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Preface

Quality is one of those concepts that are hard to define. If you look in an
encyclopedia you will find complicated definitions like “Quality refers to the
distinctive characteristics or properties of a person, object, process or other thing.
Such characteristics may enhance a subject's distinctiveness, or may denote some
degree of achievement or excellence” (www.wikipedia.org). This kind of
definition is not very helpful. On the other hand, a renowned institution like the
American Society for Quality defines quality simply as “a subjective term for
which each person has his or her own definition”. Despite the vagueness of the
quality concept, I decided to study it. I never regretted that decision.

The person with whom I first started studying the quality concept was Ton van der
Wiele. Together we worked on many different projects, which has been a very
valuable experience to me. I am greatly indebted to him for all his support and I
wish to thank him for the good times we had over the last five years while working
on papers, presentations and lectures. I hope we can continue our cooperation in
the future.

Ton also was the person who introduced me to Professor Barrie Dale and
Professor Roger Williams, who later became my thesis supervisors. I wish to
thank them for supervising me and honestly caring about me over the last four
years. They provided me with help and inspiration when I needed them. I enjoyed
our meetings in Manchester and London very much, and I hope we can continue to
work together for a while.

During the time of my PhD research, Roger was always able to keep abreast of the
latest developments in management thinking, and he therefore had many
interesting ideas for my research. However, Ton was always there to remind us of
the planning with his infamous saying “a PhD is a project with a start date and an
end date; both are fixed”. While I was trying to strike a balance between both
viewpoints, it was Barrie who told me “education is like top sport, you should
peak at the right moment”. Well, that is exactly what I have been trying to do in
the last four years. I hope the three of you are satisfied with the result.



Other people in academia who I would like to thank are Ulrich Steimle and
Professor Klaus Zink from the University of Kaiserslautern for their help with the
questionnaire survey in Germany. I also would like to thank Professor Alan Brown
and Professor Amrik Sohal for their useful comments on my thesis manuscript.

On a more personal level, I would like to thank my room mates Wilco and Lenny
for the good times we had together. I would like to thank my family for their
support and for challenging me to apply academic theories in the daily practice of
the family business.

But most of all, I would like to thank my wife Lusine for her enduring love and
support. At times it was difficult to both be in the process of writing a dissertation.
One finished, one to go!

Jos van Iwaarden
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1 Introduction

1.1 Introduction

Today, consumers can choose from a variety of products that is larger than ever
before. At the same time, many businesses are confronted with ever decreasing
product life cycles because consumers quickly feel that products are not up-to-date
anymore. These two trends of increasing product variety and shortening product
life cycles have implications for management control systems of firms. The aim of
this research is to study their effect on one of these control systems: quality
management.

In many industries (e.g. cars and electronics) manufacturing complexity and
unpredictability have increased since the end of the twentieth century because of
an increasing variety of products and shortening product life cycles. At the same
time the manufacturers in these industries appear to have more problems with
maintaining high quality levels (see Simon, 2004). It is important to understand
the influence of the two trends of increasing product variety and shortening
product life cycles on quality management because product variety is likely to
increase in many industries and product life cycles are likely to become shorter in
the future. At the same time customers will stay very demanding with respect to
the quality of the products they buy. This situation will be discussed further in this
chapter.



1.2 Effects of Two Trends on Quality Management

Two important trends in the current business climate are increasing product variety
for customers and shortening product life cycles (e.g. Pine, 1993; Da Silveira et
al., 2001; The Economist, 2001). Increasing product variety can be seen in the
ever-increasing supply of and demand for alternative products and services in the
market place. These days, customers can choose from many different types,
colours, flavours and sizes of products. At the same time product life cycles are
becoming shorter in many industries because products are being increasingly
influenced by fashion trends and more severe (global) competition.

Increasing product variety and shortening product life cycles have implications for
many management control systems because they require a company’s management
to focus its attention on a broad range of products that are updated frequently,
while traditional mass production processes would require attention to only one or
very few products that are produced for a long period of time.

This research studies the effect of increasing product variety and shortening
product life cycles on one control system: quality management. Although quality
management has often been advocated as a universal system that applies to all
organizations, research has shown that it is in fact context dependent: Sitkin et al.
(1994) have shown that quality management is dependent on different sources of
uncertainty (task uncertainty, product/process uncertainty and organisational
uncertainty), and Sousa and Voss (2001) have shown that quality management is
dependent on marketing strategy (i.e. product differentiation versus cost
leadership).

In order to manage quality, organizations typically aim to do three things: build
relationships with customers (and other stakeholders), reduce variation in key
processes, and improve processes and products in a continuous step-by-step
manner (Dean and Bowen, 1994; Wilkinson et al. 1998; Handfield and Melnyk,
1998; Dale et al., 2000; Dale, 2003). So, quality management control systems are
typically based on measures of customer satisfaction, reduction of variation and
step-by-step continuous improvement.

However, the relevance and effectiveness of all of these are influenced by
increasing product variety and shortening product life cycles. The increasing speed
of change may subject the classic step-by-step Plan-Do-Check-Act (PDCA) based
performance improvement loops to major strain. Since an updated product or



process may already be in place before any projected improvements can be
implemented (Sitkin et al., 1994). Moreover, many of the traditional tools and
techniques aiming at reducing variation assume large batches of the same or
similar products that are repeated over time. But batches are becoming smaller and
the likelihood that a process will be repeated in exactly the same form is
decreasing (Von Corswant and Fredriksson, 2002). So, the possibility of variation
increasing is occurring at the same time as the basic assumptions required for
traditional reduction of variation are under attack (Sitkin et al., 1994). Therefore,
many of the currently used quality management systems of firms are based on
assumptions that are challenged by the two trends and it is questionable whether
such systems are still useful in the traditional format.

The impact on organizations of the two trends of increasing product variety and
shortening product life cycles lies in their ability to increase complexity and
uncertainty. The complexity is caused by the large number of different processes
that require management attention (Meiners, 2006). It is clearly more
straightforward to manage a single mass production process than to manage a
number of production processes with large product varieties (Mukherjee et al.,
2000). The uncertainty is caused by the constant flow of new product introductions
and product updates, which imply that success in the market place may last only
for a short period of time. Once competitors introduce new versions of their
products the balance may shift again. Prater et al. (2001) point out that any
business environment is a mixture of stability (predictability) and instability
(adaptation to changes). Yet increasing product variety and shortening product life
cycles are moving many firms towards more unpredictability and instability. Sitkin
et al. (1994) argue that quality management with its focus on customer
requirements, continuous improvement and the total organizational system, is
basically a cybernetic control system. They go on to claim that such control
systems require:

“A certain degree of task routineness and a moderate to high
amount of certainty.”

This, according to the same authors, implies that:

“Cybernetic control systems are less appropriate in
situations of high uncertainty.”



A more recent survey by Mehra et al. (2001) among quality experts led to the
conclusion that quality management has to change radically in the short term, and
that instantaneous response to changing market demands will be the single most
important challenge of the future for quality management.

Consequently, to study the effects of increasing product variety and shortening
product life cycles on quality management, a model is needed that can distinguish
between, on the one hand, simple and stable environments and, on the other hand,
complex and unpredictable environments. Existing quality models such as the
Malcolm Baldrige National Quality Award Model, the European Excellence
Model, and the Deming Application Prize are not appropriate for this purpose
because they do not make this distinction. Therefore, there is a need to search for
an appropriate model outside the quality field. This is supported by Sitkin et al.
(1994), who argue that:

“Researchers must look beyond current approaches to total
quality management for an approach to quality that can work
under conditions characterized by high uncertainty and
nonroutineness.”’

Later on in this thesis it will be explained that Robert Simons’ Four Levers of
Control Model (Simons, 1995) has been chosen for this reason.

The empirical part of this research is based on case study research undertaken at
three European automotive companies and a questionnaire survey among a sample
of European suppliers in the automotive industry.

The automotive industry is interesting for a number of reasons:

1. The automotive industry (e.g. Toyota) has been leading edge in quality
management for at least the last 25 years (e.g. Ohno, 1988; Shingo, 1989;
Womack et al., 1990; Monden, 1998; Dale et al., 2000; Liker, 2004;
Spear, 2004; Stallkamp, 2005).

