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Introduction

Throughout the management literature, as elegantly trumpeted by
management consultants and gurus, there seems to be a common message:
for a firm to be competitive it must produce quality goods or services. This
means that firms, to remain competitive, must at the same time produce
at the least cost possible to be price competitive and deliver high quality
products and services. As a result, quality has become strategic overnight,
involving all, both in and out of the firm, in the management of its interfaces
with clients and the environment. To give quality, suppliers, buyers,
operations and marketing managers, as well as corporate management must
become aware of the mutual relationships and inter-dependencies to which
they are subjected, so that they will be able to function as a coherent whole.
This involves human relations and people problems, organizational design
issues, engineering design options, monitoring and control approaches and,
most of all, a managerial philosophy that can integrate, monitor and control
the multiple elements which render the firm a viable quality producing and
profitable whole.

To realize the benefits of quality it is imperative that we design products
to be compatible with market needs, market structure, competition and,
of course, that we are constantly aware and abreast of consumers’ tastes
and the manufacturing technologies that are continuously emerging. It is
also imperative that we design our manufacturing environment and tools
by integrating the management of quality and that of quantity, both in the
factory floor and in managing the manufacturing interfaces with consumers,
suppliers, technology, government and all the myriad of business functions
to which manufacturing relates. It is also necessary to integrate the process
of product design and manufacture with that of post-sales management
and services, so that greater profitability is achieved. As a result, the
management of quality becomes pluri-disciplinary, involving simultaneously
the many facets of management, men, machines and materials. The
emerging broad framework underlying the management of quality, much
more in tune with consumer desires, provides intellectual, managerial and
operational challenges which require that far greater attention be given to
the study and modelling of quality-related management processes and how
they affect an organizations’ performance.

The purpose of this book is to deal with the management of quality and
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its control. Unlike the important contributions of ‘Quality management and
control theorists’ such as Deming, Juran, Duncan, Leavenworth, Wetherhill,
Montgomery, John and many others, this book adopts managerial and
modelling points of view, seeking to integrate quality and its control in
the basic managerial functions of the firm and, as a result, to reach a
better design and appreciation of quality management-related functions.
The recent growth of books in quality control, total quality management,
experimental and robust design have spearheaded a new sensitivity to the
management of quality, and a spirit of managerial integration. Nevertheless,
the development of models which allow a commensurate understanding of
inspection, assurance and control processes have been lacking. For these
reasons, a modelling approach, illustrated by many examples and exercises
dealing with problems often discussed in quality management books, but
rarely integrated explicitly in models, is emphasized. For example, models
for the assessment, management and control of services are developed, and
models for integrating quality-related issues in an industrial strategy are
presented and discussed. Attention is devoted to the control of quality
in technology-intensive manufacturing systems. New ideas for the control
of quality incentive contracts (based on game theory) are introduced.
Through such ideas, we develop a greater understanding for the application
of quality control tools in a conflictual environment (as exists in some
producer supplier contracts). We also construct a framework for the control
of quality in an organizational framework by introducing and elaborating
on the effects of information, and the asymmetry of information, in
organizations on the management of quality. Applications such as the
control of quality in franchises and producer supplier management are then
highlighted. To properly apply methods of statistical control, experimental
and robust design and the economic evaluation of quality programs and
control schemes, we devote particular attention to the foundations in
statistics and decision making under uncertainty. The study of these tools
is illustrated through quality management examples. Of course, much
further knowledge in probability and statistical theory would be useful,
but the current availability of software packages in quality control and in
experimental design simplifies these quantitative requirements. There are
many issues, both in planning experiments and in analysing data, which
require expert statistical advice. While this book does not give a complete
treatment of these topics, it provides a basic and working knowledge which
1s necessary to communicate with statisticians. Some topics are not covered
at all in this text, but can be found elsewhere. For example, problems of
statistical data analysis, linear and multiple linear regression, analysis of
variance and non parametric statistics, although important in statistical
quality control and experimental design, are barely covered. It is, therefore,
essential that such topics are studied as well, prior to or following this
book. The book has a planned ‘unevenness’, assuming for the most part
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little quantitative background, while in certain places it deals with certain
problems quantitatively. These topics can be skipped by the quantitatively
unmotivated reader without losing the book’s continuity. These topics are,
nevertheless, important, as they clearly point out to the mutual relevance
and importance of basic management science and quality tools.

The book is divided into three parts. The first part introduces the
basic concepts, definitions and the management of total quality (or TQM
Total Quality Management). Concepts are defined and expanded. In
addition, learning, quality improvement and other factors of importance
in applying a program of TQM are briefly discussed, with further study in
subsequent, chapters. We review a number of applications and approaches
to quality management, such as Deming, Juran, Crosby, and the Japanese
and European approaches. At the same time, we develop the underlying
foundations of TQM embedded in data collection, measurement and
communication. A number of applications by some leading firms are also
used as case studies.

The second part of the book is oriented towards techniques. We first
provide a brief overview of a managerial tool-kit applied in the management
of quality, including Pareto charts, Fish bone or cause effect diagrams.
In addition, methods such as FMECA, quality circles, and so on, are
presented, linking these tools with the underlying industrial and managerial
strategies upon which they are based. After a review of statistical and
decision theory principles, motivated through a large number of quality
management and control examples, we consider the basic SQC/SPC tools.
The managerial and quantitative approach to acceptance sampling, to
control charts, to experimental and robust design, to Taguchi’s techniques
and, finally, to RSM-Response Surface Methodology are outlined.

In part three, we consider application areas of particular importance
in quality management. The applications and themes considered include
among others, the control of quality in producer supplier contractual
agreements, quality in franchises and in various organizational structures,
strategic issues and approaches to quality management and reengineering,
and quality in a technology-intensive manufacturing environment. Finally,
we consider intertemporal issues in the control of quality. This last chapter
is of an advanced nature, however, and provides further study for some of
the topics covered in the book. Through such application areas, the book
opens up a broader perspective to both the study of quality management
and its control and application.

The book is intended as a textbook in ‘Quality management and its
control’ for courses given in business and industrial engineering schools.
It is also intended for advanced students and academics who, on the one
hand, find the technical texts of quality control limited and the broad
managerial texts on TQM not specific enough. The technical level of the
book is intermediate but will be accessible to second year MBA students,
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industrial engineers and students, and professionals and managers with
a year’s background in statistics and probability theory. Many sections
of the book do not require any previous such background however and
provide an introduction to management models for quality control. Other
sections, however, may require some prior technical background. These can,
of course, be bypassed by the unprepared reader without loss of continuity.

It is impossible to thank all those who have helped and encouraged
me to write this book. Throughout this project, I have been helped
by my students at ESSEC (Ecole Superieure des Sciences Economiques
et Commerciales), at the Universite Louis Pasteur (Strasbourg), Case
Western Reserve University in Cleveland, Ohio, where my interest in the
management of quality began, Ecole des Mines Nantes, the University
of Washington in Seattle and the University of Texas in Austin. Many
colleagues have made many suggestions which I have included in the
book. Some of these include Pillar Arroyo at Monterey Tech (Mexico),
who shared her practical experience of experimental design, Leon Lasdon,
Peter John and Jim Dyer at the University of Texas, Frank van der Duyn
Schouten at Tilburg University, Diane Reyniers at the London School of
Economics, Vincent Giard at the University of Paris I, Menahem Berg at
Haifa University, Morton Posner at the University of Toronto, Elizabeth
Murf at the University of Texas, and so many others who have made
useful suggestions in the professional meetings where I had the opportunity
to present some of the ideas in this book. The Economic Union Human
Mobility grant given to ESSEC and other European universities, for the
study of quality, maintenance and reliability, has also been a major source of
encouragement and support, providing the oppportunity to exchange ideas
in these important fields at a European level. My greatest debt, however,
is to my children, Daniel, Dafna and Oren, who give me satisfaction and
happiness, and to whom I dedicate this book.

Charles S. Tapiero
Paris, November 199/



CHAPTER 1

The concept and the definition of
quality

1.1 Introduction

Quality is neither a topic of recent interest nor a fashion. It is, and has
always been a problem of interest, essential for a firm’s and to a nation’s
competitiveness. Colbert, the famed Minister of Louis the XIV, already in
1664 stated:

If our factories will impose through repeated efforts, the superior quality of
their products, foreigners will find it advantageous to supplying themselves in
France and their wealth will flow to the Kingdom of France.

August 3, 1664

This is one example of many. The ‘American Industrial Way’ has
traditionally been based on excellence in manufacturing, product
innovation and a sensitivity to consumers. The test of the market, which
brings some firms to profitability and others to oblivion, is also a pervasive
part of the American scene. It is these same market tests, expanded by a
globalization of business, manufacturing technology and competition, that
have raised the priority of quality in industrial business strategies.

In this chapter we shall be concerned with the definition of the concept of
quality. Such definitions are important, for it may mean different things to
different people in various circumstances. The industrial notions of quality,
although clear and well stated, need not be the true measures of quality.
Although they are important and serve many purposes, they are only part
of a larger picture.

1.2 The concept of quality

Quality can be several things at the same time and may have various
meanings, according to the person, the measures applied and the context
within which it is considered. Below, we shall consider below, several
dimensions and approaches along which quality could be defined. These
are based on both objective and subjective notions of quality, with both
tangible and intangible characteristics.
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‘Quality is the search for excellence’

‘Citius, Altius, Fortius’ meaning ‘Faster, Higher, Stronger’, engraved on
Olympic medals, symbolizes the spirit of competition, seeking an ever
greater excellence in man’s achievements. The ‘search for excellence’ is
not new, however; it is inbred in a Darwinian philosophy for the survival
of the fittest. Quality is thus an expression of this excellence, which leads
one firm’s product to dominate another, and to guarantee its survival by
establishing a new standard of quality. Over time, excellence creates an
image of quality. This is how English clothes, German cameras, French
wines and cheeses, and so on, have become marks of excellence. In this
context, quality is a perpetual challenge which results both from a process
of perpetual improvement and a domination over other, similar products.
Of course, new technology can alter such domination. American cars, once
an image of excellence, have been gradually been replaced by Japanese cars;
for some in the US, French wine is gradually being replaced by Californian
wine, etc. In this sense, quality is a mark of excellence, persistent and
maintained over long periods of time. Such excellence is, of course, a
function of habits, culture and values, and may thus vary from person
to person and from time to time.

‘Anything you can do, I can do better’

Are Japanese cars better than American? Do blades produced by Gillette
last longer than Wilkinson’s? Such questions, although hard to answer, may
in some cases be dealt with an apparent sense of objectivity. In other words,
quality is defined by implication in terms of attributes and some scales used
to measure and combine these attributes. In some cases, these attributes
may be observed and measured precisely, but they can also be difficult to
observe directly and impossible to measure with precision. These situations
are some of the ingredients that make quality the intangible variable that
firms have difficulties dealing with. Nevertheless, a combination of such
attributes, in ‘various proportions’ can lead to the definition of a concept
of quality. In this sense, quality is defined relative to available alternatives,
and can be measured and valued by some imputation associated with these
alternatives.

‘Quality is in the eye of the beholder’

Do French perfumes have a better smell than American? Is French Chablis
of a better quality than California Chablis? Is French cheese tastier than
comparable cheeses produced in the US? Of course, this is a matter of
smell and taste! Quality is then in the eye of the beholden, established over
long periods of time by habits, culture and customs which have created
‘standards of quality’. In this case, quality is not what we think it is,
but what the customer says it is. J.F.A Sloet, President of KLM, while
addressing the European Council for Quality stated that the essentials of
quality is to do what you promised ..... It is not relevant what we think
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quality is. The only quality that matters ... is what our clients think.
Peter Drucker, put it in the same terms by stating that it is not what
the ‘supplier’ puts in, but what the consumer takes out and is willing to
pay for. This ‘downstream’ view of quality, emphasizing a sensitivity to
consumers is in sharp contrast with the traditional ‘upstream’ conception
of quality. In the early 1980s, for example, American car manufacturers
were satisfied that they were producing quality cars, only to see consumers
turn towards Japanese made cars. Similarly, at Renault, great efforts were
put into developing more efficient engines, while consumers were valuing
attributes to which Renault designers were oblivious. Of course, American
and European car manufacturers have since learned that in an open world,
with global competition, quality cannot be poor long.

‘Quality is the “Proof of the pudding” ’

Quality is what the market says it 1s. In this sense, quality is only a term
that we can define aposteriori, once consumer choices have been expressed
relative to a range of potential and competing products. Of course, there
may be many reasons for these choices, including each and all of the reasons
stated above. Nevertheless, the underlying fact is that we cannot aprior:
say what quality is. The best of intentions to produce quality products
or deliver quality services can falter. In this sense, quality is a variable
which can at best be guessed aprior: and, perhaps, through successive
experimentation, learning and adaptation, it can be refined and improved.

‘Quality is Value Added’
Business preoccupation to measure and value its product and services leads
to another view of quality. This view defines quality as value added. It is
both what the consumer wants and is willing to pay for. Such views are,
of course, motivated by the need to value quality so that sensible decisions
regarding a firm’s quality supply can be reached. For example, how much is
a firm willing to pay for shorter and more reliable supply delays of materials
it uses in its manufacturing processes? This is, of course, measured by what
value added the buyer gets by such a supply quality. Although difficult to
assess, it might be possible to do so in some cases. Inventory stocks, reduced
administration costs and smoother production flows may be only a few of
the many facets the buyer may consider to value shorter and more reliable
delays. The value added in consuming well known label goods compared
to unlabelled ones, although much more difficult to measure and define, do
exist, since there is clearly a market for ‘overpriced’ goods whose essential
characteristic is their label. How else could we explain a Chevignon Jacket
or Hermes scarf costing three times the price of the same jacket and scarf
without the label!

As a result, quality is not a term that can be defined simply. Rather, it
is a composite term, erpressed in terms of attributes which define quality
by implication. These attributes express:



4 The concept and the definition of quality

e The relative desirability of products, items, services

e The potential for substitution and product differentiation, both objective
and subjective.

In this sense, the concept of quality is both objective and subjective, and
is based on product and service differentiation, on substitution, as well as
on buyer perception and heterogeneity.

Substitution combined with subjective (or objective) differentiation thus
provides some means that we can use in appreciating and valuing quality if
it can be measured or estimated directly or indirectly in terms of other
variables. If products are not substitutes (meaning that they are not
comparable), then quality as a variable used to compare these products
is not relevant. Differentiation of products can be subjective, perceived
differently by consumers. Beauty, taste, smell are perceived differently
by buyers. In this sense, quality is a concept expressed by a consumer
population’s heterogeneity, as we pointed out earlier. Thus, heterogeneity
induces an unequal assessment of what is quality. If consumers ‘are the
same’ in terms of how they value and assess characteristics associated
with a product, then they may be considered homogeneous, and the
concept of quality would be well defined in terms of ‘agreed on’ properties.
For example, the number of shaves one can have with a Gillette sensor
blade compared to a standard one, the temperature tolerance of Titanium
(needed to fabricate jet engines) compared to some other materials, the
hardness of graphite steel compared to other types of steel, are all objective
dimensions along which quality is measured.

1.3 Quality and uncertainty

Uncertainty has several and simultaneous effects on quality, as will be
studied later. Obviously, if value added is quality, and if it is well
defined, the measure of that value is what makes it possible to distinguish
between various qualities. When value added is uncertain or intangible,
its measurement is more difficult, and therefore quality is harder to
express. In this sense, uncertainty has an important effect on the definition,
measurement and management of quality.

How does uncertainty affect quality? First, a consumer may not be able
to observe directly and clearly the attributes of a product. And, if and
when he does so, this information is not always fully known, nor true.
Misinformation through false advertising, the unfortunate acquisition of
faulty products, and poor experience in product consumption are some
of the problems that may beset an uninformed consumer. Similarly, some
manufacturers, although well informed of their products’ attributes, may
not always fully control the production of their products. Some items
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may be faulty, the outcome of a manufacturing process’ complexity and
the inherent difficulties in controls. As a result, uncertainty regarding a
product’s qualities induces a risk which is imposed on both the firm-
producer and the buyer-consumer. This risk has a direct effect on the
valued added of quality, and is, of course, a function of the presumed
attitude towards risk. The approaches used to manage these risks, both for
the firm-producer and the consumer-buyer, and how to share these risks, is
particularly important. Warranty contracts, service contracts, liability laws
and the statistical control of quality in a factory are some of the means
available to manage these risks, as we shall see throughout this book.

Perceived risk has been envisioned as consisting of two essential
components: consequences and uncertainty. For a consumer, uncertainty
can be viewed as the ‘subjectively measured probability of adverse
consequences’ (Ingenes and Hughes, 1985). As such, we can postulate
that the quality of a product is inversely related to its risk. A non-
risky product, meaning a product having desirable consequences with large
subjective probabilities, is a quality product. For example, if we buy a part
from some supplier, what would we consider quality? It may be several
things, but generally 1t will be defined in terms of an attribute of a part
with desirable consequences, and little variation (i.e. high probability).
Why were Japanese and European cars at one time considered quality
products? Buyers had the subjective estimation that these cars would
not fail and require repairs, and with a high probability! In this sense,
quality is consistent with an inductive reasoning which is reinforced once
consumption experience of the product is registered. For example, Jacoby
and Kaplan (1972, p.383), attempted to measure quality by asking ‘What is
the likelihood that there will be something wrong with an unfamiliar brand
of XXXX or that it will not work properly?’ Quality was meant then to be
a perceptive attribute which can, of course, be influenced by the marketing
mix, good management of the factory, post sales attention and services.
Ingene and Hughes (1985) claim that a brand is perceived as being risky
(and thereby of lower quality) by a consumer if and only if that consumer
is uncertain as to what level (of at least one attribute about which he/she
is concerned) will be obtained if the product is purchased.

Uncertainty regarding product quality has led to intensive legislation
on product labelling which seeks to protect consumers on the one hand
and to convey information on the other. There are a number of important
questions which may be raised by buyers and sellers alike, for example, the
fat content of cheeses and hamburgers sold in supermarkets, the alcohol
content in wine as well as the origin of products. These do not always
indicate quality. Some wine growers believe that the alcohol content should
not be put on the wine label. By doing so, alcohol is given an importance
and a relevance to wine quality which it does not, in their opinion, have.
Cheeses, of all sorts, vary over the year and, therefore, the fat content of
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the milk is really a relative measure (to the time of the year in which it was
produced as well as relative to the origin of the milk used in its production).
In the case of Normandy Camembert, there is further confusion since
there are not enough cows in Normandy to produce even a fraction of the
Camembert sold under this label! In other words, even a label of origin can
be misleading. In the early 1950, for example, some Japanese products,
suffering from a poor reputation, had a label of made in USA, meaning
the Japanese city of Usa. To simplify the labelling of products, coloured
labels are also used. A red label for chickens in a supermarket is a mark of
quality, but under such labels there can be a wide variety of chickens which
need not have a uniform quality (even though they are all labelled with the
same colour). In fact, a chicken ‘color’ may stand for similar origins, similar
growing or feeding conditions, or perhaps just cooperative marketing.

Although uncertainty is not a property which defines quality, the
measurement and perception of quality are directly affected by uncertainty.
For this reason, an operational and economic definition of quality (which is
the relevant one for businesses) is necessarily sensitive to uncertainty. Due
to the importance of this topic, we shall return to it subsequently. Next,
we consider manufacturing quality, which seeks to define the attributes of
quality by the manufacturing processes. Such characterization is essential
to appreciate the potential and the limits of quality control in industrial
and operations management.

1.4 Quality in manufacturing

Manufacturing quality, unlike the general concept of quality we sought to
define above, is well defined in terms of attributes which are associated to
and required by a manufacturing process to operate faultlesly. In this sense,
quality is a characteristic and a requirement of the industrial apparatus. For
example, a factory floor with machines that break down often, machinery
that is unable to operate at the required levels of precision, or uniformity
of operations, and general manufacturing systems with a propensity to
produce highly heterogeneous quality products are an expression of a
manufacturing unquality. Management of operations and quality control
are thus the means used to ‘produce’ and control quality in manufacturing.

There may be several dimensions along which such manufacturing
quality may be defined, including:

(a) The propensity to maintain the manufacturing process in control, i.e.

operating according to agreed on standards of manufacture.

(b) The propensity of the manufacturing process to produce items or
products faultlessly.

(c) The propensity to maintain (and or reduce) the manufacturing process
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variability, i.e. limit process instabilities by maintaining the process
repetitivity.

Thus, agreed on standards, faultless production and repetitivity and control
of variations are used to define manufactured quality. In practice,
manufacturing quality is easier to measure ‘negatively’. In other words, it
is a reflection of a negative performance (rather than a positive one, which
is, or should have been, the standard). As a result, the ideas underlying
the management of quality in manufacturing relate to the management
of the process and not to the design of the product. This measure of
quality is defined in terms of characteristics which are important and
related to the management of the manufacturing process. In this sense, the
measurement of quality is also an incentive for the control of quality. Of
course it is possible, through appropriate integration of both product design
and the manufacturing process, to let one facet of quality management
(its conception and design) affect the other (the process of manufacturing
the product). Although this is increasingly recognized as an important
activity known as ‘producibility’, or ‘concurrent engineering’, it has not
yet fully matured (albeit, it is the topic of intensive research today). In a
conventional sense, a process in control would evidently results in products
of a better quality than a process which is not in control. As a result,
by improving the controls, we will be able to increase the propensity to
manufacture products of better quality.

For example, in the manufacturing of certain high precision metallic
items, there may be many objective attributes which could be measured
and tested for deviations from acceptable manufacturing standards. These
may include the location of holes, their sizes (which often require extremely
high precision), concentricity, symmetry, and so on. These attributes are
measured for the purpose of controlling the processes which are used in
making up a product! In other words, measurements (tests) are made to
detect causes of malfunction needed to control the manufacturing process.
For these metallic parts, there may be many causes which contribute both
to defective manufacturing or to excessive variations from manufacturing
standards. Lack of geometric perfection, stress factors, materials stability,
the ambient temperature, lack of perfect rigidity, etc. may be some of
these factors. The measurement and detection of sub-standard performance
provides the incentive for control and correction.

Thus, just as conceptual or design quality, manufacturing quality is a
complex concept which should be clearly understood before seekink to
manage it. A comparison of several aspects of quality are given in Table
1.1 to provide some further comparisons between manufacturing and design
quality.
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Table 1.1: Design and manufacturing quality.

Design quality Manufacturing quality
Durability Reliability
Esthetics Conformance to standards

Attributes’ desirability | Process variability
Objective performance | Consistency
Intangibles Tangibles

A manufacturer concerned with the production of quality products or
services uses various tools, statistical and otherwise, as we shall see
later on. Statistical tools are used in particular when uncertainty has
an important effect on the manufacture of quality. In such cases, poor
quality is usually produced due to variations and uncertainties regarding
the process operations and performance. When performance variations are
totally random, unaccounted for by any malfunction or cause, they reflect
a characteristic of the manufacturing process, the type of materials used
and the process at hand. When product quality or their attributes do not
deviate from a purely random pattern, the manufacturing process is said to
be out of control. In this sense, the management of quality in manufacturing
consists of determining departures from a state of perfect randomness. As
we shall see in Chapters 5, 6 and 7, techniques called Statistical Quality
Control (SQC) and Statistical Process Control (SPC) are used to elaborate
and apply tests of randomness of various sorts to measure and predict
departures from this state of perfect randomness.

