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Foreword

If it were possible to add up, on a global basis, all of the
benefits that organisations have experienced as a result of
deploying Six Sigma techniques, the result would be truly
staggering. The place of Six Sigma as an effective
methodology for improving quality and performance is very
well established.

Six Sigma is often introduced to organisations through
training. Six Sigma practitioners gain personal development
by attending a spectrum of courses from introductory
sessions to expert level that is normally referred to as Six
Sigma Black Belt. | personally have led many hundreds of
practitioners through this process, and whilst | hope my
interventions have been successful, | am only too aware
that there is a limit to what participants can be expected to
absorb in a classroom.

This is where Robin HendersonA's book becomes truly
invaluable. As well as providing students new to Six Sigma
with a very readable and easy to understand introduction,
this publication serves as comprehensive consolidation for
those already trained. Furthermore this book extends the
knowledge gained by recognised experienced practitioners.

Those looking for relevant and modern case studies from
both service and manufacturing environments will be most
satisfied to find them in abundance throughout the following
pages. Robin Henderson demonstrates the wide applicability
and power of these methods with an impressive collection of
analyses and improvements drawn from his broad
experience of working as a consultant as well as an
academic. The combination of many chapter-end exercises,
follow up activities, and the accompanying web site, form a
wealth of extremely useful resources.



The success of Six Sigma would not have been realised
had it not been for the development of statistical software
such as Minitab. Minitab brings techniques to all of us that
previously were only the domain of statisticians. Robin
HendersonA's book complements other well-known texts by
taking the theory and explaining how to implement these
methods in real situations through the use of Minitab
software. Starting from a gentle introduction to Minitab,
Robin builds our knowledge through detailed yet friendly
explanations, and as we practice, gradually leads us on to
tackle more sophisticated techniques with confidence.

| have spent much of my career working in the field of
quality and performance improvement, utilising these tools
and techniques, and teaching the subject to others. Since its
publication, | have regularly turned to Robin HendersonA's
first edition of Six Sigma Quality Improvement with Minitab
to check my understanding, to learn a bit more, and to find
a way of explaining to my teams, a challenging concept in a
straightforward way.

Now we have the benefit of this second edition that keeps
us up to date on the latest developments within the Minitab
tool and its brand new features. For example, Robin
Henderson introduces the new Minitab Assistant that guides
users through an analysis process.

There is no doubt that Robin Henderson has helped all of
us in our endeavours to improve quality as author of various
papers on the subject and through his involvement with the
Six Sigma Study Group and the Quality Improvement
Section of the Royal Statistical Society.

| warmly welcome the 2nd edition of Six Sigma Quality
Improvement with Minitab and thoroughly recommend it to
both new students and experienced practitioners of Six
Sigma methodologies.



Colin Barr BSc (Hons), Six Sigma
Black Belt

Colin Barr is the founder of Colin Barr Associates, providers
of training and consultancy in Business Improvement using
techniques such as Lean and Six Sigma. He is also founder
of Stratile, where he developed FocalPoint, a web based
strategy and performance management system. Colin Barr
gained a BSc (Hons) Physics from Strathclyde University,
and has held director level positions at DEC and Motorola
where he was trained as a Six Sigma Black Belt.



Preface

Rationale

The Statistics Division of the American Society for Quality
defines statistical thinking (http://www.asqstatdiv.org/stats-
everywhere.htm, accessed 29 January 2011) as a
philosophy of learning and action based on three principles:
e All work occurs in a system of interconnected
processes.
e Variation exists in all processes.
 Understanding and reducing variation are key to
success.
In a paper entitled ‘Six-Sigma: the evolution of 100 years of
business improvement methodology’, Snee (2004) states
that ‘The three key elements to statistical thinking are
process, variation and data’ and that ‘Statistical thinking
enhances the effectiveness of the statistical methods and

tools’. He describes Six Sigmal as a strategy and

methodology for the deployment of statistical thinking and
methods within an organization. This book aims to explain
some of the most important statistical methods and
demonstrate their implementation via the statistical
software package Minitab® (Release 16). Minitab® and the
Minitab logo are registered trademarks of Minitab, Inc. There
are many excellent texts available on statistical methods for
the monitoring and improvement of quality. In writing this
book the author set out to complement such texts by
providing careful explanation of important statistical tools
coupled with detailed description of the use of Minitab,
either to implement the statistical tools or as an aid to
understanding them.