2. Increasing product variety and shortening product life cycles are already
clearly visible in the automotive industry (e.g. Pine, 1993; Womack et al.,
1990; Alford et al., 2000; Agrawal et al., 2001; The Economist, 2001; Von
Corswant and Fredriksson, 2002; The Economist, 2004; Sheffi and Rice,
2005). Car manufacturers introduce new models on a frequent basis and



the options lists for cars are becoming increasingly longer, although many
features that, in the past, used to be options have now become standard
equipment (De Saint-Seine, 2004). Life cycles of car models are under
pressure because sales drop rapidly after a few years of production and
even face-lifts can do little to counter this decline (Graham, 2005).

3. In an effort to retain as much as possible the operational benefits of mass
production, many automotive manufacturers share platforms within brands
and between brands of the same firm, or even with competing firms
(Schlie and Yip, 2000). This indicates that manufacturers are trying to
reduce complexity, and thereby reduce costs, by sticking to traditional
mass production methods as much as possible, while on the other hand
they try to offer customers the experience of a unique car (Stein, 2005;
Meiners, 2005).

4. Current quality management systems are clearly under strain in the
automotive industry since the number of product recalls has risen
significantly (Simon, 2004). In the USA alone, product recalls in the
automotive sector have risen from 208 in 1990 to 529 in 2003 (Aldred and
Wernle, 2004), and the United Kingdom has witnessed a similar increase
(Bates et al., 2004). To complicate matters, many of these recalls are not
caused by internal problems at the car manufacturers but arise from
problems at their suppliers and even at sub-suppliers (Automotive News,
2002; Kisiel, 2003; Wernle, 2004; Stoffer, 2005).

1.3 Problem Definition and Research Questions

In this section the problem definition of the research is presented. Some research
questions are then derived from this problem definition. Finally, the central
concepts in this thesis are defined and explained.



1.3.1 Problem Definition
The problem definition of this research is as follows:

How do increasing product variety and shortening product
life cycles influence quality management of firms and what is
the consequence of this for quality management systems?

The problem definition, as described above, is graphically displayed in figure 1.1.
Increasing product variety and shortening product life cycles are two influencing
factors from the environment. These factors have a direct influence on the
operational processes within the firm. As a result they also have a more indirect
influence on the quality management systems of the firm (depicted by the red
arrows). This latter influence is the object of this research.

I Environment |

Increasing Shortening
product product
variety life cycles

Input Throughput Output

Figure 1.1: Graphical representation of the research problem definition



1.3.2 Research Questions and Objectives

Three research questions can be derived from the problem definition. The
objective of this research is to find answers to the research questions. These
research questions are:

1.

How do increasing product variety and shortening product life cycles
affect firms?

How do increasing product variety and shortening product life cycles
influence quality management of firms?

To what extent are quality management systems changing in order to be
capable of coping with increasing product variety and shortening product
life cycles?

1.3.3 Central Concepts

The central concepts that will be used in this research are ‘quality management
systems’, ‘product variety’ and ‘product life cycle’.

Bases on a review of literature in the fields of these concepts, the following
definitions of these central concepts have been chosen:

Quality management systems are defined as:

Systems that ensure mutual co-operation of everyone in an organisation
and associated business processes to produce products and services that
meet and, hopefully, exceed the needs and expectations of customers.

(Adapted from: Dale, 2003)

Product variety is defined as:

Providing a variety of products with the intention that more customers can
find what they want at a price they can afford.

(Adapted from: Pine, 1993)

Product life cycle is defined as:
The finite life span of a product that can be divided into sequential stages.
(Adapted from: Barksdale and Harris, 1982)



Quality management

The reason why companies offer quality is to satisfy the customer (Dale, 2003).
Total Quality Management (TQM) is defined in ISO 9000:1994 (ISO, 1994) as:

“A management approach that tries to achieve and sustain
long-term organizational success by encouraging employee
feedback and participation, satisfying customer needs and
expectations, respecting societal values and beliefs, and
obeying governmental statutes and regulations.”

Ishikawa (1985), one of the famous quality experts, emphasised the focus on the
customer:

“To practice quality control is to develop, design, produce
and service a quality product that is most economical, most
useful and always satisfactory to the customer.’

’

Companies that do not continually satisfy their customers will lose those
customers and as a result they will achieve poor performance. Quality is seen as
essential for strategic success because poor quality will lead to losses of
profitability and market share (Garvin, 1988). Companies need to improve their
quality to satisfy the ever-increasing demands of customers. There is a trend that
customers want more value for less money. So, quality management and
continuous improvement are necessary for companies to stay competitive in the
market place. Cox and Dale (2001) state:

“The key element to business achievement is quality. Without
a quality management approach that guarantees quality from
its systems, staff and suppliers, a business will not be able to
deliver the appropriate level of service quality to satisfy its
customers. In any industry customer loyalty is a key factor in
gaining a competitive advantage over the competition.”



Product variety and product life cycle

Product variety is the number of different types of a product that are available to
customers. So, it is not just about the total number of different products in the
market place but more about the number of types of a product. The greater this
variety of product types is the more choice customers have. The above-mentioned
definition of product variety requires that the variety of product types should be
available at an affordable price. That means that the option to customise certain
products for a large amount of money is not regarded as more product variety.

A product life cycle is the finite life span of a product that can be divided into
sequential stages (Barksdale and Harris, 1982). These stages are used to analyse
the (future) development of a product. The product life cycle is usually divided
into the following five phases: launch, early growth, late growth, maturity, decline
(Karlof, 1993).

1.4 Scientific and Managerial Relevance

In this section the relevance of this study is discussed. It is argued that the study
has scientific, as well as managerial relevance.

1.4.1 Scientific Relevance

The scientific relevance of this research project lies in studying the influence of
two important trends (i.e. increasing product variety and shortening product life
cycles) on quality management. As far as we are aware, nobody has looked from a
scientific point of view at the issues of product variety and product life cycles in
relation to quality management. Nor has anyone used Simons’ control model
(Simons, 1995) to study the quality management discipline. As such, these
innovations can both contribute to scientific literature.



Furthermore, it is relevant to empirically test if the traditional fundaments of
quality management are still appropriate in current business climate. The
environment in which organisations operate is subject to constant change and
therefore it is necessary to adapt quality management approaches to remain
effective under the changed circumstances. Bisgaard and De Mast (2006) argue
that:

“The world keeps changing. Quality management will
therefore always need to be improved and adapted to the
changing circumstances. Thus, we constantly need to
experiment with new ideas.”

1.4.2 Managerial Relevance

Over the last decade many business sectors (e.g. the automotive, food, beverages,
clothing, electronics, and personal care industries) have moved away from
traditional mass production, which aims at manufacturing large volumes of the
same product, towards offering a variety of products in low volumes. Moreover,
the markets in which these businesses operate have moved from long and stable
life cycles towards much shorter and unpredictable life cycles (Pine, 1993). These
shifts have major consequences for managing companies in these business sectors.
Based on the underlying assumptions of quality management, it can be expected
that the trends in product variety and product life cycles affect the usefulness of
traditional quality management systems. Therefore, it is necessary to undertake
empirical research on the usability of existing quality management systems in
changing environments. As it is expected that quality management systems need to
be changed drastically (Mehra et al., 2001), empirical research could also indicate
the necessary changes. Only if quality management systems are based on
assumptions that are in line with reality, can they be expected to be useful in
practice. So, the need to carry out empirical research in this field is not only based
on theoretical considerations but also on everyday business practice. Satisfying the
customer should remain a top priority for companies because it is still an effective
competitive weapon.
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1.5 Research Boundaries

This research has been conducted within certain boundaries. One boundary is the
focus on the effects of the two defined trends with respect to product variety and
product life cycles. In the empirical part of the research it has been attempted to
distinguish the effects of product variety and product life cycle trends from other
influences on quality management. To achieve this, care has been taken when
designing the research methodology, which will be explained in detail in chapter
4. However, no research methodology will be able to completely isolate the effects
of the two studied trends from other influences because of the complex and
interdependent context in which companies operate.

Another boundary of this research is that the two trends of product variety and
product life cycles will be taken as a given. This means that no attempts will be
made to explain all possible economical, social and cultural causes for the two
trends. Neither will be judged whether the two trends are beneficial to society, e.g.
whether customers are actually asking for a large variety of products to choose
from or if it is mostly driven by marketers from companies (see Avishai and
Taylor, 1989).