The increased need to control statistical variations, and thereby the need
to control a manufacturing process and its environment, have been ushered
in by production concepts developed in the first industrial revolution.
These concepts, although complex and numerous, presume that production
standards and producing up to these standards are essential to guarantee
the substitutability of parts used in a mass production system. Taking
responsibility away from workers and their alienation at the beginning of
the century in particular has led to the necessity to control their work
through work sampling and other methods used to predict and manage
the statistical variations which occur in manufacturing. These basic tenets
of quality management have recently been subject to scrutiny, motivated
by a concern for a broader view of quality management, a view which
takes account of the whole manufacturing system, distribution, service and
business processes, and seeks to produce quality rather than to control some
process variations (although this is also an important part of this broader
view). This emerging approach is called Total Quality Management. In
addition, and more recently, a ‘quality trauma’ has been ushered in by the
increased power of consumers, and by the fact that there can no longer be
any justification- economic, managerial and technological- for producing
poor quality. Japanese inroads into quality control techniques made in
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the last two decades have been an example to this effect, and it has led
firms to re assess their priorities in terms of the control and management
of quality. Based on such premises, we can appreciate the inroads made
towards improved quality by corporate boards, and its integration into
business strategies. Quality is Free (Crosby, 1979, 1984) and Quality on the
Line (Garvin, 1981, 1988) are samples of work which highlights a growing
concern for re-valuing and re-evaluating the place and contribution of
quality in manufacturing and its control.

As a result, basic and past tenets regarding quality in manufacturing
have been questioned and revised. For example, it is currently believed
that:

e Quality is not only a cost, it is also a potential benefit, a value
added to the manufacturer which can be translated into added sales
and profitability. There are, however, still difficulties in measuring the
potential benefits of quality which are essential in inducing managers to
take the proper courses of action to improve quality.

e Quality is not only process-specific, but is a total concept, involving
everybody! This is the message of Total Quality Control (TQC). In other
words, the problem is not only the control of statistical variations in a
manufacturing process, but the basic question of producing quality in
its broadest sense.

In other words, the re-evaluation of quality in terms of its costs, tractability
and integration has created an opportunity to re-design and re- position
quality, quality improvement and control where they were always supposed
to be. This transformation has, of course, brought quality to people, to the
organization, to processes, to services and, in the process, it is transforming
production management, both in design objectives and in operational
procedures. For example, from a ‘robotics notion of people’ to one based far
more on motivations and incentives to perform; from de-responsabilization
to responsabilization. A reminder from Michelin’s workers’ book on profit
sharing:

The care brought by each worker in his work is the essential capital of the
factory

(Book of Profit Sharing, Michelin 1898)

implies and recognizes (already prior to the turn of this last century) that
quality is a function of a worker’s involvement in the work process and the
responsibility he is assuming, not only with respect to his own work (i.e. his
auto-control), but also with respect to the collective (i.e. Total Control).
In a practical sense, the reconciliation, concordance and coherence of ‘auto
and collective controls’ underlie approaches to the control of quality.

The emerging re-definitions of quality are of course leading to new
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objectives in process and product design. Terms such as robustness are also
becoming much more fashionable and appropriate. A robust design will, for
example, safeguard a standard operating performance against departures
from pre- specified conditions. In this vein, a product’s quality cannot be
assessed in terms of its performance in a laboratory environment, but in the
‘real world’, while it is being used by people who may or may not how best
how to use the product. Then, robustness is a measure of the latitude of
conformance of the product to the user, and not to that of the process! For
these reasons, quality in manufacturing is a fast changing concept which
today seeks greater robustness in the definition of what we ought to look
for to improve and produce quality products and services.

The broader view of quality and the complexity of modern firms,
combined with a commensurate need to define measures of quality, have of
course led to an expansion of the dimensions along which the manufacture
of quality ought to be considered. Presenting an integrated view,
Garvin (1988) suggests eight dimensions: Product performance, Product
Features, Reliability, Conformance, Durability, Serviceability, Aesthetics
and Perceived quality. For the management of quality it is essential to
translate these dimensions into economic values and Costs Of Quality
(COQ). These will include direct and indirect effects. For example,
in Chapter 2, we shall consider various approaches to costing quality.
Some internal costs we might consider include: Planning and Training
quality programs; Inspection and Testing, Failure-Scrap and Rework-
Repair; Inventory added due to poor quality; Process and delay costs due
to stoppages; Capacity losses; Human relations related costs. External costs
might include: Warranty and liability costs; Servicing; Goodwill and sales;
and finally, Costs due to regulatory agencies interventions.

These costs, properly assessed and combined with the operational costs
of manufacture and the potential contribution of quality to the firm
competitiveness, provide notions of manufacture quality which must be
understood and valued. It is through such comprehension and valuation
that we can affect every facet of the firm and thereby make it possible
for quality to become strategic and be managed. These problems are of
immense importance, so we shall return to their study in far greater detail
in subsequent chapters.

1.5 Quality and services

Quality in services exhibit special characteristics. Some of these
characteristics include:

e The quality of service generally involves not one but multiple services.
For example, a gas station provides several services beyond the supply
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(usually at a regulated price) of fuel. Hotels provide a room and various
associated services.

e Services are mostly intangible, often subjective, and are therefore
difficult to define.

e Unlike quality in manufacturing, the quality of services depends both
on the ‘server’ and the ‘serviced’. Poor service is usually defined
by the dissatisfaction of the latter. Further, service delivery, either
good or faulty, need not be consistent. Comparable notions of server
breakdowns in industry such as machine breakdown or improperly
performed functions (and the storability of poorly performed operations)
are not applicable in services, as the former is tangible, expressed in some
characteristics which are measurable objectively.

e The quality of service and its measurement are dependent. A server who
is inspected might improve the quality of service delivery, for example,
while a server who feels there are no controls might provide poor service.
Such behaviour introduces a natural bias in the measurement of service
efficiency and its quality.

e A service is not storable, unlike products that can be sampled and tested

for quality.
Reliability
Post sales
Quality of
service

Figure 1.1: Dimensions of service quality

For these reasons, the definition of service quality is elusive. There are
several approaches, as we shall see next. The American Society for
Logistics (ASLOG) suggests that service quality be defined in terms
of Communication, Time, Organization, Flexibility, Reliability and Post
Sales Service. Communication might be measured by the opportunity for
errors, document errors, billing, client follow through and information
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exchange. Time relates to delays of various sorts (supply responses, routing,
conformance and distribution). Organization includes the range of services
delivered and agreed upon, security in transport and stocking, as well as
organizational forms such as subcontracting and franchises. Flezibility is
the potential to meet demands under various circumstances, and to adapt
to a broad range of operational and service conditions. Reliability refers to
the consistency of the service supplied, its timing and so forth. Finally, Post
Sales Service applies to maintainability, repairability, service proximity and
availability as well as response time to post sales failures (these notions will
be defined in greater detail in Chapter 3 however).

Referential

Service

received

Service
quality

Figure 1.2: Expectations of service and quality

Using a large number of post-consumption evaluation studies, perception
and expectation of the service have been identified as essential factors
that define the quality of service. In particular, Gronroos (1983) points
out that it seems reasonable to state that the perceived quality of a given
service will be the outcome of an evaluation process where consumers
compare their erpectations with the service they perceive they have got,
i.e. they put the perceived service against the expected service. In this
sense, a product or firm’s image depends solely upon the consumers’
perception. In the same spirit, and based on extensive statistical studies,
Parasuraman, Zeithaml and Berry (1985) concluded that service quality as
perceived by consumers results from a comparison of perceived service with
ezpected service. Focus group interviews also revealed ten dimensions of
service quality by which a consumer evaluates the quality of a service.
These dimensions were later empirically validated and reduced to five
dimensions: Tangible, Reliability, Responsiveness, Assurance and Empathy.
Although ‘perceived quality’ seems dominant in many marketing studies,
there are difficulties in following such an approach. First, it only emphasizes
the customer, regardless of what the objective of the service is. Second,
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competition and the competitive effects of quality are ignored. Third,
services as well as customers are usually heterogeneous, therefore service
quality should be much more difficult to pinpoint. Finally, while ‘perceived
quality’ overcomes the traditional marketing concern for ‘search quality’
and ‘experience quality’ in products (and predominant in services), it
underplays the role of ‘credence quality’. By definition, these qualities
cannot be perceived by the customer; instead, the customer relies on
indicators such as reputation, price and physical evidence.

Following the definition of quality in business, in services quality is fitness
to use. A deviation from that ‘standard’ is an ‘unquality’. Of course, it is
possible to consider expectations as standards such that any deviation from
an expectation is equivalent to a deviation from the standard.

A third approach is based on social psychological concepts, focusing
on the interaction between the firm, its employees and its customers.
Accordingly, service quality has different levels, comparable to Maslow’s
pyramid of needs (Klaus, 1991, pp. 261-263):

e Congruence of employees’ and customers’ behaviours (interlocking
behaviours), such as the proper degree of politeness, hand shaking and
other ceremonial acts.

o Perceived degree of satisfaction combined with technical services which
can be observed and measured objectively (such as an airlines’ flights
arriving on time)

o Degree of emotional satisfaction (such as a feeling of inclusion and
belonging).

Satisfaction

Perception

Congruence

Figure 1.3: Levels of service quality awareness

Similar to Maslow’s hierarchy, higher levels of quality (emotional) can be
achieved only if lower levels are satisfied first. The social-psychological
approach, based on extensive ‘human relations’ theories, has unfortunately
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been neglected in the management of quality, although in practice it is
essential. For example, the buzz words ‘Moment of Truth’, are evidence
that success depends in many instances upon the moment when customers
and employees interact (the moment of truth!).

Below we consider two approaches to service quality, one based on
logistical needs and the other on the needs for health care delivery. As
we shall see, different needs will necessarily lead to widely differing views
of what service quality may mean.

Service quality in logistics systems

Logistics is the ‘management of means which are required for some end’.
That is, it manages operations to make it possible for a manager, an
entity, a work station, and so forth, to perform its function when it is
required to do so. Thus, transportation, the delivery of goods, warehouse
and stock management, maintenance and supplies and materials handling
are some of the basic functions associated with logistics. The quality of
service in logistic systems is difficult to define, however. Lambert and Stock
(1982) claim that quality is the yield of the logistic system, measuring
the improvement of a consumer utility of time. Others claim that service
quality 1s the potential to respond effectively to complaints, to be polite,
to welcome clients and to provide information. In industrial situations,
Christopher, Schary and and Skjott- Larsen (1979) provide a number of
variables which can be used to define service quality. These include (a) the
cycle time of an order, (b) the propensity to meet delay requirements, (c)
the availability of products, (d) order precision, (e) the number of returns,
and (f) the size of orders.

In business, logistics deals with the interface between production and
marketing management. As a result, it provides an important link between
the market and its industrial base. For this reason, there are several phases
in a logistic transaction where there can be causes of non-quality. First, at
the pre-logistic phase where the product is finished, tested and passed on to
stores or to storage. Second, at the intra-logistic phase where the product
is transported, stored and handled. And finally, at the post-logistic phase
where the product has been delivered and there is still a need to maintain
an ongoing relationship with the customer (e.g. because of installation,
repair and replacement, maintenance and operational expertise). Given
the increasing share of logistics costs in the management of operations,
it is imperative that quality be well defined and improved.

For example, the Customer Service Department of Federal Express
began in 1983 to compile its ‘hierarchy of horrors’, a list of the service
failures most critical to Federal Express’ customers. Subsequently, this
hierarchy became a numerical index of customers’ satisfaction. The twelve
components of the company-wide SQI (Statistical Quality Index), and the
weights attributed by customers, are listed below (Stoner and Werner,
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1993). Of course, the need to associate weights to facets of the quality
process is meant to simplify and provide an operational and quantitative
definition of quality.

Similarly Deming (1982), reporting on a study by Quantas Airways on
passenger needs, has listed a number of key items. Some of these items
are: Loss of luggage, Clean toilets, Comfortable chairs, Leg room, Quality
meals, Stewards’ and stewardesses’ quality service, Delays and On schedule.

Table 1.2

Indicator Weight
Abandoned calls 1
Complaints reopened 5
Damaged packages 10
International 1
Invoice adjustments requested | 1
Lost packages 10
Missed pick-ups 10
Missing proofs of delivery 1
Overgoods (lost and found) 5
Right day late deliveries 1
Traces 1
Wrong day late deliveries 5

Service quality in health care

The Institute of Medicine in the US suggests the following definition:
Quality of care is the degree to which health services or individuals and
populations increase the likelthood of desired health outcomes and are
consistent with current professional knowledge. The concern for quality and
the control of quality in health care is indeed one of the greater challenges
of this (and the forthcoming) decade. The growth of health care delivery
and maintenance costs, making it an essential item of the GNP composite,
is now a critical factor addressed in most developed nations’ social agendas.
This also provides an opportunity for applying the management of quality
and its control in health care. The transformation of health care, from a
back door cottage industry to a complete and massive ‘industrial activity’,
is also an added motivation to alter the traditional means of management
and controls of health care delivery. Brown, Lefkowitz and Aguera-Areas
(1993) point out that today all health care’s major players are placing
quality at the top of their priorities, each for different reasons:

e For hospitals, ambulatory surgical centres and other patient care sites,
quality is the goal of patient care and a competitive advantage that will
differentiate them in a highly competitive market.
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e For physicians, nurses and other professionals, quality is the goal of
medical practice and the standard by which they will be measured by
peers, patients, regulators and malpractice attorneys.

e For major employers, insurance companies and managed networks of
health systems, quality is the primary criterion for selecting doctors and
hospitals when price is not a factor.

e For government regulators and health advocacy groups, quality is the
means of protecting the public welfare and responding to voter and
consumer blocks. (Coile, 1990)

The multiplicity of parties (hospital administrators, government, doctors,
patients), each clinging to a definition of quality in health care, introduces
some confusion of what quality is in the first place, and therefore how to
measure it in a real and practical sense. These are extremely important
problems we shall return to in Chapter 2 and subsequent chapters.

1.6 A Historical evolution of quality approaches

To go higher, faster, to perform better and always to improve all underlie
an Occidental ethic which has sought and prized valued change. Although
this is and remains a principal endeavor, underlying the design of quality,
the desire to ‘control’ the process of quality production and its management
through an organized activity is fairly new. Table 1.3 provides a brief
outline of how the control of quality has evolved starting in the 19th and
20th century. Prior to the 20th centuries, production was not as organized
and as massive an activity as it has grown into with the beginnings
of the industrial revolution. Prior to that time, production was an art
and quality a measure of this art. Each unit produced was ‘special’; in
the sense that no two units were really the same. Further, for items,
demand outstripped production capacity so much that quality was of
no necessary concern. At the beginning of the 20th century, when the
industrial revolution was ushered in by Frederick Taylor and his co-workers,
production lines were used, and an increased need for rationalization, the
division of labour and standardization became evident. Such needs led
to another organization of work, to newly defined principles for ‘good
management’, but also to the ‘depersonalization’ of work and the work
content of products. Production was no longer an art but a process.
Products were the outcome, the consequences of such a process. The notion
of ‘art’ was no longer relevant but counter-productive to the operation of
the production line. Inventiveness, creativity, improvements and learning
were in fact (if not in words) discouraged. Rather, uniformity, and the
assurance of product uniformity, consistency, repetitivity and the control
of statistical variations, became needed. However, it was only in the 1930s,
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following the seminal papers of Shewart, that the use of statistical principles
for the control of product uniformity and process controls became accepted.
In this sense, the modern approach to quality control really started with
Shewart. Since then the field of quality control has matured and grown
very quickly. To this day, Shewart’s and R.A. Fisher’s work on the design
of statistical experiments are the classical tools of quality control, appearing
under various names such as SQC (Statistical Quality Control) and SPC
(Statistical Process Control) and Experimental and Robust Design. These
approaches dominated the field of quality management, until attempts to
control and deal with the whole rather than just the parts were made.
During all these years, this field has remained unscathed by technology or
by innovation. '

The need for standardization and conformity for materials, processes
and products arising from the depersonalization of manufacturing has thus
led to ‘Standard Associations’ which created both the standard for certain
items (such as electrical appliances, building construction standards, etc.)
as well as the procedures to follow which, it was deemed, were needed
to maintain such standards. Further, even if quality control procedures
were known, they were rarely viewed as an integral part of the production
process. Industry did not always implement the quality tools needed to
ensure the proper control of processes and even less design the production
system and implement management procedures which are needed to
maintain quality. Thus, until recently, the field of production management
has been concerned primarily with the management of physical quantities
and not quality.

A great effort was initiated during World War II, essentially due to
the awesome procurement problems and the amount of materials and
equipment needed for allied forces. Deming, Dodge, Juran and others, today
standard names of quality in quality control and its management, began
their career in such an environment. In 1942, the concept of acceptance
sampling was devised: a battery of tests which appear under MIL-STD-
XXXX, meaning Military Standard no. xxxxx, were required by suppliers
to the army, and a broad range of mathematical- statistical tools required to
test the acceptance of production lots were devised. After World War II, the
expertise gained in production became taken for granted. Corporate efforts
were diverted to marketing, the age of affluence was rising and corporate
managers invested their efforts in convincing consumers to consume ever
more. Post-war rebuilding, baby-booms and no competition from Europe
and the Far East, as their economies were reduced to shambles, induced
the American industrial apparatus into a state of over-confidence. There
was no challenge to Industria Americana. In this environment, American
industry, equipped with an over-confidence gained out of the ashes of
WWII and the comparative advantage it obtained while the rest of the
world’s industries were in a shamble, saw its ‘House of Quality’ gradually
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deteriorate relative to other countries. This was, of course, true for car
manufacturing, but not only for cars. Cameras, once produced by Bell and
Howell, are now produced by Canon; mass Motorbikes production has been
completely taken over by firms such as Honda and Kawasaki. Although
Harley Davidson has returned, at least in spirit, it has carved a small
market share compared to the massive imports of Japanese motorbikes.

Attempts by the ‘quality controllers’ Deming, Juran and others (Deming,
1982, Juran et al, 1974; Juran, 1980; Wetherhill, 1977) to create a
greater awareness of such problems in industry did not succeed in the
US, but they were heeded in Japan. Quality control was viewed as a
production, or at best, an engineering problem which, from a managerial
viewpoint, was taken for granted. These were non-problems! At this time,
while Japan was attempting to re enter the industrial world and gain
recognition for its consumer products, Deming, Juran and others found
a ‘crowd’ willing to listen, learn and improve. Japanese manufacturers
also understood that quality and its control transcend the mere problem
of process control or product assurance. They recognized the need for
quality not only in terms of assurance, but ‘true’ quality, which is
inherent in the design, production and overall operations of a firm. Japan
became the country ‘where quality really matters’ (Wheelright, 1981),
because it was recognized more important than just assurance and product
standardization. While US firms concentrated their efforts on the reduction
of product variability (i.e. producing products that were as uniform as
possible), Japanese manufacturers focused on product quality improvement
through a “Total’ effort for quality control (Feigenbaum, 1983). In a sense,
the Japanese, equipped with 20th century technology and tools, returned
the concept of quality to that which prevailed at the beginning of the
century and refurbished it. Quality has again become the measure of
the art of production, but in a more structured way. Quality and its
control became Total Quality Control, and its management became Total
Quality Management. Quality became everybody’s business: the supplier,
the distributor, each worker and management. A meeting point was needed,
communications were opened, mechanisms to redirect inventiveness were
created and production processes were improved continuously. A wide
variety of approaches were then devised. Quality circles, in various forms,
were used; ‘Zero-Defects’ goals were stated and, in the process, the basic
approaches to the management of production were altered. The need
for quality production was both fuelled and fuelling this tremendous
transformation of the production process in almost every industrial and
service sector. For example, technology, robotics, automation and flexible
manufacturing must be appreciated both on how they have transformed
the potential for quality and, at the same time, how they have become a
by-product for the need for quality.

Technology has amplified the need for quality and its control. The
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complexity of manufacturing processes and the potential for higher levels
of precision and integrated controls have created an environment which
has not been appreciated to its full extent by production management.
In such an environment, quality management transcends the traditional
statistical approach, and is embedded in an emerging philosophy which
recognizes quality and its management as a central part of the process of
management. In this sense, quality becomes strategic. The application of
Just in Time management concepts, their intolerance to breakdowns and
reworks, and their structured and controlled production environment, have
also led to a production practice which is much more sensitive to the effects
of non-quality production. By the same token, Flexible Manufacturing
Systems (FMS), which consist of manufacturing cells linked by AGVs
(Automated Guided Vehicles), or some other mechanisms for routing parts
between machines and cells, and computer systems have greatly increased
the complexity of production. As a result, the problems of non-quality have
commensurably become much greater.

Finally, Just in Time as well as an economic environment in which
contracts are used to ensure quality, are also creating the need for
other novel approaches to the management of quality. Franchises,
subcontracting, distributors and intermediaries of various sorts, and in
general decentralization of the work place, require controls which are
sensitive to the conflicting environment within which business is operating.
The freedom by employees, salesmen and firms to choose and follow a
policy which is best for them has to be recognized and accounted for
in devising incentive schemes which will induce the delivery of quality
and quality performances. It is for these reasons that it is essential
to devise a contractual approach to quality management. Recent topics
on Principal-Agency theory, game theory and repeated games with
information asymmetry can be important means to study such problems
(as we shall see in Chapter 9). In this environment, the suppliers producers
context can be understood and control schemes devised to respond to
an ever increasing number of problems which are encountered when
operational and service functions essentials to the business process are
contracted out.

The globalization of business, increased competition and technology,
feeding and fed by the process of management in all its facets, have also
led to the emergence of quality as a variable to reckon with. Quality has
thus come of age. It has become a topic which it is important to study
and manage. Quality has thus become strategic. This will be the topic of
Chapter 10 however.
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Problems

1. Contrast the concept of manufacturing quality to concepts of quality
based on consumer satisfaction. How are these concepts affecting the need
for statistical quality control (SQC) and total quality control (TQC)?

2. Discuss: Production is an art and quality is the measure of this art!

3. Contrast the notions of ‘quality is the proof of the pudding’, it is ‘the
search of excellence’ and it is a ‘value added’.

4. Why didn’t the total quality approach evolve with the growth of
Taylorism, and why is it today a necessity?

5. Discuss: What are the effects of uncertainty on (a) quality perception
and definition, (b) the control of quality? How does the uneven distribution
of information between a supplier and a producer affect the need for the
control of quality.

