DOE) before
certain issues are considered resolved (in lieu of previous one-at-a-time
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experiments). The manager might also have a staff person use this book
as a guide for an in-depth reevaluation of the traditional objectives, def-
initions, and procedures in his or her organization.

• An engineer or technician who has minimal statistical training wants to
determine how to address such issues as sample size requirements easily
and perhaps find an alternative approach that better addresses the real
issue.

• Individuals want a concise explanation of design of experiments (DOE),
response surface methods (RSM), reliability testing, statistical process
control (SPC), quality function deployment (QFD), and other statistical
tools in one book. They also desire a total problem solution involving a
blend of all these techniques that can lead to smart execution.

This book is divided into eight parts:

Part I: S4/IEE Deployment and Define Phase from DMAIC
Part II: S4/IEE Measure Phase from DMAIC
Part III: S4/IEE Analyze Phase from DMAIC
Part IV: S4/IEE Improve Phase from DMAIC
Part V: S4/IEE Control Phase from DMAIC and Application Examples
Part VI: S4/IEE Lean and Theory of Constraints
Part VII: DFSS and 21-Step Integration of the Tools
Part VIII: Management of Infrastructure and Team Execution

Part I describes the deployment of the S4/IEE implementation with a
knowledge-centered activity (KCA) focus and the benefits. Describes the de-
fine phase of DMAIC and how the wise application and integration of Six
Sigma tools along with S4/IEE project definition leads to bottom-line im-
provement. Parts II–V describe the measure-analyze-improve-control phases
of DMAIC. Parts VI–VIII describe other aspects for a successful S4/IEE
implementation.

The S4/IEE strategies and techniques described in this book are consistent
with the philosophies of such quality authorities as W. Edwards Deming, J. M.
Juran, Walter Shewhart, Genichi Taguchi, Kaoru Ishikawa, and others. Chap-
ter 54 discusses this alignment along with the integration of S4/IEE with
initiatives such as ISO 9000, Malcolm Baldrige Assessments, Shingo Prize,
and GE Work-Out.

To meet the needs of a diverse audience and improve the ease of use, the
following has been done structurally in this book:
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• Chapters and sections are typically short, descriptive, and example-laden.
The detailed table of contents is especially useful in quickly locating
techniques and examples to help solve a particular problem.

• The glossary and list of symbols are useful references for understanding
unfamiliar statistical terms or symbols.

• Detailed mathematical explanations and tables are presented in the ap-
pendices to prevent disrupting the flow of the chapters and provide easier
reference.

• S4/IEE assessment sections appear at the end of many chapters to direct
attention to alternative beneficial approaches.

• Examples describe the mechanics of implementation and application
along with the integration of techniques that lead to bottom-line benefits.

CLASSICAL TRAINING AND TEXTBOOKS

Many engineers believe that statistics apply only to baseball and do not ad-
dress their needs because too many samples are always required. Bill Sang-
ster, past Dean of the Engineering School at Georgia Tech, states: ‘‘Statistics
in the hands of an engineer is like a lamppost to a drunk. They’re used more
for support than illumination’’ (The Sporting News 1989).

It is unfortunate that in the college curriculum of many engineering dis-
ciplines only a small amount of time is allocated to training in statistics. In
these classes and other crash courses, students are rarely shown how statistical
techniques can be helpful in solving problems in their discipline.

Statistical books normally identify techniques to use when solving classical
problems of various types. A practitioner could use a book to determine, for
example, the sample size that is needed to check a failure rate criterion.
However, the practitioner may find this simple test plan impossible to execute
because the low failure rates of today require a very large sample size and
very long test duration. Instead of blindly running this type of test, this book
suggests other considerations that may make the test more manageable and
meaningful. Effort needs to be expended to develop a basic strategy and to
define problems that focus on meeting the real needs of customers with less
time, effort, and cost.

This book breaks from the traditional bounds maintained by many books.
In this guide, emphasis is given to defining the right question, identifying
techniques for restructuring the original question, and then designing a more
informative test plan/procedure requiring fewer samples and providing more
information with less test effort.

Development and manufacturing engineers, as well as service providers,
need effective training in the application of statistics to their jobs with a ‘‘do
it smarter’’ philosophy. Managers need effective training so that they can
direct their employees to accomplish tasks in the most efficient manner and
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present information in a concise fashion. If everyone in an organization were
to apply S4/IEE statistical techniques, many meetings for the purpose of prob-
lem discussion would either be avoided or yield increased benefits with more
efficiency. Engineering management and general problem solvers need to have
statistical concepts presented to them in an accessible format so that they can
understand how to use these tools. This guide addresses these needs.

Because theoretical derivations and manual statistical analysis procedures
can be laborious and confusing, this guide provides minimal discussion of
such topics, which are covered sufficiently in other books. This information
was excluded to make the book more accessible to a diverse audience. In lieu
of theory, illustrations are sometimes included to show why the concepts
work. Computer analysis techniques, rather than manual analysis concepts,
are discussed because most practitioners would implement the concepts using
one of the many commercially available computer packages.

This guide also has a ‘‘keep-it-simple’’ (KIS) objective. To achieve maxi-
mum effectiveness for developing or manufacturing a product, many quick
tests, in lieu of one ‘‘big’’ test, could be best for a given situation. Engineers
do not have enough time to investigate statistical literature to determine, for
example, the best theoretically possible DOE strategy to use for a given sit-
uation. An engineer needs to spend his or her time choosing a good overall
statistical strategy assessment that minimizes the risk of customer dissatisfac-
tion. These strategies often require a blend of statistical approaches with tech-
nical considerations.

Classical statistical books and classes usually emphasize a topic such as
DOE, statistical process controls (SPC), or reliability testing. This guide il-
lustrates that a combination of all these techniques and more with brainstorm-
ing yields very powerful tools for developing and producing high-quality
products in a timely fashion. Engineers and others need to be equipped with
all of these skills in order to maximize effective job performance. This guide
emphasizes defining the best problem to solve for a given situation. Individ-
uals should continually assess their work environment by addressing the issue
of whether we are answering the right question and using the best basic test,
development, manufacturing, and service-process strategies.

Examples in this book presume that samples and trials can be expensive.
The book focuses on using a minimum number of samples or trials to get the
maximum amount of useful information. Many examples illustrate the blend-
ing of engineering judgment and experience with statistics as part of a deci-
sion process.

Finally, within this book I am attempting to help the reader through the
six levels of cognition from Bloom’s taxonomy (Bloom 1956) for S4/IEE. A
summary of the ranking for these levels from the least complex is:

• Knowledge level: Ability to remember or recognize terminology
• Comprehensive level: Ability to understand descriptions, reports, tables,

etc.
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• Application level: Ability to apply ideas, procedures, methods
• Analysis: Ability to subdivide information into its parts and recognize

relationship of one part to other
• Synthesis: Ability to put parts together so that a pattern or structure which

was not defined previously is apparent
• Evaluation: Ability to make judgments regarding ideas and methods

It is my intent that readers can develop their areas of expertise in S4/IEE
through initial training using this book as a guide. They can later reference
the book to review and gain additional insight on how they can benefit from
the concepts within their profession. Readers can also help others such as
suppliers, customers, peers, and managers through these six levels, using this
book as a reference, so that they too can see how they can benefit from S4/
IEE and apply the techniques.

NOMENCLATURE AND SERVICE MARKS

I have tried to be consistent with other books when assigning characters to
parameters (e.g., � represents mean or average). However, nomenclatures
used in different areas of statistics overlap, and because this guide spans many
areas of statistics, compromises had to be made. The symbols section in
Appendix E summarizes the assignments that are used globally in this guide.

Both continuous data response and reliability analyses are discussed in this
book. The independent variable x is used in models that typically describe
continuous data responses, while t is used when time is considered the in-
dependent variable in reliability models.
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WORKSHOP MATERIAL AND ITS AVAILABILITY

I get a high when I see someone’s ‘‘light bulb turn on’’ to how they can
achieve a dramatic benefit from a unique approach or strategy that they dis-
covered during S4/IEE training. I have seen this in both novice and experi-
enced statistical practitioners. It is true that a novice and a very experienced
practitioner will typically benefit differently from S4/IEE training. The novice
might learn about application of the tools to his/her job, while an experienced
black belt might discover a different spin on how some tools could be applied
or integrated and/or how to increase management’s Six Sigma buy-in. We at
Smarter Solutions take pride in creating an excellent learning environment for
the wise application of Six Sigma. Our S4/IEE approach and handout material
are continually being refined and expanded.

I once attended management training conducted by a very large, well-
known, and respected company. The training class kept your interest; how-
ever, the training did not follow the training material handout. We jumped all
over within the handout material. In addition, before the end of the class the
class instructor stated that we would never pick up this training material again
and the training manual would get dusty on our shelf. He then stated the
importance of each student’s describing one take-away from the workshop. I
stopped to think about what the instructor had said. He was right: I would
never pick up that training manual again. When thinking about his statement
more, it occurred to me that I could not remember a time when I referenced
training material that I previously experienced.

I believe that there is a lesson here. Most training material is written in
such a way that one cannot reference and use the material later. After stop-
ping to think about it, I realized the differences between the S4/IEE training
material of Smarter Solutions, Inc. and traditional training material. Our train-
ing material is written so that later it can be referenced and used in con-
junction with our books to timely resolve problems. This differentiator
can have a large impact on the success of Six Sigma within a company.
Licensing inquiries for S4/IEE training material can be directed through
www.smartersolutions.com.
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ABOUT SMARTER SOLUTIONS, INC: CONTACTING THE
AUTHOR AND ADDITIONAL MATERIAL

Your comments and suggestions for improvements to this book are greatly
appreciated. Any suggestions you give will be seriously considered for future
editions (I work at practicing what I preach). In addition, I along with others
on the Smarter Solutions, Inc. team conduct both public and in-house S4/IEE
workshops from this book. Contact me if you would like information about
these workshops or need catapults to conduct the team exercises described.
My email address is forrest@smartersolutions.com. You might also find
the articles, additional implementation ideas, and newsletter at www.
smartersolutions.com beneficial. This website also offers solutions manual for
the exercises and a CD called the Six Sigma Study Guide available for sale
that generates additional questions with solutions and can be used to prepare
for black belt certification. A number of questions contained in this book
were taken from the Six Sigma Study Guide 2002 and are referenced as such
where they occur in the book.

FORREST W. BREYFOGLE III

Smarter Solutions, Inc.
Austin, Texas
www.smartersolutions.com



PART I

S4/IEE DEPLOYMENT AND DEFINE
PHASE FROM DMAIC

Part I (Chapters 1 and 2) discusses the meaning and benefits of a wisely
implementing Six Sigma. Benefits of an S4/IEE implementation and execution
strategy are discussed. S4/IEE implementation and project execution roadmap
is presented.

Also within this part of the book, the DMAIC define steps, which are
described in Section A.1 (part 1) of the Appendix, are discussed. A checklist
for the completion of the define phase is:

Define Phase Checklist

Description Questions Yes/No

Tool /Methodology
Project Selection Matrix Does the project clearly map to business

strategic goals /customer requirements?
Is this the best project to be working on at

this time and supported by business leaders?
COPQ/CODND Was a rough estimate of COPQ/CODND used

to determine potential benefits?
Is there agreement on how hard/soft financial

benefits will be determined?
Project Description Completed a problem statement, which focuses

on symptoms not solutions?
Completed a gap analysis of what the

customer of the process needs versus what
the process is delivering?
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Define Phase Checklist (continued )

Description Questions Yes/No

Project Description
(continued )

Completed a goal statement with measurable
targets?

Created an SIPOC which includes the primary
customer and key requirements of the
process?

Completed a drill down from a high-level
process map to the focus area for the
project?

Completed a visual representation of how the
project’s 30,000-foot-level metrics align
with the organizations satellite-level metrics

Project Charter Are the roles and goals of the team clear to all
members and upper management?

Has the team reviewed and accepted the
charter?

Is the project scoped sufficiently?
Communication Plan Is there a communication plan for

communicating project status and results to
appropriate levels of the organization?

Has the project been recorded in an S4 / IEE
project database?

Team
Resources Does the team include cross-functional

members /process experts?
Are all team members motivated and

committed to the project?
Is the process owner supportive of the project?
Has a kickoff team meeting been held?

Next Phase
Approval to Proceed Did the team adequately complete the above

steps?
What is the detailed plan for the measure

phase?
Are barriers to success identified and planned

for?
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1
SIX SIGMA OVERVIEW AND
S4/IEE IMPLEMENTATION

As business competition gets tougher, there is much pressure on product de-
velopment, manufacturing, and service organizations to become more pro-
ductive and efficient. Developers need to create innovative products in less
time, even though the products may be very complex. Manufacturing orga-
nizations feel growing pressure to improve quality while decreasing costs and
increasing production volumes with fewer resources. Service organizations
must reduce cycle times and improve customer satisfaction. A Six Sigma
approach, if conducted wisely, can directly answer these needs. Organizations
need to adopt an S4/IEE implementation approach that is linked directly to
bottom-line benefits and the needs of customers. One might summarize this
as:

S4 / IEE is a methodology for pursuing continuous improvement in customer sat-
isfaction and profit that goes beyond defect reduction and emphasizes business
process improvement in general.

One should note that the word quality does not appear in this definition.
This is because the word quality often carries excess baggage. For example,
often it is difficult to get buy-in throughout an organization when Six Sigma
is viewed as a quality program that is run by the quality department. We
would like S4/IEE to be viewed as a methodology that applied to all functions
within every organization, even though the Six Sigma term orginated as a
quality initiative to reduce defects and much discussion around Six Sigma
now includes the quality word.

The term sigma (�), in the name Six Sigma, is a Greek letter used to
describe variability, in which a classical measurement unit consideration of
the initiative is defects per unit. Sigma quality level offers an indicator of
how often defects are likely to occur: a higher sigma quality level indicates
a process that is less likely to create defects. A Six Sigma quality level is
said to equate to 3.4 defects per million opportunities (DPMO), as described
in Section 1.5.
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An S4/IEE business strategy involves the measurement of how well busi-
ness processes meet their organizational goal and offers strategies to make
needed improvements. The application of the techniques to all functions re-
sults in a very high level of quality at reduced costs with a reduction in cycle
time, resulting in improved profitability and a competitive advantage. Orga-
nizations do not necessarily need to use all the measurement units often pre-
sented within a Six Sigma. It is most important to choose the best set of
measurements for their situation and to focus on the wise integration of sta-
tistical and other improvement tools offered by an S4/IEE implementation.

Six Sigma directly attacks the cost of poor quality (COPQ). Traditionally,
the broad costing categories of COPQ are internal failure costs, external fail-
ure costs, appraisal costs, and prevention costs (see Figure 1.21). Within Six
Sigma, the interpretation for COPQ has a less rigid interpretation and perhaps
a broader scope. COPQ within Six Sigma addresses the cost of not performing
work correctly the first time or not meeting customer expectations. To keep
S4/IEE from appearing as a quality initiative, I prefer to reference this metric
as the cost of doing nothing different (CODND), which has even broader
costing implications than COPQ. It needs to be highlighted that within a
traditional Six Sigma implementation a defect is defined, which impacts
COPQ calculations. Defect definition is not a requirement within an S4/IEE
implementation or CODND calculation. Not requiring a defect for financial
calculations has advantages since the non-conformance criteria placed on
many transactional processes and metrics such as inventory and cycle times
are arbitrary. Within a Six Sigma implementation, we want to avoid arbitrary
decisions. In this book I will make this reference as COPQ/CODND.

Quality cost issues can very dramatically affect a business, but very im-
portant issues are often hidden from view. Organizations can be missing the
largest issues when they focus only on the tip of the iceberg, as shown in
Figure 1.1. It is important for organizations to direct their efforts so these
hidden issues, which are often more important than the readily visible issues,
are uncovered. Wisely applied Six Sigma techniques can help flatten many
of the issues that affect overall cost. However, management needs to ask the
right questions so that these issues are effectively addressed. For management
to have success with Six Sigma they must have a need, vision, and plan.

This book describes the S4/IEE business strategy: executive ownership and
leadership, a support infrastructure, projects with bottom-line results, full-time
black belts, part-time green belts, reward/motivation considerations, finance
engagement (i.e., to determine the COPQ/CODND and return on investment
for projects), and training in all roles, both ‘‘hard’’ and ‘‘soft’’ skills.

1.1 BACKGROUND OF SIX SIGMA

Bill Wiggenhorn, senior Vice President of Motorola, contributed a foreword
to the first edition of Implementing Six Sigma. The following is a condensed
version of his historical perspective about the origination of Six Sigma at
Motorola.
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FIGURE 1.1 Cost of poor quality. (Reproduced with permission: Johnson, Allen,
‘‘Keeping Bugs Out of Software (Implementing Software Reliability),’’ ASQ Meeting,
Austin, TX, May 14, 1998. Copyright � RAS Group, Inc., 1998.)

The father of Six Sigma was the late Bill Smith, a senior engineer and scientist.
It was Bill who crafted the original statistics and formulas that were the begin-
ning of the Six Sigma culture. He took his idea and passion for it to our CEO
at the time, Bob Galvin. Bob urged Bill to go forth and do whatever was needed
to make Six Sigma the number one component in Motorola’s culture. Not long
afterwards, Senior Vice President Jack Germaine was named as quality director
and charged with implementing Six Sigma throughout the corporation. So he
turned to Motorola University to spread the Six Sigma word throughout the
company and around the world. The result was a culture of quality that per-
meated Motorola and led to a period of unprecedented growth and sales. The
crowning achievement was being recognized with the Malcolm Baldrige Na-
tional Quality Award (1988).