In Six Sigma Beyond the Factory Floor, Hoerl and Snee
(2005, p. 23) wrote:
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Another reason Six Sigma has been effective is the
general availability of user-friendly statistical software
that enables effective and broad utilization of the
statistical tools. The statistical software package most
widely used in Six Sigma is Minitab. . . . Prior to the
availability of such user-friendly software, statistical
methods were often the domain of professional
statisticians, who had access to, and specialized training
in, proprietary statistical software. Specialists in statistical
methods have an important role to play in Six Sigma, but
practitioners who are not professional statisticians do the
vast majority of statistical applications.
The author believes that his book will be of value to such
practitioners and to people involved in quality improvement
strategies other than Six Sigma, to students of quality
improvement and indeed to anyone with an interest in
statistical methods and their implementation via software,

Content

Among the features of the book are the following:

e Exposition of key statistical methods for quality
improvement - data display, statistical models,
control charts, process capability, process
experimentation, model building and the evaluation
of measurement processes.

e Detailed information on the implementation of the
methods using Minitab with extensive use of screen
captures.

« Demonstration of facilities provided by Minitab for
learning about the methods and the software,
including the new Assistant.

e Use of random data generation in Minitab to aid
understanding of important statistical concepts.



e Provision of informative follow-up exercises and
activities on each topic.

» No prior knowledge of statistical methods assumed.

e No prior knowledge of Minitab assumed.

e Access to Release 16 of the Minitab software is
essential.

e An associated website providing data sets for
download and answers and notes for the follow-up
exercises.

There are eleven chapters and four appendices. In addition
to the topics covered in the first edition, this edition includes
new material on Pareto charts, cause-and-effect diagrams,
the multivariate normal distribution, acceptance sampling,
time-weighted and multivariate control charts, tolerance
intervals, Taguchi experimental designs, comparison of
measurement systems, analysis of categorical data and
logistic regression. It also includes material on new features
provided in Release 16 of Minitab such as the Assistant. A
brief summary of the content of each chapter is as follows:

e Chapter 1 introduces the structured approach to
quality improvement provided by Six Sigma via
DMAIC - define, measure, analyse, improve and
control. It outlines the role of statistical methods in
Six Sigma and the capabilities of Minitab for their
implementation.

» Chapter 2 provides an introduction to data display,
and to Minitab and its features. It also addresses
data input, output, storage and manipulation.

e Chapter 3 contains further material on the display
and summary of data - exploratory data analysis
techniques and techniques for use with multivariate
data are introduced. Pareto charts and cause-and-
effect diagrams are explained.

e Chapter 4 is devoted to fundamentals of probability
and to univariate  statistical models  for



measurements and counts. A brief introduction to
the multivariate normal distribution is given and key
results concerning means and proportions are
presented. An introduction to the application of
discrete probability distributions in acceptance
sampling is provided.

Chapter 5 gives a comprehensive treatment of
control charts and their application. Shewhart,
exponentially weighted moving average (EWMA),
cumulative sum (CUSUM) and multivariate control
charts are covered. Reference is made to the
dangers of tampering with processes and to
feedback adjustment.

Chapter 6 addresses the assessment of process
capability via capability indices and sigma quality
levels. Tolerance intervals are introduced.

Chapter 7 deals with process experimentation
involving a single factor and essentially addresses
the question of whether or not process changes have
led to improvement. The question is addressed via
statistical inference and estimation.

Chapter 8 extends the ideas introduced in the
previous chapter to process experimentation
involving two or more factors. Fundamental aspects
of design of experiments are introduced together
with the powerful features provided in Minitab for
experimental design and the display and analysis of
the resulting data. Taguchi experimental designs are
introduced.

Chapter 9 utilizes concepts from previous chapters in
order to evaluate the performance of measurement
processes for both continuous measurement and
attribute measurement scenarios. Reference is made
to the comparison of measurement systems.



e Chapter 10 is concerned with model building using
simple and multiple regression. Response surface
methodology and regression modelling with
categorical response variables are introduced.

e Chapter 11 concludes the book by looking at ways in
which Minitab can assist the user to learn more
about the software and the statistical tools that it
implements. An introduction to Minitab macros is
provided.

Using the Book

This is not a book to be read in an armchair! The author
would encourage users to follow the Minitab implementation
of displays and analyses as he/she reads about them and to
work through the supplementary exercises and activities at
the end of each chapter. All but the very smallest data sets
referred to in the text will be available on the website
http://www.wiley.com/go/six_sigma in the form of Minitab
worksheets or Microsoft Excel™ workbooks. It is
recommended that you download the files and store them in
a directory on your computer. Some of the data sets are
real, others have been simulated (using Minitab!) to provide
appropriate illustrations. Many of the simulated data sets
are set in the context of quality improvement situations that
the author has encountered. The website will also provide
specimen solutions to, and comments on, the
supplementary exercises.