6. Consider the following products and services: a car, an aeroplane, a
bicycle, a secretarial pool and a consultancy business. For each of these,
define quality for the firm producing the product or delivering the service
and the firm (or consumer) receiving the product or service. Then, define
five variables for each of the products (services) of the following categories:
attributes, operational performance, reliability-availability, security and the
image (or subjective facets) of quality. How would you use scores for each
of these variables and in each category to obtain a quantitative measure of
quality?

7. Discuss the effects of consumerism and the concern for environmental
quality on the concern for quality and the production of quality.

8. Much has been said about consumer protection and its effect on quality.
Discuss the need for vendor protection and its direct and indirect effects
on the production of quality?

9. Compare two notions of quality of your own choice, and how they affect
the production (or service) strategy.

10. Compare the definitions of quality in manufacturing and in services.
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Table 1.3 : Evolution of quality management and control
(until the 1960s)

Time Event
Prior Quality is an art
to 20th Demands overcome potential production

Century | An era of workmanship

F. Taylor | The scientific approach to management resulting in
1900’s rationalization of work and its breakdown leads to greater
need for standardization, inspection and supervision

Shewart | Statistical beginnings and study of quality control.
1930’s In parallel, studies by R.A. Fisher on experimental design
The beginnings of control charts at Western Electric

Late Quality standards and approaches are introduced in France
1930’s (Darmois) and Japan. Beginnings of SQC, reliability and
maintainability engineering

1942 Seminal work by Deming at the Ministry of War on quality
control and sampling

Working group set up by Juran and Dodge on SQC in US Army
Concepts of Acceptance Sampling devised

1944 Dodge and Deming seminal research on Acceptance Sampling
1945 Founding of the Japan Standard Association

1946 Founding of the ASQC (American Society for Quality Control)
1950 Visit of Deming in Japan at invitation of K. Ishikawa

1951 Quality Assurance increasingly accepted

1954 TQC in Japan (Feigenbaum and Juran), book published 1956
1957 Founding of European organization for the control of quality

(France-AFCIQ, Germany, Italy, Holland, England)

1950’s Growth for the study and application of experimental design
and response surface methodology in designing quality
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Table 1.8 (continued) : Evolution of quality management and control
(after the 1960s)

Time | Event

1961 | The Martin (Marietta) Co. introduces the zero defects
‘approach’ while developing and producing Pershing
Missiles (Crosby). Quality motivation is starting in
the US and integrated programs are begun

1962 | Quality Circles are started in Japan
1964 Ishikawa publishes book on Quality Management

1970 Ishikawa publishes the book on the basics of Quality
Circles and the concept of Total Quality is affirmed
and devised in Japanese industries

1970 Just in Time and Quality become crucial for

to competitiveness. A large number of US and European
1980 corporation are beginning to appreciate the advance

of Japan’s industries. Taguchi popularize the use of
experimental design to design robust systems and products

1980+ | Facing the rising sun challenge in quality management.
Development and introduction of FMSs and greater
dependence on supplier contracts.

Growth of Economic based quality control, information
software packages

1990+ | The Management of Quality has become a necessity which

is recognized at all levels of management.

Increasing importance is given to off-line quality
management for the design of robust design of manufacturing
processes and products. The growth of process optimization

References

Coile R.C. Jr. (1990) The New Medicine: Reshaping Medical Practice and
Health Care Management, Aspen Publishers, MD.

Scary, Christopher M.P. and Skjott-Larsen, T. (1979) Customer Service
and Distribution Strategy, New York, Wiley, 152.

Crosby P.B. (1979) Quality is Free, McGraw Hill.

Crosby P.B. (1984) Quality without Tears, McGraw Hill.



A Historical evolution of quality approaches 23

Deming E.W. (1982) Quality, Productivity and Competitive Position, MIT
Press, Cambridge MA.

Feigenbaum A.V. (1988) Total Quality Control, McGraw Hill (3rd edition).

Garvin David A. (1981) Quality on the line, Harvard Business Review,
July- August, 56-66.

Garvin David A. (1988) Managing Quality, The Free Press.

Grant E.L. and R.S. Leavenworth (1988) Statistical Quality Control, 6th
ed., McGraw Hill.

Gronroos C.H. (1984) A service quality model and its marketing
implication, Furopean J. of Marketing, 4, 36-44.

Gronroos C.H. (1990) Service Management and Marketing: Managing the
Moment of Truth in Service Competition, Lexington Books, Lexington,
MA.

Ingene, Charles A., and M.A. Hughes (1985) Risk Management by
Consumers, Research in Consumer Behavior, volume 1, 103-158.

Jacoby, Jacob and Leon Kaplan (1972) The Components of Perceived
Risk, in M. Venkatesan (Editor), Proceedings: Third Annual Conference,
Atlanta Association for Consumer Research, 382-393.

Juran J.M. et al. (1974) Quality Control Handbook, 3rd edition, McGraw
Hill.

Juran J.M. (1980) Quality Planning and Analysis: From Product
Development through Use, McGraw Hill.

Klaus P. (1991) Die Qualitat von Bedienungsinterakionen, in M. Bruhn
and B. Strauss,(Eds.), Dienstleistungsqualitat: Konzepte Methoden
Erfahrungen, Wiebaden.

Lambert D. and J. Stock (1982) Strategic Physical Distribution
Management, R.D. Irwin Inc., IL, 65.

Parasuraman A, V.A. Zeithmal and L.L. Berry (1985) A conceptual model
of service quality and its implication for further research, Journal of
Retailing, Fall.

Parasuraman A, V.A. Zeithmal and L.L. Berry (1988) SERVQUAL, A
multiple item scale for measuring customer perceptions of service quality,
Journal of Retailing, 64, 13-7.

Stoner J.A. and F.M. Warner (1993) Finance in the quality revolution-
Adding value by integrating finance and Total Quality Management,
Series in Innovative Management, Financial Executive Research
Foundation, Morristown, NJ.

Wetherhill G.B. (1977) Sampling Inspection and Quality Control, Chapman
and Hall, New York.

Wheelright S. (1981) Japan-Where operations are strategic, Harvard
Business Review, 59, 67-74.

Zeithaml V., A. Parasuraman and L.L. Berry (1990) Delivering Quality
Service, Free Press, New York.



24 The concept and the definition of quality

Appendix 1.A : Glossary of Quality Terms (ISO 3534, 8402)

Quality: The totality of features and characteristics of a product or service
that bear on its ability to satisfy stated or implied needs

Grade: An indicator of category or rank related to features or characteristics
that cover different sets of needs for products or services intended for the
same functional use.

Quality spiral: Conceptual model of interacting activities that influence
quality of a product or service in the various stages ranging from the
identification of needs to the assessment of whether these needs have been
satisfied.

Quality policy: The overall quality intentions and direction of an
organization as regards quality, as formally expressed by top management.

Quality management: That aspect of the overall management function that
determines and implements the quality policy

Quality assurance: All those planned and systematic actions necessary to
provide adequate confidence that a product or service will satisfy given
requirements for quality.

Quality control: The operational techniques and activities that are used to
fulfil requirements for quality.

Quality system: The organizational structure, responsibilities, procedures,
processes and resources for implementing quality management.

Quality manual: A document setting out the general provisions taken by
an organization in order to obtain the quality of its products or services.

Quality plan: A document setting out the specific quality practices,
resources and sequence of activities relevant to a particular product, service,
contract or project. .

Quality audit: A systematic and independent examination to determine
whether quality activities and related results comply with planned
arrangements and whether these arrangements are implemented effectively
and are suitable to achieve objectives.

Quality surveillance: The continuous monitoring and verification of the
status of the procedures, methods, conditions, processes, products and
services and analysis of recprds in relation to stated references to ensure
that specified requirements for quality are being met.

Surveillance: Activity carried out within the framework of a defined
assignment. It should not be restricted to a comparison with perequisite
data.
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Quality system review: A formal evaluation by top management of the
status and adequacy of the quality system in relation to quality policy and
new objectives relating from changing circumstances.

Design review: A forn'lal, documented, comprehensive and systematic
examination of a design to evaluate the design requirements and the
capability of the design to meet these requirements and to identify problems
and propose solutions.

Inspection: Activities such as measuring, examining, testing, gauging one
or more characteristics of a product or service and comparing these with
specified requirements to determine conformity.

Operator control: Inspection mode in which an inbdividual performs his
own inspection on the result of his work according to a set of rules formally
specified in quality assurance or quality management provisions.

Inspection plan: A document setting out the specific provisionbs
implemented to carry out the inspection of a given product or service.

Inspection status: Documented status of a product or service relating to its
location in the implementation of the inspection plan.

Traceability: The ability to trace the history, application or location of
an item or activity, or similar items or activities, by means of recorded
identification.

Reliability: The ability of an item to perform a required function under
stated conditions for a stated period of time.

Product liability (service liability): A generic term used to describe the
onus ona producer or others to make restitution for loss related to personal
injury, property damage or other harm caused by a product or service.

Nonguality: Overall discrepancy found out between the targetr quality and
the quality actually achieved.

Nonconformity: The nonfulfilment of specified requirements.
Defect: The nonfulfilmment of intended usage requirements.
Anomaly: Departure from what is expected.

Concession (waiver): Written authorization to use or release a quantity of
material, components or stores already produced but which do not conform
to the specified requirements.

Production permit (deviation permit): Written authorization, prior to
production or provision of a service, to depart from specified requirements
for a specified quantity or for a specified time.

Specification: The document that prescribes the requirements with which
the product or service has to conform.



CHAPTER 2

Total Quality Management,

2.1 Introduction

Total Quality Management (TQM) is a revolutionary concept in the
management of quality. Foremost, it is a recognition that quality not only
depends upon tangible investments in machines, processes or facilities,
but also on intangibles such as the integration and management of these
resources, the corporate and cultural environment, personnel motivation,
etc. Thus, TQM results in a new management order, based on lateral
integration, a coherent and continuous improvement of the ‘global’
performance of the firm in the short-term and in the long-term. In its end
result, TQM is viewed as a total (social, organizational and operational)
commitment to manage a firm’s resources to achieve the highest levels
of performance in everything in which the firm is involved. This may
include a vendor’s relationships, the productivity and efficiency of the
manufacturing process, manufacturing yields (or reliability), services and
customer satisfaction. While there is an agreement regarding the ends of
TQM, there may be some confusion regarding the ‘how’. In this chapter we
shall consider several approaches to TQM, each emphasizing a structured
approach to integrated and total quality management (see Figure 2.1).

The effects of TQM are profound, altering work practices and
management. For example, while traditionally production and its control
were two separate functions, TQM recommends that the management
of quality be integrated laterally and that self-control and regulation be
introduced at the point where defects can occur. This implies far greater
responsibility and authority for workers, greater incentives and multi-
tasking, a new set of rules in managing shop floors as well as a counter
status quo order which values permanent improvement of processes, work
practices and productivity. In other words, the classical managerial notions
of learning, spec’s and procedures take on another tune, amplified and far
more structured.
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TQM
Quality in Process quality Consumers
supp}?’es 7 management > satisfaction

TQM: A management order, based in a coherent and
lateral integration seeking a continuous amelioration of
the ‘global performance’ of the firm.

Figure 2.1: The scope of TQM.

The growth of TQM can be attributed to many reasons. Of course,
competition from Japan has no small part, but there is much more. First,
this is an idea whose time has come. The traditional notion that quality
is defined in terms of conformance to standards has run its course. The
notion of product quality, traditionally defined by the producer, has been
shattered, with quality defined by what consumers want and say it is.
This require that Western enterprises break at last from long held habits
acquired through an industrial revolution and two world wars in the same
century. Second, increased specialization and functionality has led to the
evolution of vertical organizational structures which isolate individuals, and
have emphasized the management of tangibles and neglected intangibles.
These were too difficult to manage, therefore it became for more convenient
to ignore their existence. Thus, while it is simpler to understand and
manage the problems of production scheduling, it is much more difficult
to understand what makes quality happen. Third, the power of firms over
national markets has been seriously reduced through the globalization
of business and technology and generally the breakdown of barriers to
competition. This has transformed production to being far more productive
on the one hand, and reducing barriers to entry in most markets on the
other, thereby augmenting the necessity of being competitive. In such
an environment, past production management practices can no longer be
the guide for the future, and something else is needed. TQM seeks to
provide part of the answer by focusing greater attention on quality, and
by developing a new intentionality, an intentionality based on the following
premises:
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e Reduce the complexity of systems through simplification and increased
manageability. Process and flows simplification, internal coherence,
communication, training, lateral forms of management, and so on,
are some of the means used to reduce the complexity of systems.
More importantly, it is the recognition that complexity increases the
probabilities of malfunction and the will to break the infernal cycle
of complexity growth that stands at the heart of the concern for
simplification.

o Be market oriented, by listening to the consumer, satisfying his real
needs, through a ‘needs sensitive’ quality. Provide a service, an assurance
of product spec’s both at the time the product is acquired and at the
time it is being consumed. In this sense, quality is defined ‘downstream’
but managed beginning ‘upstream’.

e Be people oriented, by increasing awareness through participation,
innovation and adaptation to problems when they occur. In a sense,
while machines may be all we need to produce quantities, we require
people to produce quality and activate a process of improvement,
inventiveness and reliability growth. In addition, in most situations
malfunctions arise due to human errors, so if these errors can be
prevented or corrected when they occur, the system potential for quality
can be realized.

In practice, TQM can mean something else to some firms. It is not so much
a matter of substance, but of form, however. For example, a marketing
firm might be more sensitive to consumer wants and thereby focus on the
satisfaction of these wants. A firm producing high precision tools might
concentrate on manufacturing quality, however (although both aspects,
quality production and satisfying buyers’ needs, are important). Overall,
in TQM, all firms share a common concern for the following;:

e Sensitivity to suppliers’ potential and needs, to assure reciprocity and
the supply of quality parts and materials upstream which are essential to
the production of quality in the factory. Then, synchronization, feedback,
conformance, contract negotiation and clauses, desirable price/quality
ratios for parts, cooperative and joint development efforts, mutuality,
are some of the activities a TQM approach might imply.

o Sensitivity to clients and to consumers’ needs and wants, in the present
and in the future and through post-sales services. Through quality
products, satisfaction, follow-through and follow-ups, it is deemed likely
that the consumer will become more loyal to the firm and thereby
maintain sales growth in the present and in future. For this reason,
quality production and quality post-sales services become far more
integrated and relevant to one another. Thus, the concern for quality
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‘reverses’ the traditional approach from ‘means’ to ‘ends’ to ‘ends’ to
‘means’.

An urge for zero defects, which need not mean that zero defects can be
attained. Rather, zero defects is established as a means to stimulate a
process of continuous improvement. In this sense, the traditional concern
for defining and producing according to some standard is revised. There
is no standard for producing defects, except the no defects standard!

A culture for continuous improvement which requires among others:
optimization of processes, flexibility/adaptivity, innovation, education,
responsabilization, incentives, mobility, belonging, competence, security,
clear delineation of authority and responsibility.

A concern to educate, train and augment the level of employees and all
those involved with the firm. This concern underscores the importance
of people and the capacity to deal with the continuous change that must
be instituted in the firm.

A concern to measure quality and display it. This is very important,
for measurement becomes the ‘trigger’ for identifying sub-standard
performance and focusing attention on it through agreed on measures,
display and subsequent control and quality improvement. In this sense,
measurement not only informs but also induces the firm to act and
communicate.

Participation of all the actors and the agents of quality. It is through
participation that agreements can be reached, attention focused on
major problems and proper measures implemented.

Quality apriori, in-the-product, rather than just aposteriori. This
means that proactive rather than reactive management is required.
Operationally, this is translated into preventive measures and a concern
for robust design (a built-in insensitivity to unexpected external
variations or errors specification is a parts or system spec’s).

Recognition of the added value obtained through quality and not just
costs. Further, it is increasingly agreed that the costs of non quality are
far broader than traditionally presumed. These costs involve not only
short term and direct costs, but indirect and long-term costs as well.

A prominent role for management and its commitment to quality
is deemed essential. Management’s role is thus recognized as vital
to problem recognition, maintenance of effort in improving quality
and in the integration of the efforts related to the management of
quality. Quality ‘begins at home’, it is a function of the administration
procedures, production and service processes and how these are carried
out. These are, of course, primarily, the responsibility of management.

Emphasis on prevention rather than just inspection. This concern is
based on the understanding that upstream costs of non-quality are
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much smaller than downstream costs. As a result, a small investment
in prevention can reduce large costs downstream, while saving on such
investment can induce large costs downstream.

o Lateral organization, cross disciplinary organization and the integration
of a process management are important. It is through organizational
design that communication, incentives and management can become
more efficient.

o Focus on processes rather than products.

These points are summarized in Figure 2.2 for convenience. These concerns
lead to extremely important and difficult problems. While they may seem
obvious to some, the implementation of a TQM concept to deal with such
problems is far less obvious. These problems require an integrative approach
regarding all facets of quality, from sourcing to consumer satisfaction to
adopting a multi- disciplinary and cross-functional approach. These are no
longer problems of strategic choice, but of implementation strategy which
require the full support of management, at its highest levels.

The commitments and effort needed to implement a TQM program can
be substantial. As a result, such programs can be implemented when there
is a need and overwhelming substantial support from top management. This
concern, whatever its origin, leads to the growth of quality objectives and
the TQM process, concentrating on clients, processes, managerial coherence
and amelioration and to an organic view of the firm process, where the
whole is far more than the sum of its parts (rather than just mechanistic).

Once the need for a TQM framework is recognized, its realization is
a long process. The transition from Statistical Quality Control (SQC), to
Total Quality Management (TQM) is difficult and often misunderstood.
Rather than TQM replacing SQC, there is a need for both approaches, and
in a far greater intensity. It is a ‘cultural transition’ from ‘process control’ to
‘systems control’, from ‘local to global optimization’, thereby involving a far
greater number of issues, problems and a far greater range for each of these
problems and issues. For example, while the traditional quality approach
would emphasize the control of an individual process (to ensure its standard
operating performance), the total management approach would emphasize
the effects of the process on other elements as well, which are essential to
the firm’s goals (such as response to consumers, industrial buyers, clients,
and the stakeholders of the firm).

The application of TQM in practice involves many difficulties, mostly
related to the management of complex organizations and dealing with
widely distributed and conflicting interests within the firm. Explicitly, some
of the problems include:

e Coordination and management problems.
¢ Communication problems which result in misunderstandings.
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e Desire ‘too much, too soon with too little’.
o Uncertainty regarding outcome.
e Incapability in dealing with intangibles.

o Lack of incentive for change.

Furthermore, lateral integration and coherence in TQM are not without
pitfalls. Applied inordinately, it can lead to a growth of organizations
and to over centralization, defeating the original intentions. In many
instances, TQM failed precisely because of organizational growth and the
overzealous activity of some managers to measure, coordinate and then
control everything they can. In this sense, TQM may, if not carefully
applied, provide the seeds for its own demise.

Self realization

Conformance Reduces costs
Participation Competence
Incentive Resource
Image and optimization

reputation Innovate

Vendors
relationships

In process

quality Improve

Belonging

Service Safety
Well

Make ;
money being

Clients
satisfaction

Figure 2.2: The themes of TQM.

2.2 Measurements and controls in TQM

To produce quality, it is essential to state what are ‘the ends’, and define
the measures (or goals) with respect to which quality will be defined,
measured, displayed, controlled, monitored and analysed to attain the
optimal level of (economic) quality performance/conformance. For such
purpose, measurements are very important, and have become an essential
part of the TQM approach. It is through them that critical problems
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can be revealed, communicated and agreed upon. They can then be used
to motivate and induce the actors of quality and set up the means for
the control and evaluation of quality growth programs. To apply a TQM
approach, it is thus necessary to determine what it is that we should
measure. There are several issues to bear in mind, however.

First, define the ends (or some intermediate ends). This might
include: (1) the measurement of customer needs and satisfaction, (2)
the measurement of the firm’s performance in terms of these goals, (3)
the measurement of ‘stakeholders’ goals, the actual performance and
satisfaction (such as vendors, regulators, interest groups, environmental
quality monitors and so on). Practically, TQM managers, use ‘broad-goals-
slogans’ to motivate and induce an environment of quality improvement.
Measurement is thus no longer focused on quality conformance, but on
quality performance. In this vein, the means applied to the management
of quality, are far more extensive (see Figure 2.3), involving greater
competence, coherence, robustness, consistency, perpetual improvement,
flawless flows, motivation-participation and so on.

Second, when quality is intangible, the problems is: What to measure?
This is in many cases the core problem. If we were sure what quality meant,
it could be measured and yardsticks with ‘sticks and carrots’ devised to
guarantee its proper manufacturing or delivery at the optimal level. In
this sense, the management of quality necessarily involves the management
of ill-defined and complex situations. The structured approach on which
TQM is based can then be measured in terms of this ability to ‘adapt and
respond’ as the firm evolves through a charted course which awaken ‘latent
problems and long held beliefs’ and in the process changes its goals.

For example, for a customer whose objectives are small supply delays and
a small percentage of defectives in a lot, each of these ‘goals’ is well defined
and can be measured easily. In this simple case, quality is the measure of
the relevant variables which constitute the customer’s objective. They then
become elements which make up the Cost Of Quality (COQ), and provide
the means to evaluate economically the desired (standard) level of quality
expected by the customer. If the customer’s objectives are intangible, such
as ‘satisfaction’, an elusive definition of the customer’s happiness, and so
on, it becomes much more difficult to measure both quality and its cost. In
this case, quality is defined implicitly through other variables which, it is
believed, are signals to the true quality. For this reason, in such situations,
the measurement of quality can be always improved. In practice, we must
settle down with a definition which can be used, that is, provide qualitative
and quantitative information which can be transformed into economic and
operational terms required for management’s action.
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The ends: What are they? Measure, display, control
monitor, COQ, price and their valuation

Figure 2.3: Measurements and TQM.

Third, the measurement of quality is not neutral. Measurements (or the lack
thereof) have an effect on the firm, its stockholders, its managers and its
employees. Measurements provide an incentive for action. Underestimating
the costs of quality perpetuates non-quality, and viceversa; overestimating
the costs of quality through inappropriate measurements would generate
non-economic solutions to quality (augmenting production costs which
cannot be recuperated through better quality for example). In such
situations, there may be problems of principle to resolve. Should quality be
measured, ‘costed’ and valued to induce change, or should it be objective,
truly reflecting its economic effects? These are difficult and unavoidable
issues to deal with when quality is intangible. Management must then
arbitrate between the short-term and long-term effects these measurements
will have on quality and on the firm’s performance. Once these problems
have been resolved, or at least recognized, we can turn to defining: (1)
measurable objectives, (2) measurable non-conformance, (3) measurable
costs of non quality, and finally, (4) measurable benefits of quality. Below,
we consider some examples.
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Problem

Discuss the use of the ‘7-zeros’: Zero breakdown, Zero rework, Zero returns,
Zero delay, Zero stocks, Zero defects and Zero papers as ends for quality
management, and what are their effects on a firm’s managerial orientation.