In the mid-1990s, Jack Welsh, the CEO of General Electric (GE), initiated
the implementation of Six Sigma in the company so that the quality improve-
ment efforts were aligned to the needs of the business. This approach to
implementing Six Sigma involves the use of statistical and nonstatistical tools
within a structured environment for the purpose of creating knowledge that
leads to higher-quality products in less time than the competition. The selec-
tion and execution of project after project that follow a disciplined execution
approach led to significant bottom-line benefits to the company. Many other
large and small companies have followed GE’s stimulus by implementing
various versions for Six Sigma (see Six Sigma benchmarking study in Section
A.2).

This book describes the traditional methodologies of Six Sigma. However,
I will also challenge some of these traditional approaches and expand on other
techniques that are typically beyond traditional Six Sigma boundaries. It has
been my observation that many Six Sigma implementations have pushed proj-
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ects (using a lean manufacturing term) into the system. This can lead to
projects that do not have value to the overall organization. The described S4/
IEE approach in this book expands upon traditional balanced scorecard tech-
niques so that projects are pulled (using another lean term) into the system.
This can lead to all levels of management asking for the creation of Six Sigma
projects that improve the numbers against which they are measured. This
approach can help sustain Six Sigma activities, a problem many companies
who have previously implemented Six Sigma are now confronting. In addi-
tion, S4/IEE gives much focus to downplaying a traditional Six Sigma policy
that all Six Sigma projects must have a defined defect. I have found that this
policy can lead to many nonproductive activities, playing games with the
numbers, and overall frustration. This practice of not defining a defect makes
the S4/IEE strategy much more conducive to a true integration with general
workflow improvement tools that use lean thinking methods.

Various steps have been proposed by organizations when executing Six
Sigma. Motorola frequently referenced a 6-step approach to implementing
Six Sigma. I have seen several versions to these 6 steps. I referenced a 10-
step Motorola approach in Statistical Methods for Testing Development and
Manufacturing (Breyfogle 1992), which I preferred over their 6-step ap-
proach, since this roadmap linked the steps with statistical and nonstatistical
application tools.

Most of the chapters in this book focus on using the S4/IEE project exe-
cution roadmap for process improvement/reengineering projects. This road-
map is described in Section A.1. Chapters 48–50 discuss both product DFSS
and process DFSS along with applicable roadmaps, which utilize the tools
and techniques described in earlier chapters.

The statistical community often comments that most of the Six Sigma
statistical procedures that are suggested in these roadmaps are not new. I do
not disagree. However, the Six Sigma name has increased the awareness of
upper-level management to the value of using statistical concepts, and the
structure of the S4/IEE roadmap provides an efficient linkage of the tools that
help novice and experienced practitioners utilize Six Sigma tools effectively.

1.2 GENERAL ELECTRIC’S EXPERIENCES WITH SIX SIGMA

General Electric (GE) CEO Jack Welch describes Six Sigma as ‘‘the most
challenging and potentially rewarding initiative we have ever undertaken at
General Electric’’ (Lowe 1998). The GE 1997 annual report states that Six
Sigma delivered more than $300 million to its operating income. GE listed
in their annual report the following to exemplify these Six Sigma benefits
(GE 1997):
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• ‘‘Medical Systems described how Six Sigma designs have produced a
ten-fold increase in the life of CT scanner x-ray tubes, increasing the
‘uptime’ of these machines and the profitability and level of patient care
given by hospitals and other health care providers.’’

• ‘‘Superabrasives, our industrial diamond business, described how Six
Sigma quadrupled its return on investment and, by improving yields, is
giving it a full decade’s worth of capacity despite growing vol-
ume—without spending a nickel on plant and equipment capacity.’’

• ‘‘Our railcar leasing business described a 62% reduction in turnaround
time at its repair shops: an enormous productivity gain for our railroad
and shipper customers and for a business that’s now two or three times
faster than its nearest rival because of Six Sigma improvements. In the
next phase across the entire shop network, black belts and green belts,
working with their teams, redesigned the overhaul process, resulting in
a 50% further reduction in cycle time.’’

• ‘‘The plastics business, through rigorous Six Sigma process work, added
300 million pounds of new capacity (equivalent to a ‘free plant’), saved
$400 million in investment, and will save another $400 million by 2000.’’

More recent annual reports from GE describe an increase in monetary
benefits from Six Sigma, along with a greater focus on customer issues.

1.3 ADDITIONAL EXPERIENCES WITH SIX SIGMA

A USA Today article presented differences of opinions about the value of Six
Sigma in ‘‘Firms Air for Six Sigma Efficiency’’ (Jones 1998). One stated
opinion was Six Sigma is ‘‘malarkey,’’ while Larry Bossidy, CEO of
AlliedSignal, counters: ‘‘The fact is, there is more reality with this (Six
Sigma) than anything that has come down in a long time in business. The
more you get involved with it, the more you’re convinced.’’ Other quotes
from the article include:

• ‘‘After four weeks of classes over four months, you’ll emerge a Six
Sigma ‘black belt.’ And if you’re an average black belt, proponents say
you’ll find ways to save $1 million each year.’’

• ‘‘Six Sigma is expensive to implement. That’s why it has been a large-
company trend. About 30 companies have embraced Six Sigma including
Bombardier, ABB (Asea Brown Boveri) and Lockheed Martin.’’

• ‘‘[N]obody gets promoted to an executive position at GE without Six
Sigma training. All white-collar professionals must have started training
by January. GE says it will mean $10 billion to $15 billion in increased
annual revenue and cost savings by 2000 when Welch retires.’’
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• ‘‘Raytheon figures it spends 25% of each sales dollar fixing problems
when it operates at four sigma, a lower level of efficiency. But if it raises
its quality and efficiency to Six Sigma, it would reduce spending on fixes
to 1%.’’

• ‘‘It will keep the company (AlliedSignal) from having to build an $85
million plant to fill increasing demand for caprolactam used to make
nylon, a total savings of $30–$50 million a year.’’

• ‘‘Lockheed Martin used to spend an average of 200 work-hours trying
to get a part that covers the landing gear to fit. For years employees had
brainstorming sessions, which resulted in seemingly logical solutions.
None worked. The statistical discipline of Six Sigma discovered a part
that deviated by one-thousandth of an inch. Now corrected, the company
saves $14,000 a jet.’’

• ‘‘Lockheed Martin took a stab at Six Sigma in the early 1990s, but the
attempt so foundered that it now calls its trainees ‘program managers,’
instead of black belts to prevent in-house jokes of skepticism. . . . Six
Sigma is a success this time around. The company has saved $64 million
with its first 40 projects.’’

• ‘‘John Akers promised to turn IBM around with Six Sigma, but the at-
tempt was quickly abandoned when Akers was ousted as CEO in 1993.’’

• ‘‘Marketing will always use the number that makes the company look
best. . . . Promises are made to potential customers around capability
statistics that are not anchored in reality.’’

• ‘‘Because managers’ bonuses are tied to Six Sigma savings, it causes
them to fabricate results and savings turn out to be phantom.’’

• ‘‘Six Sigma will eventually go the way of other fads, but probably not
until Welch and Bossidy retire.’’

• ‘‘History will prove those like [Brown] wrong, says Bossidy, who has
been skeptical of other management fads. Six Sigma is not more fluff.
At the end of the day, something has to happen.’’

Example projects with the expected annual return on investment (ROI) if a
full-time black belt were to complete three projects per year:

Projects Benefits

Standardization of hip and knee joint replacements in hospital $1,463,700

Reduction of job change down time $900,000

Reduction of forge cracks $635,046

Computer storage component test and integration $1,000,000

Reducing post class survey defects regarding instructor
expertise

$462,400
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Projects Benefits

Reducing the manufacturing/brazing costs of tail cone
assembly

$194,000

Reducing defects ppm to cell phone manufacturer $408,000

Reducing power button fallout $213,000

Thermal insulator pad improvement $207,400

Wave solder process improvements $148,148

Reduction of specific consumption of fuel gas in the cracking
furnaces

$1,787,000

Decreased disposal cost of the dirty solvent $330,588

Analyzing help desk ticket volume $384,906

Laser test time cycle reduction $500,000

Reduction of fuel gas consumption through efficiency
improvement into furnaces

$195,000

Increase productivity by reducing cycle time of paint batches $119,000

Inside sales quote turnaround project $43,769

Interactive voice recognition service (IVRS) program
development, cycle

$1,241,600

Improve delivery credibility / reduce past due orders $1,040,000

Reduction of nonuse material in end bar $221,000

Wash water generation reduction at manufacturing facility $83,690

Reduction in loss on the transportation of propane to the
chemical plant

$606,800

Reduce fuel oil consumed by using natural gas in utility
unit’s boilers

$353,000

Electricity consumption reduction at aromatics unit $265,000

Local contract renewal project and product profitability $1,400,000

Average project value $568,122

Number of projects per year 3

Annual investment $200,000

ROI 900%

I believe that Six Sigma implementation can be the best thing that ever
happened to a company. Or a company can find Six Sigma to be a dismal
failure. It all depends on implementation. The S4/IEE roadmap within this
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ProcessInput OutputOutput

YX
Y=f(X)

FIGURE 1.2 Input-process-output (IPO).

text can lead an organization away from a Six Sigma strategy built around
playing games with the numbers to a strategy that yields long-lasting process
improvements with significant bottom-line results.

1.4 WHAT IS SIX SIGMA AND S4/IEE?

Every day we encounter devices that have an input and output. For example,
the simple movement of a light switch causes a light to turn on. An input to
this process is the movement of the switch, internally within the switch a
process is executed where internal electrical connections are made, and the
output is a light turning on. This is just one example of an input-process-out
(IPO), which is illustrated in Figure 1.2.

As a user of a light switch, toaster, or a radio, we are not typically inter-
ested in the details of how the process is executed, i.e., the mechanics of the
light switch, toaster, or radio. We typically view these processes like a black
box. However, there are other processes that we are more involved with—for
example, the process we use when preparing for and traveling to work or
school. For this process, there can be multiple outputs, such as arrival time
to work/school, whether we experienced an automobile accident or other
problems, and perhaps whether your kids or spouse also arrived to school on
time. The important outputs to processes can be called key process output
variables (KPOVs), critical to quality (CTQ) characteristics, or Ys.

For both a black box process and other processes we can track output over
time to examine the performance of the system. For our go-to-work/school
process, consider that we daily quantified the difference between our arrival
time and our planned arrival time and then tracked this metric over time. For
this measure we might see much variability in the output of our process. We
might then wish to examine why there is so much variability by either con-
sciously or unconsciously trying to identify the inputs to the process that can
affect the process output. For reducing the variability of commuting time, we
might list inputs to our process as departure time from home, time we got
out of bed, traffic congestion during the commute, and whether someone had
an accident along our route to work/school.

Inputs to processes can take the form of inherent process inputs (e.g., raw
material), controlled variables (e.g., process temperature), and uncontrolled
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noise variables (e.g., raw material lots). For our go-to-work/school process
a controllable input variable might be setting the alarm clock, while an un-
controllable input variable might be whether someone had an accident on our
route that affected our travel time. By examining our arrival times as a func-
tion of the time departing home, we might find that if we left the house 5
minutes earlier we could reduce our commute time by 25 minutes. For this
situation, departure time is a key process input variable (KPIV) that is an
important X, which affects our arrival time. When this KPIV is controlled in
our go-to-work/school process, we can reduce the amount of variability in
our arrival time at work/school (KPOV).

Another tactic to reduce the variability of our arrival time is to change our
process so that we can reduce the commute time or make our process robust
to uncontrollable/noise input variables. For example, we might change our
travel route to work or school such that our travel time is reduced during the
high-traffic hours of the day. This change could also reduce the likelihood of
lengthy delays from accidents; i.e., we made our process robust to the oc-
currence of accidents, which was a noise input variable.

Similarly, within business and other organizations we have processes or
systems. For the go-to-work/school process the identification of inputs and
potential process changes that would positively impact our process output is
not too difficult. Easy fixes can also occur within business processes when
we view our process systematically through a Six Sigma or S4/IEE strategy.
However, the identification and improvement systems for some business pro-
cess can be more involved. For these more complex situations within S4/IEE,
I view this search for KPIVs and process improvement strategies as a murder
mystery where we use a structured S4/IEE approach for the uncovering of
clues that leads us to how we can improve our process outputs.

Let us now consider the following example KPOVs (Ys) that a company
could experience along with one, of perhaps many, KPIV (Xs) for each of
these processes:

Ys or KPOVs Xs or KPIVs

1 Profits Actions taken to improve profits
2 Customer satisfaction Out of stock items
3 Strategic goal Actions taken to achieve goal
4 Expense Amount of WIP
5 Production cycle time Amount of internal rework
6 Defect rate Inspection procedures
7 Critical dimension on a part Process temperature

These Ys are at various levels within an organization’s overall system of
doing business. Within S4/IEE, a cascading measurement system can be cre-
ated, which aligns metrics to the overall needs of the organization. The track-
ing of these measurements over time can then pull (using a lean term) for the
creation of S4/IEE projects, which addresses common cause variability im-
provement needs for the process output. Through this pragmatic approach,
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where no games are played with the numbers, organizations have a systematic
way to improve both customer satisfaction and their bottom line. S4/IEE is
much more than a quality initiative; it is a way of doing business.

I will be using the term 30,000-foot-level metric (see Sections 1.8 and
10.3) to describe a Six Sigma KPOV, CTQ, or Y variable response that is
used in S4/IEE to describe a high-level project or operation metric that has
infrequent subgrouping/sampling such that short-term variations, which might
be cause by KPIVs, will result in charts that view these perturbations as
common cause issues. A 30,000-foot-level XmR chart can reduce the amount
of firefighting in an organization when used to report operational metrics.

1.5 THE SIX SIGMA METRIC

The concepts described in this section will be covered in greater depth later
in this book (see Chapter 9). This section will give readers who have some
familiarity with the normal distribution a quick understanding of the source
for the Six Sigma metric. Section 1.19 describes some shortcomings and
alternatives to this metric.

First, let us consider the level of quality that is needed. The ‘‘goodness
level’’ of 99% equates to

• 20,000 lost articles of mail per hour
• Unsafe drinking water almost 15 minutes per day
• 5,000 incorrect surgical operations per week
• Short or long landing at most major airports each day
• 200,000 wrong drug prescriptions each year
• No electricity for almost 7 hours per month (Harry 1987)

I think that most of us agree that this level of ‘‘goodness’’ is not close to
being satisfactory. An S4/IEE business strategy, among other things, can offer
a measurement for ‘‘goodness’’ across various products, processes, and ser-
vices.

The sigma level (i.e., sigma quality level) sometimes used as a measure-
ment within a Six Sigma program includes a �1.5� value to account for
‘‘typical’’ shifts and drifts of the mean. This sigma quality level relationship
is not linear. In other words, a percentage unit improvement in parts-per-
million (ppm) defect rate does not equate to the same percentage improvement
in the sigma quality level.

Figure 1.3 shows the sigma quality level associated with various services
(considering the 1.5� shift of the mean). From this figure we note that the
sigma quality level of most services is about four sigma, while world class
is considered six. A goal of S4/IEE implementation is continually to improve
processes and become world class.

Figures 1.4 to 1.6 illustrate various aspects of a normal distribution as it
applies to Six Sigma program measures and the implication of the 1.5� shift.
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FIGURE 1.3 Implication of the sigma quality level. Parts per million (ppm) rate for
part or process step.

FIGURE 1.4 Normal distribution curve illustrates the Three Sigma and Six Sigma
parametric conformance. (Copyright of Motorola, Inc., used with permission.)

Figure 1.4 illustrates the basic measurement concept of Six Sigma according
to which parts are to be manufactured consistently and well within their spec-
ification range. Figure 1.5 shows the number of parts per million that would
be outside the specification limits if the data were centered within these limits
and had various standard deviations. Figure 1.6 extends Figure 1.4 to non-
central data relative to specification limits, in which the mean of the data is
shifted by 1.5�. Figure 1.7 shows the relationship of ppm defect rates versus
sigma quality level for a centered and 1.5� shifted process, along with a
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FIGURE 1.5 With a centered normal distribution between Six Sigma limits, only
two devices per billion fail to meet the specification target. (Copyright of Motorola,
Inc., used with permission.)

±1 σ
±2 σ
±3 σ
±4 σ
±5 σ
±6 σ

Spec. limit
30.23
69.13
93.32
99.3790
99.97670
99.999660

Percent
697700
308700
66810
6210
233

3.4

Defective ppm

–6σ –5σ –4σ –3σ –2σ –1σ X +1σ +2σ +3σ +4σ +5σ +6σ

Lower
specification

limit

Normal Distribution
Shifted 1.5σ

Upper
specification

limit

FIGURE 1.6 Effects of a 1.5� shift where only 3.4 ppm fail to meet specifications.
(Copyright of Motorola, Inc., used with permission.)
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FIGURE 1.7 Defect rates (ppm) versus sigma quality level.

quantification for the amount of improvement needed to change a sigma qual-
ity level.

A metric that describes how well a process meets requirements is process
capability. A Six Sigma quality level process is said to translate to process
capability index values for Cp and Cpk requirement of 2.0 and 1.5, respectively
(see Chapter 11). To achieve this basic goal of a Six Sigma program might
then be to produce at least 99.99966% quality at the process step and part
level within an assembly; i.e., no more than 3.4 defects per million parts or
process steps if the process mean were to shift by as much as 1.5�. If, for
example, there were on the average 1 defect for an assembly that contained
40 parts and four process steps, practitioners might consider that the assembly
would be at a four sigma quality level from Figure 1.7, because the number
of defects in parts per million is: (1⁄160)(1 � 106) � 6250.

1.6 TRADITIONAL APPROACH TO THE DEPLOYMENT OF
STATISTICAL METHODS

Before the availability and popularity of easy-to-use statistical software, most
complex statistical analysis was left to a statistical consultant within an or-
ganization. An engineer needs to know what questions to ask of a statistical
consultant. If the engineer does not realize the power of statistics, he or she
might not solicit help when statistical techniques are appropriate. If an en-
gineer who has no knowledge of statistics approaches a statistical consultant
for assistance, the statistician should learn all the technical aspects of the
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dilemma in order to give the best possible assistance. Most statisticians do
not have the time, background, or desire to understand all engineering dilem-
mas within their corporate structure. Therefore, engineers need to have at a
minimum some basic knowledge of the concepts in this book so that they
can first identify an application of the concepts and then solicit help, if
needed, in an effective manner.