The needs of readers will differ widely. It is envisaged that
many will find the first four or five chapters sufficient for
their needs. It is important to note that although a brief
introduction to the Help facilities will be given in Chapter 2,
many readers might find it helpful to read the first section of
Chapter 11 immediately. The reference to Help has been
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encountered in Chapter 2 in order to obtain more
comprehensive information facilities that are available.

The reader might wonder why the chapter on control
charts is before the one on measurement process
evaluation, whilst in DMAIC the order appears to be
reversed. The author has endeavoured to order the chapter
topics in a sequence that is logical from the point of view of
the development of understanding of the applied statistics.
For example, one cannot fully understand a gauge R&R
measurement process evaluation without knowledge of
analysis of variance for data from a designed experiment.
Designed experiments are usually associated with the
improve phase. Indeed, control charts may be of value
during all four of the measure, analyse, improve and control
phases of a Six Sigma project. Each chapter will give an
indication of the relevance of its content to the DMAIC
sequence that lies at the heart of Six Sigma.

There is always a danger that statistical software will be
used in black box fashion with unfortunate consequences.
Thus the reader is exhorted to learn as much as he/she
possibly can about the methods and to take every
opportunity to learn from successful, sound applications by
others of statistical methods in quality improvement,
whether on Six Sigma projects or as part of other strategies.

It is the author's earnest hope that, through using this
book, you the reader will acquire understanding of statistical
methods for quality improvement and Six Sigma, skill in the
application of the Minitab software, and appreciation of just
how easy it is to use and of all that it has to offer.

Note

1. Six Sigma is a registered trademark and service mark of
Motorola Inc.
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Chapter 1

Introduction

Six Sigma is a strategic approach that works across all
processes, products and industries.

(Snee, 2004, p. 8)

Overview

In an overview of Six Sigma, Montgomery and Woodall
(2008) state:

Six Sigma is a disciplined, project-oriented, statistically
based approach for reducing variability, removing
defects, and eliminating waste from products, processes,
and transactions. The Six Sigma initiative is a major force
in today's business world for quality and business
improvement. Statistical methods and statisticians have a
fundamental role to play in this process.

This book is about the understanding and implementation
of statistical methods fundamental to the Six Sigma and
other approaches to the continuous improvement of
products, processes and services. Release 16 of the widely
used statistics package Minitab is used throughout. Mindful
that in the vast majority of situations those applying
statistical methods in quality improvement and Six Sigma
are not statisticians, information on the implementation of
each method covered will be preceded by some background
explanation, typically employing small data sets. The role of
each method within the define-measure-analyse-improve-
control (DMAIC) framework of Six Sigma will be highlighted.



This chapter deals with quality and quality improvement
and in particular with the highly successful Six Sigma
approach to quality improvement. It describes the role of
statistical methods in quality improvement and Six Sigma
and outlines how Minitab can be used to implement these
methods.

1.1 Quality and Quality

Improvement

Definitions of quality abound. Wheeler and Chambers (1992,
p. xix) define quality as being ‘on-target with minimum
variance’. They state that operating ‘on-target’ requires a
different way of thinking about processes and that operating
with ‘minimum variance’ can only be achieved when a
process is behaving in a reasonably stable and predictable
way. Wheeler and Poling (1998, p. 3) state that continual
improvement requires a ‘methodology for studying
processes and systems, and a way of differentiating
between the different types of variation present in
processes and systems’. They refer to the cycle of activities
involved in continual improvement as the plan-do-study-act
(PDSA) cycle - see Figure 1.1 (Wheeler and Poling, 1998, p.
5), reproduced by permission of SPC Press, Inc. This cycle of
activities is often referred to as the Shewhart-Deming cycle
in honour of two key figures in the development of quality
improvement methodology, Dr Walter A. Shewhart and Dr
W. Edwards Deming.

Figure 1.1 The Shewhart-Deming PDSA cycle.
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In 1988 the author had the pleasure, along with some 400
others, of attending a seminar for statisticians by the late Dr
Deming at the University of Nottingham. In his presentation
handout he described the cycle as follows (Deming, 1988, p.
33):

Plan - Plan a change or test, aimed at improvement.
Do - Carry it out, preferably on a small scale.
Study - Study the results. What did we learn?
Act - Adopt the change or abandon it or run through
the cycle again, possibly under different
environmental conditions.
In his book Out of the Crisis, Deming (1986, p. 23) listed 14
Points for Management, including the following:

e Constancy of purpose - create constancy of purpose

for continual improvement of products and service.