A third boundary of this research is the focus on quality management. The two
trends of product variety and product life cycles will influence many more things
than just quality management. Some examples from the automotive industry are
showroom space, which will get scarce at automotive dealerships when many
different car types are offered (the larger the variety of car models, the smaller the
available floor space per car model will be), and availability of replacement parts
for cars (the shorter the product life cycles become, the more different types of
spare parts are needed to repair existing cars). So, this research has only studied
the effects of the two trends on the management of quality by companies. More
specifically, the research deals with the management of the quality of physical
products, as opposed to services. The empirical part of the research has focused on
how different actors in assembly supply chains manage the quality of their
products and deal with quality problems they encounter. However, the focus on
physical products does not mean that managing quality is only related to physical
defects, since it is also related to dissatisfied customers because of more intangible
quality issues that may result from physical products.
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1.6 Outline of the Dissertation
The remaining chapters in this dissertation are structured as follows:

Chapters 2 and 3 provide an overview of theory on quality management (chapter
2) and management control (chapter 3). These chapters describe the theoretical
context in which this research takes place.

Chapter 4 explains the methodology for the empirical part of the research. It
describes how the case studies and the questionnaire survey contribute to finding
an answer to the problem definition.

Chapters 5, 6 and 7 present the findings from three case studies at three European
automotive manufacturers. Each of the three chapters describes one complete case
study of an automotive manufacturer and some of its suppliers.

Chapter 8 discusses the findings from the case studies by comparing the three
cases and drawing conclusions.

Chapter 9 discusses the questionnaire survey that has been conducted after the
case studies were completed. The design of the questionnaires is described, as well
as the findings of statistical analyses on the questionnaire data.

Chapter 10 presents the overall findings of the research and draws final
conclusions.

An overview of the structure of this dissertation is presented in figure 1.2.
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Figure 1.2: Outline of the dissertation
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1.7 Summary

In this chapter the research project has been introduced. The research deals with
the effects of two trends on quality management of firms. These two trends are the
increasing number of product variations that companies offer to customers, and the
decreasing length of product life cycles. Product variety has been increasing
because of fragmented markets and demand for more individualised or customised
products, and because many companies realise that they can attract more
customers by developing products that are more in line with their needs and wants.
Product life cycles have become shorter because many products are subject to
fashion trends and customers quickly switch to another product from another
company. The extent to which increasing product variety and shortening product
life cycles affect companies differs per industry sector. Industry sectors that
already feel the impact of these two trends are, for example, the automotive, food,
beverages, clothing, electronics, and personal care industries.

This research deals with the question how the two trends of increasing product
variety and shortening product life cycles influence quality management and what
consequences this has for quality management systems. To answer this question
empirical research has been undertaken by means of case studies at three European
automotive companies and a questionnaire survey among a sample of European
companies in the automotive industry. The methodology and results of this
empirical research will be discussed in the remainder of this thesis, after a review
of literature on quality management and management control.
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2 Quality Management

2.1 Introduction

The aim of this chapter is to describe the major developments that have taken
place over time in the area of quality management. This chapter starts with a
description of the evolution of quality management. Then the efforts of researchers
to develop a quality management theory are described. Thereafter, the core
building blocks of quality management are explained. It is then argued that the two
trends of increasing product variety and shortening product life cycles have an
influence on these core building blocks. Finally, it is argued that a suitable model
to study the effects of increasing product variety and shortening product life cycles
on quality management is not available in the quality field and should therefore be
found in the broader management control field.

2.2 The Evolution of Quality Management

The way quality management is practised by organisations has developed over
time. In recent history, four fairly discrete stages in the evolution of quality
management can be identified (Dale, 2003; Van der Wiele, 1998):

1. Inspection

2. Quality control

3. Quality assurance
4

Total quality management
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Each of these stages will be described below. The first two stages are based on
detection of quality problems (i.e. finding and fixing mistakes), while the last two
are based on prevention of quality problems. The hierarchical progression in the
four stages of quality management is graphically displayed in figure 2.1.

Policy deployment
Involve suppliers and customers

Total .
quality Involve all operations
Process management
management
(TQM) Performance measurement
TQM Teamwork
T Employee involvement
o Continuous
improvement i Quality Systems development
e Empowering Quality Advax;ced ;{uahty planning
eople QA assurance Use of quality costs
peol @ | PvEA
o Caring for people A SPC
e Involvement QC TQMm
Develop quality manual
) QA Process performance data
I Qc Quality Self-inspection
) control Product testing
o Compliance to I (QO) Basic quality planning
specification A Use of basic statistics
o Allocating blame Paperwork controls
Salvage
Inspection 30an gladjl?g, reblending
o Corrective actions
Identify sources of non-
conformance

Figure 2.1: The four stages in the evolution of quality management (source: Dale, 2003)

2.2.1 Inspection

Quality inspection means that one or more characteristics of a product, service or
activity are examined, measured, tested, or assessed and compared with specified
requirements to assess conformity against a specification or performance standard
(Dale, 2003). Inspection can take place in both manufacturing and service
environments. Manufacturing organisations can inspect incoming goods, sub-
assemblies during the production process, and final products before they are
delivered to the customers. In service organisations inspection can take place at
key points, sometimes called appraisal points, in the production and delivery
process. Inspections can be done by specialised staff or, in the form of self-
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inspection, by employees who are responsible for a certain product or process. The
system is a detection-based quality system that does not by itself prevent quality
problems from reoccurring.

2.2.2 Quality Control

The stage of quality control is more advanced than the inspection stage, although it
is still based on detection of quality problems (Dale, 2003). A system of quality
control will typically have detailed product and performance specifications, fixed
inspection points in the process, and feedback of process information to relevant
stakeholders. So, while inspection systems are strongly focussed on the product,
quality control systems are more focussed on the processes from which these
products originate. A drawback of quality control systems is that they may lead
employees to believe that they can rely on their work to be checked. Consequently,
these employees may not feel stimulated to prevent quality problems or improve
the processes for which they are responsible (Van der Wiele, 1998).

2.2.3 Quality Assurance

Solving quality problems after they occur is not very efficient and therefore the
next quality stage (i.e. quality assurance) aims to prevent quality problems from
occurring (Dale, 2003). So, this is a prevention-based quality system. A quality
assurance system is focused on providing confidence that an organisation will
comply with quality requirements. Quality assurance systems have a wider focus
than quality control systems because they move from a process focus towards a
system focus, which means that they encompass multiple processes to increase
uniformity and conformity.

2.2.4 Total Quality Management

The fourth stage in the quality management development hierarchy is total quality
management (TQM). TQM involves the application of quality management
principles at every level in an organisation and to all aspects of an organisation
(Dale, 2003). TQM is a company-wide approach to quality with a balance between
technical, managerial, and people issues. The individual quality tools and
techniques in the TQM stage may be the same as in the quality assurance stage but
in the TQM stage they affect every person, activity and function of an
organisation.
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2.3 Quality Management Theory

The most widespread used quality management systems are the ISO 9000 series
and the Business Excellence Models (like the Malcolm Baldrige National Quality
Award Model in the USA, the European Excellence Model in Europe, and the
Deming Application Prize in Japan). Although these systems are based on
hypothesised relations between variables, the theory behind quality management is
not very explicit. This is the result of the fact that quality management has been
mainly led by practitioners (Sousa and Voss, 2002).

A small group of quality experts (Deming (1986), Juran (1945), Feigenbaum
(1986), Crosby (1979) and Ishikawa (1985)) substantially influenced the early
development of quality management (Kruger, 2001). Although these experts
developed implementation plans for quality management they did not develop
scientific theories (Bryce, 1991; Dean and Bowen, 1994; Dale et al., 2001).
However, the approach of the experts was based on management theory. Elements
of scientific management theory (Taylor, 1911; Rogers and Mclntire, 1983;
Shafritz and Ott, 2001) can be found in the early thinking about quality (Wilkinson
et al., 1998; Bryce, 1991). Some of the basics of scientific management theory are
cooperation instead of individualism, harmony instead of discord, maximum
output instead of restricted output, and science instead of rule of thumb. The
quality experts also adhered to these principles. Deming’s statistical process
control is an example of applying science to management instead of rule of thumb.

2.4 Quality Management Systems

Following on from the early thinking of the experts, which focussed on problem
solving and improvement of products and processes, quality management systems
have been developed that have a broader view on quality management and that
have a more preventive focus. Quality management thinking has evolved from a
narrow focus on statistical process control to a variety of technical and behavioural
methods for preventing problems to occur and improving organisational
performance. The ISO 9000 series and the Business Excellence Models have
proven to be very popular in business practice. These models prescribe certain
actions and behaviours that should lead to excellent quality and performance
(Dean and Bowen, 1994). However, these models do so without explicitly stating a
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theory that underlies these prescriptions. This is, as argued before, a result of the
fact that quality has been mainly led by practitioners (Sousa and Voss, 2002).