In any case, detailed knowledge transfer to statisticians can be very time-
consuming and in most cases will be incomplete. Engineers who have knowl-
edge of basic statistical concepts can intelligently mix engineering concepts
with statistical techniques to maximize test quality and productivity. Earlier
problem detection and better quality can then be expected when testing is
considered as an integral part of the design and manufacturing process de-
velopment.

Now easy-to-use statistical software has made the whole process of statis-
tical analyses more readily available to a larger group of people. However,
the issue of problem definition and dissemination of the wise use of statistical
techniques still exists. Even though great accomplishments may be occurring
through the use of statistical tools within an organization, there is often a lack
of visibility of the benefits to upper management. Because of this lack of
visibility, practitioners often have to fight for funds and may be eliminated
whenever times get rough financially.

Typically in this situation, executive management does not ask questions
that lead to the wise application of statistical tools; hence, an internal statis-
tical consultant or practitioner has to spend much of his or her time trying to
sell others on how basic problems could be solved more efficiently using
statistical methods. In addition, internal statistical consultants or practitioners
who help others will only have the time or knowledge to assist with problem
resolution as it is currently defined. In a purely consultant role, statistical
practitioners will often not be involved in project or problem definition. In
addition, the benefits of good statistical work that has been accomplished are
not translated into the universal language understood by all executives—
namely, money. Hence, the benefits of wisely applying statistical techniques
are limited to small areas of the business, do not get recognition, and are not
accepted as general policy.

1.7 SIX SIGMA BENCHMARKING STUDY

In addition to learning from traditional statistical method deployments, there
are also lessons to be learned from previous organizational deployments of
Six Sigma. Because of this, I am now noting a Six Sigma benchmarking
study that I was involved with.

I was selected as the Subject Matter Expert (SME) for an APQC Six Sigma
benchmarking study that was conducted in 2001. In September 2001 I gave
a presentation during the knowledge transfer section, which summarized my
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30,000-foot-level

Satellite-level

FIGURE 1.8 Satellite-level and 30,000-foot-level metrics.

observations during the study. A summary of this presentation is included in
Section A.2.

1.8 S4/IEE BUSINESS STRATEGY IMPLEMENTATION

Organizations create strategic plans and policies. They also create organiza-
tional goals that describe the intent of the organization. These goals should
have measurable results, which are attained through defined action plans. The
question of concern is: How effective and aligned are these management
system practices within an organization? An improvement to this system can
dramatically impact an organization’s bottom line.

An S4/IEE approach measures the overall organization at a high level using
satellite-level and 30,000-foot-level metrics as illustrated in Figure 1.8. Physi-
cally, these metrics can take on many responses, as illustrated in Figure 1.9.
Satellite-level and 30,000-foot-level metrics (see Chapter 10) permit manage-
ment with the right information. An organization can use theory of constraints
(TOC) metrics (see Chapter 45) and/or traditional business measures for their
satellite-level metrics, where measures are tracked monthly using an XmR chart
(see Chapter 10) that is not bounded by any quarterly or annual time frame.

More information can be gleaned from business data presented in the S4/
IEE format at the satellite level, as opposed to comparing quarterly results in
a tabular format. This approach tracks the organization as a system, which can
lead to focused improvement efforts and a reduction of firefighting activities.
Data presented in this format can be useful for executives when creating their
strategic plans and then tracking the results of these strategic plans. With an
S4/IEE strategy, action plans to achieve organizational goals center around the
creation and implementation of S4/IEE projects, as illustrated in Figure 1.10.

The following S4/IEE results orchestration (RO) process to select projects
that are aligned with the business needs is called an enterprise business plan-
ning methodology (EBPM):
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FIGURE 1.9 Satellite-level and 30,000-foot-level metrics.
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Projects

Strategic Plans

Business Measures and Goals

Identify High Potential Areas

FIGURE 1.10 Aligning improvement activities with business needs.

• Create satellite-level metrics for the past two to five years.
• Select goals that are in alignment with improvement desires for the sat-

ellite-level metrics.
• Select strategies that are in alignment with goals.
• Examine supply chain process map.
• Choose high-potential areas for focusing improvement efforts using goals

and supply chain process map to help guide the selection process.
• Select and create 30,000-foot-level operational metrics that are in align-

ment with the high potential areas for improvements.
• Select S4/IEE project areas that are in alignment with operational metrics.
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• Drill down project areas to well-scoped projects (project scope) that are
not too large or too small.

• Create 30,000-foot-level project metrics for base-lining projects and
tracking impact from S4/IEE project work.

S4/IEE 30,000-foot-level metrics are high-level operational or Six Sigma/
lean project metrics. The right metrics are needed for the orchestration of the
right activities. The above-described EBPM process accomplishes this by
linking Six Sigma improvement activities to business strategies and goals.

As noted in Figure 1.9, traditional business metrics that could be classified
as satellite-level metrics are capital utilization, growth, revenue, equity valu-
ation, and profit. Traditional operational metrics at the 30,000-foot level are
defective/defect rates, cycle time, waste, days sales outstanding, customer
satisfaction, on-time delivery, number of days from promise date, number of
days from customer-requested date, dimensional property, inventory, and head
count. Organizations can find it to be very beneficial when they decide to
align project selection with satellite-level measures from theory of constraint
(TOC) metrics; i.e., TOC throughput (see Glossary for definition), investment/
inventory, and operating expense.

Within S4/IEE the alignment and management of metrics throughout an
organization is called an enterprise cascading measurement methodology
(ECMM). With ECMM meaningful measurements are statistically tracked
over time at various functional levels of the business. This leads to a cascading
and alignment of important metrics throughout the organization from the
satellite-level business metrics to high-level KPOV operational metrics, which
can be at the 30,000-foot level, 20,000-foot level, or 10,000-foot level (infre-
quent subgrouping/sampling), to KPIVs at the 50-foot level (frequent
subgrouping/sampling). The metrics of ECMM can then be used to run the
business so that organizations get out of the firefighting mode and pull (used
as a lean term) for the creation of projects whenever improvements are needed
to these operational metrics.

An S4/IEE business strategy helps organizations understand and improve
the key drivers that affect the metrics and scorecards of their enterprise.

1.9 SIX SIGMA AS AN S4/IEE BUSINESS STRATEGY

We do things within a work environment. A response is created when things
are done, but the way we do things may or may not be formally documented.
One response to doing something is how long it takes to complete the task.
Another response might be the quality of the completed work. We call the
important responses from a process key process output variables (KPOVs),
sometimes called the Ys of the process (see Section 1.4).

Sometimes the things that are completed within a work environment cause
a problem to our customers or create a great deal of waste (e.g., overproduc-
tion, waiting, transportation, inventory, overprocessing, motion, and defects),
which can be very expensive to an organization.
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FIGURE 1.11 Example process with a key process output variable.

Organizations often work to solve this type of problem. However, when
they do this work, organizations do not often look at their problems as the
result of current process conditions. If they did, their work activities might
not be much different from Figure 1.11. They might also have a variety of
KPOVs, such as a critical dimension, overall cycle time, a DPMO rate (i.e.,
a defect-per-million opportunities rate could expose a ‘‘hidden factory’’ re-
work issue that is not currently being reported), customer satisfaction, and so
on.
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FIGURE 1.12 S4 / IEE DMAIC project execution roadmap.

For this type of situation, organizations often react over time to the up-
and-down movements of the KPOV level in a firefighting mode, fixing the
problems of the day. Arbitrary tweaks to controllable process variables that
are made frequently and noise (e.g., material differences, operator-to-operator
differences, machine-to-machine differences, and measurement imprecision)
can cause excess variability and yield a large nonconforming proportion for
the KPOV. Practitioners and management might think that their day-to-day
problem-fixing activities are making improvements to the system. In reality,
these activities often expend many resources without making any improve-
ments to the process. Unless long-lasting process changes are made, the pro-
portion of noncompliance, as shown in the figure, will remain approximately
the same.

Organizations that frequently encounter this type of situation have much
to gain from the implementation of an S4/IEE business strategy. They can
better appreciate this potential gain when they consider all the direct and
indirect costs associated with their current level of nonconformance.

The S4/IEE methodology described in this book is not only a statistical
methodology but also a deployment system of statistical and other techniques
that follows the high-level S4/IEE project execution roadmap depicted in Fig-
ure 1.12 and further described in Section A.1 in the Appendix. In this exe-
cution roadmap, one might note that S4/IEE follows the traditional Six Sigma
DMAIC roadmap. In addition to the project execution roadmap shown in
Figure A.1, there is a 21-step integration of the tools roadmaps for the fol-
lowing disciplines:

• Manufacturing processes: Section 46.1
• Service/transactional processes: Section 47.2
• Product DFSS: Section 49.2
• Process DFSS: Section 50.1

In S4/IEE and a traditional DMAIC, most Six Sigma tools are applied in
the same phase. However, the S4/IEE project execution roadmap offers the
additional flexibility of breaking down the measure phase to the components
noted in the figure. In addition, the term passive analysis is often used in S4/
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IEE to describe the analyze phase, where process data are observed passively
(i.e., with no process adjustments) in an attempt to find a causal relationship
between input and output variables. Finally, the descriptive term proactive
testing is often used within S4/IEE to describe the tools associated with the
improve phase. The reason for this is that within the improve DMAIC phase
design of experiments (DOE) tools are typically used. In DOE you can make
many adjustments to a process in a structured fashion, observing/analyzing
the results collectively (i.e., proactively testing to make a judgment). It should
be noted that improvements can be made in any of the phases. If low-hanging
fruit is identified during a brainstorming session in the measure phase, this
improvement can be made immediately, which could yield a dramatic im-
provement to the 30,000-foot-level output metric.

In an S4/IEE business strategy, a practitioner applies the project execution
roadmap either during a workshop or as a project after a workshop, as de-
scribed in Figures 1.13 and 1.14. From this effort, Figure 1.15 illustrates how
the process has been simplified, designed to require less testing, and designed
to become more robust or indifferent to the noise variables of the process.
This effort can result in an improvement shift of the mean along with reduced
variability leading to quantifiable bottom-line monetary benefits.

For an S4/IEE business strategy to be successful, it must have upper-level
management commitment and the infrastructure that supports this commit-
ment. Deployment of the S4/IEE techniques is most effective through indi-
viduals, sometimes called black belts or agents, who work full time on the
implementation of the techniques through S4/IEE projects selected on busi-
ness needs (i.e., they have a very beneficial ROI). Direct support needs to be
given by an executive management committee that has high-level managers
who champion S4/IEE projects.

1.10 CREATING AN S4/IEE BUSINESS STRATEGY WITH ROLES
AND RESPONSIBILITIES

For Six Sigma to become a successful business strategy, it needs to have
executive management support and an effective organizational structure. Six
Sigma needs to become a business process management system that:

1. Understands and addresses process components and boundaries
2. Identifies and collectively utilizes process owners, internal customers/

external customers, and other stakeholders effectively
3. Creates an environment for effective project management where the

business achieves maximum benefits
4. Establishes project measures that include key performance metrics with

appropriate documentation



23

D
ef

in
e 

• M
ea

su
re

 •
A

na
ly

ze
 •

Im
pr

ov
e 

• C
on

tro
l

Fr
eq

ue
nc

y 
of

no
n-

co
nf

or
m

an
ceC

us
to

m
er

ne
ed

s

Fr
eq

ue
nc

y 
of

no
n-

co
nf

or
m

an
ceC
us

to
m

er
ne

ed
s

30
,0

00
-F

oo
t-L

ev
el

 M
et

ric

B
ot

to
m

-li
ne

 b
en

ef
it 

is
th

e 
tra

ns
la

tio
n 

of
 th

es
e

di
ffe

re
nc

es
 in

to
 m

on
ey

K
ey

 P
ro

ce
ss

O
ut

pu
t 

V
ar

ia
bl

e

D
ef

in
e

Pr
oj

ec
t

C
on

tr
ol

M
ea

su
re

Pa
ss

iv
e

A
na

ly
sis

Pr
oa

ct
iv

e
Te

st
in

g

Pl
an

 P
ro

je
ct

 a
nd

 M
et

ric
s

W
is

do
m

of
 th

e
O

rg
an

iza
tio

n
M

SA
Ba

se
lin

e
Pr

oj
ec

t

C
on

sid
er

Le
an

To
ol

s

D
M

A
I

C

F
IG

U
R

E
1.

13
S4

/I
E

E
pr

oj
ec

t
tr

ac
ki

ng
,

ex
ec

ut
io

n,
an

d
th

e
be

ne
fit

s:
co

nt
in

uo
us

da
ta

.



24 SIX SIGMA OVERVIEW AND S4 / IEE IMPLEMENTATION

Frequency of
non-conformance

30,000-Foot-Level Metric

Bottom-line benefit is
the translation of these
differences into money

Key Process
Output Variable

Define
Project

ControlMeasure
Passive
Analysis

Proactive
Testing

Plan
 Project

 and Metrics

Wisdom
of the

Organization
MSA

Baseline
Project

Consider
Lean
Tools

D M A I C

Define •Measure •Analyze •Improve •Control

FIGURE 1.14 S4 / IEE project tracking, execution, and the benefits: attribute data.

A force field analysis (see Section 5.10) can be conducted to highlight the
driving and restraining forces for a successful implementation of S4/IEE
within your organization. Action plans need to be created to address large
restraining forces.

S4/IEE projects need to focus on areas of the business that can yield a
high ROI and address the needs of customers. Project black belt implementers
are typically expected to deliver annual benefits of between $500,000 and
$1,000,000, on average, through four to six projects per year. The value of
maintaining and improving customer satisfaction must not be overlooked by
organizations within their S4/IEE activities.

To achieve success, organizations must wisely address Six Sigma metrics
and its infrastructure. The success of Six Sigma is linked to a set of cross-
functional metrics that lead to significant improvements in customer satisfac-
tion and bottom-line benefits. Companies experiencing success with Six
Sigma have created an infrastructure to support the strategy.

The affinity diagram in Figure 5.3 shows a grouping of issues that a team
believed was important to address when creating an S4/IEE business strategy.
The interrelationship digraph (ID) in Figure 5.4 shows a further subdivision
of issues and the interrelationship of these issues:

• Executive leadership and involvement
• Delivered results
• Customer focus
• Strategic goals
• Project selection
• Training and execution
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FIGURE 1.15 Example process improvement and impact to a key process output
variable.
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FIGURE 1.16 Possible S4 / IEE organizational interrelationship.

• Resources
• Black belt selection
• Communications
• Culture
• Metrics (and feedback)
• Planning

Within an S4/IEE infrastructure, several roles and responsibilities need to
be addressed. Some of these roles and possible technical and organizational
interrelationships are shown in Figures 1.16 and 1.17. These roles and re-
sponsibilities for the organizational structure include:

• Executive:
• Motivate others toward a common vision.
• Set the standard, demonstrate the behaviors.
• Use satellite-level and 30,000-foot-level metrics.
• Ask the right questions.
• Use S4/IEE tools in day-to-day operations.
• Be visible.
• Give a short presentation for each S4/IEE training wave.
• Attend project-completion presentations conducted by S4/IEE team.
• Stay involved.

• Steering team:
• Same as executive roles and responsibilities, plus:
• Develop project selection criteria.
• Set policies for accountability for project results.
• Develop policies for financial evaluation of project benefits.
• Establish internal and external communication plan.
• Identify effective training and qualified trainers.
• Develop human resource policies for S4/IEE roles.
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FIGURE 1.17 Possible S4 / IEE technical relationships.

• Determine computer hardware and software standards.
• Set policies for team reward and recognition.
• Identify high potential candidates for S4/IEE roles.

• Champion:
• Remove barriers to success.
• Develop incentive programs with executive team.
• Communicate and execute the S4/IEE vision.
• Determine project-selection criteria with executive team.
• Identify and prioritize projects.
• Question methodology and project-improvement recommendations.
• Verify completion of phase deliverables.
• Drive and communicate results.
• Approve completed projects.
• Leverage project results.
• Reward and recognize team members.

• Master black belt:
• Function as change agents.
• Conduct and oversee S4/IEE training.
• Coach black belts/green belts.
• Leverage projects and resources.
• Formulate project-selection strategies with steering team.
• Communicate the S4/IEE vision.
• Motivate others toward a common vision.
• Approve completed projects.

• Black belt:
• Lead change.
• Communicate the S4/IEE vision.
• Lead the team in the effective utilization of the S4/IEE methodology.
• Select, teach, and use the most effective tools.
• Develop a detailed project plan.
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• Schedule and lead team meetings.
• Oversee data collection and analysis.
• Sustain team motivation and stability.
• Deliver project results.
• Track and report milestones and tasks.
• Calculate project savings.
• Interface between finance and information management (IM).
• Monitor critical success factors and prepare risk-abatement plans.
• Prepare and present executive-level presentations.
• Complete four to six projects per year.
• Communicate the benefit of the project to all associated with the pro-

cess.
• Green belt: Similar to black belt except they typically:

• Address projects that are confined to their functional area.
• Have less training than black belts.
• Are involved with S4/IEE improvement in a part-time role.

• Sponsor:
• Function as change agents.
• Remove barriers to success.
• Ensure process improvements are implemented and sustained.
• Obtain necessary approval for any process changes.
• Communicate the S4/IEE vision.
• Aid in selecting team members.
• Maintain team motivation and accountability.

• Other recommended team resources:
• Overall quality leader to deploy and monitor the S4/IEE business strat-

egy on a broad level.
• Information management support to aid hardware and software pro-

curement and installation for black belts and teams, to establish data-
collection systems that are easily reproducible and reliable.