Ezamples: Measurement and the definition of quality

(1) The measurement and definition of quality are intimately related. For
example, in a New York Times article (March 311994, p. B8) regarding
health care, it was reported that many consumer groups supported the
Administration’s proposal for report cards to ensure some measure of
accountability. But some experts believe that the reports will be of limited
value for many years because of problems in gathering useful data. Even
with a few local progams scattered across the country, “right now, most
H.M.O.s know that a patient visited a doctor and the date of the visit
... They don’t know the diagnosis. They don’t know the procedure or
medication prescribed. And they don’t know why the patient visited in
the first place. The H.M.Os also don’t know if the treatments helped the
patients or harmed them”. The ability to see a doctor quickly is certainly an
important measure of patient satisfaction, but subjective benchmarks like
satisfaction can be misleading, and some experts warn that health plans
may also simply redeploy their resources to score high marks.

(2) The European main office of Otis, an elevator manufacturer, imposed
on its European branches a method for establishing a PONC (price of
non conformity), which is divided into two parts. The cost of a badly
performed job and the costs associated with the management and the
control of quality. The costs of non-quality used by Otis have included:
reprocessing and rework, special handling, special services, computer
reruns, breakdowns, warranties, clients’ complaints, after sales services
and accounting corrections. Cost of management and control included:
controls, verification and inspection, quality training, revisions, tests and
experiments, implementation of quality related processes, process testing,
prevention and inspections. These were also the elements measured and
reported for the purpose of managing quality (Magne, 1989).

(3) Nissan’s assembly plant in England, boasting a very high productivity,
claim that its ‘secret’ consists in measuring its performance numerically,
even when performance is hard to define. As a result, every activity has
an associated numerical objective. In Sunderland (England), for example,
they use STR (Straight Through Ratio) to calculate the rate at which
cars are assembled without any further need for repairs or adjustments.
Further, the NTR (No Touch Ratio) is reduced by the minimization of
handling of pieces. Nissan claim that initially, the NTR and STR were
15% and 80% but are now 50% and 95%, respectively. The objective for
1993 was a further 756% for the NTR and 99% for the STR. Of course,
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such quality performance should not, according to the Sunderland plant,
imply a reduced productivity, but exactly the contrary. To realize such
gains and motivate its personnel, Nissan claims that for the Sunderland
plant, ‘Production’ is the ‘Centre of Gravity’ of the business, and everything
else is a means to provide support. Once this is recognized, production is
transformed into a number of activities, which are carefully measured and
monitored. Derek Amour, the Production manager at Nissan Sunderland,
claims that Nissan’s obvious but important lesson is summarized by To
measure 1s to know. (Les Echos, June 30, 1993, p.17).

(4) Grant and Leavenworth (1988) evaluate a health clinic along five
performance measures: Content, Process, Structure, Qutcome and Impact.
Content is a measure of medical practice. Measures can include a review of
medical records for conformance with national standards of medical care.
Process is the sequence of events in the delivery of care and the interaction
between patients and medical staff. Measures are a questionnaire of
patients, both in process and at the exit of the system. Structure relates
to physical facilities, equipment staffing patterns, and the qualifications
of personnel. Measurements for such performance are numerous, however,
including the time taken for patients to see a doctor, the ratio of doctors
to nurses, bed occupancy, the utilization of equipment and certain services.
Outcomes describe the change in a patient’s health status as a result of
care. Measures are again numerous, including the number of deaths, the
number of patient complaints, the number of organs removed in surgery
and the number of errors. Finally, Impact relates to the appropriateness
and the effect of the health clinic on the community. Measures for such
performance can include the number of patients turned away because of a
lack of insurance, a lack of financial resources and travel time to the clinic
(for additional study see de Geynt, 1970, for example).

The cost of quality

Say that quality is defined by the degree of conformance to expectations by
customers. In other words, if (z7,...,z}) denote a customer expectations
(defined by an advertised set of characteristics, for example), then if
performance of the product is some other set of outcomes, say (y1, y2, --yn),
the non-conformance is a measure of the differences (y; — 2}),1=1,2,..N,
while the Cost Of Quality (COQ) is the economic valuation of this non-
conformance. There are, of course, many ways in which to compute non-
conformance and translate them into economic values. Nonetheless, this
is extremely important, and provides the first and most essential decision
to reach when constructing a quality management program. The cost of
quality can be broken down into three essential categories:

e Appraisal and measurement costs

e Prevention costs
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e Nondetection costs including

— Internal costs and
— External cost

Appraisal and measurement costs include inspection, testing, work
stoppage costs, materials, direct and indirect labour, delay times, and so on.
Prevention costs include maintenance costs, quality and planning, training,
reliability improvement, management costs, verification, experimentation,
administration and simulations costs. Non-detection costs include the
internal costs borne directly by the firm (such as materials, rework, capacity
loss due to loss of men and machine time, administrative costs, special
dispatches), and external costs (such as handling complaints, warranties,
replacements, product liability, returns and allowances, loss of goodwill and
its effect on future sales, etc.).

Table 2.1: Typical quality costs

Prevention

Quality engineering, Quality circles, Quality training, Supervision of
prevention activities, Pilot studies, Systems development, Process controls,
Technical support provided to vendors, Analysis of in-house processes for the
purpose of improving quality, Auditing the effectiveness of the quality system.
Appraisal

Supplies used in test and inspection, Test and inspection of incoming materials,
Component inspection and testing, Review of sales order for accuracy, In-
process inspection, Final product inspection and testing, Field inspection at
customer site prior to final release of product, Reliability testing, Supervision
of appraisal activities, Plant utilities in inspection area, Depreciation of test
equipment, Internal audits of inventory.

Internal Failure

Net cost of scrap, Net cost of spoilage, Disposal of defective product, Rework
and labour overhead, Reinspection of reworked product, Retest of reworked
product, Downtime due to quality problems, Net opportunity cost of products
classified as seconds, Data re-entered due to errors, Defect cause analysis and
investigation, Revision of in-house computer systems due to software errors,
Adjusting entries necessitated by quality problems.

External Failure

Cost of responding to customer complaints, Investigation of customer claims
on warranty, Warranty repairs and replacements, Out-of-warranty repairs
and replacements, Product recalls, Product liability, Return and allowances
because of quality problems, Opportunity cost of lost sales because of bad
quality reputation.

In a study sponsored by the National Association of Accountants
(US), on Measuring, Planning and Controlling Quality Costs, Morse,
Roth and Poston (1987) found that quality (costing) information is
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important to managers for a number of reasons: (1) dollars can be
added meaningfully across departments, and thereby also provide a good
basis for comparisons; (2) because dollars can be added, they are more
meaningful than disaggregated data, especially to top management; (3)
quality cost information helps management identify quality problems
and opportunities; (4) quality cost information helps managers evaluate
the relative importance of quality problems, and provides a guide as
to which to tackle first; (5) quality costs can be used to demonstrate
the financial viability of quality improvement programs and obtain the
necessary funding; (6) quality costs can be used to evaluate a department’s
effort in achieving quality objectives. In Tables 2.1 and 2.2, typical cost
items are summarized and a simple example for a large firm is given.
Note in particular that for the large firm, data can be analysed across
departments, and therefore provides the means to concentrate ‘the bangs
where the bucks are’. On the basis of this data it is, of course, possible to
compare departments and concentrate management time and attention on
those facets of quality costs where they will do the most good. Further,
following these costs from month to month provides the means to measure
improvement or deterioration in the quality performance of each of the
departments.

Table 2.2: Summarizing quality costs across
organizational segments. (Figures in $)

Dept.1 | Dept.2 | Dept.8 | Dept.4

Prevention

Quality engineering 4,000 1,000 500 5,500
Quality training 2,000 | 800 0 2,800
Systems development | 3,000 | 600 0 3,600
Supervision 1,200 | 400 0 1,600
Subtotal 10,200 | 2,800 | 500 13,500
Appraisal

Inspection 12,200 | 5,000 | 2,000 | 19,000
Testing 2,200 | 500 0 2,500
Supervision 2,500 | 600 400 3,500
Subtotal 16,500 | 6,100 | 2,400 | 25,500
Total 26,700 | 8,900 | 2,900 | 38,500

Internal Failure

Scrap 3,700 | 2,500 | 500 6,000
Rework 2,700 | 2,200 | 1,000 | 5,900
Reinspection 600 400 200 1,200
Retest 300 200 0 500

Subtotal 6,600 | 5,300 | 1,700 | 13,600
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Table 2.2: Summarizing quality costs across
organizational segments. (Figures in $) (continued)

Dept.1 | Dept.2 | Dept.3 | Dept.4

Ezxternal Failure

Warranty 400 1,200 12,000 | 13,600
Allowances 0 0 4,000 4,000
Replacements 600 1,000 8,000 9,600
Subtotal Failure 1,000 2,200 24,000 | 27,200

Total Quality Cost | 34,300 | 16,400 | 28,600 | 79,300

Total cost

SPC

Prevention costs

TQM

Figure 2.4: The scope of costs in SPC/SQC and TQM.

Traditionally, the lion’s part of accounted costs of quality were defectives’
costs. TQM, however, recommends that an increased share of the costs
should be allocated to prevention, augmenting on the one hand the cost of
quality, but reducing it on the other. The underlying belief of this approach
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is that prevention costs reduce the Total COQ. When COQ is difficult to
define, we can use ‘standards of reference’. These could be standards of
production, industrial standards, or perhaps ‘competitive bench marking’.
In this latter approach, the standard is what the competition can do.

Ezample

The COQ can also be used to determine which quality level is optimal. To
see how this might work, consider @, a parameter of quality; the bigger
it is, the better is the quality. If we consider both the cost of producing
quality, denoted by P(Q) and the COQ(Q), both a function of @, then the
optimal level of quality can be defined as that minimizing the total cost,
or:

gleig TC(Q) = P(Q) +COQ(Q)
CoQ(Q)=PC(Q)+ DC(Q)+ AP(Q)

where ® denotes the set of potential qualities and PC = Prevention costs,
DC = Defective costs and AP = Appraisal costs. A solution will depend
upon the behaviour of the functions P(.) and COQ(.) If the COQ(.) is
decreasing in @ while P(.) is increasing in @), as seen in the Figure 2.5,
then there is some level @* which minimizes the total cost TC. This level

is the optimal level of quality.

Prevention and
appraisal costs

Min
TC

Production cost
of quality

———————

costs

Quality
Figure 2.5: The optimal cost of quality

Ezample: Measuring COQ in a non-economic fashion

Define quality as a set of ”standards” and assume that the firm performance
is registered. Non-conformance can then be defined by a measure of
difference between the standard and the registered performance. In some
cases, it might be possible use the difference, or a function of this difference,
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as a measure of non quality. Typical cases include (a) Quadratic costs, (b)
Nonlinear costs. A graphical depiction of these costs is outlined below in
Figure 2.6.

Good
Loss Loss

Target zone Absolute deviation Nonlinear
cost cost

Figure 2.6: The functional costs of quality

Problem

A department store monthly sales and shortages encountered in the course
of the month are given below. Using the data below, and assuming
that supply delays are one week, devise a measure of quality for the
store inventory management performance. Is the performance of the store
improving over time?

Table 2.3

Month Orders | Shortage | Ending Stock
January 2219 119 170
February 1885 50 150
March 1544 27 160
April 1791 |10 202
May 2305 |11 180
June 1620 4 160
July 1314 |10 170
August 1831 4 120
September | 1655 11 80
October 2043 2 60
November | 1369 1 70
December | 1144 8 50

Ezamples

(1) Medical clinics and laboratories, even with computerization,
automation, increasing efficiency and increasing precision of administered
tests, has not altogether done away with errors. In fact, in an article in the
Wall Street Journal (February 2 and 3 1987), it is claimed that medical labs,
which are trusted as largely error free, are far from infallible. Overwork,
haste, misuse of equipment and specimen mix up afflict even the best of
labs. Faulty diagnostics, erroneous reports and so on can sometimes lead to
disastrous results for the patient and the hospital lab involved. The costs
incurred are numerous, measured both in terms of dollars (as would be
expected in insurance premium fees, court settlements etc.) as well as in
hospital reputation (goodwill). The assurance of ‘quality results’ in a lab
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and hospital setting are therefore paramount to its name and the quality of
health care delivery it provides. The development and the use techniques
and procedures for controlling the ‘quality’ of lab results, assuring that
no careless or avoidable errors are made, are therefore of paramount
importance. In a laboratory setting, some of the errors encountered include:
(1) tests variation, (2) physiological variation and (3) sampling errors.
These errors involve many costs that are difficult to assess. They are,
nevertheless, needed to respond to some of the following questions:

e What is the probability that a reported test result will be faulty?

e What control procedures are necessary to ensure that an error will be
reduced to a predetermined risk (probability) level?

e What are the effects of instituting control procedures as an integral part
of the testing activity of the lab? How will such added activity alter
staffing requirements, capacity (of equipment) utilization, and so on?

e How can we keep track of results, learn and improve the laboratory’s
performance?

These are topics which have been the subject of intense research and
practice in the clinical and medical profession.

(2) The measurement of service quality is usually measured in terms
of several measures of performance which makes the evaluation of the
COQ very difficult. Simple questionnaires seeking customers’ opinions
are often used. There can be more sophisticated approaches, however.
SERVQUAL, for example, is such a questionnaire, which is based on
a multivariate statistical analysis (Parasuraman, Zeithmal and Berry,
1985,1988; Zeithmal, Parasuraman and Berry, 1990). Essentially, it is
based on a study of a questionnaire with 97 questions (items) regarding
quality. Since its construction, SERVQUAL has been reduced to 22 essential
items. The conclusions of this study are that service quality is expressed
essentially in terms of ‘Service differentiation’ and that ‘Service quality is a
perception resulting from the expectation of service and its performance’.
Any deviation from expectations will thus induce a cost of service. Further,
any differentiation from the best will also incur a quality cost. Formally, we
can presume that if the service has a random performance € then the quality
of service is a measure of the difference E(£)—¢, where E is the expectation
operator. As a result, the variance var(¢), which measures the variation
about how expectations in service can be applied, measure some aspect of
the cost of quality in services. Based on these observations, SERVQUAL
suggests that we measure quality along five dimensions:

Dimension I: Tangibles such as equipment, personnel attributes (look,
neatness, etc.), the physical environment, etc.

Dimension 2: Reliability or the propensity to meet clients’ expectations.
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Dimension 3: Responsiveness or the propensity to respond to clients’ requests.

Dimension 4: ‘Assurance’ or the potential to induce a sense of security for the
client.
Dimension 5: Empathy or the special attention given to the client. This

therefore relates to issues of personnel, and represents a sort of implicit
valuation of such personnel.

SERVQUAL has been used intensively in marketing studies. Nevertheless,
its primary importance resides in its identification of the key factors that
affect the definition of quality. For a relationship between these factors and
their combination (i.e. service systems design), it is necessary to turn to
other methods.

2.3 Approaches to TQM and quality improvement

There are many approaches to TQM and Quality Improvement (QI), as
many as there are quality gurus. Throughout their approaches, there seem
to be some common and recurring messages. Some of these include:

e A downstream sensitivity for the definition of quality

e An approach to cross-functional management and a growth of lateral
functions and communication within firms.

e An emergence of pre- and post-industrial logistics and production
management which emphasizes producer supplier relationships, post
sales service and management, exchanges, support functions and
coordination

e A structural change to simplify organizational flows, reduce
manufacturing operational complexity, eliminate bottlenecks and devise
a system which is coherent, flexible and sensitive to the environment,
and yet which performs well.

e An integration with the business strategy, fed and feeding this strategy.
As well as the involvement of higher levels management echelons.

Samples of such approaches are highlighted below, including precepts
expounded by Deming, Juran, Crosby, Shingo and others. The use of tools
such as SPC/SQC, project follow through and other tools will be considered
in great detail in subsequent chapters but are essential for the application
of TQM.

Deming

Deming (1975, 1982, 1986) focuses on the improvement of products
and service conformance to specifications by reducing uncertainty and
variability in designing and manufacturing the product. For this purpose,
Deming proposes that we follow an unending cycle ~-Deming’s wheel- which
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consists of the following (see also Figure 2.7) : (1) Design the product,
(2) Plan its manufacture, (3) Collect data, test it, control the process,
(4) Record and follow sales performance, (5) Perform survey and research
regarding consumer tastes and finally repeat the design of the product.

According to Deming, a quality orientation leads to higher productivity
and thereby to lower costs. Thus, Deming proposes that top management
‘works on the system’ by improving it and by inducing a structural
change needed for greater coherence of the organization and its operational
effectiveness. Further, Deming asserts that most quality problems are not
the workers’ fault but management’s. The Cost Of Quality (COQ) currently
used in most industrial firms is viewed by Deming as too crude a measure.
Rather, some attempts should be made to measure the indirect costs and
benefit effects of quality. The tools mostly recommended by Deming are
Pareto analysis, Ishikawa (fishbone) diagrams and histograms. These tools
are presented in the next chapter.

To control the manufacturing process, Deming points out that there
are two sources for improvement: first, reduction of systemic recurring
errors such as poor design, faulty BOM (Bills of Materials), inadequate
training and their like which give rise to common cause problems (as
will be presented in greater detail in Chapter 6), and second, elimination
of special causes which are associated with specific materials, individuals
and machines. The distinction between these errors will become far more
evident when we introduce control charts in Chapter 6.

Design
Plan Control
Survey and Manufacture
research
Market
and sales Test
Analyze Collect

Figure 2.7: Deming’s wheel

Juran

Juran (1974, 1988) suggests an organizational approach which focuses on
management at two levels. A first level, oriented towards top management,
emphasizes quality as the fitness for use by consumers, while a second level
consists of a breakdown of first level quality missions into missions oriented
towards departments in the firm. For these departments, it is then necessary
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to work in accordance with specifications designed to achieve the fitness for
use. The key aspects of the first quality level involve, according to Juran:
(1) Product design, (2) Conformance to specification, (3) Availability, (4)
Reliability, (5) Maintainability and (6) Serviceability.

To achieve it, however, Juran recommends that we also follow an
unending cycle which is given by (see also Figure 2.8) : (1) Market
research, (2) Product development, (3) Design, (4) Manufacture and
Planning, (5) Purchasing, (6) Production process control, (7) Inspection,
(8) Tests, (9) Sales and finally feedback through market research. For
Juran, top management is important as it is an essential actor in the
everlasting process of market research to manufacture to sales. For the
quality management process, Juran proposes three phases:

The Control Sequence, which seeks to solve sporadic problems. This is in
essence the function of quality control. Here statistical techniques as well as
tolerance fool proofing are used.

The Breakthrough Sequence, which consists of quality improvement by solving
chronic problems. To do so, Juran recommends that we use the ‘Universal
Process’ for quality improvement, consisting of: Study the symptoms, Diagnose
the causes and Apply remedies. In this sequence, Juran advocates a project-
by-project improvement. At any time, many such projects are ongoing
simultaneously. The breakthrough sequence requires a breakthrough in
attitudes (in addition to a knowledge breakthrough). Institutionalization of the
review process over the quality management process. In such a program, short
and long-term goals are made explicit, priorities are set up and relationships
between the firm and the quality strategy are drawn.

Throughout these phases, Juran recommends that training be given a top
priority.

A Research

Post-sales

Maintenance
Research
Prototype
Equipment
Design
Manufacturing Specifications
plan

Figure 2.8: Juran’s spiral of quality
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Crosby

The Crosby approach (1979, 1984) is based on the definition of ‘absolutes
of quality management’ which define quality and the standards required
to achieve quality, and prescribes the basic elements of improvement.
There are 14 such basic steps: Management commitment, Quality
improvement team development, Quality measurement, Cost of quality
evaluation, Quality awareness, Corrective action, Zero-defects committee
establishment, Supervisors training, Zero defects day, Goal setting, Error
cause removal, Recognition, Quality councils and Do it over again.

Crosby’s absolutes, are defined by the following:

Absolute 1: The definition of quality is conformance to requirements which are
established by management.

Absolute 2: Quality is reached through prevention. It is therefore necessary
to understand the process and eliminate all opportunities to make errors. It
is recommended to use quality control tools such as control charts and other
tools that we shall study in later chapters.

Absolute 3: The performance standard is zero. Thus, even if we do not reach
it, it is important to strive towards zero defects.

Absolute 4: The measurement of quality is the price of nonconformance.
For this reason, data is important so that attention is focused on the true
magnitude of the cost of nonconformance.

Crosby also recommends an unending cycle. The basic tenets of this cycle
are that:

e Quality improvement is an everlasting process.

e Quality education and its philosophy begins at the top.

e Quality control departments should believe in zero defects.
e Quality education and training should be excellent.

e Management is patient and never ceases in concern for quality.

Crosby, perhaps more than Deming and Juran, emphasizes the need for
a corporate culture change, so that it can embed the values of quality
and its improvement in the organizational process. Furthermore, Crosby’s
emphasizes zero-defects and preventive measures to attain it.

The approach to Quality Management in Japan

The ‘Japanese’ approach to the management of production and quality
refers to a complex set of organizational procedures for managing plants
based on simplification, on the reduction of stocks, on quality improvement
and on producer supplier cooperation and synchronization. This is often
summarized by application of the Just in Time production approach.
Technology, as expressed in the use of computers and automation in
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production, can find its ‘natural place’ in the ‘Japanese model’ once the
production system has been simplified into well defined and well controlled
operations. Further, exchange between suppliers and producers, labour
and management, and generally, the actors of production, is based on
cooperation and mutuality rather than coercion. Although it is important
to learn from the Japanese experience, it is equally important to appreciate
the basic factors that have encouraged the development of the so-called
‘Japanese model’ and what are the characteristics that have made it
efficient in manufacturing and quality. Through such appreciation, it is
possible to draw lessons which can be helpful for devising production
management concepts tailored to the production environment faced in
Europe and the USA. The most important aspect of this lesson is noting
that the process of management and the management of quality are
intimately integrated. These are, therefore, one and not two separate
functions!

Japan’s cultural environment and social systems through the ages
have imbued the Japanese with a sense of order, mutual dependence
and organization. The relative size of the Japanese islands, their large
population and limited natural resources have created an environment
where frugality and efficiency are essential for survival. As a result, the
concern for productivity is not only a goal of economic pursuit, but
a purpose strongly embedded in ethical values. Combining these basic
tendencies with an ‘appropriate organization’ integrating the economic
means for producing and competing worldwide have rendered Japanese
firms formidable competitive opponents.

The Japanese ‘model’, embedded naturally in a favourable cultural
environment and with a history accustomed to organization, guidance,
controls and mutual dependence, sets up the stage for efficient and
controlled production systems. Factors such as:

e A ‘social contract’ between employees and firms, based on ‘industrial
kinship’ rather than a ‘conflict approach’ as in US, Europe labor
management negotiating postures

e A clear definition of hierarchy and an understanding of goals (from top to
bottom of the organization), with a process (albeit lengthy) of reaching
a consensus prior to action. This in contrast to a multiplicity of goals
encountered in European and US firms and a confusion regarding the
formal and informal structures of the organization.

e A distribution of responsibility down the line, leading to an effective
and decentralized implementation system, instead of a concentration of
power and responsibility at the top.

e Employees’ participation in productivity and quality enhancement
programs (through quality circles and self-involvement).
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e The on-line solution of problems as they occur.

e The coordination reached at all levels of the organization, which
resolve the natural difficulties encountered in interfacing and integrating
disparate activities.

e An ability to learn and endogenize quickly the use of equipment and
automation in production.