If management theories are prescriptive they tend to be contingent (i.e. sensitive to
variation in the organisational context). However, it is hypothesised that quality
management recommendations are context independent and therefore implicitly
universal (Spencer, 1994). In general, quality management pays little attention to
the boundary conditions for the applicability of quality management, nor does it
pay attention to how variation in organisational settings might be reflected in
quality management implementation (Sitkin et al., 1994). Therefore, it seems that
a contingency theory approach is necessary in quality management. More recent
research by Sousa and Voss (2001) has shown that quality management is in fact
context dependent. Contingency theory is based on the proposition that an
organisation’s relationships with other organisations, as well as its relationship
with its total environment, depend on the situation (Hodge and Anthony, 1988).
Thus contingency theory rejects all-purpose principles and constructs.

2.5 Efforts to Develop Quality Management Theory

Quality management takes a very broad view of management and therefore
involves a number of different (implicit) theories. The absence of a single quality
theory makes it necessary to study quality management from an approach that
involves using multiple theories. However, in the last decade researchers have
started to develop quality management theory (Dean and Bowen, 1994; Anderson
et al.,, 1994; Waldman, 1994; Handfield and Melnyk, 1998; Tam, 2000; Behara
and Gundersen, 2001; Sousa and Voss, 2002). Many of these theory development
efforts are based on the existing quality management systems (Behara and
Gundersen, 2001). Therefore, they build on the same three core principles as the
quality management systems. These core principles are customer focus, reduction
of variation in organisational processes and continuous improvement (Dean and
Bowen, 1994; Wilkinson et al., 1998; Handfield and Melnyk, 1998; Dale et al.,
2000; Dale, 2003). In section 2.6 these three principles will be explained in more
detail.

The efforts to develop a quality management theory based on the existing quality

management systems lead to a combination of several management theories that
could be applied in relation to the quality management systems (Dean and Bowen,
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1994). However, a large number of theories is not very helpful in guiding a
research project. Therefore, it is probably more useful to focus on the three before
mentioned principles of quality management (customer focus, reduction of
variation in organisational processes and continuous improvement) because these
form the core building blocks of quality management. In order to manage quality,
organisations typically aim to do three things: build relationships with customers
(and other stakeholders), reduce variation in key processes, and improve processes
and products in a continuous step-by-step manner (Dean and Bowen, 1994;
Wilkinson et al. 1998; Handfield and Melnyk, 1998; Dale et al., 2000; Dale,
2003). So, quality management control systems are typically based on measures of
customer satisfaction, reduction of variation and step-by-step continuous
improvement. Consequently, focusing on these three core principles of quality
management has the advantage of limiting the number of theories used, while still
capturing the core principles of quality management.

2.6 Core Building Blocks of Quality Management

As argued in the previous sections, quality management research has until now not
paid much attention to organisational contingencies that may affect the application
of quality management. Since the quality management discipline has been built
upon three core building blocks that are major components of any quality
management strategy, it is important to understand how different organisational
environments affect the way these building blocks are applied. The efforts of the
last decade to build theories around the three building blocks have not resulted in
one agreed approach. Therefore, for our research there is no basic quality
management theory available that captures all three building blocks.
Consequently, our research focuses on each of the three building blocks, which are
discussed below.

2.6.1 Customer Focus

Customer focus is about the relationship between the supplier and the customer.
Quality management can be seen as a system to ensure that the customer receives
the products that he wants, when he wants them, and at an acceptable cost.
Focusing on the customer starts with listening to the customer, in order to
understand his demands and needs. An organisation can then develop and offer
products that fulfil the customer’s demands and needs.
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Customer focus implies that the success of any firm depends above all on the
customer (Foxall and Goldsmith, 1994). Cox (1997) explains that customer focus
means looking at quality from a customer standpoint.

A.T. Kearney (1994) defines customer focus as:

“The sum of every relationship a firm has with every
customer.”

The authors conclude that the process of achieving competitive advantage by
means of total customer satisfaction never ends and has three phases: beginning,
attaining and retaining. Customer focus begins by determining exactly what
customers want and directing all efforts to their accurate expectations. Attaining
competitive advantage entails exceeding customers’ expectations in the most
crucial areas of service considered by customers. Retaining competitive advantage
means that organisations have to maintain their focus on the customer and
continuously adapt it when needed.

2.6.2 Reduction of Variation in Organisational Processes

Reduction of variation in organisational processes aims to provide customers with
constant quality and at the same time reduce costs. In a situation of large variations
in processes and quality, customers can either receive high quality products or low
quality products. Although the high quality products will satisfy customers, the
low quality ones will dissatisfy them. Therefore, quality management aims to
reduce these variations and offer products of a constant quality. The study of
variation in (organisational) processes is the object of study of statistics. So, a
statistical approach forms the roots of the quality thinking about reduction of
variation in organisational processes (Shewhart, 1931). Many of the quality
experts emphasise the need for statistical process control and reduction in variation
of organisational processes (Deming, 1986; Feigenbaum, 1986; Juran and Gryna,
1988). Shewhart (1931) was one of the first people who wrote about statistical
process control. The basic idea of Shewhart was that all manufacturing processes
display variation. This variation consists of two components: a steady component
that is inherent to the process and has no assignable cause, and an intermittent
component that has assignable causes. The intermittent component can be
economically discovered and removed from the process, while the steady
component cannot be economically removed from the process. Removal of the
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intermittent component will reduce variation in the processes and therefore will
reduce fluctuations in quality.

Statistical process control is a powerful technique which organisations can use to
reduce the variation in their processes (Antony and Taner, 2003). These authors
defined statistical process control (SPC) as:

“An integral part of monitoring, managing, maintaining and
improving the performance of a process through effective use
of statistical methods.”

In their work, Antony and Taner (2003) identified problems with inspection-based
quality control. They regard inspection as an activity that is often expensive,
unreliable and provides little information as to defects occurred and how they can
be corrected. They suggest overcoming these problems by applying preventive
techniques in an organisation’s operations to ensure that products are produced to
the required quality standards. The authors go on to claim that such an approach
requires the application of statistical methods to monitor, analyse, manage and
improve the process performance, and thereby to improve product quality.

Even though the principles of process control are old, they have not yet lost their
importance to organisations. Currently, there is an interest in the Six Sigma
improvement approach (see Bhote and Bhote, 1991; Pande et al., 2000; Pyzdek,
2003), which incorporates many of the principles of statistical process control
(Bisgaard and De Mast, 2006).

2.6.3 Continuous Improvement

Continuous improvement in quality management implies looking at the
consequences of an organisational process or at the features of a product and then
applying what has been learnt to the next cycle of the same process or the next
batch of the same product. So, this involves a feedback loop, which means that by
learning from the consequences of previous actions, the next action on the same
process can be amended (Stacey, 1996; Garvin, 2000).
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According to Deming (see Bhuiyan and Baghel, 2005), continuous improvement is
a philosophy that consists of:

“Improvement initiatives that increase successes and reduce
failures.”

’

However, this is a very general definition. The definition of Bhuiyan and Baghel
(2005) is more specific about what continuous improvement means to
organisations:

“A  culture of sustained improvement targeting the
elimination of waste in all systems and processes of an
organization. It involves everyone working together to make
improvements without necessarily making huge capital

’

investments.’

Continuous improvements can result in significant quality improvements and
reduction of waste. However, Caffyn (1999) warns organisations that the process
of implementing a continuous improvement program can be long and challenging.

2.7 Effects of Product Variety and Life Cycle Trends

Looking at the building blocks of quality management, the hypothesised effects of
increasing product variety and shortening product life cycles can be made clear.

2.7.1 Customer Focus

The wishes and demands of the customers should be the input for a firm when
deciding what products or services to provide. When these wishes and demands
are homogeneous, this should not be too difficult for firms. However, when they
are heterogeneous, it could be very difficult to provide each customer with the
products and services that he or she wants. So, in a situation of short product life
cycles and a large product variety, it is questionable how well quality management
systems are able to maintain a focus on each of the many customers who are
looking for a customised product.
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Customer wishes could become volatile when an increasing number of different
products is available on the market. When products are frequently updated,
customers will get used to the latest possibilities and technologies. Moreover, they
will quickly start to regard them as standard, and consequently expect them to be
offered by all competing manufacturers.