• Finance support to approve monetary calculations.
• Human resources—employee career path and job descriptions.
• Communications—internal and external.
• Training—to coordinate S4/IEE training for the organization and to

implement training recommended by black belt teams.

Some larger companies have both deployment and project champion roles.
Within this book I will make reference to black belt as the S4/IEE practitioner.
However, many of the tasks could similarly be executed by green belts.

When implementing S4/IEE, organizations need to create a plan that ad-
dresses these issues and their interrelationship. For this to occur, an organi-
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zation needs to be facilitated through the process of creating all the internal
process steps that address these issues, as illustrated within Figure 1.18.
Within this strategy, it is also very beneficial to integrate Six Sigma strategies
with existing business incentives such as lean manufacturing, total quality
management (TQM), Malcolm Baldrige Assessments, and ISO-9000:2000 im-
provements (Breyfogle et al. 2001b). This integration with lean is described
in the next section, while the other topics are discussed in Chapter 54.

Let us now address an issue that I believe is important to the success of
implementing Six Sigma within an organization. It has been my experience
that within many Six Sigma programs projects are pushed (used as a lean
manufacturing term) into the system through the Six Sigma infrastructure.
This approach creates an environment in which it is difficult for Six Sigma
to sustain its effectiveness. I believe a much better approach is to create an
environment that has satellite-level metrics and 30,000-foot-level metrics that
are cascaded throughout the organization. All levels of management would
then ask questions of their subordinates as to what they are doing to improve
their processes; i.e., address common cause issues, as described in Chapter
3. This question, as opposed to the typical firefighting question of what are
you doing to fix today’s problems, can lead to pulling (used as a lean term)
for the creation of S4/IEE projects that address issues that are important to
the success of the business.

It needs to be emphasized that S4/IEE black belts need to be selected who
not only have the capability of learning and applying statistical methodologies
but also are proactive people good at the so-called soft skills of working with
people. S4/IEE black belts will not only need to analyze information and use
statistical techniques to get results but will also need to be able to work with
others through mentoring, teaching, coaching, and selling others on how they
can benefit from S4/IEE techniques. Six skills I think are important to con-
sider when selecting a black belt are:

• Fire in the belly: They have an unquenchable desire to improve the way
an organization does its business.

• Soft skills: They have the ability to work effectively with people in teams
and other organizations.

• Project management: They have the ability to get things done well and
on time.

• Multitasking: They can manage multiple tasks at one time and maintain
focus.

• Big picture: They don’t focus on insignificant details, losing sight of the
big picture.

• Analytical skills: They have good analytical skills.

The first five characteristics are very difficult to teach since these traits are
closely linked with personalities. The statistical methodologies used within
S4/IEE can be easily taught if a person has good analytical skills. When
implementing an S4/IEE business strategy, organizations need to create a
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process for selecting black belts. Organizations initially need to create their
own skill set needs for black belts with a prioritization of these skills (see
Figure 5.6). One means to rank black belt candidates is then to use a priori-
tization matrix/cause-and-effect matrix (see Sections 5.16 and 13.4).

A rule of thumb for the number of black belts within an organization is
1–2% of the total number of employees. Black belts are supported technically
through a master black belt and through the management chain of an orga-
nization by way of a champion. Individuals who are given S4/IEE training to
a lesser extent and support black belts are called green belts.

When an organization chooses to implement Six Sigma, it should use a
group outside its company to help it get started. This group can help with
setting up a deployment strategy, conducting initial training, and providing
project coaching. The decision on which group is chosen can dramatically
affect the success of the implementation of Six Sigma. However, choosing
the best group to help an organization implement Six Sigma can be a chal-
lenge. Some items for consideration are covered in Section A.3 of the Ap-
pendix.

1.11 INTEGRATION OF SIX SIGMA WITH LEAN

There has been much contention between Six Sigma and lean functions. I
will use lean or lean thinking to describe the application of lean manufactur-
ing, lean production, and/or lean enterprise principles to all processes. People
from the Six Sigma community typically say that Six Sigma comes first or
is above lean, relative to application within an organization. People from a
lean discipline typically say that lean comes first or is above Six Sigma,
relative to application within an organization.

The S4/IEE approach integrates the two concepts, where high-level Six
Sigma metrics dictate which of the lean or Six Sigma tools should be used
within an S4/IEE define-measure-analyze-improve-control (DMAIC) road-
map. The application of lean tools is a step within this execution roadmap,
as illustrated within Figure 1.12. When a lean methodology is used to achieve
the goal of a project, the 30,000-foot-level metrics will quantify the benefit
of the change statistically on a continuing basis.

One reason why this integration works especially well within the S4/IEE
approach is that this Six Sigma approach does not require the definition of a
defect for a project. This is very important because lean metrics involve var-
ious waste measures, such as inventory or cycle time, that do not have true
specification criteria like manufactured components. Defect definitions for
these situations can lead to playing games with the numbers.

It is beneficial to dissolve any separate Six Sigma and lean functions that
exist, having the same person work using the most appropriate tool for any
given situation, whether the tool is lean or Six Sigma.
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1.12 DAY-TO-DAY BUSINESS MANAGEMENT USING S4/IEE

Organizations often experience much firefighting where they react to the prob-
lems of the day (see Example 3.1). These organizations need a system where
they can replace much of their firefighting activities with fire prevention. This
can be accomplished by way of an S4/IEE cascading measurement strategy.

With this strategy, metrics are orchestrated through a statistical-based high-
level measurement system. Through the alignment of 30,000-foot-level with
satellite-level and other high-level metrics, organizations can yield meaningful
metrics at the operational level, which have a direct focus on the needs of
the business. The wise use of these metrics can improve the orchestration of
day-to-day activities for organizations.

When we view our system using a set of cascading high-level XmR charts
that has infrequent subgrouping/sampling (see Section 10.3), behaviors
can change. Often previous situations had individual day-to-day out-of-
specification conditions, which were caused by common-cause variability,
were fought as a special-cause event fires. These fires needed immediate at-
tention and often only later reappeared after the extinguishing.

When there are common cause variability problems such that a specifica-
tion is not consistently met, the overall process needs to be changed in order
to improve the metrics. Long-lasting improvements can be accomplished
through S4/IEE projects that address the overall system’s process steps and
its metrics, including the measurement system itself and a control mechanism
for the process that keeps it from returning to its previous unsatisfactory state.

With the S4/IEE approach, process management teams might meet weekly
to discuss their high-level 30,000-foot-level operational metrics. When an
XmR chart that has infrequent subgrouping/sampling shows a predictable pro-
cess that does not yield a satisfactory capability/performance (see Chapter
11) measurement level, an S4/IEE project can be created; i.e., the S4/IEE
project is pulled (using a lean term) by the need to improve the metrics.

This S4/IEE project could become a green belt project that is executed by
a part-time S4/IEE project practitioner who is within a function. Alternatively,
the project might become a larger black belt project that needs to address
cross-functional issues. When improvements are made to the overall system
through the S4/IEE project, the 30,000-foot-level operational metric should
change to an improved level.

Awareness of the 30,000-foot-level metrics and the results of S4/IEE pro-
ject improvement efforts should be made available to everyone, including
those in the operations of the process. This information could be routinely
posted using the visual factory concept typically encountered within lean im-
plementations (see Chapter 44). This posting of information can improve the
awareness and benefits of S4/IEE throughout the organization, which can lead
more buy-in to the S4/IEE methodology throughout the function. This can
result in the stimulation of other improvement efforts, resulting in a dramatic
improvement in the overall satellite-level measures.
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With this approach to the tracking of metrics and the creation of improving
activities, management can change its focus, which might currently be on the
problems of the day. This approach can lead to asking questions about the
status of S4/IEE projects that will improve the overall capability/performance
of their operational metrics. That is, focus will be changed from firefighting
to fire prevention.

1.13 S4/IEE PROJECT INITIATION AND EXECUTION ROADMAP

S4 /IEE DMAIC Application: Appendix Section A.1, Project Execution
Roadmap, Steps 1.2, 1.3, 1.5, 1.7, 2.2, and 9.9

One problem frequently encountered by organizations when implementing Six
Sigma is that all activities can become Six Sigma projects. Organizations need
a process for addressing the classification of projects. The S4/IEE roadmap
clarifies this decision-making process of what is and what is not a project
through the subprocess shown in Figure 1.19, which is a drill down of a
process step shown in Figure 1.18 for the champion. This subprocess also
helps determine whether a project should follow a product design for Six
Sigma (DFSS) or process DFSS execution roadmap (see Chapters 46–49).

Upon completion of the decision that a project will be undertaken, it is
critical that the stakeholders (finance, managers, people who are working in
the process, upstream/downstream departments, suppliers, and customers)
agree to a project problem statement as part of the S4/IEE define phase.

The project scope needs to be sized correctly and documented in a project
charter format. Pareto charts (see Section 5.6) can help prioritize drill-down
opportunities, which often occur when scoping a project. Theory of con-
straints (TOC) (see Chapter 45) techniques can also help identify bottleneck
improvement opportunities, which can dramatically affect the overall system
output.

The project scope should be aligned with improvement needs of its high-
level supply chain map; e.g., the supply chain process decision program chart
(PDPC) shown in Figure 5.8. An SIPOC (suppliers, inputs, process, outputs,
and customers) diagram is a high-level process map that adds supplier and
customer to the IPO described earlier. SIPOC can be useful as a communi-
cation tool that helps team members view the project the same way and helps
management know where the team is focusing its efforts. For each category
of SIPOC, the team creates a list. For example, the input portion of SIPOC
would have a list of inputs to the process. The process portion of SIPOC
should be high-level, containing only four to seven high-level steps (see Chap-
ter 4). How the SIPOC diagram aligns with the high-level supply chain map
and its needs should be demonstrated.

An example S4/IEE DMAIC project charter format is shown in Figure
1.20. All involved must agree to the objectives, scope, boundaries, resources,
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Wisdom of the organization deliverables and report out dateWisdom of the Org.

MSA deliverables and report out dateMSA

Consider  lean  tools deliverables and report out dateConsider Lean Tools

Baseline project deliverables and report out dateBaseline Project

Plan project and metrics phase deliverables and report out datePlan Project and Metrics

Control

Improve

Analyze

Define

Internal Productivity

Financial

Customer

Black be lt, team members and rolesTeam Members

Sponsor, champion, MBB, process owner, financial analystTeam Support

Control phase deliverables and report out date

Proactive testing deliverables and report out date

Passive analysis deliverables and report out date

Define phase deliverables and report out date

              Phase M
ilestones

Describe the expected business performance improvement

Estimated financial impact to the business

Describe the impact and benefits to the final customer

Benefits

Describe improvement goals for these metricsGoal

Include RTY, DPMO as needed     Secondary Metrics

30,000-foot-level, COPQ/CODND, process capability metric     Primary Metrics

Identify KPOVs that will be used for process metricsBaseline Metrics

Project kick-off date and completion dateStart and Completion Date

Project name  and problem statementProject Description

S /IEE Project Charter4

FIGURE 1.20 S4 / IEE project charter.

project transition, and closure. The details on this charter should be updated
as the project proceeds within the overall S4/IEE execution roadmap. The
champion needs to work with the black belt so that the project status is
sufficiently documented within a corporate database that can be conveniently
accessed by others.

At the beginning stages of an S4/IEE project, the champion needs to work
with the black belt and process owner so that the right people are on the
team. Team selection should result in team members being able to give dif-
ferent insights and provide the skills (e.g., self-facilitation, technical/subject
matter expert) needed to the completion of the project in a timely fashion.

The champion, belt belt, and team need to agree on the gap that currently
exists between the process output and the expectations of the customer of the
process, along with a tangible project improvement goal. A drill down from
a high-level process map is to show the area of project focus. A visual rep-
resentation of the project’s 30,000-foot-level metrics needs to show alignment
with the satellite-level metrics for the organization.



36 SIX SIGMA OVERVIEW AND S4 / IEE IMPLEMENTATION

Chapter 53 summarizes project management issues that need to be ad-
dressed for timely project completion. Upon project completion, the champion
needs to work with the black belt to get a final project report that is timely
posted in their organization’s project tracking database.

Figure 1.12 showed the S4/IEE high-level project execution roadmap that
addresses the overall DMAIC roadmap, while Section A.1 in the Appendix
shows the next-level drill-down from this roadmap. However, when executing
a project, novices can have difficulty determining the next step to take when
working on projects. Also, they can have difficulty determining what Six
Sigma tool to use for the various situations that they encounter. To aid users
of this book, I make reference to where tools that are described in this book
fit into this overall roadmap, which is shown in Figure A.1. Shadowed boxes
identify subprocesses that have a further description in another flowchart,
which is covered within our training/coaching at Smarter Solutions, Inc.

Although there are many effective problem-solving tools, the use and
application benefits from them are not often linked to the overall business
needs or objectives. Because of this, teams that completed valuable projects
often do not get the credit and recognition that they deserve. Many traditional
problem-solving tools are described as part of the overall S4/IEE roadmap.
When the application of these tools is part of an S4/IEE infrastructure, the
benefits for making improvements can have more visibility throughout the
organization. This visibility can be very desirable to a team that applied the
techniques, as well as to the organization, since success builds on success.

1.14 PROJECT BENEFIT ANALYSIS

S4 /IEE DMAIC Application: Appendix Section A.1, Project Execution
Roadmap Steps 1.6, 3.7, and 9.6

Traditional COPQ calculations look at costs across the entire company using
the categories of prevention, appraisal, internal failure, and external failure,
as described in Figure 1.21. Organizations often do not disagree with these
categories, but they typically do not expend the effort to determine this costing
for their particular situations.

Organizations need to determine how they are going to determine the ben-
efit of projects. The procedure that they use can affect how projects are se-
lected and executed. I think that other categories need to be considered when
making these assessments. Hence, I prefer the term cost of doing nothing
different (CODND) to COPQ. The reason I have included the term different
is that organizations often are doing something under the banner of process
improvements. These activities could include lean manufacturing, TQM, ISO
9000, and so on.

Let’s use a Days Sales Outstanding (DSO) S4/IEE project example to il-
lustrate two options for conducting a project benefit analysis. For an individ-
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PREVENTION

Training

Capability Studies

Vendor Surveys

Quality Design

APPRAISAL

Inspection and Test

Test Equipment and Maintenance

Inspection and Test Reporting

Other Expense Reviews

INTERNAL FAILURE

Scrap and Rework

Design Changes

Retyping Letters

Late Time Cards

Excess Inventory Cost

EXTERNAL FAILURE

Warranty Costs

Customer Complaint Visits

Field Service Training Costs

Returns and Recalls

Liability Suits

FIGURE 1.21 Traditional quality cost categories and examples.

ual invoice, its DSO would be from the time the invoice was created until
payment was received. CODND considerations could include the monetary
implications of not getting paid immediately (e.g., costs associated with in-
terest charges on the money due and additional paperwork charges) while
COPQ calculations typically involve the monetary implications beyond a cri-
terion (e.g., costs associated with interest charges on the money due after the
due date for the invoice and additional paperwork/activity charges beyond
the due date).

One might take the position that we should not consider incurred costs
until the due date of an invoice since this is the cost of doing business. This
could be done. However, consider that some computer companies actually get
paid before products are built for their Internet on-line purchases and their
suppliers are paid much later for the parts that are part of the product assem-
bly process. If we look at the total CODND opportunity costs, this could lead
to out-of-the-box thinking. For example, we might be able to change our sales
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and production process so that we too can receive payment at the time of an
order.

I like the categories that Iomega used to determine the benefits of projects:

• Bottom-line hard dollar:
• Decreases existing business costs
• Example: defects, warranty, maintenance, labor, freight
• Takes cost off the books or adds revenue to the books

• Cost avoidance:
• Avoids incremental costs that have not been incurred but would have

occurred if project were not performed
• Example: enhanced material or changes that would affect warranty

work
• Lost profit avoidance:

• Avoids lost sales that have not been incurred, but would have occurred
if project had not occurred

• Example: a project reduces frequency of line shutdowns
• Productivity:

• Increases in productivity which improves utilization of existing re-
sources

• Example: redeployment of labor or assets to better use
• Profit enhancement:

• Potential sales increase, which would increase gross profit
• Example: change that was justifiable through a survey, pilots, or as-

sumptions
• Intangible:

• Improvements to operations of business which can be necessary to
control, protect, and or enhance company assets but are not quantifiable

• Example: Administrative control process that could result in high legal
liability expense if not addressed

Further financial analysis basics will be described in the Project Manage-
ment chapter of this book (see Chapter 52).

1.15 EXAMPLES IN THIS BOOK THAT DESCRIBE THE
BENEFITS AND STRATEGIES OF S4/IEE

Many examples included in this book illustrate the benefits of implementing
S4/IEE techniques through projects. The following partial list of examples is
included to facilitate the reader’s investigation and/or give a quick overview
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of the benefits and implementation methodologies for use within S4/IEE train-
ing sessions.

• Generic Process Measurement and Improvement
• Process measurement and improvement within a service organization:

Example 5.3.
• A 20:1 return on investment (ROI) study leads to a methodology that

has a much larger benefit through the changing or even the elimination
of the justification process for many capital equipment expenditures:
Example 5.2.

• Tracking a product to a specification and then fixing the problem does
not reduce the frequency of product nonconformance but can cost a
great deal of money. A better summary view of the process, as opposed
to only measuring the product, can give direction for design improve-
ments and poka-yoke: Example 43.5.

• Improving internal employee surveys to get more useful results with
less effort. The procedure described would also work with external
surveys: Example 43.7.

• A described technique better quantifies the output of a process, includ-
ing variability, in terms that everyone can understand. The process is
a business process that has no specifications: Example 11.5.

• The bottom line can be improved through the customer invoicing pro-
cess: Example 43.8.

• An improvement in the tracking metric for change order times can give
direction to more effective process change needs. Example 43.6.