These meaningful characteristics provide an environment which can favour
a competitive edge in cost efficiency, as well as create the atmosphere
needed for improving quality. At the same time, it does not necessarily
encourage inventiveness and can be rigid (due to the internal processes
for reaching a consensus and making a decision). These factors are,
nevertheless, favourable to the implementation of TQM systems.

Schoenberger (1982), in particular, has studied Japanese work practices
and summarized them into a number of lessons, generally associated to
JIT (Just in Time) manufacturing (see also Hall, 1983). These are: (1)
Fewer Suppliers, (2) Reduced Parts Counts, (3) Focused Factories or narrow
lines of products/technologies, (4) Scheduling to a Rate Rather than by Lot,
() Fewer Racks, (6) More Frequent Deliveries, (7) Smaller Plants, (8)
Shorter Distances, (9) Less Reporting, (10) Fewer Inspectors, (11) Less
Buffer Stocks and (12) Fewer Job Classifications. Further, although JIT
is believed mostly to be based on the reduction of inventories (through
the use of Kanbans) and pull scheduling, its more important aspects are
also related to TQM. Essentially, the JIT approach will induce production
management to:

e Reveal and identify problems and thus enforce their solution.
e Control variations through statistical process control.

o Reduce external interventions in process operation and thus favour
greater auto-controls and built in inspection.

e Emphasize quality at the source since the effects and costs of non- quality
in process are extremely large.

Enforced problem solving is reached through participative management
and quality cost consciousness, which motivate the workers to explore the
cause of poor quality and voluntarily implement the improved solutions. In
essence, since JIT renders the process much more transparent and sensitive
to failures, there is overall a far greater awareness of quality problems. In
traditional production systems, some defects are acceptable if lots meet
quality standards, while in JIT zero defects is the standard.

Further, through the intensive use of statistical process control, root
causes are identified and eliminated. Some defect sources including
materials, workmanship, design and processes, are assessed, and statistics
are used to maintain processes in control. These tests, however are
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applied to the process, and not on lots produced, to identify causes and
infer percentage defects. The two essential purposes are then continuous
improvement and prevention and not just data collection. When quality
progresses, inspection may at last disappear. In this sense, the Japanese
approach introduces controls as an interim phase, with the purpose of
getting rid of them! Once quality is mastered, the Japanese go on to process
optimization to attain higher levels of performance. In fact, increased
attention is given in Japan to robust design, as we shall see in Chapter
7.

Differences between the US, Japan and Europe are eroding.
Globalization of businesses has brought Japanese firms to the US and
Europe, and vice versa, joint ventures and manufacturing in Japan by
leading US and European firms has created sufficient technology transfer
to transform both the Japanese and US/Euro models. Nevertheless, such
a distinction, perhaps exaggerated, is needed to highlight the fact that
there are indeed important differences. Further, although the Japanese use
most of the ideas expounded by Deming and Juran in the early 1950’s,
we should be aware that thay have developed these ideas further and have
integrated them into a production strategy, the JIT approach being one
example. Ishikawa and Shigeo Shingo are some specific names who have
left their imprint on the management of quality. Concepts summarized
by Poka Yoke and Kaizen and others are also used to focus attention on
quality.

The Poka-Yoke, or Shigeo Shingo’s Shop Floor

Poka-Yoke stands for ‘resistant to errors’. It is an approach which seeks to
render the work place mistake proof. By reducing the opportunity to make
errors, the work place is simplified into a stream of activities which will have
a propensity to produce ‘zero defects’. A Poka-Yoke system can at times
institute a full (100%) control if some problems are detected. In this case,
there is instantaneous feedback for corrective action. The problem is that
the Poka-Yoke system is reactive when a default is detected, for this reason,
it is combined with a control upstream to reduce the chances of errors of
being detected downstream, once it is too late. The basic steps which are
implied by the Poka-Yoke are based on common sense, and include:

o Control upstream, as close as possible to the source of the potential
defect as possible.

e Establish controls in relation to the severity of the problem.
e Think smart and small.
e Do not delay improvement by prior over analysis.

Poka-Yoke was developed (at Matsuhita Electric and Toyota) in
conjunction with the JIT approach which seeks to render manufacturing
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as a flawless flow process while at the same time reducing dramatically the
level of stocks (which we will discuss in greater depth later on). In JIT, we
shall see that the cost of quality is far greater, since ‘there are no buffer
stocks’, and therefore each problem has an effect on the production line as
a whole. For these reasons, the management of quality in a JIT production
philosophy is a necessity to implementing JIT successfully.

The position of controls in a production process, as Poka-Yoke states, is
both important and obvious. Sony Alsace (France), for example, claims
that the cost of components failure increases dramatically when it is
detected downstream rather than upstream. That is, the COQ is necessarily
a function of the position where the quality problem originates and is
detected. The closer the detected problem to consumers (downstream), the
greater is this cost. A control position upstream, at the time materials enter
the process, has a COQ which is the smallest. As we move downstream,
the COQ increases, since it involves cumulative costs of machine time,
personnel and so on, working on defectives. Further, the costs of prevention
are smallest upstream and increase importantly when we move downstream
(since in-process production and control is quite complex, and they require
both sophisticated equipment and intensive managerial efforts). Although
these costs of measurement and prevention could theoretically decline once
we approach the state of a finished product, the total costs of quality remain
higher. For this reason, it is natural to concentrate quality management
effort at the point at which it is least costly and can prevent the most
damage (which is the upstream stage).

Kaizen

Kaizen is another Japanese term, meaning improvement, improvement as
a way of life, both personally and collectively. As a result, it seeks to go
‘higher’ and ‘faster’, and reach one’s own full capacities and potential.
Kaizen stresses the need to combat the status quo. Each practice, each
goal, should be put in question, so that there must be a way to do it
better. It is, of course, simple to ignore Kaizen due to its obviousness, but
one should also be aware that Kaizen conveys a mobilizing message which
is needed to move towards a TQM approach, for a total approach to quality
cannot be reached without a total mobilization (see Masaaki Imai, 1990 for
further study, however).

Quality circles

Quality circles have been started in Japan in 1962, as a follow-up effort to
ongoing quality improvement. In the US it was introduced at the beginning
of the 1970s and in France in the early 1980s. Basically, these are voluntary
working groups sharing a common concern which is related to quality
improvement. These circles generally include generally a group leader, are
of limited duration and involve periodic meetings in or out of working
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hours (this depends upon the country where it is applied). Experience with
quality circles is mixed. In some cases, when they are well structured, part of
an overall TQM program, they can be effective. In such cases, they relate to
participative approaches of management which seek to sensitize employees
prior to introducing change. More importantly, however, quality circles can
be used to induce individuals to act and reach ‘collective’ achievements. In
some situations, they can deteriorate into a focus group for disenchantment
and gripes within the firm.

Quality circles can be constructed and used for various purposes since
they provide an explicit and implict incentive for work group learning and
apprenticeship based on the induction of a collective responsibility and
spirit, participation for another approach and more effective way to work.
To succeed, the following procedures may be followed: (a) Emphasize the
volunteer character of the group (which means that it ought not to be
realized during working hours). As such, it calls for creativity, responsibility
and the will to make a difference. (b) The size of the quality circle should
be manageable, and should not consist of an assembly where everyone
cannot express his opinions. (c) There should be a group leader with
potential to stimulate participation and collective reflection on the problem
at hand. (d) Emphasize participative styles of management. (¢) Problems
should not be imposed on the quality circle. Rather, management should
be receptive, listen and appreciate the range and the problem’s priority
devised by members of the quality circle. (f) The group shoud adopt a
rigorous procedure to conduct its deliberations. Otherwise, it may miss its
essential purpose, to converge and provide quality improving suggestions
and programs. For this reason, the use of quantitative measures by quality
circles is extremely important. On the one hand, it focuses attention on real
measurable problems, and on the other provides a yardstick for measuring
improvements. Finally, (g) the quality circles should be conceived as an
organizational and structural ingredient of the industrial and business firm,
whose survival is independent of members of the quality circle.

There are other practices (aside of Poka-Yoke, Quality Circles, etc.)
which were given special names, due to their importance in some firms.
For example, there is the 5S:

SEIRI: to distinguish between the useful and the less useful

SEITON: everything which is important must be available for use
SEISOU: for cleanliness and security

SEIKETSU: to respect the 3S to establish a proper work environment
SHITSUKE: to maintain the discipline

Other so-called Japanese ‘methods’ such as HEIJUNKA (to maintain
a coherence and harmony), GEMBA (for the creation of value added
at expressed by clients needs) or MUDA/MURA/MURI relating to
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wastes, disequilibrium and overcapacity, can be found in Ishikawa (1976),
Schoenberger (1982), Ouchi (1981) and are used in various proportions to
construct approaches to the management and the control of quality. For
example, the Total Production System (TPS) of Toyota uses a large part
of these methods for the production of quality.

People/mngt. Satisfaction
Leadership Processes Clients/satis. Brf’s'ﬂftgs
< > >

Enablers Results
Figure 2.9: The European model.

The ‘European model’

The European Foundation for Quality Management has suggested a model
which presumes that processes are the means by which the organization
harnesses and releases the talents of its people to produce results. In
other words, the processes and the people are the enablers which provide
the results. This is represented graphically in Figure 2.9. Essentially, the
model implies that: Customer satisfaction, people (employee) satisfaction
and impact on society are achieved through: Leadership driving, policy and
strategy, people management, resources and processes leading ultimately to
excellence in business results.

Each of these elements is a criterion that can be used to appraise the
organization’s progress towards TQM. The results are concerned with what
the organization has achieved and is achieving. The enablers’ aspects are
concerned with how results are achieved. The Euro strategy for TQM is
intimately related to the implementation of the ISO—9000 — 9004 standard
however and will therefore be presented below. For further study, consult
some of the following documents (Magne, 1990, AFCERQ, 1988, AFNOR,
1986a, 19865, EFQM, 1992).

Traditional and TQM approaches presented here differ fundamentally.
Table 2.4, based on the models outlined here highlights these differences.
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Table 2.4: The traditional and TQM approach.

Traditional TQM approach

Emphasizes production Emphasizes consumer needs
Emphasizes control Emphasizes prevention

COQ limited to explicit costs | COQ includes indirect costs as well
Maintains the status quo Counter status quo culture

Quality is assurance Quality is integrated in operations
Quality: a cost to avoid Quality: deals with global perform.
Static, specific Process improvement approach
Functional organization Cross functional organization
Centralized authority Decentralization and participation
Conformance Imagination and creativity

Little training in SQC Intensive training

Many inspectors Few well trained inspectors
Emphasizes materials, errors | Emphasizes processes and management
Individuality Group synergy

Interfaces unattended Manage interfaces

2.4 Certification and ISO 9000/9004

According to Standard ISO 8402 (for the definition of terms), Quality
Assurance is a set of pre-defined and systematic procedures performed
to assure the client that the firm has installed a system of controls
which can satisfy the required standards. Such procedures are summarized
by five standards ISO 9000,90001,90002,90003 and the comprehensive
ISO 9004, which seek to establish a Total Quality Control Certification.
These standards were established to ensure that the process of quality
management is strongly embedded in the procedures used by the
organization in its operations and management. These procedures are
regrouped in categories ISO-9000, ISO-9001, ISO-9003 and ISO-9004
spanning the conception, production and control of products and processes,
as well as their overall integration (through ISO 9004, which is implemented
in the procedures of ISO 9000) as shown in Table 2.5.

ISO-9000 is a general (and comprehensive) standard whose purpose is
twofold. First, clarify the basic concepts and the management of quality,
and second, outline the broad framework within which quality management
(internally and externally) will be applied through the ISO system. The
problem areas highlighted include:

e The complexity of the process design.
e The control of designs.
o The complexity of the production process.

o The fundamental characteristics of a product or service.
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e Product or service security.

e Economic considerations.

In addition, ISO-9000 outlines the requirements for documentation and the
demonstration of the compatibility of quality and the ISO standard. As a
result, ISO-9000 calls for a quality audit, which is in practice a necessary
but major undertaking. Under ISO-9000, the audit should be conceived to:

e Define the parameters of quality and the requirements of quality.

e Determine conformance (or non-conformance) relative to standards and
requirements, and thereby reveal problem areas within the firm.

e Provide sufficient information to verify whether the process is effective
or not, and an opportunity for ‘house cleaning’. In the process, it may
reveal some of the problems long buried due to habit and past practices.

e Outline targets and projects for quality improvement.

e Provide a better grasp for the process of managing quality, meet ISO-
9000, obtain certification and project an image of TQM.

Quality audits, even though they may be difficult to implement, are
extremely important. They may be applied to suppliers, to the product,
the process, management and controls.

A second group consists of ISO 9001 — 9003. ISO-9001 deals with the
design, development, production and installation of a distribution and
delivery system and, finally, with post-sales service management. ISO-9002
is more specifically tuned to problems of production, suppliers and logistics.
ISO-9003 is the framework for tests and final controls for the firm and its
suppliers.

The third group, ISO-9004, describes the set of elements which allows
the implementation of an internal control and management system.
Topics covered in ISO-9004 include the costs, the risks, the advantages,
management’s responsibilities, principles of the audit, documentation of
quality, economic factors, marketing, the definition of design quality,
suppliers’ quality and quality production, the control of equipment
and measures, nonconformance and the corrective actions to follow,
maintenance and post-manufacturing procedures, personnel, reliability,
security and statistical tools. In ISO-9004, not all elements need to be
implemented, as the needs and implementation mode will vary from firm
to firm.

Table 2.5: The components of the ISO standard.
IS0 9001 IS0 9002 IS0 9003
Design/Development Production | Control and
Production/Installation | Installation | Final tests
Post sales support
Design Process Controls
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Table 2.6: ISO procedures

Procedure followed for ISO Certification
Letter of intention sent to the General Secretary/ISO

Questionnaire received by the firm
Optional visit by ISO organization and evaluation report

ISO Committee requirements:

Contract

Reference guide and preliminary information
Preliminary questionnaire

Examinationand evaluation of submitted documents

ISO Audit

Audit report submitted to firm

Response by firm

In some case, additional audit

Evaluation and Certification by ISO Committee

Certification, for three years

Periodic visits

Contract renewal

Certification is important because it conveys a signal that the certified
firm is operating in a structured manner for quality improvement and
TQM. Certification can be obtained by the AFAQ (Association Frangaise
pour Assurance Qualité) in France but other national and comparable
institutions exist in England, Germany and throughout Europe and the
US. Each national organization has, of course, special committees such as
Chemistry, Electronics, and so on. If American companies want to compete
in Europe and the EU, this is likely to be an essential standard. Already,
over 50% of major European companies have been certified, while only a
dozen US companies such as Dupont, General Electric, Corning, Eastman
Kodak and a few others have met the ISO standard. In the UK alone,
20,000 are already certified and the remaining 200,000 will have to do
so by the year 1996. Companies that are certified must meet a set of
20 criteria spanning problems relating to contract review, design control,
purchasing standards, quality records and corrective action. To meet the
ISO standard, it is necessary to understand what exactly the standard
means: by setting up a steering committee, conduct an audit and diagnostic
of the firm’s quality policy and how far/close it is from the ISO standard,
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check documents and prepare written documents wherever needed, and
finally, apply for certification. Table 2.6 points out the necessary steps a
firm will have to follow to reach such certification.

Table 2.7: Motivation and perceived advantages

Motivations | Advantages
Personnel mobilization 19% 37%
Reduces audits 15% 5%
Formalizes quality management 9%
Evaluation of the current quality approach | 15% 11%
Subsidiaries and group demands 17%
Recognition of the importance of quality 25%
Demanded by clients and greater credibility | 17% 31%
Required to penetrate new markets 26% 8%
No opinion 10% 11%
Greater Internal efficiency 32%
Better image 26%

The motivations and advantages in obtaining an ISO quality certification
are varied. In a questionnaire distributed to a large number of firms, the
answers summarized in Table 2.7 clearly highlight some variety. Thus,
an ISO certification has many purposes. For firms seeking to implement
a TQM approach, it provides a structured (albeit difficult) approach to
quality improvement, a yardstick to evaluate in-house TQM procedures.
In some cases, it can be used for re-engineering, to motivate and re-
orient workers and improve client supplier relationships. Furthermore,
since an ISO certification is often needed by large and public enterprises,
such certification is required to qualify for some contracts (and thereby
improve the firm’s competitive position). For management however, it is
helpful to select suppliers without too much regard for quality management
procedures, and thus reduce the audits and tests needed to keep an
ongoing and profitable relationship with suppliers. Extensive information is
available for firms seeking to obtain an ISO certification through a nation’s
standard and normalization associations.

Implementation of ISO certification can be administratively cumber-
some. A firm involved in food processing and seeking to implement ISO-
9002 has evolved from an apparently simple structure to the control of
quality to a complex one. Although it improved the quality and uniformity
of its produce, it went through an important and costly restructuration to
satisfy the ISO requirement.

Problems

1. Explain how TQM brings greater efficiency in human relations and in
communication, and induces new organizational forms which are more open
to communication and exchanges.
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2. Explain how ISO 9000 provides a structured approach to the introduction
of TQM, and how it provides for management a set of ‘standards’
operating procedures in everything it does (for example, use the fact that
TQM imposes on firms the need to codify their activities relating to the
management of quality and its control).

3. What is the difference between ISO-9004 and ISO-9001, 2 and 37 How
important are these?

4. What is the difference between national standards specifications and ISO
standards? How are these different, and how complementary. In particular,
discuss the use of standards for technical and security purposes, and the
use of standards for operating procedures and quality management.

5. Discuss the importance of an ISO quality certification in the light of
European integration and the globalization of markets.

2.5 Examples and applications

(1) ‘T have never met a quality guru I didn’t like’ says Richard
Buetow, director of quality at Motorola, an American Telecom giant (The
Economist, April 1992, p.55). This mirrors Motorola’s concern for quality
which set a target for 1992 (made in 1987) to achieve a defect rate of 3.4 per
million components manufactured. Although today it stands at 40 defects
per million, this is far better than the 6000 defects per million of just five
years ago. The current target is 1 defect per million by the turn of the
century! To do so, Motorola has emphasized the following concepts:

e Quality is in the eye of the customer.

e Robust quality (which we study in Chapter 7).

e Reduce the learning cycle due to a shorter product life cycle.
e Built in redundancy to increase the reliability.

o Pushing responsibility down the line.

Quality is not all that is needed to compete, however. As freely admitted by
Motorola, quality is not ‘winning the game’, but just a ticket to the game.
Product development time, production delays, selling prices and so on are
only some of the areas in which firms compete once quality production has
been attained and taken as a matter of fact.

(2) Magne (1989), in his appreciation of TQM in Switzerland, presented
the practice of TQM in Gendre-Otis, a well known elevator manufacturer.
They focused their attention on ten processes, three of which were selected
due to their importance on the firm’s operations and their economic weight.
These include:
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e Preparation of order forms from their inception to product delivery.
e Procedures for installing new products or renovated existing ones.

o A follow-up of operations until billing.

According to Magne large multinationals have introduced quality programs
to Swiss industries. IBM, for example, in 1983 focused on 10 processes which
required quality attention. These include (1) the management of contracts
and billing, (2) Order processing, (3) In process orders, (4) Management
of salesmen’s commissions, (5) Spare parts management, (6) Stocks, (7)
Administration and payments by quotas, (8) Accounting and reports, (9)
Product distribution and finally, (10) New product introduction. At IBM,
general managers in all countries are trained and informed about the quality
objectives and process improvements. This takes the form of certification
levels which represent steps at which an assessment and review of quality
programs can be made. It is at these steps that resource allocation is made
and that methodologies are critically assessed and selected. In this sense,
IBM defines seven critical levels of certification:

e Processes are clearly defined and delineated.

o Responsibilities are assigned.

e Quality councils group departments related to a process.

o Sub-processes (projects) are defined and assigned.

e The needs of suppliers and customers are identified and quantified.

e Documentation is prepared regarding processes so that sufficient
understanding of functional and individual responsibilities are clearly
made.

o Results are inspected and controlled through statistical means.

(3) ATT (Surette, 1986) is a major international telecommunication and
information firm. ATT perceives its position worldwide, with costs to
quality ratio being the essential denominator of its competitive positioning.
In addition, ATT is subject to a highly dynamic market with a great deal
of technological innovation. In this sense, ATT has adopted a total quality
philosophy which is based on the following assumptions:

o Differentiating their product.

e Strengthening of its quality image.

e Improving and moving towards zero defects.

e Reducing costs through quality improvement.

e Acting on the organization as a whole.
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ATT has also adapted Garvin’s eight characteristics of quality and the
presumption that it is consumers who define what characteristics are the
most important for quality. In this sense, quality is market driven, valued by
market questionnaires. The essential functions of the ATT quality system
are based on a program for quality planning, a quality review (an audit) and
finally a feedback process whose purpose is to improve quality. Feedback,
which acts as an incentive to improve quality includes surveys of consumer
satisfaction, quality costs tracking, field performance tracking, failure mode
analysis, and an internal quality information system. Such information
is then used to improve productivity, optimize processes, provide system
coherence, set up priorities and eliminate problems causes. James E. Olson,
the COE of ATT in ATT Quality Policy Management Focus (July 15, 1985),
states clearly that quality excellence is the foundation for the management
of ATT, and in implementing the quality strategy of ATT each line-of-
business/entity head is responsible for:

e Communicating the quality to each employee.

o Clarifying specific responsibilities for quality.

e Developing and reviewing strategic quality plans and objectives on an
on-going basis.

e Implementing a quality management system to carry out the plans and
achieve objectives.

e Monitoring and continually improving the level of customer satisfaction.

e Monitoring and continually improving the defect and error rates of
internal processes and systems.

e Developing joint quality plans with suppliers and other business
partners.

e Implementing, funding, and reviewing specific quality improvement
program.

e Providing education and training in quality disciplines for all employees.

(4) TRW is a US conglomerate in aerospace, electronics and car
parts manufacturing. In the early 1980s, quality became a topic of
particular importance. Broadly, TRW defines quality as the degree of
total conformance of the product or service to a customer’s needs. TRW
defines four essential aspects of quality, each subdivided into elements which
are directly associated with ‘responsibility areas’. These are reproduced
in Table 2.8, and can be compared to ATT’s seven aspects for quality
improvement and Phillips’ four aspects.
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Table 2.8 : Key aspects for quality improvements.

TRW: Price (basic price, discounts, credits, warranties, payment terms)

Delivery performance (promised delivery, conformance to promised
delivery, correctness of items)

Support Quality (Customer design support, customer sales and service,
after sales service, assurance documentation etc).