Cox (1997) argues that in a situation in which product life cycles are getting
shorter and products variety is increasing, it is necessary for organisations to
remain customer focused. He argues that there is a need to anticipate customer
requirements and to workout systems and platforms that they will need for the
future. Cox (1997) stated that an organised customer base is a great power if an
organisation understands it and has the right systems to make best use of it. Both
will be an important challenge for an organisation operating in a dynamic and
complex environment. Means of market access in terms of reaching customers
have changed, because there are new product outlets and means of contacting
customers.

2.7.2 Reduction of Variation in Organisational Processes

Reduction of variation in organisational processes implies that production takes
place in large batches of the same or similar products and that production
processes last for a relatively long time without changing (Sitkin et al., 1994).
Shewhart (1931) states that the intermittent part of the variation of manufacturing
processes can be economically discovered and removed. In the case of large
batches of the same products that are repeated over time, this is indeed possible.
However, increasing product variety and shortening product life cycles are causing
the batch sizes to become smaller and the probability that the same process will be
repeated in the future is also becoming smaller (Von Corswant and Fredriksson,
2002). This makes it increasingly hard to apply statistical process control to reduce
variation in organisational processes. It is getting difficult to economically
discover and remove the intermittent part of the variation of manufacturing
processes if there are many small processes that will last only a short time.

Using statistics in the operational processes implies that data are available.
However, when the number of product variants is very high, not all variants will
be frequently sold to customers. Consequently, the manufacturer will have very
little data available about these specific variants, which will make it very difficult
to perform analyses.
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2.7.3 Continuous Improvement

Continuous improvement implies that changes occur gradually and that processes
can be incrementally improved (i.e. the Japanese Kaizen) (Imai, 1986; Bryce,
1991). It also implies that the same production processes are repeated over time.
This means that a feedback loop is necessary to improve the processes. A firm
learns from the current production process and applies what it learnt directly to the
next cycle of the same production process, which is (nearly) identical to the
previous one. This is a static, routine way of learning. It is about the recognition of
a similar situation. However, increasing product variety and shortening product
life cycles will make this literal replication of little value because these trends will
cause major changes in organisational processes. When processes are significantly
different, the value of literal replication of what has been learnt in one process is
probably much lower for the other process. Therefore, it will no longer be
sufficient to simply replicate what has been learnt in a previous process. So, the
speed of the feedback loop is crucial. What has been learnt from an organisational
process will have to be applied very quickly to the same process while it is still the
same. If what has been learnt cannot be applied quickly enough, the process will
probably already have changed. The question is whether firms are able to speed up
their learning sufficiently to be able to apply what has been learnt to the same
process.

2.8 Selecting a Suitable Model

The previous sections have shown that the general consequence for companies of
increasing product variety and shortening product life cycles is a shift from
relatively simple and stable environments towards more complex and
unpredictable environments.

Therefore, to study the effects of increasing product variety and shortening
product life cycles on the management and improvement of quality, a model is
needed that can cover, on the one hand, simple and stable environments and, on
the other hand, complex and unpredictable environments. Existing quality models
like the quality award and business excellence models (e.g. the Malcolm Baldrige
National Quality Award Model, the European Excellence Model, and the Deming
Application Prize) are not appropriate for this purpose because they do not make
this distinction. These models may be broad enough to capture environmental
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factors in the practical application of quality thinking in organisational settings.
However, they are by nature universalistic because they are aimed at comparing
the quality performance of different organisations, regardless of the specific
characteristics of these organisations and of the environments in which they
operate (Sousa and Voss, 2001). Therefore, it is necessary to search for an
appropriate model outside the quality field (Sitkin et al., 1994).

As indicated before, it can be argued that quality management consists of three
core building blocks, which are customer orientation, process control, and
continuous improvement (e.g. Dean and Bowen, 1994; Wilkinson et al. 1998;
Handfield and Melnyk, 1998; Dale et al., 2000; Dale, 2003). Based on these three
building blocks it can further be argued that quality management can be seen as a
management control system since it is aiming to control an organisation’s
processes and to improve and change these processes in response to market
changes. Therefore, a logical place to look for a model is in the field of
management control. The next chapter will review the management control
literature, with the aim to find a suitable model that can in fact make the
distinction between, on the one hand, simple and stable environments and, on the
other hand, complex and unpredictable environments.

2.9 Summary

In this chapter relevant quality management literature has been reviewed in order
to describe the field of study in which this PhD research takes place.

The evolution of quality management from inspection, via quality control and
quality assurance, towards total quality management has been described. It has
been argued that the early developments in quality management have been
influenced strongly by the thinking of a small number of quality experts (i.e.
Deming, Juran, Feigenbaum, Crosby and Ishikawa). These experts were very
much concerned with the practical application of quality management but did not
develop scientific quality management theories. The well known quality
management systems, like the ISO 9000 series and the various Business
Excellence Models, are also not strongly based on theory. However, in the last
decade researchers have started to develop quality management theory. This has
led to a combination of several management theories that could be applied in
relation to quality management. It has been argued that these efforts are basically
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focussed on three core principles of quality management systems, which are
customer focus, continuous improvement and reduction of variation in
organisational processes.

These three core principles will also form the basis for studying quality
management in this research. Focusing on the three core principles of quality
management has the advantage of keeping the number of theories used limited,
while still capturing the core of quality management. For each of the three core
principles it has been shown that increasing product variety and shortening product
life cycles may lead to difficulties for managing quality.

The consequence for companies of increasing product variety and shortening
product life cycles is a shift from relatively simple and stable environments
towards more complex and unpredictable environments. Therefore, to study the
effects of increasing product variety and shortening product life cycles, a model is
needed that can distinguish between different kinds of environments. It has been
argued that existing quality models cannot make this distinction. Consequently, it
is needed to look in the wider management control field for a suitable model,
which will be done in chapter 3.
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3 Management Control

3.1 Introduction

This chapter presents an overview of developments in the area of management
control. It shows that a major issue in management control research is the
effectiveness of management control systems under different circumstances. Many
organisational and external factors affect the effectiveness of management control
systems. Major research has been done in this area by Simons (1987; 1991; 1994;
1995; 2000). He developed a model (Simons, 1995; Simons, 2000) that combines
the design of management controls systems with the strategy of an organisation.
Since this model will be used for the empirical part of this research (see chapter 4),
the model and its implications are explained in this chapter.

3.2 Developments in the Area of Management Control

One of the major functions of management is to ensure that strategies and plans
are carried out. This is called the control function of management (Merchant,
1982). Many definitions of management control have been used in literature. A
major distinction between different definitions is the extent to which management
control is believed to be externally influenced (see Otley et al., 1995). For
example, Lowe (1971) suggested a comprehensive definition of management
control, which clearly incorporates the influence of the environment on
management control:
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“A system of organizational information secking and
gathering, accountability and feedback designed to ensure
that the enterprise adapts to changes in its substantive
environment and that the work behaviour of its employees is
measured by reference to a set of operational sub-goals
(which conform with overall objectives) so that discrepancy
between the two can be reconciled and corrected for.”

On the other hand, Machin (1983) provides a definition of management control
that is internally focussed, and does not take external influences on organisations
into account:

“The process by which managers assure that resources are
obtained and wused effectively and efficiently in the
accomplishment of the organization’s objectives.”

Other elements of different management control definitions are managers’ abilities
to influence employees (Harzing, 1999), and the measurement of organisational
performance (Kamm, 1980).

The first element, managers’ abilities to influence employees, can be found in
Anthony’s (1988) definition of management control:

“The process by which managers influence other members of
the organization to implement the organization’s strategies.”

The second element, measurement of organisational performance, can be found in
Kamm'’s (1980) definition of management control:

“The set of criteria, policies and procedures established to
standardize operations and to make possible measurement of
performance to ensure achievement of organizational
objectives.”

Kamm’s definition shows that management control contains element that are very
similar in approach to elements of quality management, both aim to standardise
operations, measure performance, and adjust operations to correct for deviations
from agreed standards.
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According to Merchant and Simons (1986), definitions of management control
generally contain two key concepts:

“A focus on the behaviour of organizational participants and
a concern with the effect of this behaviour on organizational
outcomes.”

Although there currently is a large amount of literature on management control, it
has only received serious research attention since the second half of the twentieth
century (e.g. Arrow, 1964; Anthony, 1965). However, the concept of control has
been around for much longer than that. Control is seen as the central idea of
Taylor’s scientific management (Giglioni and Bedeian, 1974; Otley et al., 1995).
Reasons why research into management control had not taken off until the last half
of the previous century are the mistaken belief that control is the sole domain of
accountants and controllers, and the many different meanings the control concept
has in different languages, different contexts and different countries (Rathe, 1960;
Giglioni and Bedeian, 1974). Otley et al. (1995) argued that an unintended
consequence of Anthony’s (1965) work has been that management control has
remained unnecessarily restrictive. Therefore, these authors propose a broad view
of what constitutes management control. For the research in the present study, we
will adapt a broad view of management control as well, in line with Merchant and
Simons (1986).