• Illustrating how the application of S4/IEE techniques improves the
number in attendance at a local ASQ section meeting. The same meth-
odology would apply to many process measurement and improvement
strategies: Example 11.5 and Example 19.5.

• Improving product development: Example 43.1.
• A conceptual example can help with a problem that frequently is not

addressed, such as answering the right question: Example 43.9.
• Design of Experiments (DOE)

• A DOE strategy during development uses one set of hardware com-
ponents in various combinations to represent the variability expected
from future production. A follow-up stress to fail test reveals that de-
sign changes reduce the exposure to failure: Example 31.5.

• Several DOEs are conducted to understand and fix a manufacturing
problem better. A follow-up experiment demonstrates that the imple-
mented design changes not only improve average performance but also
reduce the variability in performance between products: Examples 19.1,
19.2, 19.3, 19.4.
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• The integration of quality functional deployment (QFD) and DOE leads
to better meeting customer needs: Example 43.2.

• Implementing a DOE strategy within development can reduce the num-
ber of no-trouble-founds (NTFs) later reported after the product is
available to customers: Example 30.2.

• Testing Products and Product Reliability
• Improving a process that has defects: Example 5.1.
• A DOE expedites the testing process of a design change: Example 30.1.
• A strategy to capture combinational problems of hardware and software

can quickly identify when design problems exist. The strategy also
provides a test coverage statement: Example 42.4.

• An expensive reliability test strategy requiring many prototype ma-
chines is replaced by a test that gives much more useful results in a
shorter period of time. The results from this test reveal design issues
that could have been diagnosed as NTF, which in many organizations
can cost manufacturing a great deal of money: Example 43.3.

• A customer ongoing-reliability test (ORT) requirement is created to
satisfy a customer requirement so that the activity gives more timely
information leading to process improvement with less effort than typ-
ical ORT plans: Example 40.7.

• A reduced test of preproduction machines indicates that in order to
have 90% confidence that the failure criterion will be met, a total num-
ber of 5322 test hours is needed during which two failures are permit-
ted: Example 40.3.

• An accelerated reliability test consisting of seven components indicates
a wear-out failure mode according to which 75% of the units are ex-
pected to survive the median life specifications. Example 41.1.

• Data from the field indicate a nonconstant failure rate for a repairable
system: Example 40.6.

• Product Design for Six Sigma (DFSS)
• Defining a development process: Example 4.1.
• 21-step integration of the tools for product DFSS: Section 49.2.
• Notebook computer development: Example 49.1.
• An illustration of integration of lean and Six Sigma methods in devel-

oping a bowling ball: Example 44.1.
• A reliability and functional test of an assembly, which yields more

information with less traditional testing: Example 43.3.
• In a DFSS DOE one set of hardware components is configured in

various combinations to represent the variability expected from future
production. A follow-up stress-to-fail test reveals that design changes
reduce the exposure to failure: Example 31.5.
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• The integration of quality functional deployment (QFD) and a DOE
leads to better meeting customer needs and the identification of man-
ufacturing control variables: Example 43.2.

• Implementing a DFSS DOE strategy within development can reduce
the number of no-trouble-founds (NTFs) later reported after the product
is available to customers: Example 30.2.

• Conducting a reduced sample size test assessment of a system failure
rate: Example 40.3.

• Postreliability test confidence statements: Example 40.5.
• Reliability assessment of systems that have a changing failure rate:

Example 40.6.
• Zero failure Weibull test strategy: Example 41.3.
• Pass/fail system functional testing: Example 42.2.
• Pass/fail hardware/software system functional test: Example 42.3.
• A development strategy for a chemical product: Example 43.4.
• A stepper motor development test that leads to a control factor for

manufacturing: Example 30.1.

1.16 EFFECTIVE SIX SIGMA TRAINING AND
IMPLEMENTATION

Section A.4 in the Appendix exemplifies a basic agenda using the topics in
this book to train executives (leadership), champions, black belts, green belts,
and yellow belts. However, there are many additional issues to be considered
in training sessions.

For successful implementation of Six Sigma techniques, the training of
black belt candidates needs to be conducted so that attendees can apply the
concepts to their project soon after the techniques are covered in the S4/IEE
workshop. An effective approach to the training of the Six Sigma concepts
described in this book is four weekly modules spread over four months. Be-
tween workshop sessions, attendees apply to their projects the concepts pre-
viously learned. During this time they also get one-on-one coaching of the
application of the S4/IEE techniques to their project.

In this training process, it is also very important that attendees have the
resources to learn the concepts quickly and to apply the concepts to their
projects. A portable computer should be assigned to all black belts with the
following software installed:

• An easy-to-use statistical program
• Office suite (programs for word processing, spreadsheets, and presenta-

tions)
• Process flowcharting program
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The most effective basic format to deliver the concepts is as follows:

• Present a topic using a computer projector system in conjunction with a
presentation software package.

• Show an example (e.g., using the statistical software).
• Present application exercise in which each student is to analyze a given

set of data on his/her computer in the class.
• Periodically present an application exercise in which teams in the class

work together on a generic application of the concepts recently described;
e.g., four or five team members collect and analyze data from a catapult
exercise; students use this teaching tool that was developed by Texas
Instruments to shoot plastic golf balls and measure the distance they were
projected. [Note: Team catapult exercises will be described as exercises
throughout this book. See the Glossary for a description of the catapult.]

• Periodically discuss how the techniques are applicable to the projects.

I have found that it is very beneficial for participants to create a presen-
tation of how they applied S4/IEE techniques to their projects. Each person
gives a presentation of his/her project using a computer projector system and
presentation software during weeks 2, 3, and 4. The instructor can evaluate
the presentation and give the presenter written feedback.

Each organization needs to create a process that establishes guidelines for
the selection, execution, and reporting of projects. Some things to consider
and related issues when determining these guidelines are the following:

• Metrics and Monetary Issues:
• Consider how to quantify and report in simple terms how the process

is doing relative to customer and business needs (see Section 1.19).
Consider also how defects-per-million opportunities (DPMO) would be
reported if this metric were beneficial. With an S4/IEE strategy, we do
not force measurements on projects that do not make sense.

• Decisions must be made relative to how monetary S4/IEE project ben-
efits are determined. Consider whether hard, soft, or both types of sav-
ings will be tracked; e.g., hard savings have to show an impact to the
accounting balance sheet before reported. Soft savings would include
an efficiency improvement that in time would save money because
fewer people would later be required to conduct the task. Before mak-
ing this decision, I suggest first reviewing Examples 5.2 and 5.3. I
believe that it is important to have a measurement that encourages the
right activity. For the black belts, one of the primary measurements
should be a monetary saving. When a strict accounting rule of only
‘‘hard money’’ is counted, the wrong message can be sent. A true hard
money advocate would probably not allow for cost avoidance. For ex-
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ample, a black belt who reduced the development cycle time by 25%
would get no credit because the savings were considered soft money.

• Target S4/IEE Project Completion Dates and Stretch Goals:
• Consider having a somewhat flexible amount of time, one to three

months, after the last S4/IEE workshop session, to account for project
complexity.

• Consider having stretch goals for projects, both individually and col-
lectively. It is very important that management not try to drive im-
provement only through these numbers. Management must instead
orchestrate efforts that lead to the most effective activities that can
positively affect these metrics.

• Recognition/Certification:
• Consider the certification process for someone to become a black belt.

Perhaps she should have demonstrated a savings of at least $100,000
in projects, obtained a level of proficiency using S4/IEE tools, and
given good documentation of project results in a format that could be
published.

• Consider how black belts and others involved within an S4/IEE imple-
mentation will be recognized.

1.17 COMPUTER SOFTWARE

Most tedious statistical calculations can now easily be relegated to a computer.
I believe that for a Six Sigma business strategy to be successful, practitioners
must have good versatile statistical software used in their training and readily
available for use between and after training sessions. The use of statistical
software in training sessions expedites the learning of techniques and appli-
cation possibilities. The availability and use of a common statistical software
package in an organization following a training session will improve the fre-
quency of application of the techniques and communications within/between
organizations and their suppliers/customers.

An organization should choose a common computer program that offers
many statistical tools, ease of use, good pricing, and technical support. Quality
Progress (a magazine published by the American Society for Quality [ASQ],
Milwaukee, WI) periodically publishes an article describing the features of
computer program packages that can aid the practitioner with many of these
tasks. The charts, tables, and analyses produced in this book were created
with Minitab or Excel.

Reiterating, I believe that black belt workshops should include only the
minimal number of manual exercises needed to convey basic understanding.
Typically, we no longer do manual manipulation of statistical data; hence, a
majority of instruction within an S4/IEE workshop should center around use
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of this computer program on a laptop computer assigned to the individual.
After workshop sessions are complete, the student will then have the tools to
efficiently apply S4/IEE techniques immediately.

It needs to be emphasized that even though computer software packages
are now very powerful, problem solutions and process improvements are not
a result of statistical computer programs. Unfortunately, computer program
packages do not currently give the practitioner the knowledge to ask the right
question. This book addresses this most important task along with giving the
basic knowledge of how to use computer program packages most effectively.

1.18 SELLING THE BENEFITS OF SIX SIGMA

All the CEOs of partnering companies within the Six Sigma benchmarking
study described in Section A.2 in the Appendix were a driving force for the
initiation of Six Sigma within their company. However, there are many situ-
ations in which someone in an organization believes in the methodology but
does not have top executive buy-in. For this case, consider the following
strategies to gain executive buy-in:

Strategy 1: Present the alternatives.
Strategy 2: Illustrate an application.

With strategy 1 the monetary impact of the following alternatives is deter-
mined and presented to influential managers within the company.

• Do nothing different: This might be the best alternative, but before mak-
ing this decision the cost of doing nothing different (CODND) needs to
be determined and compared to the cost-of-doing-something. When cal-
culating the CODND, consider future trends that might even drive a
company out of business.

• Implement Six Sigma as a business strategy: With this approach, an in-
frastructure is created, in which key improvement projects follow a struc-
tured methodology and are tied to strategic business metrics. Executive
support is a necessary element! The Six Sigma business strategy has the
most benefit, if it is executed wisely.

• Implement Six Sigma as a program: With this approach, there is focus
on the training of Six Sigma tools and their application. Application
project selection does not necessarily align with the needs of the business.
This approach is easier than implementing Six Sigma as a business strat-
egy but risks becoming the ‘‘flavor of the month’’ and does not capture
the buy-in necessary to reap large bottom-line benefits.
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With strategy 2 a highly visible situation is chosen. The selected situation
should have caused much anguish and firefighting within a company over
time. Data are then collected and presented in a high-level (30,000-foot-level)
control chart. The following topics are included in a presentation to influential
managers.

• COPQ/CODND, including costs of firefighting and implications of future
trends if something is not done different

• Roadmap of how this situation could be improved through the wise im-
plication of Six Sigma techniques

For companies, improvement messages, strategies, or discussions with ex-
ecutives need to be undertaken when the timing is right. We need to have a
pull (used as a lean term) for a solution attitude, as opposed to pushing
information. That usually occurs when the pain is so great that the feeling is
that something has to be done for survival.

1.19 S4/IEE DIFFERENCE

I am including this section early in this book so the practitioner can easily
see the differences and advantages of the S4/IEE over traditional Six Sigma
strategies. A novice to the techniques may wish to only scan this section since
he or she may encounter terms that are unfamiliar, which will be discussed
later.

Traditionally, within Six Sigma effort is given to identifying critical to
quality (CTQ) characteristics issues (or process Y outputs), which are to be
in alignment to what the customer wants. A defect is then considered any
instance or event in which the product or process fails to meet a customer
requirement. One problem with this approach is that Six Sigma is viewed as
a quality program, which can lead to playing games with the numbers if there
is no undisputable definition for what a defect truly is.

Six Sigma should be viewed as more than a quality improvement program.
The methodologies of Six Sigma should be an integral part of the operations
and measurements of a company. A Six Sigma business strategy should lead
to projects that can involve either simple process improvements or complex
reengineering that is aligned to business needs.

In lieu of defining a CTQ parameter for each project, I prefer to identify
an important process output variable generically as a key process output vari-
able (KPOV). When this is done, the implication to others is that Six Sigma
is more than a quality initiative.

An S4/IEE strategy would track the KPOV metric at a high level, e.g.,
30,000-foot level. This would be the Y output of a process that is expressed
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as Y � ƒ(x); i.e., Y is a function of x. In S4/IEE, an important x in this
equation is referred to as a key process input variable (KPIV). In S4/IEE, the
tracking of this metric would be at a 50-foot level.

S4/IEE discourages the use of the commonly used metric, sigma quality
level; e.g., a 3.4 parts per million defect rate equals a six sigma quality level.
There are several reasons for taking this position. One issue is that this metric
is a quality metric. To apply this metric to the other measures of the business,
such as a reduction of cycle time and waste, one has to define a specification.
This creation of a specification often leads to playing games with a value in
order to make the sigma quality level number look good. This is one reason
why many organizations are having trouble integrating Six Sigma with lean
methodologies; i.e., cycle time and waste do not really have specification
limits as manufactured products do. In addition, the logistics and cost to
calculate this metric, which has little if any value, can be very expensive. See
Example 43.10 for a more in-depth discussion of these issues.

I will next describe the approach for measurements within S4/IEE. With
the S4/IEE methodology, key business enterprise metrics such as ROI and
inventory (as a TOC metric) are tracked at a high level; e.g., XmR statistical
control chart (see Chapter 10), where there is a subgrouping/sampling rate
that is infrequent, perhaps monthly (see infrequent subgrouping/sampling de-
scription in Glossary). Our satellite-level measurement strategy for these high-
level business metrics separates common cause variability from special cause
variability. The separation of these two variability types offers organizations
a means to get out of the firefighting mode, where common cause variability
issues can be treated as though they were special cause.

When common cause variability with a satellite-level metric is unsatisfac-
tory, the organization should then define a Six Sigma project(s) leading to
improvement of this business measurement. With an S4/IEE strategy, the out-
put from the processes that these projects are to improve would be tracked
using a 30,000-foot-level measurement strategy. With this strategy, at least
one key process output variable (KPOV) metric for each project is tracked
using an XmR statistical control chart that has an infrequency subgrouping/
sampling period, e.g., perhaps one unit or group of units collective analyzed
per day or week on an XmR statistical control chart.

The purpose of a Six Sigma project is to find key process input variables
(KPIVs) that drive the KPOV. For example, temperature (KPIV) in a plastic
injection-molding machine affects the overall dimension of a part (KPOV).
With an S4/IEE strategy, we would focus on what should be done to control
this KPIV through our 50-foot-level measurement and improvement strategy.
The tracking of this metric would utilize an XmR statistical control chart that
has a frequent sampling period, e.g., one unit sampled, measured, and tracked
every minute or hour.

When an improvement is made to our process, the 30,000-foot-level mea-
surement should show a sustainable shift to a new level of common cause
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variability for the KPOV of the project. In addition, the satellite-level metric
should in time be impacted favorably. This approach creates a linkage and
feedback methodology between processes and the enterprise system as a
whole.

Within a Six Sigma business strategy, we are trying to determine the pulse
of the business, which requires more than just a snapshot of the latest results
from a process or business metric. There is a real need to create a continuous
picture that describes key outputs over time, along with other metrics that
give insight to focus areas for improvement opportunities. Unfortunately, or-
ganizational policy often encourages practitioners to compile data in a format
that does not lead to useful information. This problem is overcome when an
organization follows the S4/IEE methodology and uses the described mea-
surement strategy.

In addition to discouraging the use of the sigma quality level metric, I also
highlight the confusion that can result from common process capability/per-
formance indices such as Cp, Cpk, Pp, and Ppk. I realize that customers often
ask for these metrics; hence, you may need to calculate these metrics and
supply these numbers to your customers. Chapter 11 describes alternatives
for making these calculations, as well as how these metrics can be very de-
ceiving and why I believe that these metrics should not be used to drive
improvement activities within organizations. Chapter 11 also discusses why I
believe that a better metric is simply an estimate for the percentage or parts
per million (ppm) beyond a desired response. Perhaps you can ask your cus-
tomer to read sections of this book that describe my argument for why the
Cp, Cpk, Pp, and Ppk metrics can be deceptive and expensive in that they can
lead to the wrong activities. Perhaps this suggestion can be the stimulus for
the creation of a new set of measures that you supply your customer.

I think that it can be a very detrimental requirement that all Six Sigma
projects must define a defect. One reason for making this requirement with a
Six Sigma initiative is that this is a requirement for a sigma quality level to
be calculated. An attractive selling point for making this requirement is that
now all organizations can be compared through this one metric, sigma quality
level. This might sound good, but it is not practical. Consider how we might
define the opportunity for a defect on a sheet of titanium metal. Would this
be the number of defects per square inch, foot, meter, or millimeter? Consider
also: how might we define a defect for days sales outstanding (DSO) for an
invoice? Should we consider the specification to be 30 days late or 90 days
late? These two situations are quite different. For the first situation, an S4/
IEE approach would suggest choosing a convenient area opportunity for the
titanium sheet, tracking over time this defect rate, and translating this rate
into monetary and customer dissatisfaction terms. For DSO, we could track
this metric as a continuous response using a 30,000-foot-level metric sampling
strategy. We could then quantify from a probability plot (see Chapter 8) the
estimated percentage beyond our desired response, perhaps the number of
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days beyond the due date of an invoice, where this due date could be 30, 60,
or 90 days. Note that this probability plot could be from normal, log-normal,
Weibull, or multiple distributions (see Chapter 9).

The S4/IEE approach to Six Sigma implementation leads to other oppor-
tunities. Consider customer relationship management (CRM). Integrating
sales, marketing, and customer service channels is important to an organiza-
tion. Historically, implementing these CRM applications can cost more than
realized in time, money, and lost opportunities. Companies want to automate
key customer-facing business functions to deliver greater efficiencies and pro-
vide better customer service. We need to work on fire prevention rather than
firefighting when working with customers. To do this, we need to have metrics
and a process improvement strategy that drives the right type of activities.
An S4/IEE implementation of Six Sigma can address these needs.