Product Quality (design quality, product specification features
characteristics, conformance to product specification at time of delivery,
performance after delivery, reliability, maintainability, durability, etc.)

ATT: Performance, Reliability, Conformance, Life time, After sales,
Esthetics, Perceived Quality

Phillips: Repair Time, Response Time, Reliability, Equipment availability,
Response Time

TRW also uses customer questionnaires for measuring consumer
satisfaction. But, in addition, a comparative analysis is performed with
competition. A comparison is then made with respect to annual sales
(market share), design product specification, delivered conformance, post-
delivery performance, overall product quality, price premium and customer
opinion. Through such analysis, simple subjective statements are used
(worse, average, best, joint best). Internally, TRW (in 1982) had quality
costs of $391 millions, 19% of which accounted for total prevention
(including test and inspection planning, prevention and qualification tests),
46% accounted for total appraisal (incoming and source inspection, in-
process and final inspection, test and inspection equipment) and 35% for
total failure costs (including rework, scrap and external failure).

(5) A major car manufacturer in France sought to devise a TQM approach.
To do so, it devised a string of principles which were used across
the firm’s departments. It is based on three elements ‘The Objective’,
‘The Condition’ and ‘The Means’. The objective is the consumers’
satisfaction, and tying the firm’s potential competitive position to this
satisfaction. ‘The Objective’ was then broken down into a number of
measures including price, supply delays to customers, quality and the
variety of cars the firm can offer consumers. ‘The Condition’ for the
TQM, and thereby the firm’s competitive position, is based essentially
on the motivation of human resources and the firm’s ability to establish
incentives for effective operation. There are five principles of which each
of the departments must be aware: Competence, Autonomy, Motivation,
Working Group and Information. The methods used to breed competence
and participation include the actions of management and the messages
they convey, broadening responsibilities, multi-tasking, education, quality
circles, service contracts, suggestions and a communication environment
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which incites exchanges rather than stiffles them. Finally, “The Means’
consists of industrial organization and structure based on zero defects,
zero breakdown, zero stock, flexibility, Just in Time and Value Added.
While these are stated as principles motivating the application of methods
which can lead towards such performance, the actual methods explicitly
include Suppliers’ Quality Assurance (to be studied later), intra-firm
quality assurance, analysis of production and materials flows, Poka-Yoke,
re-engineering of work stations, maintenance, focused production, fast tool
exchange (also called SMED), on line control, Just in Time supplies and
communication in real time. This TQM plan, heralded throughout the
company, has thus stressed the increased importance of production and the
quality strategies into a whole and integrated approach to the management
of quality.

(6) Mersha and Adlakha (1992) compared a number of measures of service
quality in several sectors. These measures were based on a questionnaire
given to mature graduate MBA students. Scores are based on a scale of
1 = unimportant to 5 = extremely important. These are summarized in
Tables 2.8 and 2.9. Note that the number following the comma indicates
the rank of these scores.

Table 2.8: The importance of criteria of good quality.

Attribute of service Physician | Retail Auto College/ | Fast
Banking | Maint. | Univ. Food
Knowledge 4.89,1 4.49, 4 4.74,2 | 4.46, 2 3.15,10
Thoroughness and accuracy | 4.87, 2 4.56, 2 4.73,3 | 4.21,3 3.53,6
Consistency/Reliability 4.83,3 4.51,3 |4.63,4 |4.12,4 3.49, 8
Errors correction 4.80, 5 4.84,1 481,1 [ 4.48,1 3.99, 2
Reasonable costs 4.06,10 3.98, 7 4.35,5 | 4.06, 5 3.90, 3
Timely/prompt service 4.26, 6 4.24,5 |4.32,6 |3.78,7 |4.22,1
Courtesy 4.12,9 3.84,8 3.44,10 | 3.61,10 | 3.65,5
Enthusiasm /Helpfulness 4.15, 8 3.77,9 3.55,8 | 3.87,6 3.25,9
Friendliness 3.95,12 3.64,10 | 3.21,11 | 3.48,11 | 3.49,7
Observance of Bus. Hours 4.16, 7 4.23,6 3.89,7 |3.70,9 3.05,11
Post-sales follow up 4.35, 5 2.88,12 | 3.50,9 | 3.14,12 | 2.08,12
Pleasant environment 3.97,11 3.32,11 | 2.3312 | 3.77,8 3.69, 4

(7) Services often involve the measurement and control of human resources.
This is perhaps the most important facet of service management which
requires a sensitivity to people, organization design and management. The
importance and the extent of these problems require further attention and
study. Nevertheless, with this concern in mind, discuss the evaluation of
human resources in services, particularly in job performance. Emphasize
how one would proceed to ascertain the following: (a) the reliability of
job performance, (b) the reliability of measurements of such performance,
(c) the relevant selection of attributes (characteristics) of the service
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performance, and (d) the effects of uncontrollable external factors which
cannot be attributed to the server. For further study, refer to Harris and
Chaney (1969).

Table 2.9 Importance of criteria of poor quality by service type

Attribute Physician | Retail Auto College/ | Fast
Banking | Main. | Univ. Food
Lack of knowledge 4.80, 1 4.25, 3 4.63,2 |4.15,3 3.27, 1

Employees indifferrent 4.60, 3 4.28, 2 4.25,5 |4.17, 2 3.85, 5
Reluctance to correct

€rrors 4.67, 2 4.55, 1 4.64,1 |[4.23,1 3.85, 4
Rudeness 4.29, 6 4.13,5 3.96,7 |3.97,4 3.97,3
Inconsistency 4.65, 5 4.06, 7 4.30,4 |3.87,6 3.69, 7
Sloppy service 4.58, 4 4.19, 4 4.45,3 |3.89,5 4.01, 1
High costs 3.74,12 3.57,10 | 3.95,8 | 3.67,9 3.49, 8
Slow response 4.14, 8 4.01,8 |3.97,6 |3.73,8 4.01, 2

Impersonal or cold
Treament of customers 4.24, 7 3.94,9 3.67,9 |[3.80,7 3.71, 6
Failure to announce
business hours 4.03,10 4.07, 6 3.76,9 |3.61,10 | 3.47,9
No after sales service 4.10, 9 2.88,12 | 3.28,11 | 3.00,12 | 2.26,12
Inconducive environment | 3.83,11 3.36,11 | 2.87,12 | 3.53,11 | 3.44,10

(8) There are two complementary approaches in health care to the
management of quality: Quality Assurance and Quality Improvement. Lohr
(1990) lists four major purposes for a quality assurance program, including;:
(a) the detection of providers of unacceptable care with the intention of
preventing them from maintaining their level of care or third party payers
from reimbursing such services; (b) to identify providers of unacceptable
care with the intention of improving such practices and increasing the
quality of service; (c) to increase the average level of care delivered by
a given group or providers, and to prevent the degradation of existing
acceptable levels of care; and finally, (d) to motivate providers to ever
higher levels of service. Further, due to the complex structure of health
care delivery organizations, inherent information asymmetries (between
providers and receivers), and the difficulty of establishing a price for health
care quality, Lohr (1990) and Brown et al. (1993) emphasize the need
for TQM-Continuous Improvement methods which have been successfully
applied in industry, to be applied in health care as well. There are eight
key aspects of continuous quality improvement as it applies to health care:

o Emphasis is on external customers or recipients of care, for the benefit
of the patient.

o All facets of health care that underlie the benefit to patients
(for example, facilities, equipment, providers, support, staff and



Total Productive Maintenance (TPM) 63

organizational policies) must be involved in a relentless, systematic and
cooperative effort to improve care.

e The PDCA cycle (planning, doing, checking and acting) makes it
possible for all to apply continuous improvement methods to daily work
with responsiveness to patients’ needs.

e The work of individuals and departments is recognized as interdepen-
dent. Internally, many departments are each other’s suppliers and
customers.

e Emphasis is placed on systems and processes. Organizations are seen as
interrelated networks.

e The opinions of both customers and employees are continually
incorporated into a program of review and improvement.

o Commitment at the highest levels of an organization is crucial. Successful
implementation of continuous quality improvement methods requires a
change in the corporate culture that must be sanctioned and supported.

e The process uses practical analysis tools such as flowcharts, line graphs,
decision matrices, Pareto analyses and scatter diagrams, which have been
adapted from decades of use in industrial quality control and which we
will study in the next chapter.

2.6 Total Productive Maintenance (TPM)

TPM involves the application of traditional productive maintenance
augmented by total participation. It was defined in 1971 by the Japan
Institute of Plant Engineers (JIPE), the forerunner of the Japan Institute
for Plant maintenance, as follows:

TPM is designed to maximize equipment effectiveness (improving overall
efficiency) by establishing a comprehensive productive maintenance system
covering the entire life of the equipment, spanning all equipment-related
fields (planning, use, maintenance, etc.) and, with the participation of all
employees from top management down to shop floor workers, to promote
productive maintenance through ‘motivation management’ or voluntary small
group activities {Tsuchiya, 1992).

It focuses on the prevention of losses, including those resulting from
breakdown, setup and adjustment, minor stoppages, speed, quality defects
and rework and yield losses. When applied appropriately, it can prevent
machines breakdowns significantly. At the Nishio pump factory of Aishin
Seiki in Japan, prior to TPM implementation in 1979, Aishin Seiki
experienced more than 700 equipment breakdowns per month; from May
1982 to 1984 (the year this particular reference was first published) there
were no equipment breakdowns! The level of quality at the factory has
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been exceptional. For every one million pumps produced, there are a mere
eleven defects (a defect rate of 0.000011%) (Nakajima, 1988). To achieve
these results, TPM borrows intensively from and complements the TQM
approach. TPM is equipment-directed, however, and lays an educational
groundwork that trains as many workers as possible in the fundamental
and key components of the equipment they use (Tsuchiya, 1992), together
with total involvement of employees in production, maintenance and plant
engineering. The objectives and basic activities of TPM are summarized
in Table 2.10 and can be considered as complementary with TQM in
establishing prevention programs. Further reading regarding this topic
can be found in the references at the end of this chapter (Fumio and
Masaji, 1992; Seeichi Nakajima, 1982; Steinbacher and Steinbacher, 1993;
Tsuchiya,1992).

Table 2.10 Total Production Maintenance (TPM)

The Objectives The Activities

A disciplined work place Auto maintenance and the 55
Efficient production lines Planned maintenance
Reliable production lines Equipment improvement

Agreeable production lines | MQP-Machine Quality People
management to reduce defects
Training for equipment use
Preventive maintenance for
Create a workplace to cost saving and trouble free
achieve these objectives equipment startup

Cross train workers, multi tasking

Management by objectives

2.7 Reengineering and TQM

The multi trillion dollar plus investment of the 1980s in Information
technology (IT) throughout Europe and the United States has changed
the potential for productivity and quality. Until recently, business has
emphasized the incremental growth of productivity and quality as a means
to justify these investments on the one hand and augment competitiveness
on the other. The TQM approach was devised and implemented throughout
the 1980s and to this day has emphasized continuous improvement,
rather than a dramatic breakthrough in business procedures. Cumulative
and marginal changes have created business and industrial systems of
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great complexity however where improvement is difficult to achieve,
and in many cases can become counter-productive, augmenting business
unmanageability. At the same time, IT has augmented the capabilities
of individuals to be more productive, has changed the work place, and
the potential to network and work in groups. The changes heralded
by the investment in IT is not only induced by computer speed and
software versatility, but by the cultural environment of the market place,
business and the work place. A marginal improvement, a requirement
deeply imbedded in managerial practice, is no longer relevant, leading to
industrial and business structures out of tune with their potential and
their technology. Instead, breaking loose from past practices and procedures
and treating the past as sunk costs has led successful firms to seek ‘new
ways’ to redesign their business process. This led some consulting and
some leading firms to experiment with another approach: ‘Reengineering’
or BPR (Business Process Redesign). These are imbedded in industrial
engineering concepts and tools developed on the factory floors of the 1980s
that have integrated IT and improved productivity dramatically. They seek
to redesign business processes in order to provide quantum leaps in process
capability through IT. BPR’s essential premises are that IT can unleash
innovation and motivate employees, it can provide greater traceability
of everything the firm is involved with (and thus greater controls over
work practices and their results), greater ‘responsabilization’ through
decentralization, greater communication and integration. Its objectives are
all encompassing involving at the same time cost reduction, time reduction,
output quality and the quality of the work life (Davenport and Short,
1990). The effects of reengineering and BPR on current practice are also
impressive. Leading-edge companies such as IBM, Xerox, Ford, Kodak
and Hallmark have sought to reengineer, showing the way to the many
firms that are reengineering, through simplification, organizational redesign
(although often associated with downsizing and de-layering which is not,
of course, the purpose of BPR), and through the integration of IT in the
firm’s business process (Hammer and Champy, 1993; Davenport, 1993).
Davenport (1993), for example, identifies nine capabilities IT can be
used for to augment the potential of the business process and, at the same
time, improve quality. These include: (1) Automation, (2) Better, precise
and timely information, (3) Alternate sequencing, allowing the business
to ‘operate in parallel’ and thus reduce the time consumed in everything
the firm does, (4) Tracking, improving controls and traceability, which are
essential for the management of quality and for quality management, (5)
Analysis through speedier and effective tools, demystifying methods that
were up to now the province of the experts, (6) Geographic dispersion,
allowing a true decentralization while maintaining effective controls, (7)
Integration, improving the coordination between tasks and processes, (8)
Intellectual, augmenting and realizing the potential of ‘brain power’, (9)
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Disintermediation, removing the need for intermediaries such as sales
personnel, public exchanges, delayering of management and other activities.

There are many practical examples to support these capabilities. Mrs
Fields Cookies was able to project their management control systems into
over 400 stores by using a PC-based tool for sales support, personnel
training and evaluation, and daily planning. This set of applications,
networked to the headquarters location, enabled lower labour costs while
increasing revenues and control over the work done at the geographically
dispersed locations. Likewise, advances in telecommunications technology
has enabled many companies, such as the Otis Elevator Company, Apple
Computers, American Express and USAA to consolidate national and,
in some cases, international customer support functions in single call-
centre based location. The efficiencies achieved through the creative use
of technology was often translated into increased customer satisfaction and
thereby better quality (Pearlson and Whinston, 1993).

Reengineering has, of course, many similarities with TQM. Both are
downstream oriented (whether that be an output, a consumer or a
user), they emphasize auto-controls by letting decisions be taken at their
information source, they maintain a global vision of the process and thus
seek global optimization rather than just local optimization of the business
objectives, and they follow some of the TQM procedures (see also Hammer
and Champy, 1992). In practice, reengineering is difficult to realize, for
it involves major disruptions and an investment in and expectation of
extremely large and mostly ill-defined payoffs. For these reasons and
because many firms who have reengineered did not succeed in their efforts,
it is premature to call reengineering a technique, but rather, it is still an art
to blend organizational design, IT tools and the experience gained through
TQM to produce two digit growth in productivity, efficiency, quality and,
most of all, in profitability.

2.8 Implementation

It is through successful implementation of TQM that hoped for benefits
are realized. To succeed however, the respective role of management and its
relationship to the many facets implied in implementing a TQM approach
is necessary. Total Quality Management favours a lateral view of the
process; the key problems are simplification, integration, coordination,
communication and smoothing interfaces so that a coherent and flawless
work environment is created. Therefore, this requires a great sensitivity to
the parties involved, and the ability to communicate. Several approaches
can be used, emphasizing ‘internal or external consultants’, ‘incitative
communication’, ‘persuasion with various degrees of power which can be
exercised’, and ‘participative styles of management’. Each of these involves
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role playing, personalities, the situation at hand and of course a compatible
organizational and managerial environment. So there aree no simple or
quick answers that can lead to the successful implementation of a TQM
culture or to a process of continuous improvement. Juran, Deming, Crosby,
the Japanese, the ISO standards and so on have addressed these problems.
While they all have the same intentions, they do differ with respect to the
implementation process.

We should recognize that implementation is a dynamic process,
occurring over a period of time and, in some cases involving risks and
conflicts. Martin K. Starr, on the basis of past studies and experience,
has indicated some conclusions regarding the ‘hows’, ‘when’ and ‘where’ of
implementation. These conclusions encompass

e The dynamics of implementation which recognize implementation as
a time dependent process where both the risks and rates at which
plans are introduced are to be accounted for. A change from simple
to complex models cannot be sudden, but must be smooth, minimizing
the friction and conflicts that a given solution or change induces within
the organization or firm.

e The coupling of managerial style and organizational structure to the
implementation strategy. For example, centralizing implementation in a
decentralized organization may encounter some difficulties, since it can
be in conflict to the ‘organization’s culture’. Therefore, responsibility
for implementation will best be imposed on those elements in the
organization that are most responsible for change, namely management
(but not exclusively management).

In these approaches emphasis is put on the qualitative characteristics of the
management process and how the ‘solution’ reinforces the basic intentions
(i.e. the goals of TQM) of this process. Some of the following guidelines
may be helpful:

e Emphasize simplicity and transparency.

o Recognize that management is an essential part of the process.

e Reduce and simplify administrative procedures.

o Be sensitive to people’s needs and their environment.

e Seek robust solutions which are insensitive to false assumptions or
unexpected change.

These criteria are by no means exhaustive. They remind us, however, that
problem solving is not an end in itself, but a means.
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Problems

1. Define TQM. How is your definition different or similar to good
management practices?

2. What procedure would you recommend in implementing a TQM program
in a hospital, a factory and a restaurant? How would you define, in each
case, the goals and the procedure to follow?

3. Compare the goal stated by the CEO of HP (Hewlett Packard), John
Young, 10X (which means tenfold improvement in defect reduction in 10
years) versus Motorola’s Chairman Bob Galvin of 6¢ (reducing defects to
3.4 ppm, parts per million), and finally, versus Xerox, Ricoh and NEC, who
establish as goals the reception of Deming’s award.

4. Devise measures of performance for an R&D project for developing a
new product. What tools would you use to select the essential variables to
concentrate on and design the product?

5. Discuss the similarities and the differences between TQM and
reengineering. Discuss in particular their level of change, their starting
point, the frequency of change, the time required to gain an amelioration,
management participation in the process of change, their market
orientation, their emphasis on sourcing policies, the scope of the activity
and its orientation, the risks implied, the primary enablers (for example,
SPC, IT, Participation, Human Resources and so on), and finally the
type of organizational and cultural change that is implied by TQM and
reengineering.

6. Customer /user satisfaction is a function of the program’s maintainability,
customer/user support effectiveness, reliability, safety and usability.
Each of these, in turn, is influenced by a number of factors. For
maintainability, structure simplicity, modularity, and so on, are important.
For usability, requirements traceability, validation and interface suitability
are needed. Safety is affected by testing effectiveness, fault tolerance
and robustness. Reliability is determined by testing effectiveness and
performance measurement. Finally, customer/user support effectiveness is
a function of delivery control (variability), help line and bulletin boards,
problem fix and cycle time. On the basis of this information, construct a
fishbone diagram in the case of problems with customer/user satisfaction.

7. Define the concept of quality in education. How does the concept
vary when viewed from the educators’, parents’ and society’s points of
view? What are the similarities and what are the differences? Give five
measurements that can be used to measure the quality of education of a
school. Is there a way to reconcile their differences and apply the TQM
approach to quality education? (for further reading see Glasser, 1990;
Herman, 1992; Melvin, 1991).
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CHAPTER 3

The tools of quality control and its
management

3.1 Introduction

At the beginning of the century, when production was an art and quality
a measure of this art, the tools of quality were those used by the artist,
unique and irreproducible. When production became more systematic and
organized, rationalization of work, division of labour, standardization and
‘deresponsabilization’ of workmanship induced the use of supervision and
controls of various sorts. These were needed for two reasons: first, to ensure
that parts production was meeting the production standards so that each
part could be used as a substitute in a mass production system; and
second, to ensure that intended production was also performed according
to agreed upon standards. At the beginning of the century, ‘sabotage’
(when workers would put their sabots wooden shoes into machines to stop
or destroy the process operation) was becoming troublesome. Supervision
of people and processes were needed. Today, the problems are different
and the tools needed have also changed. Quality is a far broader concept,
more complex and more difficult to manage and the tools more varied.
Quality is, as we have seen earlier, viewed in a broader setting, affected
and affecting a large number of factors and variables, which require the
handling and control of a massive inflow of information and complex
control systems. The management of quality (though still an art) is
becoming increasingly dependent on data and statistical analyses. In this
chapter we shall introduce some tools for representing and analysing data
and problems. These span fishbone (Ishikawa) diagrams, Pareto charts,
descriptive schemes such as scatter plots, graphing techniques, statistical
analysis and decision making tools. These tools can be used to detect,
formulate and analyse problems, as well as provide solutions which, in turn,
can be implemented and controlled. These tools are summarized in Figure
3.1. Some of these tools are used by managers and operators alike, and are
thus both easy to use and convenient for communication. Subsequently, in
Chapters 5, 6 and 7 we consider application of the statistical approach to
quality management and control.

Statistics are very important in the management of variations and
generally in the management of quality. Basically, it is the science of
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‘making sense’ out of data in order to reach decisions of some sort.
To do so, statistics provide procedures to collect, organize, summarize
and analyse data in a meaningful way. This is how sampling (Chapter
5) and experiments (Chapter 7) are designed and performed. Graphs
can be used as a first approximation to represent trends, provide an
intuitive representation of data and so on, but they are not sufficient.
Qualitative, quantitative and statistical studies are required to provide
insights and solutions which cannot be detected just through visual and
simple interpretation of data. The importance of data and their analysis in
the management and control of quality cannot, therefore, be understated.
Practitioners often measure ‘things’ and collect data without a prior design
and without following proper procedures. There are, as a result, some
difficulties in analysing and using the data to reach some decision. For
these reasons, statistics and statistical analyses are necessary to improve
the management of quality.

Fishbone diagram

Identify the l
1 proer Pareto analysis
Formulate the | Scatter plots
o Experimentation
Analyze and Statistical analysis
solve -DGSign
Choose and &dgemem
et Communication
Test and Inspection
control -SPC/SQC

Figure 3.1: The tools of TQM.

3.2 The tools of TQM

Ishikawa (1976), as well as Georges Box (1993), recommend a number of
tools which can be used effectively in Total Quality Management. These
tools are simple, with the potential of providing important information and
insights regarding the main causes of a process or product non-standard
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performance. They include: brainstorming, tally sheets (or check sheets),
histograms, stratification, Pareto diagrams, charts (run, control and Cusum
charts), scatter plots, cause-effects diagrams and, finally, various graphs.
These are simple tools which do not require much statistical training
for their use and are useful to communicate and to deal with the many
types of problems we encounter in the management of quality. In Figure
3.1, some of the tools and the problems to which they are applied are
outlined. The simple TQM tools are important at the conceptual stages
when the important variables and problems to be handled are selected.
At this stage, the ability to exchange and communicate are needed to
facilitate the successful implementation of the TQM program. Below we
briefly consider some of these tools together with some applications. In
subsequent chapters, we consider other tools such as statistical sampling,
experimental design and robust design.