The strong link between management control and scientific management indicates
that the roots of management control and quality management are closely related,
since the early thinking on quality management was also similar to many of the
scientific management ideas (Wilkinson et al., 1998; Bryce, 1991). The focus of
the early management control research is similar to quality management research
as well. Both dealt with real problems, and were aimed at understanding and
solving these problems (see Otley et al., 1995; Dean and Bowen, 1994).
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3.3 Management Control Systems

Organisations use management control systems to maintain control over their
processes. Simons (1994) defines management control systems as:

“The formal, information-based routines and procedures
used by managers to maintain or alter patterns in

’

organizational activities.’

These management control systems tend to be designed according to a cybernetic
philosophy. According to Hofstede (1978), this means that they operate by:

“Setting  goals, measuring achievement, comparing
achievement to goals, feeding back information about
unwanted variances into the process to be controlled, and
correcting the process.’

>

This definition shows that management control systems are very similar to many
quality management systems, in the sense that they both are cybernetic systems
(see Sitkin et al., 1994).

3.4 Management Control in Different Environments

One of the most important themes in management control research is the
explanation of differences in management control systems between organisations
operating in different environments (Chenhall, 2003; Speklé, 2001). Extensive
research has been done on the effects of differences in the nature of the
environment, technology, firm size, structure, strategy and national culture on the
effectiveness of management controls systems (see Chenhall, 2003). Most of this
research has focused on the effects of the external environment and corporate
strategy on management control systems. It is believed that certain management
control systems are more suited to certain environments and strategies than others
(Chenhall, 2003). Simons (1987; 1990; 1991; 1994) has conducted important
research in this area and developed his ‘four levers of control” model (Simons,
1995) on the basis of this research.

One of the most widely used aspects of the organisational context is uncertainty
(Chenhall, 2003). In the literature, the concept of uncertainty has been related to
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environment and technology. According to Ditillo (2004), literature shows that
environmental uncertainty can be captured in terms of dynamism, heterogeneity,
predictability, controllability and equivocality. Technology has been associated
with complexity, task uncertainty and interdependence (for references to literature
that explains these terms, see Ditillo, 2004, p. 407).

Management control systems have been found to be important systems for
obtaining information in order to reduce uncertainty in environments characterised
by high levels of uncertainty (Davila, 2000). According to Khandwalla (1972), the
confidence in formal systems increases with the intensity of competition. Chenhall
and Morris (1986) argued that managers who perceive a higher level of
environmental uncertainty tend to use a broad scope and more timely and more
external information. Simons (1994) argued that the type of control systems used
in an uncertain environment differs from the type of control systems used in a
stable environment (see section 3.5).

The current high product variety and shortening product life cycles put great
pressure on new product development. Research on new product development has
documented three types of uncertainty: market-related, technology-related and
project scope. Davila (2000) assumed that the major role of management control
systems in product development is to supply information that is required to reduce
uncertainty rather than to reduce goal divergence problems. He found that
uncertainty and product strategy are related to the design and use of management
control systems. He also found that alignment between the design and use of
management control systems and strategy is significantly related to performance.

In 2004, Ditillo introduced a new variant of uncertainty which is knowledge
complexity. The author examined the impact of knowledge complexity on
management control systems in knowledge-intensive firms. Knowledge-intensive
processes involve extra uncertainty, because they require the application of a
broad range of differentiated knowledge that needs to be integrated to produce
appropriate responses to customers’ needs. Ditillo found that management control
mechanisms are to be designed to both coordinate individuals and to support
knowledge integration at the same time. Ditillo’s analysis concluded that
knowledge complexity is a relevant factor in explaining the wvariation of
management control systems between organisations.

Many research papers revealed significant relationships between business strategy
and selected environmental and management control system attributes (Sim and
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Teoh, 1997). Many different strategic types have been used in empirical research,
however, the categorisation of Miles and Snow (1988) is the most widely applied
(Sim and Teoh, 1997). Miles and Snow (1988) distinguish four strategic
orientations:

1. Prospectors: firms that constantly seek new marketing opportunities and
compete through new product-market innovations.

2. Defenders: firms that operate in relative stable market spheres and
compete predominantly on the basis of price, quality and service.

3. Analysers: firms that combine the characteristics of prospectors and
defenders. So, they operate partly in stable markets and partly in new
markets.

4. Reactors: firms with no consistent strategy, which are viewed as unstable
and non-viable.

Miller and Friesen (1982) found that control and innovation were positively
correlated for conservative firms (or defender firms) and negatively correlated for
entrepreneurial firms (or prospector firms). Sim and Teoh (1997) used three
dimensions of environment (dynamism, hostility and heterogeneity) to investigate
the relationship between control system attributes, business strategy and
environment in three countries. They found that control system attributes and
environmental characteristics were significantly related to strategy types of
defender, prospector and analyser.

Summarising, it has become clear from this section that the type of control system
varies with the environment. As argued before, Robert Simons has undertaken
major research into this relationship, which will be discussed in the section 3.5.
The fact that many research findings are available on the relationship between
environment and control systems, sets management control apart from the quality
management discipline. In the quality management discipline, contingency-based
research has traditionally received little attention (Spencer, 1994; Sitkin et al.,
1994), while it has been an important part of management control studies for a
long time (see Bell, 1965; Khandwalla, 1973; Hayes, 1977). Therefore, we aim to
make use of the long experience with contingency-based research in the
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management control discipline, by applying a major management control model to
quality management research. This management control model is explained in
section 3.5.

3.5 Effects of Product Variety and Life Cycle Trends

The previous chapters have shown that the general consequence for companies of
increasing product variety and shortening product life cycles is a shift from
relatively simple and stable environments towards more complex and
unpredictable environments.

Therefore, to study the effects of increasing product variety and shortening
product life cycles on quality management, a model is needed that can distinguish
between, on the one hand, simple and stable environments and, on the other hand,
complex and unpredictable environments.

Such a model that can distinguish between, on the one hand, simple and stable
environments and, on the other hand, complex and unpredictable environments, is
Simons’ four levers of control model (Simons, 1995). This model is used in the
management control literature (Ramos and Hidalgo, 2003; Bisbe and Otley, 2004).
According to Bruining et al. (2004):

“Simons’ model of the dynamic relationships between
management control systems and strategic change is an
attempt to offer a coherent and comprehensive body of
management control theory.”

Given this model’s suitability to study the influence of increasing product variety
and shortening product life cycles on quality management, it is used for the
empirical part of this research. The model is accepted in the management control
field, however, it has not been used before in the field of quality management.
Still, the model’s adequacy for analysing important real world phenomena means
that it is appropriate to use it outside its original field (Feldman, 2004).

Simons’ four levers of control model is displayed in figure 3.1.
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Beliefs Boundary
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Core Risks to be
Values Avoided
Business
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Strateglq Performance
Uncertainties Variables
Interactive Diagnostic
Control Control
Systems Systems

Figure 3.1: Simons’ four levers of control model (Simons, 1995)

Simons’ four levers of control model is used to balance control mechanisms in an
organisation in order to realise the business strategy. These control mechanisms
are broadly defined, and are therefore not limited to a narrow accounting definition
of controls. This broad definition of control will become clear from the
clarification of each lever, which follows below.

Simons’ control model distinguishes four different types of control mechanisms:

Beliefs systems
Boundary systems

Diagnostic control systems

Wb

Interactive control systems
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Two of these four levers increase individual freedom (i.e. beliefs systems and
interactive control systems), and two restrict individual freedom (i.e. boundary
systems and diagnostic control systems). The four levers are described below
(Simons, 1995), and examples of each lever are given (Simons 1994):

= Beliefs systems are used to inspire and direct the search for new
opportunities. A beliefs system is the explicit set of organisational
definitions that senior managers communicate formally and reinforce
systematically to provide basic values, purpose, and direction for the
organisation. The definitions espouse the values and direction that
managers want subordinates to adopt. These core values are linked to the
business strategy of the firm. A formal beliefs system is created and
communicated through such documents as credos, mission and visions
statements, and statements of purpose.