Another application for the S4/IEE methodology is a structured improve-
ment methodology required for ISO 9000:2000. An organization could ad-
dress the requirement by stating that the processes that it would be focusing
on for improvement would be identified by the S4/IEE implementation infra-
structure. The project execution would then follow the S4/IEE roadmap.

It is best if the CEO of a company embraces Six Sigma methods from the
start. However, we have found this is not a prerequisite to initiate Six Sigma.
Sometimes a CEO or other management wants to experience the success of
Six Sigma first before committing to a organization-wide deployment. For
this situation, whether the company is large or small, we have found that a
company can send one to five people to a public black belt workshop and
work from there with their deployment. True, this is typically a harder path
for the black belt. However, we have seen that if an influential executive who
truly wants to assess Six Sigma sponsors the black belt, this approach can
work. For this rollout model, we conduct on-site executive and infrastructure
building workshops either in the same time frame or upon completion of the
black belt training. Sometimes with this approach, especially in small com-
panies, the black belt can have multiple Six Sigma roles.

1.20 S4/IEE ASSESSMENT

Often people suggest that Six Sigma is the same as total quality management
(TQM). I disagree. However, before making any generalities about the ad-
vantages of Six Sigma over TQM, emphasis needs to be given that there have
been implementation and success/failure differences for both TQM and Six
Sigma. Some generic advantages of using an S4/IEE implementation are:

• Focus is given to bottom-line benefits for organizations, where project
monetary benefits are verified by finance. At the executive level this
breeds excitement since improvement work is being aligned to the pri-
mary measure of success.
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• A support infrastructure is created where specific roles exist for people
to be full-time practitioners (black belts) and to fill other support/ lead-
ership roles (e.g., champions, green belts, etc.).

• Practitioners follow a consistent project execution roadmap, i.e., DMAIC.
• Rather than a quality program it is a business strategy that helps drive

the business to the right activities.
• Projects are pulled (used as a lean term) for creation by the metrics that

drive the business. However, I must note that often companies push (used
as a lean term) when creating Six Sigma projects, which may not be the
best utilization of resources.

• Voice-of-the-customer focus is given at both the satellite-level business
metrics and 30,000-foot-level project execution metrics.

When implementing Six Sigma we need to capitalize on the lessons learned
from other implementations (see Section A.2). My experiences are consistent
with the summary of common case study attributes from Snee and Hoerl
(2003):

Very Successful Case Studies Less Successful Case Studies
• Committed leadership
• Use of top talent
• Supporting infrastructure

• Formal project selection process
• Formal project review process
• Dedicated resources
• Financial system integration

• Supportive leadership
• Use of whoever was available
• No supporting infrastructure

• No formal project selection
process

• No formal project review
process

• Part-time resources
• Not integrated with financial

system

When organizations are considering making a change, they will consider
associated costs but will not give adequate focus to the cost of not making a
change. When organizations are considering the costs of implementing an S4/
IEE business strategy, they should look not only at direct costs of implemen-
tation but also at the costs associated with not implementing S4/IEE, i.e.,
CODND.

S4/IEE projects need to be of a manageable size, with consideration of the
impact on the overall system and bottom-line improvements. Consider also
including cost avoidance and soft savings in the bottom-line improvement of
projects.

In development, S4/IEE techniques can lead to earlier problem detection
and fewer problem escapes, with reduced development time. In manufactur-
ing, these techniques can lead to a reduced number of problem escapes, the
problem being fixed the first time, and better process understanding. The
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FIGURE 1.22 Product DFSS with DMAIC.

economics associated with these results can be very significant. Figure 1.22
shows how product DFSS and DMAIC align with a product’s life cycle
(Scherkenbach 2002). Chapters 48 and 49 discuss the product DFSS process,
which uses many of the DMAIC tools only in a different sequence (see Sec-
tion 49.4).

It is important that management not only drive through the metrics, but
also focus on asking the right questions leading to the right activity. A Six
Sigma program can fail because emphasis is only on output measurements,
not on real process improvement. For example, the type of management focus
that reprimands workers when they do not meet an arbitrarily set target will
surely make the numbers look good while real process improvement falls by
the wayside. Consider making the primary focus of a Six Sigma business
strategy a structured strategy for improvement, not a bureaucratic system for
data collection and reporting. When creating the organizational infrastructure
that supports a Six Sigma business strategy, it is important to utilize Deming’s
14 points (see Section 54.2).

Finally, let us consider communications between practitioners and execu-
tives. The quality community for years has complained that management has
not listened and supported its quality initiatives. The quality professionals
blame management. I do not agree. In my opinion, we in the quality and
process improvement field are to blame because in the past we often showed
a lack of ability to communicate well in terms that executives understand.

To illustrate my point, consider traveling to a country and not speaking the
language of that country. We should not expect everyone in the country to
learn our language to communicate with us. We either have to learn the
language or figure out an alternative way to communicate through a common
language, like hand gestures. Similarly, a quality professional should not ex-
pect executives to take the time to learn everything there is to know about
the language of the quality profession. The quality practitioner often needs
to do a better job of communicating to executives using a language that they
understand, namely, money.

One might argue that this communication strategy in money terms cannot
be done and should not be done in all situations. The statement might be
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made that there are many activities that cannot be translated into money. I
will not agree or disagree. However, I do believe that more issues can be
translated into monetary terms than are currently receiving this translation.
More importantly, consider a situation in which there are no communication
problems between practitioners and the right things are getting done. For this
situation, there is no reason to address changing the communication structure.
However, if communication problems do exist between executive manage-
ment and practitioners, perhaps more issues (and Six Sigma project work)
should be communicated in monetary terms. Because of this change, a prac-
titioner could receive more recognition for his or her accomplishments and
additional support for future efforts.

Peter Senge (1990) writes that learning disabilities are tragic in children
but fatal in organizations. Because of them, few corporations live even half
as long as a person—most die before they reach the age of 40. ‘‘Learning
organizations’’ defy these odds and overcome learning disabilities to under-
stand threats and recognize new opportunities. If we choose to break a com-
plex system into many elements, the optimization of each element does not
typically lead to total system optimization; e.g., optimizing purchasing costs
by choosing cheaper parts can impact manufacturing costs through an increase
in defect rates. One focus of S4/IEE is on avoiding optimizing subsystems at
the expense of the overall system. With systems thinking we do not lose sight
of the big picture. The methodologies of S4/IEE offer a roadmap for changing
data into knowledge that leads to new opportunities. With S4/IEE, organiza-
tions can become learning organizations!

1.21 EXERCISES

1. Define satellite-level metrics for a for-profit company, nonprofit organi-
zation, school, religious organization, or political organization.

2. Create a strategic plan for improving a set of satellite-level metrics for
one of the categories noted in Exercise 1.

3. Create a set of 30,000-foot-level operational metrics that are aligned with
the Satellite-level metrics described in Exercise 1 and the strategic plan
that is described in Exercise 2.

4. Describe an S4/IEE project as a problem statement that you would expect
would be pulled from the activities described in Exercises 1, 2, and 3.
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2
VOICE OF THE CUSTOMER AND
S4/IEE DEFINE PHASE

A basic theme of this book is that the key system outputs of an organization
should be tracked as a process. When improvements are needed to the system
metrics, focus should be given to improving the processes that are most
aligned with these metrics.

One output that should be important to all systems at both the satellite
level and 30,000-foot level is customer satisfaction. However, this voice of
the customer (VOC) output can sometimes be difficult to quantify meaning-
fully, remembering that we want to do things smarter, not play games with
the numbers. In this chapter I will discuss some strategies for collecting the
voice of the customer, while Chapter 13 elaborates on quality function de-
ployment (QFD), a tool that can also help with these objectives.

Leaders in an organization need to ask the right questions leading to the
wise use of statistical and other techniques for the purpose of obtaining knowl-
edge from facts and data. Leaders need to encourage the wise application of
statistical and other techniques for a Six Sigma implementation to be suc-
cessful. This book suggests periodic process reviews and projects based on
S4/IEE assessments leading to a knowledge-centered activity (KCA) focus in
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all aspects of the business, where KCA describes efforts for wisely obtaining
knowledge and then wisely utilizing this knowledge within organizations and
processes. KCA can redirect the focus of business so that efforts are more
productive. To accomplish this, we need to have a strategy for measurement
and improvement. This chapter discusses goals and the S4/IEE define phase
(see Section 2.7).

2.1 VOICE OF THE CUSTOMER

Consider products that a customer has purchased that do not meet his or her
expectations. Perhaps a product has many ‘‘bells and whistles’’ but does not
meet his or her basic needs. Or perhaps the product is not user-friendly or
has poor quality. Will a customer take the time to complain about the product
or service? Will the customer avoid purchasing products from the same com-
pany in the future? The importance of achieving customer satisfaction is an
important attribute of an S4/IEE implementation.

Important marketplace phenomena that apply to many consumer and in-
dustrial products are (Goodman 1991):

• Most customers do not complain if a problem exists (50% encounter a
problem but do not complain; 45% complain at the local level; 5% com-
plain to top management).

• On problems with loss of over $100 and where the complaint has been
resolved, only 45% of customers will purchase again (only 19% if the
complaint has not been resolved).

• Word-of-mouth behavior is significant. If a large problem is resolved to
the customer’s satisfaction, about 8 persons will be told about the ex-
perience; if the customer is dissatisfied with the resolution, 16 other per-
sons will be told.

These realities of business make it important to address customer satisfac-
tion, along with customer retention and loyalty. A calculation for the eco-
nomic worth of a loyal customer is the combination of revenue projections
with expenses over the expected lifetime of repeated purchases. The economic
worth is calculated as the net present value (NPV) of the net cash flow (prof-
its) over the time period. This NPV is the value expressed in today’s money
of the profits over time (see Chapter 52).

With regard to customers, it should be emphasized that the end user of a
product is not the only customer. For example, a supplier that manufactures
a component part of a larger assembly has a customer relationship with the
company responsible for the larger assembly. Procedures used to determine
the needs of customers can also be useful to define such business procedural
tasks as office physical layout, accounting procedures, internal organization
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FIGURE 2.1 Kano diagram: Satisfied feeling versus condition.

structure, and product test procedures. Focusing on the needs of customers
goes hand in hand with ‘‘answering the right question’’ and the S4/IEE as-
sessments throughout this book. Within an S4/IEE strategy, the voice of the
customer is assessed at two levels: the high level of the organization (satellite
level) and the project level (e.g., 30,000-foot level).

Customer needs are dynamic. Product features that were considered wow
features in the past are now taken for granted. For example, a person seeing
for the first time a car that does not need a crank start would consider this a
wow change; however, electronic starters are now taken for granted. Noritaki
Kano’s description of this is illustrated conceptually in the Kano diagram
shown in Figure 2.1.

The arrow in the middle, one-dimensional quality, shows the situation in
which the customers tell the producer what they want and the producer sup-
plies this need. The lower arrow represents the items that are expected. Cus-
tomers are less likely to mention them but will be dissatisfied if they do not
receive them. Safety is an example in this category. The top arrow represents
wow quality. These are the items that a normal customer will not mention.
Innovative individuals within the producer’s organization or leading edge
users need to anticipate these items, which must be satisfiers, not dissatisfiers.

To capture VOC at the satellite level, organizations need input from a
variety of sources, such as audits, management systems, unbiased surveys and
focus groups, interviews, data warehouse, and complaints. Organizations need
a process that captures and integrates this information so that they are going
in the right direction and have the best focus relative to customer require-
ments. This assessment can lead to improvement opportunities that result in
S4/IEE projects.
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TABLE 2.1 Example Questionnaire Format That Can Give a Perceptual
Map Response

The products produced by our company are reliable. (Please comment on any spe-
cific changes that you believe are needed.)

What is the importance of this require-
ment to you?

What is your level of satisfaction that
this requirement is met?

5 Very important 5 Very satisfied
4 Important 4 Satisfied
3 Neither important nor unimportant 3 Neither satisfied nor unsatisfied
2 Unimportant 2 Unsatisfied
1 Very unimportant 1 Very unsatisfied

Response: Response

Comments:

2.2 A SURVEY METHODOLOGY TO IDENTIFY
CUSTOMER NEEDS

Situations often do not necessarily require all the outputs from a formal QFD,
noting that an accurate QFD investigation can be useless if it is not conducted
and compiled in a timely fashion.

This section describes an approach that utilizes brainstorming techniques
along with surveys to quantify the needs of customers. The following steps
describe an approach to determine the questions to ask and then quantify and
prioritize needs, as perceived by the customer.

1. Conduct brainstorming session(s) where a wish list of features, problem
resolutions, and so forth are identified.

2. If there are many different brainstorming sessions that contain too many
ideas to consider collectively in a single survey, it may be necessary to
rank the individual brainstorming session items. A secret ballot rating
for each topic by the attendees could be done during or after the ses-
sions. The items that have the highest rankings from each brainstorming
session are then considered as a survey question consideration.

3. A set of questions is then determined and worded from a positive point
of view. Obviously, care needs to be exercised with the wording of these
questions so as not to interject bias. The respondent to the question is
asked to give an importance statement and a satisfaction statement rel-
ative to the question. The question takes the form shown in Table 2.1.

4. The information from this type of survey can be plotted in a perceptual
map (Urban and Hasser 1980) format.
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FIGURE 2.2 Coordinate system and example data for a perceptual map.

A plot of this type can be created for each respondent to the survey, where
the plot point that describes a particular question could be identified as its
survey question number, as illustrated in Figure 2.2. Areas that need work
are those areas that are judged important with low satisfaction (i.e., questions
8 and 4).

The average question response could similarly be plotted; however, with
any analysis approach of this type, care must be exercised not to lose indi-
vidual response information that might be very important. An expert may rate
something completely differently from the rest of the group because he or
she has much more knowledge of an area. Some effort needs to be given to
identify these people so that they can be asked more questions individually
for additional insight that could later prove to be very valuable; i.e., let us
not miss the important issues by ‘‘playing games’’ with the numbers.

Determining the areas that need focus from such a plot would not be
rigorous because the response has two-dimensional considerations (impor-
tance and satisfaction). To address a more rigorous approach, consider first
the extreme situation where a question is thought to be very important (i.e.,
a 5) with low satisfaction (i.e., a 1). The difference between the importance
and satisfaction numbers could be used to create a number that is used for
the purpose of determining which areas have the largest opportunity for im-
provement. A large number difference (i.e., 4) indicates an area that has a
large amount of potential for improvement, while lower numbers have less
potential (a negative number is perhaps meaningless) (Wheeler 1990). These
differences could then be ranked. From this ranking, a better understanding
of where opportunities exist for improvement can result. From this ranking,
we might also rank important questions, which can be grouped to get a better
idea of what areas should have the most focus for change.

This survey procedure is usually associated with determining the needs and
wishes of the end users of a product. However, good customer-supplier re-
lationships should exist within a company. Consider, for example, two steps
of a process in a manufacturing line. People involved with the second step of
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the process are customers of the people who are involved with the first step
of the process.

A customer-supplier relationship can also be considered to exist between
the employees of an organization and the procedures that they use, for ex-
ample, to develop a product. The methodology described in this section could
be used to identify bureaucratic procedures that hamper productive activities
of employees. After these areas are identified, additional brainstorming ses-
sions could be conducted to improve the areas of processes that need to be
changed.

2.3 GOAL SETTING AND MEASUREMENTS

We are trained to think that goals are very important, and they are. Goals are
to be SMART: simple, measurable, agreed to, reasonable, and time-based.
However, these guidelines are often violated. Arbitrary goals set for individ-
uals or organizations can be very counterproductive and very costly. To il-
lustrate my point, consider two situations in your personal life.

Situation 1

You have a great deal of work that needs to get done around your house or
apartment. A goal to get more work done on a Saturday can be very useful.
Consider two scenarios relative to this desire:

• You can set a goal for the number of tasks you would like to accomplish,
create a plan on how to accomplish these tasks most efficiently, and track
how well you are doing during the day to meet your goal. You would
probably get more done with this strategy than just randomly attacking
a list of to-do items.

• Your spouse or friend can set an arbitrary goal for the number of tasks
you are to accomplish. If he/she does not create a plan and the goals are
set arbitrarily, you will probably not accomplish as much as you would
under the previous scenario because there is no plan and you do not
necessarily have to buy into the tasks that are to be accomplished.

Situation 2

You would like to make 50% return on your investment next year. Consider
two scenarios relative to this desire:

• You choose some mutual funds that have tracked well over the last few
years; however, their yield was not as large as you desired. Because this
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goal is important to you, you decide to track the yield of your portfolio
daily and switch money in and out of the funds, always keeping in mind
your 50% return on investment goal.

• You evaluate some quality index mutual funds that have tracked well
over the last few years. You decide that your goal was too aggressive
because these funds have not had the yield that you would like to obtain.
You alter your plan and choose an investment plan of buying and holding
a balanced portfolio of quality index mutual funds with minimal switch-
ing of funds.

Situations 1 and 2 are very different relative to goal setting. In the first
situation, goal setting can be useful because you do have some control over
the outcome—if there is buy-in by the person doing the implementation. In
the second situation, goal setting could be very counterproductive because
you do not directly control the outcome of the process (i.e., how well the
stock market will do next year). The first option scenario to situation 2 will
probably add additional variability to your investment process and can cause
significant losses. The second plan to address this goal is better because you
did research choosing the best process for your situation and took the resulting
yield, even though you might not achieve your goal.

Management can easily get into the trap of setting arbitrary goals for peo-
ple in which the outcome is beyond the scope of control of the employee. To
illustrate this point, consider a manufacturing process that has 90% of its
problems from supplier quality issues. Often the approach to meet aggressive
goals for this situation is to monitor suppliers closely and hold them account-
able whenever quality problems occur or to add inspection steps. These may
be the only courses of action that manufacturing employees can take and will
not be very productive with regard to meeting any improvement goals.