» Improve every process - improve constantly and

forever every process for planning, production and

service.

e Eliminate targets - substitute aids and helpful
supervision; use statistical methods for continual
improvement.

Thus the Deming philosophy of quality improvement
advocates never-ending continual improvement of all
processes within an organization. The improvement process
itself should be structured and employ statistical methods.
‘Improvement nearly always means reduction of variation’
(Deming, 1988).

1.2 Six Sigma Quality
Improvement

Six Sigma is one of a number of quality improvement
strategies based on the Shewhart-Deming PDSA cycle.
Truscott devotes a chapter to comparison of Six Sigma with



other quality improvement initiatives. He puts Six Sigma in
perspective earlier in his book as follows (Truscott, 2003, p.
1):

Six Sigma focuses on establishing world-class business-
performance benchmarks and on providing an
organizational structure and road-map by which these can
be realized. This is achieved mainly on a project-by-
project team basis, using a workforce trained in
performance-enhancement methodology, within a
receptive company culture and perpetuating
infrastructure. Although particularly relevant to the
enhancing of value of products and services from a
customer perspective, Six Sigma is also directly
applicable in improving the efficiency and effectiveness of
all processes, tasks and transactions within any
organization. Projects are thus chosen and driven on the
basis of their relevance to increased customer satisfaction
and their effect on business-performance enhancement
through gap analysis, namely, prior quantitative
measurement of existing performance and comparison
with that desired.
Six Sigma originated at Motorola Inc. as a long-term quality
improvement initiative entitled ‘The Six Sigma Quality
Program’. (Six Sigma® is a registered trademark and
service mark of Motorola Inc.) It was launched by the
company's chief executive officer, Bob Galvin, in January
1987 with a speech that was distributed to everyone in the
organization. In the speech Galvin reported on many visits
to customers in the previous six months during which
desires were expressed for better service from Motorola in
terms of delivery, order completeness, accurate
transactional records etc. The customers had also indicated
that, with better service and an emphasis on total quality,
Motorola could expect an increase of between 5% and 20%
in future business from them. He therefore challenged



employees to respond urgently to make the necessary
improvements, emphasized the leadership role of
management in the implementation of the programme and
announced that Motorola's corporate quality goal had been
updated accordingly. The goal included the objective
‘Achieve Six Sigma capability by 1992’ (Perez-Wilson, 1999,
p. 131).

In addition to being a strategy for the continual
improvement of quality within organizations, Six Sigma
indicates a level of performance equating to 3.4
nonconformities per million opportunities, a level which
some regard as being ‘world-class performance’. This often
leads to confusion. In this book the phrase ‘sigma quality
level” will be used for this indicator of process performance,
as advocated by Breyfogle (2003, p. 3). Thus a sigma
quality level of 6 equates to 3.4 nonconformities per million
opportunities. The link between sigma quality level and
number of nonconformities per million opportunities will be
explained in detail in Chapter 2. Table 1.1 gives some sigma
quality levels and corresponding numbers of
nonconformities per million opportunities.

Table 1.1 Sigma quality levels and nonconformities per
million opportunities.

Sigma quality level [Nonconformities per million opportunities
1.5 501 350
2.0 308 770
2.5 158 687
3.0 66 811
3.5 22 750
4.0 6 210
4.5 1 350
5.0 233

5.5 32

6.0 3.4




The plot in Figure 1.2 (created using Minitab) shows
nonconformities per million opportunities plotted against
sigma quality level, the vertical scale being logarithmic.
Many authors refer to defects rather than nonconformities
and state that a sigma quality level of 6 equates to 3.4
defects per million opportunities or 3.4 DPMO.

Figure 1.2 Sigma quality levels and nonconformities per

million opportunities.
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Imagine a bottling plant where there was concern over the
number of bottles of whisky containing contaminant
particles. A bottling run of 14 856 bottles had yielded 701
nonconforming bottles in terms of contamination. This

corresponds to (701/14 856) x 100 = 47 186 nonconforming
bottles per million. Since 47 254 lies between 22 750 and 66
811, Table 1.1 indicates a sigma quality level between 3.0
and 3.5. The more comprehensive table in Appendix 1 gives
the sigma quality level as 3.17 (47 461 being the entry in
the table closest to 47 186).

The main source of contamination was found to be the
wax-coated corks used to seal the bottles. Dialogue with the
supplier of the corks led to a trial with corks produced using