= Boundary systems are used to set limits on opportunity-seeking behaviour.
Boundary systems delineate the acceptable domain of activity for
organisational participants. Unlike beliefs systems, boundary systems do
not specify positive ideals. Instead, they establish limits, based on defined
business risks, to opportunity seeking. Examples of boundary systems are
the clear rules, limits and proscriptions in codes of business conduct,
strategic planning systems, and capital budgeting systems.

= Diagnostic control systems are used to motivate, monitor, and reward
achievement of specified goals. Diagnostic control systems are the formal
information systems that managers use to monitor organisational outcomes
and correct deviations from preset standards of performance. These
feedback systems, which are the backbone of traditional management
control, are designed to ensure predictable goal achievement. Three
features distinguish diagnostic control systems: (1) the ability to measure
the outputs of a process, (2) the existence of predetermined standards
against which actual results can be compared, and (3) the ability to correct
deviations from standards. Examples of diagnostic control systems are
profit plans and budgets, goals and objectives systems, project monitoring
systems, and brand revenue monitoring systems.

= Interactive control systems are used to stimulate organisational learning
and the emergence of new ideas and strategies. Interactive control systems
are formal communication systems that managers use to involve
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themselves regularly and personally in the decision activities of
subordinates. Based on the unique strategic uncertainties they perceive,
managers use these systems to activate search. Interactive control systems
focus attention and force dialogue throughout the organisation. They
provide frameworks, or agendas, for debate, and motivate information
gathering outside of routine channels. These control systems stimulate
search and learning, allowing new strategies to emerge as participants
throughout the organisation respond to perceived opportunities and
threats. An interactive control system is not a unique type of control
system: many types of control systems can be used interactively, as long
as they are important to the management, a regular agenda item during
meetings, managers and subordinates meet and participate face-to-face
about them, and assumptions are continually challenged.

The four different control levers in the model of Simons and their relation to
strategy are summarised in table 3.1.

Table 3.1: Relating the four levers of control to strategy

Control system Purpose Communicates

Control of
strategy as

Beliefs systems

Boundary systems

Diagnostic control

Empower and expand

o Vision Perspective
search activity P

Provide limits of . . Competitive
Strategic domain o
freedom position

Coordinate and monitor
the implementation of Plans and goals Plan

systems . .

M intended strategies
Interactive control Stimulate and guide Strategic Pattern of
systems emergent strategies uncertainties actions

Source: Simons, 2000, p. 304
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Any control system in an organisation can be classified according to the types that
Simons (1995; 2000) distinguishes. The four different types of control systems
work together to realise the business strategy. To be able to do this successfully,
there should be a balance between, on the one hand, the strategy and the
environment of the organisation and, on the other hand, the different types of
control systems. If there is too much focus on just one or two types of control
systems, the organisation will have difficulties in realising its strategy. However,
putting equal emphasis on each of the four levers may also not be successful
because the strategy and the environment in which the organisation operates may
demand that one or more levers receive more attention than the others.

The right mix of control systems depends partly on environmental factors like the
predictability and complexity of the market in which the organisation is operating.
If the environment is predictable and not complex, an organisation can put more
emphasis on the diagnostic control systems. However, if the environment is
unpredictable and complex, a stronger focus on interactive control systems is
necessary. Diagnostic control systems set order, and order needs predictability,
therefore, these control systems are believed to be less effective in situations that
are unpredictable and complex.

Studies that have empirically tested the four levers of control model tend to focus
on this balance between diagnostic and interactive systems (see Ramos and
Hidalgo, 2003; Bisbe and Otley, 2004), while the role of the beliefs and boundary
systems in different organisational settings has hardly received research attention.
The beliefs and boundary systems are both used to frame the strategic domain
(Bisbe and Otley, 2004), because beliefs systems provide inspiration for emergent
and intended strategies, while the boundary systems keep the realised strategies
within the acceptable domain (Ramos and Hidalgo, 2003). We have not been able
to find empirical research that explains to what extent the balance between beliefs
and boundary systems is different for organisations that operate in different
environments.

In terms of our research, the environment has become more complex and
unpredictable for car manufacturers, because of increasing product variety and
shortening product life cycles. Therefore, it is anticipated that the importance of
interactive control systems has increased, and the importance of diagnostic control
systems has decreased for the companies which we will study in this research.
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3.6 Summary

This chapter has presented a review of management control literature, which has
shown that management control and quality management have important
similarities. The two disciplines of management control and quality management
are historically related since they both have strong roots in the early scientific
management thinking and in their pragmatic problem solving approach. The way
management control and quality management currently operate is similar as well,
because both pay explicit attention to performance standards which are used to
measure and compare actual performance, and to correct any deviations from these
standards.

However, there is also a major difference between management control and
quality management. Research on management control has been contingency-
based for a relatively long time, while research on quality management has been
dominated by a universalistic approach.

The two studied trends of increasing product variety and shortening product life
cycles are believed to change the environment in which organisations operate to
such an extent that quality management systems need to adapt. Therefore, a model
from the management control discipline has been used for the empirical part of
this research. This model has been discussed, and the way in which it can deal
with environmental contingencies has been explained.

The next chapter discusses how Simons’ control model has been applied to the
empirical research, and what hypotheses have been derived on the basis of the
model.
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4 Methodology

4.1 Introduction

The aim of this chapter is to describe the methodology of this research. The
reasons for choosing the automotive industry are outlined and the risks of
conducting research in this industry are discussed. The empirical research for this
thesis consists of multiple case studies and a questionnaire survey. It is explained
why this is a suitable approach given the aims of the research. Finally, the research
model is clarified and application of this model by means of case studies is
described in detail.

4.2 Empirical Research in the Automotive Industry

The empirical part of this research is based on case study research undertaken at
three European automotive manufacturers and a questionnaire survey among a
sample of European suppliers in the automotive industry.

As explained in chapter 1, the automotive industry is interesting for a number of
reasons:

1. The automotive industry (e.g. Toyota) has been leading many other
industry sectors in the application of quality management practices (e.g.
Ohno, 1988; Shingo, 1989; Womack et al., 1990; Monden, 1998; Dale et
al., 2000; Liker, 2004; Spear, 2004; Stallkamp, 2005).
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2. Increasing product variety and shortening product life cycles are already
clearly visible in the automotive industry (e.g. Pine, 1993; Womack et al.,
1990; Alford et al., 2000; Agrawal et al., 2001; The Economist, 2001; Von
Corswant and Fredriksson, 2002; The Economist, 2004; Sheffi and Rice,
2005). Car manufacturers now introduce new models on a frequent basis
and the number of available options is increasing, although many features
that, in the past, used to be options have now become standard equipment
(De Saint-Seine, 2004). Life cycles of car models are under pressure
because sales drop rapidly after a few years of production and even face-
lifts can do little to counter this decline (Graham, 2005).

3. In an effort to retain as much as possible the operational benefits of mass
production, many automotive manufacturers share platforms within brands
and between brands of the same firm, or even with competing firms
(Schlie and Yip, 2000). This indicates that manufacturers are trying to
reduce complexity, and thereby reduce costs, by sticking to traditional
mass production methods as much as possible, while on the other hand
they try to offer customers the experience of a unique car (Stein, 2005;
Meiners, 2005).

4. Current quality management systems are clearly under strain in the
automotive industry since the number of product recalls has risen
significantly (Simon, 2004). In the USA alone, product recalls in the
automotive sector have risen from 208 in 1990 to 529 in 2003 (Aldred and
Wernle, 2004), and the United Kingdom has witnessed a similar increase
(Bates et al., 2004). To complicate matters, many of these recalls are not
caused by internal problems at the car manufacturers but they arise from
problems at their suppliers and even at sub-suppliers (Automotive News,
2002; Kisiel, 2003; Wernle, 2004; Stoffer, 2005).

Even though the automotive industry is unquestionably influenced by the two
trends of increasing product variety and shortening product life cycles, care needs
to be taken when undertaking empirical research. In general, there are two
problems with choosing any single industry as the focus of study:

1. There will be other factors and developments that influence the way
organisations manage quality.
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2. In a large and diverse industry there will be organisations that are subject
to extreme effects of increasing product variety and shortening product life
cycles, but there will also be organisations that are not much influenced by
these two trends.

Regarding the first problem, the automotive industry has been chosen because the
influence of the two trends is strong in this industry. To accommodate for other
influences on quality management, a multiple case study approach and a
questionnaire survey among a broad sample of automotive companies have been
chosen, which will help to single out the individual effects of increasing product
variety and shortening product life cycles on quality management.