However, if management extends the scope of what employees can do to
fix a problem, then things can change. Perhaps manufacturing employees can
be more involved with the initial supplier selection. Or perhaps manufacturing
employees can work with engineering to conduct a DOE for the purpose of
changing settings of the manufacturing process (e.g., process temperature or
pressure) so that high-quality product can be achieved with raw material of
lesser quality.

Note that I do not mean to imply that stretch goals are not useful, because
they are. Stretch goals can get people to think ‘‘out of the box.’’ However,
goals alone without a real willingness to change and a road map to conduct
change can be detrimental.

There is another consideration when setting goals: the scorecard. Vince
Lombardi said, ‘‘If you are not keeping score, you are just practicing.’’ A
scorecard worksheet can be useful for metric development when organization,
product, process, and people are each assessed against performance, schedule,
and cost. The implication of this is that organizations should not just measure
against sigma quality levels and/or process output defect rates.
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FINANCIAL

 Inventory levels
 Cost per unit
 Hidden factory
 Activity-based costing
 Cost of poor quality
 Cost of doing nothing different
 Overall project savings

CUSTOMER

 Customer satisfaction (CTQ)
 On-time delivery
 Product quality (KPOV)
 Safety
 Communications

INTERNAL PROCESS

 Defects: inspection data, DPMO, Sigma
 quality level
 On-time shipping
 Rolled throughput yield
 Supplier quality
 Cycle time
 Volume hours
 Baseline measurements
 KPIVs

LEARNING AND GROWTH

 Six Sigma tool utilization
 Quality of training
 Meeting effectiveness
 Lessons leaned
 Number of employees trained in Six Sigma
 Project schedule vs. actual completion
 dates 
 Number of project completed
 Total dollars saved on Six Sigma projects to
 date

FIGURE 2.3 Balance scorecard.

2.4 SCORECARD

Often organizations can spend much resource developing balanced scorecard
metrics throughout their organization. Balanced scorecard is often organized
around the four distinct performance perspectives of financial, customer, in-
ternal business process, and learning and growth (Kaplan and Norton 1996).

The status of any balanced scorecard metrics could then be reported as a
single number within a dashboard of dials. Someone would then be assigned
the task of fixing the problem whenever the position of needle on the dial is
in a red region, which indicates a nonconformance state. Metrics within the
yellow state are to be observed more closely since they are in the warning
region, while everything is considered okay when the needle is in the green
region.

Reporting and reacting to metrics in this manner can lead to the same types
of problems described in Example 3.1. A tracking and reporting procedure
that uses 30,000-foot-level control charts and process capability/performance
non-conformance rate assessment of important operational metrics for both
variables and attribute measures, can lead to S4/IEE projects, when appro-
priate, that are aligned with the needs of the business. If one wishes to use
traditional balanced scorecard criteria, Figure 2.3 shows how the metrics of
Six Sigma can be categorized into balanced scorecard metrics.

How much success an S4/IEE business strategy achieves can depend upon
how goals are set and upon any boundaries that are given relative to meeting
these objectives. In addition, if scorecards are not balanced across an orga-
nization, people can be driving their activities toward a metric goal in one
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area, adversely affecting another metric or area. The result is that even though
the person appears successful since he/she met his/her goal, the overall or-
ganization can suffer.

2.5 PROBLEM SOLVING AND DECISION MAKING

One process for problem solving or decision making is:

• Become aware of a problem or needed action.
• Define the problem or needed action.
• Consider alternatives and their consequences.
• Select an approach.
• Implement the approach.
• Provide feedback.

This may not be an all-inclusive list; however, often deviations from the
flow are large. For example, someone may determine a quick fix to a crisis
in the manufacturing line. The person may have created other problems with
the quick fix because he or she did not discuss the alternatives with other
individuals. In addition, there may be no feedback to determine whether the
problem fix was effective for future production.

An additional concern arises in that the wrong basic problem is often
solved; this is often called a type III error. Type I and type II errors, discussed
in depth later (see Sections 3.8 and 16.3), address (�) the risk of rejecting a
null hypothesis when it is true and (�) the risk of failing to reject the null
hypothesis when it is not true.

To address this type III issue, consider a manufacturing facility that pro-
duces printed circuit boards. This company may need to reduce its total defect
rate at final test. Without proper understanding and investigation, the problem
may be defined initially as follows: How should we get the assembly line
employees to work more carefully so that they will reduce variability at their
stations? However, perhaps a better starting point would be to state the prob-
lem as being too high of a defective rate at the end of the manufacturing
process. From this more general definition, Pareto charts can be used to direct
efforts toward the sources that are causing most of the failures. The S4/IEE
roadmap can then be used to consider alternatives and possible experiments
for data collection as part of the decision-making process that leads to quan-
tifiable improvement.

Shewhart developed the plan-do-check-act (PDCA) cycle as a process im-
provement flowchart. Deming later called the improvement methodology
plan-do-study-act (PDSA). Actions for this management cycle from Deming
are steps, as the names imply. First, it is important to plan what is to be done,
i.e., determine what steps are to be completed to achieve the objectives of
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the plan by the target date. Second, the plan is executed (do). Third, study
the results, arriving at conclusions. Finally, act on what was concluded from
the study phase. The PDSA is a simplification of other more elaborate
problem-solving methodologies.

A standardized problem-solving process used by Chrysler, Ford and Gen-
eral Motors is 8 disciples (8D) or steps described in Section A.5 in the Ap-
pendix. The techniques could be used within an overall S4/IEE strategy. For
example, an S4/IEE 30,000-foot-level metric could initiate the 8D process
when quick containment of a problem is needed. Tools that are later described
in this book, such as design of experiments (DOE), are referenced within the
8D process to help identify and then verify fixes to problems as part of the
verification process. In addition, statistical tests could be used as part of the
validation process.

The basic PDSA, 8D, and other problem-solving philosophies are con-
tained within the overall structure of the S4/IEE methodology described in
this book.

2.6 ANSWERING THE RIGHT QUESTION

Sometimes practitioners of Six Sigma techniques need to consider a different
approach to a problem or project in order to resolve the issue most effectively.
The S4/IEE assessment sections at the end of many chapters can help with
the creation of a do-it-smarter approach for a given situation. This section
offers some additional thoughts on the topic.

Large objectives can be achieved by considering the methodologies de-
scribed within the S4/IEE assessment sections, but there is a price to pay:
Objectives may need redefinition. The unwise application of classical statis-
tical problem definitions might assume no engineering knowledge; e.g., will
this product meet the failure rate criterion? Typically, within any product or
process development there are individuals who have engineering knowledge
of where product risks exist. Combining all sources of knowledge structurally
is important to problem redefinition and an S4/IEE philosophy. If test efforts
are directed toward these risk areas, favorable customer satisfaction and
higher product quality can result with less test effort.

2.7 S4/IEE DMAIC DEFINE PHASE EXECUTION

S4 /IEE DMAIC Application: Appendix Section A.1 Project Execution
Roadmap Steps 1.2–1.7

Chapter 1 discussed the overall infrastructure of S4/IEE, which included pro-
ject selection and the basic project execution roadmap structure. Chapter 2
touched on the importance of obtaining the VOC at both the enterprise and
project execution level, along with some strategies to obtain this feedback. In
addition, this chapter also discussed goal setting and problem solving, along
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with the importance of problem definition. All of these issues need consid-
eration when you are defining and scoping an S4/IEE project. The objective
of the define phase is to describe the CTQ/business issue, the customer, and
the involved core business process. During the define phase a problem state-
ment is formulated. Customer requirements are gathered, and a project charter
is created, where the project scope is determined by the team with the support
of management. Other activities during this phase include: definition of the
CTQ/30,000-foot-level metric; identification of both internal and external
customers; identification and definition of what is to be improved (e.g., defect
or cycle time); estimation of COPQ/CODND; development of high-level pro-
cess map; initiation of SIPOC.

The success of a project also depends on communication. The project char-
ter and periodic report-outs provide an effective means for communication so
that there is no misunderstanding of the objectives and status of a project.

The following list describes focus areas for the define phase of an S4/IEE
project, which is an expansion of the items initially described in Section 1.13.

• A two-to-three sentence problem statement needs to focus on the symp-
toms and not the possible solution. Customer and business impact infor-
mation should be included along with current DPMO or other baseline
information, data sources for problem analysis, and a COPQ/CODND
estimate. Example (see Example 43.13): Companies are dissatisfied with
the customer service call wait time in our XYZ office. Our service re-
cords show an estimated median wait time of 80 seconds with 80% of
wait times between 25 and 237 seconds. Note: This example illustrates
how a 30,000-foot-level operational metric within an S4/IEE enterprise
can pull (using a lean term) for the creation of a project.

• Stakeholders (finance, managers, people who are working in the process,
upstream/downstream departments, suppliers, and customers) need to
agree to the usefulness of the project and its problem statement.

• The financial liaison should work closely with the project leader and
champion to create a cost-benefit analysis for the project. This could
include expense reduction, revenue enhancements, loss avoidance, re-
duced costs, or other COPQ/CODND benefits.

• The project scope needs to be sized correctly and documented in a project
charter format (see Figure 1.20). All involved need to agree to the ob-
jectives, scope, boundaries, resources, project transition, and closure of
the project charter. The details of this charter should be updated as the
project proceeds through the overall S4/IEE execution roadmap.

• Projects should be aligned with the improvement needs of its high-level
supply chain map; e.g., the supply chain process decision program chart
(PDPC) shown in Figure 5.8. Constraints and assumptions should be
included.

• Projects should be large enough to justify the investment of resources
but small enough to ensure problem understanding and development of
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sustainable solutions. The scope should accurately define the bounds of
the project so project creep, a major cause for missed deadlines, is
avoided. Example: Reduce the hold time of calls at the XYZ office with
the intention of leveraging success to other call centers.

• Targeted improvement goals should be measurable. These goals should
be tied to COPQ/CODND benefits when appropriate. Example: Reduce
the median call wait time to 40 seconds or less, yielding a $200,000 per
year benefit at the XYZ office.

• Measurements should be described. If defects are at the 30,000-foot-level
metric, what constitutes a defect and how it will be tracked should be
described. If cycle time is the metric, the plans for cycle-time quantifi-
cation and tracking should be described. Note: Some organizations may
choose to report a sigma quality level metric; however, as noted in Sec-
tion 1.19, this is not recommended within an S4/IEE implementation.

• The categories of an SIPOC should have been addressed, where the pro-
cess portion of SIPOC is at a high level, containing only four to seven
high-level steps (see Chapter 4). How the SIPOC diagram aligns with
the high-level supply chain map and its needs should be demonstrated,
along with the gap between voice of the process and VOC.

• Team members should be selected by the champion and project leader
(e.g., black belt) such that they provide different insights and skills (e.g.,
self-facilitation, technical/subject matter expert) needed for the success-
ful completion of the project in a timely fashion.

• Names, roles, and amount of time for project dedication should be ad-
dressed for each team member.

• The champion needs to work with the project leader so that the project
status is sufficiently documented within a corporate database that can be
conveniently accessed by others.

2.8 S4/IEE ASSESSMENT

An S4/IEE philosophy means directing efforts toward objectives that have the
most benefit by compiling and converting data into knowledge. If this is not
done, development and manufacturing work can have much misdirection. Ef-
forts must be taken to avoid magnifying the small and missing the big. More
emphasis also needs to be placed on having a product that is satisfactory to
all customers, as opposed to certifying an average criterion; i.e., a value-add
activity versus a non-value-add activity. Sometimes only very simple changes
are needed to make a process much better.

When setting up tests using an S4/IEE strategy, some problems can be
broken up into subgroupings for statistical assessment. However, for this strat-
egy to be successful, all areas of management in an organization must have
an appreciation for the value of statistical concepts. If an S4/IEE strategy is
incorporated, fewer emergencies testing and fixing in both product develop-
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ment and the manufacturing process can be expected. One might say, ‘‘Use
statistics for fire prevention.’’ Constant job pressure to fix individual problems
immediately can be very stressful. With less firefighting, there could be less
employee stress, leading to healthier and happier employees.

2.9 EXERCISES

1. Describe a situation in which you think management, organizations, or
society is addressing the wrong problem.

2. Explain how the techniques presented in this chapter are useful and can
be applied to S4/IEE projects.

3. Describe customers for the organization chosen in Exercise 1.1 (Exercise
1 in Chapter 1). Build a strategy for determining the VOC and tracking
how well their needs are fulfilled.



PART II

S4/IEE MEASURE PHASE
FROM DMAIC

Part II (Chapters 3–14) addresses process definition, process performance,
and the quantification of variability. Potential key process input variables
(KPIVs) and key process output variables (KPOVs) are identified through
consensus. Included in this section are basic analysis tools: Six Sigma mea-
sures, measurement systems analysis, failure mode and effects analysis
(FMEA), and quality function deployment (QFD).

Also within this part of the book, the DMAIC measure steps, which are
described in Section A.1 (part 2) of the Appendix, are discussed. I have
grouped the tools of the measurement phase into several related components,
adding a ‘‘consider lean tools’’ component. Because of this, within S4/IEE
there are five components to the measure phase:

• Plan project and metrics
• Baseline project
• Consider lean tools
• MSA
• Wisdom of the organization

Checklists for the completion of each of these measure phase components
are:
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Measure Phase: Plan Project and Metrics Checklist

Description Questions Yes/No

Tool /Methodology
KPOV Are the key process output variables clearly

defined?
Were the most appropriate metrics chosen in order

to give insight into the process (continuous vs.
attribute)?

Was continuous data used when available?
Secondary Metrics Are any secondary metrics such as DPMO and

RTY going to be used?
Financial Metrics Have you finalized with Finance how financial

benefits will be calculated?
Does the project include any cost avoidance,

improved efficiency, improved customer
satisfaction, or other soft money considerations?

Voice of the
Customer

Did the team identify key internal and external
customers of the project process?

Did the team speak with customers of the project
process?

Has this customer input been included in the
project description and scope?

Project Plan Are project milestones identified?
Is the project time line reasonable and acceptable?

Team
Resources Are team members and key stakeholders identified?

Are all team members motivated and committed to
the project?

Next Phase
Approval to

Proceed
Did the team adequately complete the above steps?
Has the project database been updated and

communication plan followed?
Are barriers to success identified and planned for?
Is the team tracking with the project schedule?
Have schedule revisions been approved?
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Measure Phase: Baseline Project Checklist

Description Questions Yes/No

Tool /Methodology
30,000-foot-level

Control Chart
Were project metrics compiled in a 30,000-foot-

level control chart with an infrequent
subgrouping sampling plan so that typical
process noise occurs between samples?

Was historical data used when initiating the 30,000-
foot-level control chart?

Is the 30,000-foot-level control chart now being
updated regularly?

Is the process in control /predictable?
Have special cause issues been resolved?

Process Capability /
Performance
Metric

If specification limits exist for continuous data, was
the process capability /performance metric
estimated as a percentage or ppm of
noncompliance?

If data are attribute, has the process capability been
shown as the centerline of a 30,000-foot-level
control chart?

Probability Plot /
Dot Plot

If data are continuous, were probability plots and/
or dot plots used to show process capability /
performance metric?

Was the appropriate probability plot used?
Are the data normally distributed?
If there is more than one distribution, were the data

separated for further analysis?
Pareto Chart If KPOV data are classified by failure type, was a

Pareto chart used to prioritize failure types?
Data Collection Has the team collected and reviewed the current

standard operating procedures?
Are the data you are using good and truly

representative of the process?
Do you know how much data you will need?
Is your data collection plan satisfactory to all

stakeholders?
COPQ/CODND Now that the process capability /performance metric

has been determined, given the refined COPQ/
CODND estimate, is this still the right project to
work on?

Team
Resources Are all team members motivated and committed to

the project?
Is there a plan for executive management to

interface with the team to keep motivation alive
and commitment visible?
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Measure Phase: Baseline Project Checklist (continued )

Description Questions Yes/No

Next Phase
Approval to

Proceed
Did the team adequately complete the above steps?
Has the project database been updated and

communication plan followed?
Is the team considering lean tools?
Have barriers to success been identified and

resolved?
Is the team tracking with the project schedule?
Have schedule revisions been approved?

Measure Phase: Consider Lean Tools Checklist

Description Questions Yes/No

Tool /Methodology
Lean Tools Is the KPOV a lean metric, like cycle time?

If so, are you planning to use lean tools?
Have you defined value add, non-value add but

necessary, and waste?
Have you identified the benefits you expect to gain

from their use?
If cycle time is a KPOV, have you done a time-

value analysis?
Assessment Were any process improvements made?

If so, were they statistically verified with the
appropriate hypothesis test?

Did you describe the change over time on a
30,000-foot-level control chart?

Did you calculate and display the change in
process capability /performance metrics (in units
such as ppm)?

Have you documented and communicated the
improvements?

Have you summarized the benefits and annualized
financial benefits?

Team
Resources Are all team members motivated and committed to

the project?
Next Phase
Approval to

Proceed
Did the team adequately complete the above steps?
Has the project database been updated and

communication plan followed?
Should an MSA be conducted for this project?
Is the team tracking with the project schedule?
Have schedule revisions been approved?
Are barriers to success identified and planned for?
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Measure Phase: Measurement System Analysis Checkist

Description Questions Yes/No

Tool /Methodology
Data Integrity Is there an operational definition for the data being

collected that reflects the needs of the customer?
Are the recorded data representative of the actual

process?
Have you taken appropriate steps to error proof the

data collection process?
Gage R&R Was an MSA needed?

If so, is the measurement system satisfactory?
If the measurement system was not satisfactory,

have improvements been implemented to make it
satisfactory, or has the data collection plan been
revised?