Brainstorming is used by a group of people involved in the solution
of a quality problem to generate ideas freely and to evaluate them.
There is no single way to manage such groups. In general, however, it
is important to foster imagination, to open communication channels and
to generate simple ideas. Brainstorming should not be used to hinder
creativity or impose a point of view. It should not clutter management with
unmanageable alternatives. Rather, simplicity, group discussion seeking
to foster a consensus and the motivation to act is needed. Through
brainstorming, potential root causes of quality problems can be identified.

Tally sheets are used to count the number of objects (or subjects) in
a group that fall into one of a number of classes. How many components
were rejected; how many failed; from which process and for what reasons?
How many complaints arrived, for what reasons? The idea is simple. On
a sheet, we construct rows for the reasons A, B, C and so on. Then we
take each complaint and tally the specific cause by entering an indicator
in the relevant row. When all complaints have been tabulated, we simply
count the number in each row. The data can then be stratified, i.e. it
can be refined further into product category, sex of complainants, etc.
The underlying theory of tally sheets is ‘stratification of data’, seeking
to construct strata that are internally homogeneous (in the sense that
they share a common characteristic). Between strata, though, they exhibit
specific and well defined differences (i.e. externally heterogeneous). For
example, for the data set in Table 3.1 we can construct a tally sheet by
defining five classes (10-12), (12-14), (14-16), (16- 18) and (18-20). The
numbers in the third column denote the number of times the data set
points fall is a given class category indicated by the tally sheet.
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Table 3.1: The data set.

15.7 13.5 156 153 14.0 16.0 16.2 14.1 16.9 16.5
16.2 13.7 148 152 109 151 174 145 15,5 175
159 16.7 158 125 133 11.0 142 11.8 156 144
13.6 12.8 143 147 164 158 190 136 16.5 13.7
18.0 136 144 17.2 159 134 163 163 13.5 15.1
16.6 14.5 15.1 145 15.1 14,5 182 164 150 14.0
17.2 15.0 156 134 13.6 154 148 126 16.6 12.1
176 14.7 168 155 12.6 13.1 154 134 14.8 15.1
16.1 136 139 155 143 13.8 134 150 142 15.7
12.7 15.8 183 16.1 143 180 17.2 150 17.2 155

Scatter plots demonstrate the relationship between two variables so that
a visual expression of a pattern (or a lack of it) can be obtained. For
example, Figure 3.2. shows such plots. Scatter plots are used in quality
studies for several purposes. First they may indicate correlation (positive or
negative between variables). Second, they can point to a linear or non-linear
relationship between functions. Third, they can detect outliers. Fourth they
may point out stratification in the data by graphically showing that certain
data points with common properties aggregate together. Finally, when a
scatter plot is not evenly distributed, there is some underlying relationship
between the variables which we seek to explain.

Histograms are an effective way to organize data and recognize that
these are measurements of a characteristic or an attribute which can
represent the data set by a number of parameters which summarize its basic
characteristics. Histograms are then used to process measures of location,
measures of variation, and to provide a visual view of the distribution of
the characteristic. Measures of location include the mean, the mode and
the median, while measures of variation include the variance (or standard
deviation), the mean absolute deviation, the range and the coefficient of
variation.

Table 3.2: The tally sheet

Classes | Tally Sum | Freq. | Cum. Freq.
10-12]//] 03 [0.03 |0.03
12-14|////.... 24 |0.24 |027
14-16[//]]......... 45 | 045 |0.72
16-18 | //].... 23 |0.23 |0.95
18-20|///// 05 |0.05 |1.00

Totals 100 | 1.00
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Figures 3.2: Various scatter diagrams.
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Figure 3.3: A histogram and frequency distribution.

A histogram is a representation of the data set into classes. The number of
data points in each class is an indicator of the class probability which we
use to construct an empirical probability distribution. Given the data set
in Table 3.1 and the tally sheet in Table 3.2 we construct a histogram as
shown in Figure 3.3.
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Cause-effect or (Ishikawa) Fishbone diagrams are a systematic
organization of data to help us distinguish between cause and effect, and
relate specific causes to specific effects. Often, symptoms overwhelm the
causes, so that it is no longer simple to distinguish which is which. Cause-
effects diagrams, combined with Pareto charts, can be helpful in providing
a graphical representation of the causes and the effects they induce, and
by identifying the basic causes of the underlying problem studied (and not
only its symptoms). To construct such diagrams we proceed as follows:
(1) Determine the problem to be studied. This is the diagram backbone.
(2) Regroup facts on cards and regroup causes, each with its own ID. (3)
Then, we select first level causes (but no more than seven). These first levels
represent the major bones, all entering the backbone. (4) We then select
second level causes, which are middle size bones, entering the major bones.
(5) Establish a cause-effect relationship. Then, (6) we repeat steps (4) and
(5) on the second level causes (smaller bones) until no more causes can be
found. (7) We generalize to first level causes. Finally, (8) we emphasize the
principal causes at the second level. These are the key factors which will
define the problem to study and eliminate.

Environment Machines Men

—> —\ «—
-« <« @\,

— Quality
problem

7 x

I Management Materials

Figure 3.4: An Ishikawa-Fishbone diagram.

The construction of a fishbone diagram is much more difficult than one
would at first suspect. It is an art, which requires the ability to distinguish
between the many factors that can affect the characteristic under study,
and order them causally. In doing so, some causes may have several effects,
and there may be complex interactions which might not be revealed by the
diagram. Nevertheless, the simplicity of such diagrams makes it a useful
and a practical tool to elaborate controllable and non-controllable causal
factors in the study of an essential quality characteristic.

Pareto charts are based on classical notions of utility, although they
are named after Wilfred Pareto’s wealth distribution curve devised in the
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late 1800s. The number of variables which affect the quality of a product, a
process manufacture, service delivery or any other facet of the management
process, can be numerous, only a few of which have an important economic
effect. There are a ‘vital few’ of economic impact and a ‘trivial many’ of no
economic impact, as expounded by Juran. As a result, Pareto Charts are
constructed as bar graphs (see Figure 3.5) with their cumulative curve, that
rank causes of process variation by their effect on quality. Pareto analysis
allows one to correlate these causes to the cost/benefits of quality, and
thereby obtain obvious indicators for approaching the problems of quality
at their source. In this sense, it is possible to:

(a) Elaborate the total number of factors which affect quality.
(b) Provide a cost estimate for each.

(c) Rank each of these factor in a decreasing order.

(d) Define the class ‘A’ factors as the top.

(e) Define the class ‘B’ factors as the middle.

(

¢)
f) Define the class ‘C’ factors as the bottom.
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Figure 3.5: A Pareto chart.

Pareto charts are a rough diagnostic tool which can be helpful in
constructing cause-effect diagrams and a useful complement to control
charts (studied in Chapter 6). Quoting Price (1984), “This is the usefulness
of Pareto analysis; it signals those targets likely to yield maximum results
by the deployment of limited effort. In acknowledging that there is little
point in frittering away resources through fighting where the battle isn’t
raging, it pinpoints the most vulnerable areas of the enemy’s line, so to
speak. It is a technique which finds profitable employment when you are
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required to sort out a messy quality control situation. When consumer’s
rejections are bombarding you so thick and so fast that you don’t know
where to begin, Pareto tells you.” To see how this is done we shall consider
an example below. Although Pareto charts are widely used, they should be
carefully evaluated. We may construct Pareto charts along several criteria,
which will make their comparison difficult, therefore reaching ‘a decision’
based on an over-simplification of the problems at hand may also be costly.
Typically, we shall distinguish between Pareto charts of phenomena (such
as quality, costs, delivery and safety related variables, for example, and
Pareto related causes associated with operators, machines, raw materials
management and so on.
To construct a Pareto chart we basically proceed as follows.

o We define what is the problem and what are the factors to study. We
define what data is relevant to the problem and how to collect it.

o We construct a Tally sheet where rows denote the factors.
o We use the results thus obtained to draw the Pareto chart.

By ordering the factors by the frequencies through the Tally sheet (or based
on some other relevant criterion), we construct the bar chart and draw the
cumulative curve.

An application is considered next. Assume that a number of plants have
been the source of a number of defects. The data gathered over a given
amount of time has indicated the following number for each of the plants
investigated: (Paoli, 23), (Malvern, 34), (Exton, 65), (Chester, 12), (Devon,
58), (Reading 45), (Scranton 9), (Coatesville, 2), (Haverford, 26), (Radnor,
44), (Harrow, 4), (Renquyst, 5), (Murray Hill, 12), (Marriott, 7), (South
Bay, 13), (Rommert, 4). The Pareto chart for this data is given in Figure
3.6 where we note that four plants account for 58.4% of all defects, while
the first eight plants account for 4.8% of defects. Of course, with such
information on hand, management time and sources can be focused on
plants which produce the greatest number of defects.

Value analysis is used for product design (or redesign) and to cut costs
while maintaining the same quality. Similar to Pareto charts, it is essential
to concentrate attention on the elements which bring greater added value.
Value analysis seeks to justify a product design improvement and the
reduction of cost through simple economic analysis, while maintaining
a given level of quality. It defines ‘cost’ as everything which does not
contribute to quality, while it defines ‘value’ as that which contributes to
quality. Technically, a value analysis computes the contribution to quality
improvement versus the cost of this improvement, or:

Value = A(QI)/A (Cost)

Given the importance of value analysis, the reader is referred to Ishikawa
(1990, p.410) for further study.
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FMECA or Failure Mode, Effects and Criticality Analysis, is an
approach to evaluate the reliability and safety of a design, a product, a
process or a system by considering the potential failures, the resulting
effects on the product, process, system and personnel, and the criticality
of these effects. It results in a procedure for determining the basic causes
of failure and defining actions to minimize their effects. It consists of the
identification of problems or critical faults. Namely, by defining the failure
mode (the hows), in which failure can occur as well as why, through failure
cause analysis. In addition, failure effects, describing the actual results of
the failure for each possible failure mode, are obtained together with their
criticality, which establishes the category of hazard. Results of FMECA
analyses are then applied by devising a program to reduce the probability
that a particular problem arises. It emphasizes, as recommended in TQM,
developing a preventive approach to problem occurrences through the
maintenance of critical effects. FMECA can be used together with Pareto
charts and Ishikawa diagrams by assigning probabilities of recurrence to
the main causes and in evaluating their effects on quality.

Quantitatively, the application of FMECA requires that each failure
mode be defined in terms of its occurrence probability (O), the probability
that it is not detected (D) as well as its implication to the user (preferably
in terms of costs), denoted by S. The product O * D * S may then be
called the index of criticality C, which is used to rank order problems to
be attended to:

C = (0) % (D) * ()

When a problem has an index which is greater than some critical value C*,
then the problem is dealt with and solved. Its index of criticality is then
revised. Throughout FMECA, cross-functional groups are used. FMECA
is extremely useful because it is simple to conceptualize, even though the
practical definition of probabilities (O), (D) and the calculation of costs (S)
to the user, is far from simple.

There are various tools used together with FMECA, for example, fault-
tree analysis (or logic diagrams). Fault-tree analysis is a useful technique
applied in reliability and safety engineering. For example, it measures
system safety by determining the probability than an undesired event
or fault will occur. It is a graphical representation of the logic that
relates certain events or primary failures to an ultimate undesired event.
It can use Boolean (0,1) algebra as a modelling tool to represent the
flows of system function failures. When systems are complex, based on
network-like representations and dependencies, boolean algebra can be used
to determine the effect of specific failures (occurring with some known
probabilities) on overall or component failure (or their probabilities). The
usefulness of fault-tree analysis is extremely varied. It can be used to
determine the causes of an accident, to discover failure combinations which
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otherwise would not have been recognized as causes of the event being
analysed and to display system configurations in design review. Failure-tree
analysis has long been practiced in reliability engineering (it is believed that
it was initiated in the development of the Minuteman Missile), and there
are many books and research papers which deal with this topic (Shooman,
1968; Barlow and Proschan, 1965; Kapur and Lamberson, 1977).

Problem

A firm observes a certain type of defects in the course of its manufacturing
process. The defects’ causes are well defined, and their occurrence recorded.
Each defect type incurs a cost to the manufacturer. Assuming that all
defects are detected, then the data in Table 3.3 is obtained. In this table,
note in particular that the probabilities (O) are calculated by relative
occurrence of the events, and that (D) = 1 and is therefore not used in
our computations. Finally, note that the last column has ranked each of
the defect types by their criticality: (a) Assume that defect types are not
detected with equal ease. In fact, the probability of detection is presumed
to be equal 0.85, except for defect types (6,8,11,15,16) which have a
detection probability of 0.50. On the basis of this information, what should
the ranking of defect types be? (b) What is the expected value of a
perfect detection method? (c) What is the value of improving the detection
probabilities by 1%?

Table 3.3: Data set for FMECA.

No. of | Types Frequency | Cost | Expected | Ranking
defects $ Cost (uncrit.)

1 |23 Dent 0.063361 200 | 12.6722 15

2 |34 Poor Seal 0.093664 100 | 9.3664 14

3 |65 O-Ring 0.179063 50 8.9532 13

4 |12 Finish A 0.033058 25 0.8264 4

5 |58 Finish B 0.159780 36 5.7521 12

6 |45 Dent 0.123967 150 [ 18.5950 16

7 19 Screw A 0.024793 28 0.6942 2

8 |2 Connector | 0.005510 35 0.1928 1

9 |26 O-Ring B 0.071625 42 3.0083 8

10 | 44 Scratch 0.121212 14 1.6970 7

11 | 4 Screw B 0.011019 64 0.7052 3

1215 Connect. B | 0.013774 75 1.0331 5

13|12 Connect. C | 0.033058 45 1.4876 6

1417 Back Dent | 0.019284 160 | 3.0854 9

1513 Front Dent | 0.035813 125 | 4.4766 11

16 | 4 Ring 0.011019 350 | 3.8567 10

Project management is used to coordinate and monitor the performance of
many activities which involve repetitive tasks and routine activities, some
form of standard reporting system can be setup to facilitate this control.
However, when a non-routine, complex and perhaps costly project is to be
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undertaken, computer aided project management (using CPM and PERT
techniques) can be used to organize, control, monitor and allocate resources
(time, men, money and materials). Some activities may require time and
resources before other activities can start (which will require that we specify
the order in which the activities can be done). The methods of CPM and
PERT can be helpful by telling us explicitly which tasks are likely to be
critical for a quick, economically efficient termination of the project. We
refer to CPM when project scheduling is based on activity times which
are assumed known and fixed (i.e. all the activity’s duration times are
deterministic), and we refer to PERT when these activities can at best
be defined probabilistically. Then, we provide estimates for the activities’
duration times. Project management 1s as much a pure management tool
as a technical aid. A project is defined in terms of a large number of
activities or tasks which are interdependent due to precedence constraints,
(i.e. one activity must be finished prior to another being started). Since
most objectives in project management seek to move as efficiently as
possible to the realization of the project, there is also an emphasis on giving
greater priority to the management of bottlenecks (which are defined as the
activities on the critical path).
The realization of a project uses the following sequences:

e Plan the project: *by specifying its activities **by specifying precedence
relationships between activities ***by pointing out the appropriate
constraints to be imposed on the management of the project, time
schedules, resources and so on.

e Implement and Control: *by allocation of time **by allocation of
resources ***by allocation of moneys

e Update the Plan: And back to the Plan ... allocations
implementation....

Of course, in such a sequence of activities, the managerial challenge
and objective is to integrate time, costs, resources (monies, manpower
and materials) and carry the project out with the least cost and time.
The application of project management is not achieved without difficulty,
however. There are many problems, including:

Data problems: it is often difficult to obtain data relating to the time
needed to finish an activity, to set up the sequences properly, to pre-specify
the resources that will be needed, and so on.
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Standardization SPC
Measures and controls Decision making
Implement solution Statistical analysis
Choose solution Pareto chart
Evaluate potential solutions Cause effects diagrams
Choose potential solutions Tally sheets
Analyze the problem | Sampling
Problem statement Brainstorming

Figure 3.6: The techniques and problems steps.

Forecasts: it is doubtful that a program will evolve exactly according to
plan due to variability in the implementation of activities. As a result,
monitoring and coordination may be difficult, requiring a continuous
update of the plan such that the project will not serve the plan, the plan will
serve the project! The study and practice of project management techniques
are extensive, and require much further study, which is not considered in
this text (even though it is a useful tool in the management of quality). The
reader is, therefore, referred to the references at the end of this chapter.

The TQM tools used to detect, study, analyse and implement programs
of TQM can be extremely useful. Together they provide a toolkit which
can help management deal with each of the problems encountered at each
step of the design and realization process. In Figure 3.6, we summarize the
essential steps that might be followed. Subsequently, we consider a number
of applications.

Problems

1. Consider a, trucker whose essential problem involves delivery delays. The
set of all relevant factors (defined after brainstorming with drivers and
managers) which have contributed to delay include ‘Truck breakdown’,
‘Drivers absenteism’, ‘Delivery in traffic hours’, ‘Weather conditions’ and
related reasons. We shall denote these factors by the index 1,2,3,..., n.
Data was collected representing the number of times a specific factor was
at cause in a late delivery. The following Tally sheet, based on 200 such
instances was then assembled as in Table 3.4.
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Table 3.4: Data tally sheet for delays.

Factor Indez | Tally Total
Breakdown 1 I - ] | 45
Absenteeism 2 /1111 28
Repairs 3 // 2
No communication | 4 /11111 12
Weather 5 111/ 4
Circulation 6 // 2
Time of day 7 /11111 30
. 8 /] 5

9 111111 75

- 1//]]] 5
11 /l]---111] 12
Total 220
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Having constructed the Tally sheet, arrange these factors in an increasing
order and then construct the bar chart as well as the chart of cumulative

sums. What conclusions can be reached on the basis of these charts?

2. In a production system, rejects over a period of time (for example,
one month) have been evaluated and classified following the departments
responsible for producing these rejects. A table of results of such outcomes
is outlined below (in $1000).

Table 3.5a: Departmental costs.

Dept. | 1 2 |3 |4 |5|6 |7 |8 |9 10 12 13114 |15
Cost 100 132 |50(19}(4|130|40|80 55150160 | 5 10 | 20
Table 8.5b: Ordered costs.

Dept. | Ordered | Cum. | Cum. %
no. Costs Costs | Costs
11 160 160 21.2
10 150 310 41.0
1 100 410 54.3
8 88 490 64.9
9 55 545 72.18
3 50 595 78.8
7 40 635 84.0
2 32 667 88.0
6 30 697 92.0
14 20 717 95.0
4 19 736 97.5
13 10 746 98.8
12 5 751 99.5
5 4 755 100.0
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Table 3.5¢c: The Departments ordered.

Class (% of total) | Departments
A, (78.8) 11,10,1,8,9,3
B, (18.7) 7,2,6,14,4

C, (2.5) 13,12,5

To construct a Pareto chart we first construct Table 3.5b which orders
departments in decreasing costs order, providing also percentages and
cumulative costs. Departments can now be classified into a number of
groups (say three) such as A, B and C. The first group, A, accounts for
78.80% (which is the closest to 80%) of the costs. It includes departments
11,10,1,8,9 and 3. These departments will be investigated in greater
detail, providing the largest potential cost reduction. The proportion for
the number of departments involved in this case is 6/14. The remaining
departments are classified in classes B and C, as shown on Table 3.5c.
Provide alternative representations based on various distribution of cost
and the number of department and thus obtain a number of possible graphs
(based on the criteria used in constructing the Pareto charts). Finally,
discuss these graphs.

3. A firm has an unusual rate of return due to faulty production, product
design, installation and possibly other reasons. Data was collected daily
over a week, and the reason for product returns organized into four
categories. These are given in Table 3.6.

Table 3.6: The Data set (Problem 3).

Monday | Tuesday | Wednesday | Thursday | Friday | Total | % |
Materials 3 10 0 2 1 16 19
Faulty assembly | 2 0 6 2 0 10 11
Faulty design 2 20 6 6 2 36 43
Installation 5 14 2 0 3 24 27
Totals 12 44 14 10 6 86 100

Draw a bar chart which will clearly demonstrate that faulty design and poor
installation are the two essential factors accounting for 80% of returns. Note
that each of these problems can now be studied further and broken down
into subcauses. In fact, we can organize the following data as a cause-effect
diagram, with each cause labelled with a ‘frequency’ of occurrence as well.
When economic considerations are included, it is important to associate
dollar figures to each of these. For example, say that these costs of failure
are as given in Table 3.7. Apply FMECA and compute the average cost of
a product return. Discuss the effects of alternative ways to organize and
use the information which is collected to investigate a specific problem.
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Table 8.7: Data summary.

Factor Cost | Freq. | CostxFreq.
Materials $700 {0.19 | 133

Faulty assembly | $1500 | 0.11 | 165

Faulty design $5000 | 0.43 | 2150
Installation $500 | 0.27 | 135
Totals 1.00 | 2583

4. A coffee vending machine can have a number of causes for non-standard
performance. These include: (1) water too cold, (2) water too hot, (3)
polluted water, (4) coffee of poor quality, (5) poor grinding of coffee. Each
of these factors can be attributed to a number of causes. Construct an
appropriate two level diagram for this problem.

5. A firm producing spare parts for consumer items sold both directly
through the firm’s outlets and through a number of retailers has decided
to install an information system for tracking its image and the quality of
its products and services as perceived by its clients and retailers. The firm
suggests that there are several dimensions to its products and services: (a)
Product performance related; (b) Service related; (c) Price and competitive
based factors; and (d) Delay, response and logistic factors. Further, quality
has characteristics which are technical, economic and subjective (human).
Construct an approach which will identify the indicators (what they could
be if it is a firm selling spare parts for European cars), then use Ishikawa,
Pareto charts, FMECA and the other tools indicated here to institute the
desired program by the firm.

6. For the study of hotels’ quality performance, we may use the following
variables: service time at breakfast, energy costs, laundry costs, stolen
property, litigation costs, reservation errors, turnover of personnel, percent
return clients, percent occupancy, percent clients rejected because of full
occupancy, number of reservations cancelled, number of complaints, time
at which rooms are free and available for clients, and so on. Take these and
other potential variables and list those that can be controlled and those
than cannot. Then suggest five variables for which some data ought to be
collected, and explain why.

7. A firm that produces two complex products, selling each at a price of
$350 and $950 each, has accumulated statistics over the year regarding the
number of defect types per product and the number of units produced in
each product category which was defective. The yearly sales volume for
each of the products is given by 10,000 and 3000 respectively. The data,
including the actual costs incurred for each of the months directly affected
to non-quality, is summarized in Table 3.8. On the basis of this table, answer
the following questions: (a) Find five graphical representations that would
be most revealing for managerial action. To do so specify what would each
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graph purport to reveal. (b) Which is the more important product the firm
ought to attend to, and motivate your answer? (c) Is there any correlation
between the costs of quality and, if so, what is it? What can we conclude if
this is the case? (d) Is the period of the year important for the occurrence
of non-quality costs?