Assessment Were any process improvements made?
If so, were they statistically verified with the

appropriate hypothesis test?
Did you describe the change over time on a

30,000-foot-level control chart?
Did you calculate and display the change in

process capability /performance metrics (in units
such as ppm)?

Have you documented and communicated the
improvements?

Have you summarized the benefits and annualized
financial benefits?

Team
Resources Are all team members motivated and committed to

the project?

Next Phase
Approval to

Proceed
Did the team adequately complete the above steps?
Has the project database been updated and

communication plan followed?
Is there a detailed plan for collecting wisdom of

the organization?
Are barriers to success identified and planned for?
Is the team tracking with the project schedule?
Have schedule revisions been approved?
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Measure Phase: Wisdom of the Organization Checklist

Description Questions Yes/No

Tool /Methodology
Process Flowchart Was a process map created at the appropriate level

of detail?
Does the flowchart include critical suppliers and

end customers?
Cause and Effect

Diagram
Was a brainstorming session held with a cross-

functional team to collect the wisdom of the
organization inputs?

Cause and Effect
Matrix

Were the results of the cause-and-effect diagram
prioritized with the C&E matrix?

Were there any ‘‘low hanging fruit’’ opportunities
that can be fixed immediately?

FMEA Was an FMEA conducted with resulting action
items?

Assessment Were any process improvements made?
If so, were they statistically verified with the

appropriate hypothesis test?
Did you describe the change over time on a

30,000-foot-level control chart?
Did you calculate and display the change in

process capability /performance metrics (in units
such as ppm)?

Have you documented and communicated the
improvements?

Have you summarized the benefits and annualized
financial benefits?

Team
Resources Are all team members motivated and committed to

the project?

Next Phase
Approval to

Proceed
Did the team adequately complete the above steps?
Has the project database been updated and

communication plan followed?
Should this project proceed to the passive analysis

phase?
Is there a detailed plan for the passive analysis

phase?
Are barriers to success identified and planned for?
Is the team tracking with the project schedule?
Have schedule revisions been approved?
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3
MEASUREMENTS AND THE S4/IEE
MEASURE PHASE

An objective of the measure phase is the development of a reliable and valid
measurement system of the business process identified in the define phase.
This chapter describes some issues that need to be addressed within the
S4/IEE measure phase. Presented is a discussion on how an inappropriate
tracking methodology can lead to the wrong activity, including firefighting.
Described also is an overview of some basic descriptive statistics or enumer-
ative studies used when sampling from a population. Some of the method-
ologies discussed are data gathering, presentation, and simple statistics. There
is an introductory discussion of confidence level and hypothesis testing, both
of which will be discussed in more depth later (see Section 16.3). Also, there
is discussion about attribute versus continuous data and the ineffectiveness of
visual inspections.

To get a valid answer, care must be exercised when performing experiments
and conducting analyses. This chapter also includes examples of experiment
traps that need to be avoided consciously.

3.1 VOICE OF THE CUSTOMER

S4 /IEE DMAIC Application: Appendix Section A.1, Project Execution
Roadmap Step 2.1

VOC assessment is needed up front when executing S4/IEE projects at the
30,000-foot level. Steps for this execution are:
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• Define your customer.
• Obtain customer wants, needs, and desires.
• Ensure that focus of project is addressing customer needs.

Graphical, statistical, and qualitative tools described later in this book should
be used to understand customer feedback.

Important customer key process output categories are sometimes classified
with regard to their area of impact—that is, critical to quality (CTQ) (e.g.,
flatness, diameter, or electrical characteristic), critical to delivery (CTD), crit-
ical to cost (CTC), and critical to satisfaction (CTS). Important key process
input issues are sometimes classified as critical to process (CTP).

The format of a tree diagram (see Section 5.14) can be useful to help
ensure that a linkage exists between customer requirements and process per-
formance metrics. A tree diagram can describe the transition: need → drivers
→ CTQs. It can also be used to describe the hierarchy of critical to (CT)
categories at the satellite level, operational 30,000-foot level, and project
30,000-foot level. This hierarchy can give direction to the assessment of
whether current measures are in alignment with the needs of customers, or
just collected and reported against internal standards; e.g., a metric is reported
only because it is easy to capture. In addition, the tree diagram can give
direction for improvement activities.

An example CTS tree is shown in Figure 3.1, where the categories of price
and quality could have a similar drill-down to the illustrated drill-down for
delivery. This drill-down graphic can also be useful to capture categories that
will be collected and analyzed further to see if they significantly affect the
30,000-foot-level response of an S4/IEE project and warrant further investi-
gation for improvement opportunities.

Quality function deployment (QFD) (see Chapter 13) is a tool that can help
collectively examine the VOC. QFD can be used in many different areas of
the business: planning, testing, engineering, manufacturing, distribution, mar-
keting, and service. However, it must be understood that great effort may be
required to perform a formal QFD evaluation.

3.2 VARIABILITY AND PROCESS IMPROVEMENTS

Variability is everywhere. Consider a person who parks his/her car inside his/
her garage. The final position of the car is not the same exact place day after
day. The driver has variability when parking the car. Variability in parking
position can be measured over time. When nothing unusual occurs, the
sources of variability in parking position are considered common cause. How-
ever, if a cat were to jump in front of the car during parking, this might
distract the driver and cause additional variability, i.e., special cause.

If his/her variability, either common or special cause, when parking is too
large from the center parking position in the garage, he/she could hit the
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garage door frame. If parking variability is too large because of special causes,
e.g., the cat, attempts need to be made to avoid the source of special cause.
If parking variability is too large from common cause, the process of parking
needs to be changed.

For the purpose of illustration, consider a person who wants to determine
his/her average parking position and the consistency he/she has in parking
his/her car inside the garage. It is not reasonable to expect that he/she would
need to make measurements every time that the car is parked. During some
period of time (e.g., one month) he/she could periodically take measurements
of the parked position of the car. These measurements would then be used to
estimate, for example, an average parking position for that period of time.

Similarly, all automobiles from a manufacturing line will not be manufac-
tured exactly the same. Automobiles will exhibit variability in many different
ways. Manufacturers have many criteria or specifications that must be
achieved consistently. These criteria can range from dimensions of parts in
the automobile to various performance specifications. An example criterion
is the stopping distance of the automobile at a certain speed. To test this
criterion, the automobile manufacturer obviously cannot test every vehicle
under actual operating conditions to determine whether it meets this criterion.
In lieu of this, the manufacturer could test against this criterion using a sample
from the population of automobiles manufactured.

3.3 COMMON CAUSES VERSUS SPECIAL CAUSES AND
CHRONIC VERSUS SPORADIC PROBLEMS

J. M. Juran (Juran and Gryna 1980) considers the corrective action strategy
for sporadic and chronic problems, while W. Edwards Deming addresses this
basic issue using a nomenclature of special causes and common causes (Dem-
ing 1986). Process control charts are tools that can be used to distinguish
these two types of situations.

Sporadic problems are defined as unexpected changes in the normal op-
erating level of a process, while chronic problems exist when the process is
at a long-term unacceptable operating level. With sporadic problems the cor-
rective action is to bring the process back to the normal operating level, while
the solution to chronic problems is a change in the normal operating level of
the process. Solving these two types of problems involves different basic
approaches.

The Juran’s control sequence (Juran and Gryna 1980) is basically a feed-
back loop that involves the following steps:

1. Choose the control subject (i.e., what we intend to regulate).
2. Choose a unit of measure.
3. Set a standard or goal for the control subject.
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4. Choose a sensing device that can measure the control subject in terms
of unit of measure.

5. Measure actual performance.
6. Interpret the difference between the actual and standard.
7. Take action, if any is needed, on the difference.

Process control charting techniques discussed in this book are useful tools to
monitor the process stability and identify the existence of both chronic and
sporadic problems in the process.

Chronic problems often involve extensive investigation time and resources.
Juran describes the following breakthrough sequence for solving this type of
problem:

1. Convince those responsible that a change in quality level is desirable
and feasible.

2. Identify the vital few projects; that is, determine which quality problem
areas are most important.

3. Organize for breakthrough in knowledge; that is, define the organization
mechanisms for obtaining missing knowledge.

4. Conduct the analysis; that is, collect and analyze the facts that are re-
quired and recommend the action needed.

5. Determine the effect of proposed changes on the people involved and
find ways to overcome the resistance to change.

6. Take action to institute the changes.
7. Institute controls to hold the new level.

The Pareto chart (see Section 5.6) is a tool that is used to identify the most
likely candidates or areas for improvement. Within a given area of improve-
ment, DOE techniques can often be used to determine efficiently which of
the considered changes are most important for implementation within the
process.

It is important to note that special causes (sporadic problems) usually re-
ceive more attention because of high visibility. However, more gains can often
be made by continually working on common cause (i.e., chronic problems).
The terms common cause and special cause will be used in the remaining
portion of this book.

3.4 EXAMPLE 3.1: REACTING TO DATA

An organization collects data and reacts whenever an out-of-specification con-
dition occurs or a goal is not met. The following example dialogue is what
could happen with this approach, where attempts are made to fix all out-of-
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specification problems whenever they occur within a manufacturing or service
environment. This scenario could apply equally to a business service process
whenever the goals of an organization are not being met.

Consider a product that has specification limits of 72–78. We will now
discuss how an organization might react to collected data.

• First datum point: 76.2
• Everything is OK.

• Second datum point: 78.2
• Joe, go fix the problem.

• Data points: 74.1, 74.1, 75.0, 74.5, 75.0, 75.0
• Everything OK—Joe must have done a good job!

• Next datum point: 71.8
• Mary, fix the problem.

• Data points: 76.7, 77.8, 77.1, 75.9, 76.3, 75.9, 77.5, 77.0, 77.6, 77.1,
75.2, 76.9
• Everything OK; Mary must have done a good job!

• Next datum point: 78.3
• Harry, fix the problem.

• Next data points: 72.7, 76.3
• Everything OK; Harry must have fixed the problem.

• Next datum point: 78.5
• Harry, seems like there still is a problem.

• Next data points: 76.0, 76.8, 73.2
• Everything OK; the problem must be fixed now.

• Next datum point: 78.8
• Sue, please fix the problem that Harry could not fix.

• Next data points: 77.6, 75.2, 76.8, 73.8, 75.6, 77.7, 76.9, 76.2, 75.1, 76.6,
76.6, 75.1, 75.4, 73.0, 74.6, 76.1
• Everything is great; give Sue an award!

• Next datum point: 79.3
• Get Sue out there again. She is the only one who knows how to fix

the problem.
• Next data points: 75.9, 75.7, 77.9, 78

• Everything is great again!

A plot of this information is shown in Figure 3.2. From this plot we can see
that the previously described reaction to out-of-specification conditions does
not improve the process or likelihood of having problems in the future. Figure
3.3 shows a replot of the data as an XmR control chart (see Chapter 10). The
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FIGURE 3.3 Control chart showing variability of data to be from common cause.

control limits within this figure are calculated from the data, not from the
specifications, as described later in this book. Since the up-and-down move-
ments are within the upper and lower control limits, it is considered that there
are no special causes within the data and that the source of the process var-
iability is common cause.

This organization had been reacting to the out-of-specification conditions
as though they were special cause. The focus on fixing out-of-specification
conditions often leads to firefighting. When firefighting activities involve
tweaking the process, additional variability can be introduced, degrading the
process rather than improving it.
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Both public and private organizations frequently look at human and ma-
chine performance data similar to the situation just described and then make
judgments based on the data. Production supervisors might constantly review
production output by employee, by machine, by work shift, by day of the
week, by product line, and so forth. In the service sector, an administration
assistant’s output of letters and memos produced per day may be monitored.
In call centers around the world, the average time spent per call is monitored
and used to counsel low-performing employees. The efficiency of computer
programmers could be monitored through the tracking of lines of code pro-
duced per day. In the legal department the number of patents secured on the
company’s behalf during the last fiscal year could be compared to previous
annual rates. Whenever an organization reacts to individual situations that do
not meet requirements/specifications and does not look at the system of doing
work as a whole, it could be reacting to common cause situations as though
they were special cause.

To illustrate this point further, I will use an example in which an organi-
zation monitored the frequency of safety memos. Consider that a safety memo
was written indicating that the number of accidents involving injuries during
the month of July was 16, up by 2 units from 14 such injuries a year ago in
July. The memo declares this increase in accidents to be unacceptable and
requires all employees to watch a mandatory 30-minute safety video by the
end of August. At an average wage rate of $10 per hour, the company payroll
of 1500 employees just affected the August bottom line by $7500 plus wasted
time getting to and from the conference room. This does not even consider
the time spent issuing memos reminding people to attend, reviewing atten-
dance rosters looking for laggards, and so forth.

I am not saying that safety and productivity are not important to an or-
ganization. I am saying, as did Dr. Deming, that perhaps 94% of the output
of a person or machine is a result of the system that management has put in
place for use by the workers. If performance is poor, 94% of the time it is
the system that must be modified for improvements to occur. Only 6% of the
time is problems due to special causes. Knowing the difference between spe-
cial and common cause variation can affect how organizations react to data
and the success they achieve using the methods of a Six Sigma strategy. For
someone to reduce the frequency of safety accidents from common cause, an
organization would need to look at its systems collectively over a long period
to determine what should be done to processes that lead to safety problems.
Reacting to an individual month that does not meet a criterion can be both
counterproductive and very expensive.

One simple question that should be repeated time and time again as S4/
IEE implementation proceeds is this: ‘‘Is the variation I am observing ‘com-
mon cause’ or ‘special cause’ variation?’’ The answer to this simple question
has a tremendous impact on the action managers and workers take in response
to process and product information. And those actions have a tremendous
impact on worker motivation and worker self-esteem.
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Common cause variability of the process might or might not cause a prob-
lem relative to meeting the needs of customers. We will not know until we
compare the process output collectively relative to the specification. This is
much different than reacting to individual points that do not meet specification
limits. When we treat common cause data collectively, focus is placed on
what should be done to improve the process. When reaction is taken to an
individual point that is beyond specification limits for a common cause situ-
ation, focus is given to what happened relative to this individual point as
though it were a ‘‘special’’ condition, not to the process information collec-
tively.

Reiterating, variation of the common cause variety resulting in out-of-spec-
ification conditions does not mean that one cannot or should not do anything
about it. What it does mean is that you need to give focus on improving
the process, not just firefight individual situations that happen to be out-of-
specification. However, it is first essential to identify whether the condition
is common or special cause. If the condition is common cause, data are used
collectively when comparisons are made relative to the frequency of how the
process will perform relative to specification needs. If an individual point or
points are determined to be special cause from a process point of view, we
then need to address what was different about this/ these individual point(s).

One of the most effective quality tools for distinguishing between common
cause and special cause variation is the simple-to-learn and easy-to-use con-
trol chart. The problem with control charts is that they are so simple that
many managers and workers misunderstand and misuse them to the detriment
of product and process quality. In Chapter 10 I will elaborate on the satellite-
level and 30,000-foot-level control charting procedures, which can greatly
enhance the success of Six Sigma within an organization. The charts can
reduce the frustration and expense associated with firefighting activities within
an organization.

3.5 SAMPLING

A sample is a portion of a larger aggregate or population from which infor-
mation is desired. The sample is observed and examined, but information is
desired about the population from which the sample is taken. A sample can
yield information that can be used to predict characteristics of a population;
however, beginning experimenters often have a misconception about the de-
tails of performing such a test. They might consider taking a sample (e.g.,
10) from today’s production, making a measurement, averaging the results,
and then reporting this value to management (for the purpose of making a
decision).

Arbitrary sampling plans such as this can yield erroneous conclusions since
the test sample may not accurately represent the population of interest. A
sample that is not randomly selected from a population can give experimental
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bias, yielding a statement that is not representative of the population that is
of interest. A sample of automobiles to address some criterion characteristic,
for example, should be taken over some period of time with the consideration
of such parameters as production shifts, workers, and differing manufacturing
lines (i.e., a random sample without bias). A response (x) from samples taken
randomly from a population is then said to be a random variable.

If there is much variability within a population, then there may not be
much confidence in the value that is reported (e.g., average or mean response).
A confidence interval statement quantifies the uncertainty in the estimate since
the width of the interval is a function of both sample size and sample vari-
ability. When a population characteristic such as the mean is noted to be
within a confidence interval, the risk of the true value being outside this range
is a quantifiable value.

Still another point not to overlook when evaluating data is that there are
other estimates besides the mean that can be a very important part of ex-
pressing the characteristic of a population. One of these considerations is the
standard deviation of a population, which quantifies the variability of a pop-
ulation. Another consideration is the capability/performance of a process or
a population-percentage value compliance statement.

3.6 SIMPLE GRAPHIC PRESENTATIONS

It can be meaningful to present data in a form that visually illustrates the
frequency of occurrence of values. This display of data can be accomplished
using a dot plot or histogram.

A dot plot is a simple procedure to illustrate data positioning and its var-
iability. Along a numbered line, a dot plot displays a dot for each observation.
Dots are stacked when data are close together. When too many points exist
vertically, each dot may represent more than one point. Figure 15.4 shows
dot plots within a marginal plot.

A histogram is another form of plot to make such illustrations. To create
a histogram when the response only takes on certain discrete values, a tally
is made each time a discrete value occurs. After a number of responses is
taken, the tally for the grouping of occurrences can then be plotted in histo-
gram form. For example, Figure 3.4 shows a histogram of 200 rolls of two
dice, in which the sum of the dice for 8 of these rolls was two.

However, when making a histogram of response data that are continuous,
the data need to be placed into classes (i.e., groups or cells). For example, in
a set of data there might be six measurements that fall between the numbers
of 0.501 and 1.500; these measurements can be grouped into a class that has
a center value of 1. Many computer programs internally handle this grouping.
Section C.1 in the Appendix discusses a manual approach. A stem-and-leaf
diagram is constructed much like a tally column for creating a histogram,
except that the last digit of the data value is recorded in the plot instead of a
tally mark.