Table 3.8: Costs over time.

Period Product | % $ cost | Product 2 | % $ cost
1, No of | Defect | per 2, No of | Defect | per
defects unit defects unit
per unit defect. | per unit defect.

January 4 2 200 5 1 450

February 2 4 350 7 2 500

March 5 3 150 9 7 150

April 3 7 100 3 4 250

May 6 5 100 |8 3 100

June 2 1 200 1 9 550

July 3 2 150 5 2 300

August 2 1 200 7 1 400

September | 4 6 400 9 5 250

October 6 4 300 3 6 200

November |7 8 500 8 8 600

December | 9 12 600 5 9 300

Graphical reporting of data

Graphical techniques are important. Often a ‘simple picture’ is worth ‘a
thousand words’. Their advantage can be summarized by the following;:

(a) They provide visual means of communication.

(b) They condense vast quantities of data into recognizable patterns.

(¢) They provide a visual mode of organization for complex problems.
(d) They allow, when properly scaled, an obvious comparison of choices.
In most cases, the effective presentation of a quantitative study will require
the effective use of graphical techniques. For example, consider a data set
regarding the number of defectives produced for various products over the

current year. The problem at hand is how to transmit most effectively a
‘message’ which will reveal underlying quality problems.
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Figure 3.7: Graphical means to represent data.

Table 8.9: The number of defectives per product over time.

Time Product 1 | Product 2 | Product 3 | Product 4
January 180 70 100 50
February | 200 75 80 40
March 150 85 90 30
April 175 90 60 20
May 140 120 70 30
June 210 60 50 20
July 220 50 75 50
August 150 75 75 60
September | 140 80 80 75
October 130 90 90 90
November | 170 70 120 100
December | 250 75 130 150

89
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Line charts: In a line graph, we can represent this data by letting one of the
axes represent time (the months of the year), while the other axis represents
the defectives level. The plot of defectives for each product, with a line
connecting any two neighbouring points in time, is called the line graph. In
particular, note in Figure 3.7 the product defectives ‘going up and down’
almost together! What does it mean? Is this related to the time of the year
or to the number of units sold, or perhaps to the proportion of defectives for
each of the products (or is it a potential relationship between the defectives
produced in each product)? To answer these problems, preliminary insights
can be obtained through the graphical representation of the data, although
further insights can be obtained only through statistical analyses.

Bar charts: The information in a line graph can also be represented
through a bar chart. Instead of using points to denote a data point, we
can use a ‘whole bar’. Each bar, appropriately designed, would represent
another series. Bar charts were used to graph both histograms and Pareto
charts.

Pie charts: For a product, consider the defectives production over a
whole year, and assume that this is represented by 100% of a pie. In such
a pie, we can represent monthly defectives as slices of the pie.

These are by no means the only graphical means to represent
information. Previously, we used scatter plots and other means to represent
data and construct models.

Problem

The Speedy Transport company involved in fast delivery has been plagued
by complaints and poor service. For this reason, it decided to follow and
record its transport activities for a full working week. During the week
it discovered that there are basically three factors accounting for the
quality problems of the company: the number of delays; the number of
false deliveries; and the number of times delivered goods were damaged. In
fact, Table 3.10 represents the occurrence of these factors each day of the
week, and the average costs associated to each event.

Table 3.10: Weekly data collection.

Factor Mon. | Tues. | Wends. | Thurs. | Fri. | Av Cost
No. of delays 4 7 3 8 12 | $30
False delivery 10 6 8 4 2 $80
Damaged goods | 5 1 2 0 2 $200

Represent this data in four visual forms. How would you organize the data
to emphasize the differences between the effects of these factors and their
comparative costs? Finally, use Pareto charts to show what are the most
prominent factors necessary for the firm to concentrate on improving the
situation.
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3.3 A statistical refresher

A sample space S defines the set of all relevant and potential events. A
product sample space can be defined, for example, by ‘good’ or ‘bad’,
or in terms of its exhaustive attributes. In the former case, the sample
(attributes) has only two possible observations (good, bad). We can, of
course, associate to each observation a number such as ‘0’ for good and
‘1’ for ‘bad’, in which case the sample space is {0,1}. These numbers are
also called the elementary events of the sample space, usually denoted by
letters w;,7 = 1,2, 3, ..n, where n is the number of elements in the sample
space. For elementary events we have necessarily a mutual exclusion and
exhaustive relationship, which is expressed by

wiw; =0fori# jand S=w; +was + ...+ wy

where ‘+’ is used as a union sum (meaning that all elementary events
belong to the sample space), and w;jw; = 0 mean that events ¢ and j are
non-overlapping. We can associate a real number with each elementary
event. This defines a function called a random variable. In other words, we
can define a function X (w), the random variable, which can take on events
wy, Wy, . . ., Wy and, for each value w;, we have a real number X (w;) which is
a probability distribution. In our case, we can associate to a ‘good’ product
a weight 0.9, and to a ‘bad’ product 0.1, therefore (0.9,0.1) can be defined
as a probability distribution. In the general case, a probability distribution
is formulated as an affectation, therefore it is necessarily a function with
particular characteristics.

If a random variable takes on discrete values w; € S,¢ =1,2,..,n,in the
sample space S with probabilities p;, with

n
pi 2 O,Zpi = 1,
i=1

then this defines a discrete probability distribution whose graph can be a
histogram, and for which we can calculate the mean, the variance and other
moments. When a random variable assumes continuous values in a range
R,w € S, then the affectation is defined by a continuous function f(w),
which is called the probability density function, given by

f(w) >0, and /Sf(w)dw =1

where integration is over all values of the sample space S whose range is R.
Now, say that underlying a data set there are two probability distributions
f1(z) and fa(z). In other words, there is a proportion belonging to the first
distribution and a data set belonging to the second. Let p be the proportion
belonging to the first data set. In this sense, the data set can be conceived
as having a mixture probability distribution which we can write as follows:
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fi(z) with probability p
f(z) =
f2(z) with probability 1—p

or

f(2) = pfi(2) + (1 - p) falz).

Probability distributions are, of course, used intensely in the management
of quality. For this reason, we shall consider a number of often used
distributions.

The binomzial pdf

Say that the daily production volume of a product is 100 units. The
probability of producing a defective unit is known and constant, and given
by 6 = 0.15. In any one day, what is the probability distribution of obtaining
r defectives? Assuming that production is statistically independent and
maintained each day, this is given by the binomial probability distribution:

P(R=r)= (”) 6" (1—6)"",n = 100,0 = 0.15.

r

This distribution allows, assuming that the parameters are correctly

assessed, calculation of the number of defectives. Let n be a sample size,

thus in such a sample the number of defectives, say r, can be observed.
The binomial distribution has the following mean and variance:

E(r) = nf,var (r) = nf(1 —0).

When 6, the process parameter, is not known for sure, it can be represented
by a probability distribution, say f(#). The resulting (mixture) distribution
of the outcomes r is then a mixture, and is given by the following:

P(R=r) = /01 (’:) 67 (1 — 6)"~" £(6)d6.

In this case, for all distributions f(.), these are called Lexian distributions
and they have the property that their mean and variance are given by:

E(R) nE(9),
var(R) = nE(0)[1— E(0)] + n(n — 1)var (6).

The cumulative binomial distribution is denoted by

F(k) = ;P(i) = Xk: (':) 6'(1— 0",

i=0

which can be represented by the following chi-square integral, as we shall
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see later on and is used often for numerical computations of the binomial
distribution:
-1 6
Fky=n(" / th=1(1 —t)"kdt.
k—-1/ Jo

Ezample

The defective rate of an IC (Integrated Circuit) manufacturing process is
assumed to be § = 0.25. A number of chips is tested every day, say n = 20,
and for reasons to be seen in Chapter 5, the quality manager has stated that
any number of defectives over the mean nf = (20)(0.25) = 5 = ¢ should
lead to a process stoppage. In this case, we note that the probability of
defective ICs in a lot of size n = 20 is binomial with:

2
b(r | n,0) = (:) r(1-0)" " = ( 0) (0.25)7(0.75)%°-.
r
Since stoppages of the manufacturing process occur if » > 5 = ¢, we have

5
20
Prob [ No stoppage | = Z ( . ) (0.25)7(0.75)%°~" = 0.3912,

r=0
while the probability that there is a stoppage is:
Prob [ Stoppage] = 11— Prob [ No stoppage ] =
20 790
> ( ) ) (0.25)7(0.75)20"" =

r=6

= P(r<5|p=0.25)=1-0.3912 = 0.6088,

which is usually calculated using tables of the binomial distribution. The
probability of no stoppage is thus the probability that we accept the process
operating performance, assuming that 0.25 is the acceptable operating
standard. Note, however, that we reject the process operating performance
with probability 0.3912, even though it also produces defect rates at 25%.
Thus, for every procedure or decision which is specified by management,
there is a risk of taking the wrong decision. Of course, if we vary the decision
parameter c, specified by management, from 5 to 4, we would alter this risk.
This will be the topic of the next section, however. As an exercise, perform
calculations for ¢ = 1,2,3 and 4, and compute the risks of stopping the
process wrongly.

Ezample

We can distinguish between US/Europe and Japanese approaches to
quality management by the priority they give to: (a) Improving a process
performance (say by reducing the defect rate). (b) Reducing the variability
of the process. Which approach is right and important and when? A partial
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answer can be seen through the use of the binomial distribution. Consider
again the IC manufacturing problem, and assume that the process defect
rate is not exactly 25%, but it varies because the production process is
complex involving many variables, some of which cannot be controlled.
In other words, instead of § = 0.25 we will have E(f) = 0.25, while the
variance of this rate is some value var(f). Consider now the defectives’
output r for a daily production of N = 1000 ICs. Ideally, the control
objective ought to be the minimization of both the defectives output and
its variance, or

Min[E(r), var (7)].
Thus, if N = 1000, the total daily output is

E(r) = NE(8) = 1000(0.25) = 250 and
var (r) = NE(0)[1- E(0)]+ N(N — 1)var (§) =
= 250(.75) + 999, 000var ().

It is apparent that the mean defectives can be reduced if E() is reduced (as
the Japanese would recommend). But what good is such a reduction if the
variance of 6 is significant leading to an extremely large variance for r, with
disastrous post sales performance? In this sense, it is misleading to believe
that an approach is right or wrong, for each has emphasized a problem
which has its greater priority in a given context. Therefore, to properly
reach a conclusion, the full range of direct and indirect costs and benefits
must be assessed and on this basis priority for one or the other reached.
Of course, if N, the daily production rate, also denotes the production lot
size, we can see that the variability is a squared function of this lot size. By
reducing the lot size (as attempted in Just in Time systems), it is clear that
the variability is reduced, even if the production process variability (o?) is
large. In this sense, process improvement and lot size reduction seem to be
combined policies which can deal with the problems of process quality.

Problem
Automatic versus manned systems can also be compared using the mixture
binomial model. All things equal, an automatic system has a repetitive
potential, and therefore the parameter 6 (whether acceptable or not)
remains fairly stable and would thereby reduce the process variability. This
is in comparison with manned systems where # might be ‘better’ but the
variability of manned performance may be large. In this case, construct
a case for a production strategy which would be based either on excellent
manned production or on complete automation. Are there any alternatives,
such as better manufacturing controls?

The binomial probability distribution can be generalized and
approximated in several ways. For example, generalizations include the
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multinomial and multivariate binomial distributions which are multi-
variable forms of the binomial distribution (an extensive definition and
characteristics can be found in Johnson and Kotz, 1970). Approximations
include the Poisson and normal distributions. When @ is small, then nf is
used as the parameter of a Poisson distribution. When = is large, a normal
approximation is also possible. It is then given by a distribution whose
mean is nf and its variance is nf(1 — 6). In other words, for a Poisson
approximation

lim AP(r) = e *A"/rl,r=0,1,2,3,...,E(r) = )

no—
while for the normal approximation
. 1 (z — p)?
Am P(r) = —=—exp[-—73—],
z € (—00,400),p = nb,o?=nd(1-0).

Both distributions are extremely important, and will be studied in detail.

Problems

1. The probability of producing a non-defective unit is 0.98; what is the
probability of producing 10 non-defectives and two defectives in a lot of
507 What is the probability of producing fewer than three defectives in a
production lot of 1507

2. A process is in control with a probability 0.8 and out of control with a
probability 0.2. When the process is in control, it produces a defective with
probability 0.02, and when it is out of control, the probability of producing
defectives is equal to 0.3. Calculate the expected number of defectives and
its variance in a lot of size 20.

The Poisson distribution

Consider a process counting the number of arrivals to a store, the number of
complaints in a day or the number of employees arriving late to work. Some
of these processes, provided they satisfy a set of required assumptions, can
be defined by a Poisson distribution. This distribution is given by:

P(n) = exp(-\)A"*/n!,n=10,1,2,3,....

where n is the number of arrivals, the number of complaints, and so on,
and P(n) is the probability distribution of n. The mean and variance of
this distribution are equal and given by

E(n) = A,var (n) = A

This is an important distribution which will be the subject of many
applications.

Problems
1. A group of knitting machines operate continuously. The number of needle
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breaks varies from time to time, however. Management has tabulated the
following needle breaks in a typical day using 15 minute intervals. (a)
Present a histogram of needle breaks. (b) What is the mean number of
needle breaks? (c) What is the mean time between breaks? (d) Can you
represent the occurrence of needle breaks by a Poisson distribution? If so, at
what mean? (e) Assuming that the Poisson distribution is an appropriate
choice, what is the theoretical probability that there will be more than
three breaks in 15 minutes? What is the probability that there will be four
breaks in half an hour? What is the probability that there will be at most
two breaks in ald minute period?

Table 3.11: Time record of needle breaks.

Time Needle | Time Needle
Hours Breaks | Hours Breaks
0801 — 0815 | 12 1001 — 1015 | 15
0816 — 0830 | 14 1016 — 1030 | 13
0831 — 0845 | 16 1031 — 1045 | 10
0846 — 0900 | 17 1046 — 1100 | 8

0901 — 0915 | 18 1101 — 1115 | 5

0916 — 0930 | 19 1116 — 1130 | 3

0931 — 0945 | 18 1131 — 1145 | 2

0941 — 1000 | 17 1146 — 1200 | O

The parameter A of the Poisson distribution may also be subject to random
variations. Say that A denotes the mean number of complaints in any given
day. Complaints vary from day to day, however, with a distribution which
is given by f(A). Then, the unconditional probability distribution of the
number of complaints is

m(r) =/0°° F)7(r | A)dA = /OOO(A)(,\'e-*/r!)d,\.

This integral has no general solution, but for many probability distributions
f(X), it can be calculated.

2. To study and improve the quality of service provided to its customers,
the US-Northwest phone company has estimated, on the basis of 600
directory assistance calls in six hours, that call inter-arrival times follow
an exponential distribution with mean 1/A = 6/600 = 0.01 hours (between
calls). Do you agree with such an assumption? In particular, justify your
answer based on the behavioural hypotheses which might be reasonable in
constructing a process for telephone calls assistance.

3. The number of complaints arriving at a firm regarding poorly installed
appliances is, on average, 12 per day. It is believed (on the basis of past
experience and data which was collected and appropriately tested) that
it is reasonable to assume that complaints have a Poisson probability
distribution. What is the probability that there are less than 10 complaints



A statistical refresher 97

in one day? What is the probability that there are more than 8 and less
than 14 complaints in a day? What is the probability that there are less
than 50 complaints in a six- days week?

4. The number of machines breaking down in any month is shown to be
best described by a Poisson distribution. Managerial procedures seeking
to control machine breakdowns have been instituted with an observable
change expressed by a lower mean breakdown rate as well as variance lower
than the mean. What are the implications of such an observation?

The normal distribution

The normal probability distribution is a cornerstone of statistical theory
and practice. Abraham de Moivre was probably the first to obtain
this distribution as an approximation for the binomial distribution (De
Moivre, 1718), although the distribution is mostly attributed to the famed
mathematicians Gauss and Laplace. For a binomial distribution with
parameters (n, p) we can approximate it by a normal one with mean p = np
and variance 02 = np(1 —p) if n is large. The Poisson distribution can also
be approximated by a normal distribution. In its standard form, the normal
distribution is given

f(z) = (1/V2r) exp [ - 22/2), =00 < z < +00

0 i [ T B wll
4 3 2 4 0 1 2 3 4

Figure 3.8: The normal probability distribution.

which is a bell shaped distribution with its mean (which equals the median
and its mode) equaling zero and its variance 1. This is a distribution which
is defined over the real line (i.e. from minus infinity to plus infinity). It has
two parameters (g, 0%), with mean p and variance o?.

Tables of the standard normal distribution are extremely useful; since
for any normal distribution, it is possible through a linear transformation
to obtain an equivalent standard normal which has zero mean and unit

variance. For any value z,z = p+ 0z or z = (z — p)/o. Of course, it
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is easily verified that E(z) = E(z — p)/o = (p — p)/oc = 0 and that
var(z) =var[(z — p)/o] =var(z)/o? = 0?/0? = 1. Explicitly, the normal
probability distribution with mean p and variance o2 is given by

10) = (e - Eo ) oo <o < oo

while its cumulative is:

z

Flo) = (=) [ i~ E- 0

The normal distribution has additional properties which are extremely
useful in quality management. These are:

e The reproducible property, and

e The law of large numbers.

The sum of two or more random variables, each independently and normally
distributed also has a normal distribution. In particular, if z;,1,2,...n are
normal random variables each with parameters (y;,07),7 = 1,2,...n, then
the sum is also normal with mean M and variance X2

n n
M= Zp;,zz = Zaf.

i=1 i=1
This is in essence the reproducible property. The law of large numbers, on
the other hand, states that the sum of independent random variables with
arbitrary distributions converges to a normal random variable when the
sum of variables increases. As a result, for large samples, we can justifiably
use the normal distribution to represent characteristics which involve the
sum of large samples (independently distributed). For example, if we collect
a ‘sufficiently large number’ of samples, then the average,

n
= Z zi/n
i=1
involves a sum, and for n sufficiently large (usually over 30) the average
has (by the law of large numbers) a normal probability distribution with
mean p-the population parameter and variance o2 /n, which was calculated
earlier.

Problem

The normal probability distribution has been tabulated with great
precision. Further, and as seen earlier, any distribution with mean pu
and variance o2 can be transformed to the standard form by a linear
transformation. Let z ~ N(u,0?), and let z ~ N(0, 1). Then the following
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relationship between z and z holds: 2 = (z — p) /o, or £ = p + oz. In this
case, compute (using the table and the numerical procedure suggested) the
following values:

P[—1.96<2<1.96],P[0 < z<0.8],P[z <1.5]

Further, if  has a mean of 10 and variance 4, then calculate, P[4 < z < 12],
P[8 < z < 10], P[z < 14]. To do so, use the tabulated normal probability
distribution which is included in the appendix.

Other distributions of importance include the sampling distributions:
Chi- Square, t and F distributions. Motivation for the chi-square
distribution arises when we consider the sum of a number of squared
random variables each of which is iid (meaning identically and
independently distributed) and normally distributed. Namely, if z;,i =
1,2,...,n are n standard normal random variables, then the sum

Z:Xn:zf

=1

is said to have a x2 (chi-square) distribution with n degrees of freedom.
The student ¢ distribution is mostly used in hypotheses testing in normal
regression curves. Say that we have two random variables Y and Z where y
is normally distributed and 2 has a chi square distribution with n degrees
of freedom. Then, the ratio

Y
V(z/n)
is said to obtain the student t distribution. This distribution is well
tabulated and can be found in the appendix. Consider now two random

variables z; and 25 each of which have chi-square distributions with n; and
ny degrees of freedom. Then, the ratio

t =

— 21/”1
Zz/ng

is said to have the F-Snedecor, F(ni,n;), distribution with n; and n,
degrees of freedom.

Confidence intervals
Consider a probability distribution f(z), defined over some random variable
z € Q. Then, by definition

Plz —dz/2 <z <z +dz/2] = f(z)dz.

By the same token, if we take two bounds, a lower one ‘a’ and an upper
one ‘b’, then the probability that some value z is between a and b is given
by the sum (integral) of the probabilities from a to b, or:
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b
Pla<z <b= / f(2)dz.

The integral therefore defines a probability interval, represented in Figure
3.9. Say that for some values a and b that Pla < z < b] = 95%. This
means that the probability of obtaining any measure z which is between a
and b is equal to 0.95. By the same token, a (1 — «) confidence interval is
the (1 — a) probability that an observation z will be in the interval (a, b).
When the underlying probability distribution is not specified, confidence
intervals can be approximated using Tchebychev’s inequality,

. a2
Pllz~E(2) |> K] < 15

where E(z) is the mean of the distribution of z and o is its variance.

Ezample

The mean number of clients arriving at a supermarket equals 200, while
its standard deviation is 25. Staffing of the supermarket is made on the
basis of a number of clients of 200 F 25. What is the probability that the
supermarket will be understaffed (and thereby the quality of service poor)?
Assume first that the probability distribution is normal. Then assume that
this distribution is not known, and find the upper bound probability.

Confidence

P (‘2‘2’1"2' b) /

_

TSI TIETITTIITS

a b

Figure 3.9: Probability intervals.
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When a random variable has a normal probability distribution with mean
p and variance o2, then its transformation to a standard normal variable
yields

Ik
z=— ~ N(0,1)

and therefore a confidence interval expressed in terms of a and b is

b
P[agng]:/\/;_ﬂ_

exp(—z%)dz
This is equivalent to:

Pla<z<t = Pla<—£<y
= Plac < (& — 4) < bo]

Plu+ao < z < pi+ bal,

where a and b are deviations from the mean expressed as the number
of standard deviations. For example, say that a = —1.96 and b = 1.96,
which corresponds to a 0.025 probability of being to the right of b = 1.96
and 0.025 probability of being at the left of a = —1.96. Of course
0.025 + 0.025 = 0.05 = « which corresponds to 1 — a = 0.95, or a 95%
confidence interval, explicitly written

Plz —1.960 < p <z + 1.960] = 0.95.

A sample of computations are reproduced in Table 3.12, while complete
results are obtained in the Standard Normal Table at the end of the chapter.

Table 8.12

a af2 a a2 a a af2

0.0 0.5000 | 0.6 0.2743 | 1.2 0.1151 | 1.8 0.0359
0.1 0.4602 | 0.7 0.2420 | 1.3 0.0968 | 1.9 0.0287
0.2 0.4207 | 0.8 0.2119 | 1.4 0.0808 | 2.0 0.0228
0.3 0.3821 | 0.9 0.1841 | 1.5 0.0668 | 2.1 0.0179
0.4 0.3446 | 1.0 0.1587 | 1.6 0.0548 | 2.2 0.0139
0.5 0.3085 | 1.1 0.1357 | 1.7 0.0446 | 2.3 0.0107

When we use the sample data to estimate the confidence interval of a
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