Regarding the second problem, it is anticipated to find different levels of product
variety and different product life cycle lengths at different stages in the automotive
supply chain. Although there is an enormous variety in the final product (i.e. the
automobiles), some components may not be so diverse. For example, cars will
vary in the quantity of nuts and bolts, and wires that have been used to assemble it,
however, these components themselves may be quite similar between different
cars (e.g. if one car contains twice the length of wires as another car, this does not
necessarily mean that the wires themselves are different). Consequently, care
needs to be taken in the empirical research when examining the way quality is
managed in an organisation because organisations may differ in the extent to
which they experience effects of the two studied trends

4.3 Research Objectives

This research is about the quality management discipline. Within this discipline
the focus is on two trends (i.e. increasing product variety and shortening product
life cycles) and their influence on quality management systems. This research
should conclude about the extent and direction in which quality management
systems are changing in order to cope with an environment of increasing product
variety and shortening product life cycles. Therefore, this research has two
objectives. The first objective is to understand the influence of increasing product
variety and shortening product life cycles on companies, and on the way they
manage and improve quality. The second objective is to assess the extent and
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direction in which quality management systems are changing in situations of
increasing product variety and shortening product life cycles. These research
objectives are in line with the problem definition and research questions, which
were presented in chapter 1. The problem definition of this research is:

How do increasing product variety and shortening product
life cycles influence quality management of firms and what is
the consequence of this _for quality management systems?

The research questions are:

1. How do increasing product variety and shortening product life cycles
affect firms?

2. How do increasing product variety and shortening product life cycles
influence quality management of firms?

3. To what extent are quality management systems changing in order to be
capable of coping with increasing product variety and shortening product
life cycles?

As argued in chapter 2, quality management is based on the assumptions of large
batches of the same or similar products that are repeated over time. Quality
management aims at avoiding variation in organisational processes (Wilkinson et
al., 1998; Dean and Bowen, 1994; Handfield and Melnyk, 1998) and it is looking
for small, incremental improvements (or kaizen) (Imai, 1986; Bryce, 1991). The
two trends of increasing product variety and shortening product life cycles
challenge these assumptions because they have the potential to cause large
variations in organisational processes. That is the reason why this research aims to
assess the effects of the two trends on quality management, given the challenged
assumptions.
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4.4 Research Design

As described in the previous section, this research has two objectives. According
to Robson’s (2002) classification of the purposes of enquiry, the first objective is
exploratory in the sense that it tries to find out what the influence is of increasing
product variety and shortening product life cycles on the management and
improvement of quality by companies. The second objective is explanatory
(Robson, 2002) since it is focused on explaining in what way quality management
strategies and practices may adapt in order to cope with situations of increasing
product variety and shortening product life cycles.

The necessary empirical data about increasing product variety and shortening
product life cycles will be collected by means of a number of case studies and a
questionnaire survey. The reason for choosing both a case study approach, as well
as a questionnaire approach, is their suitability for achieving the two research
objectives. Case studies are most appropriate for exploratory research, while
questionnaire surveys are most appropriate for explanatory research (Robson,
2002; Yin, 2003).

4.4.1 Case Studies

Three case studies at European automotive companies have been undertaken. The
aim was to find multiple case companies that were expected to have been
influenced to different extents by the two trends of increasing product variety and
shortening product life cycles. Later on, in table 4.2, the expected influence of the
two trends on each of the case companies will be explained. Given the expectation
that the three case companies cover the full scales (low, medium, high) of both
product variety and product life cycles (see table 4.2), it was decided to limit the
research to three cases.

Some basic information about the case companies is presented in table 4.1. The
second row in the table describes the type of production that takes place at each of
the case companies. Heavy Truck Co has brand responsibility for the trucks it
assembles, which means that it not only assembles the trucks but it also develops
and sells them. Small Car Co does contract manufacturing, which means that it is
only responsible for assembling the cars, and not for development and marketing
activities. Premium Car Co is a production location, which has a similar profile as
Small Car Co, however, it is part of a larger hierarchical organisation. Small Car
Co needs to make a profit on its assembly activities in order to survive, while
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Premium Car Co is not judged on profit because it is a cost centre within the larger
organisation to which it belongs.

In the following three chapters (5, 6 and 7) the results of each of the case studies
will be presented and examined, and in chapter 8 a comparative analysis of all
three cases is undertaken.

Table 4.1: Characteristics of the studied case companies

Case company 1 Case company 2 Case company 3
Heavy Truck Co Small Car Co Premium Car Co
(Chapter 5) (Chapter 6) (Chapter 7)

Market segment Heavy trucks Small cars fﬁr\:er premium

Tvpe of production Brand Contract Production

yp p responsibility manufacturing location

Amnual production 5 9 210,000 80,000

volume

Number of different ) ) |

models assembled

Number of 3,500 4,300> 2,000

employees

Factory location Western Europe Western Europe Western Europe

Numl?er of first tier 440 250 220

suppliers

Major suppliers on- No Yes Yes

site in supplier park

1: Has been reduced during the years 2004 and 2005 to 115,000 cars
2: Has been reduced during the years 2004 and 2005 to 3,000 employees

These case studies are meant to provide a better understanding of the factors that
are important in this research. The case studies focus on the ‘how’ and ‘why’ of
changes in quality management systems as a result of trends in product variety and
product life cycles. According to Yin (2003), case studies are particularly suitable
for answering ‘how’ and ‘why’ questions.
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To be able to answer the research questions, the case studies should be conducted
both in situations where there is little influence of increasing product variety and
shortening product life cycles and in situations where there is a strong influence of
these trends. Therefore, contrasting firms or business sectors, or firms at different
moments in time need to be studied (Yin, 2003). According to Yin (2003), each
case should be selected so that it either predicts similar results as another case (a
literal replication), or contrary results but for predictable reasons (a theoretical
replication).

To determine the extent to which increasing product variety and shortening
product life cycles are an issue in different business sectors, a number of
interviews have been conducted at the start of this research project. These
interviews were conducted with managers from different firms across various
business sectors in The Netherlands (see appendix 4.1). From these interviews it
has been concluded that the automotive industry is very interesting to conduct the
case studies, since increasing product variety and shortening product life cycles
are a major issue in this industry. A literature review confirms that the automotive
industry is highly influenced by increasing product variety and shortening product
life cycles (see section 4.2).

To contrast these cases of increased product variety and shortened product life
cycles with situations in which there is little influence of these two trends, the
history of the same automotive companies has been studied. During interviews
with managers at the automotive companies, these managers have been asked to
contrast the current situation at their companies with the situation that existed ten
years ago. If managers have not been working for their current employer for a long
time, they are asked about their perceptions about the situation that existed ten
years ago. The ten years time frame has been chosen because car manufacturers
deal with products that have, in absolute terms, still a long life cycle and many
changes and improvements are only possible with the introduction of a new car
model. So, a time frame of, for example, five years would be too short to see
significant changes. During a ten year time frame, it is very likely that a car model
change has taken place, and by comparing the situation that existed during the
production of the previous car model with the situation during the current model,
much can be learnt about how quality management systems have changed at a car
manufacturer. Another reason for choosing the ten years time frame is the fact that
it has been used before in empirical studies by Pine (1993) and by Von Corswant
and Fredriksson (2002). When conducting the interviews, the ten years time frame
turned out to be no problem at all because all interviewed managers have been
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working for a relatively long period of time for their current employer (even up to
forty years). Moreover, the explanations of the individual managers about what
has happened over time were consistent with each other, even when it concerned
details of the more distant past (i.e. more than ten years ago).

This type of research is a cross-sectional multiple case study approach, although it
contains aspects from a longitudinal case study approach as well, because it
involves two moments in time of the same cases (Yin, 2003). The reason to
conduct this form of case study is to limit unwanted influences by other variables
(e.g. business sector, market saturation and quality of labour). Another possibility
would be to conduct case studies in contrasting business sectors but then it would
not be clear if the findings were the result of the two studied trends or of the fact
that the case companies are simply different because they operate in different
business sectors. It will be very difficult to control for these unwanted influences,
unless the case studies are conducted in the same business sector. Therefore, this
research has studied one business sector and focussed on the present (when
product variety is relatively high and product life cycles are relatively short) and
the past (when product variety was relatively low and product life cycles were
relatively long). Proceeding in this way, it will be possible to attribute the
differences found to increasing product variety and shortening product life cycles.

Although two moments in time have been studied, the interviews have not taken
place at two different time periods. Each manager has been interviewed once
(some were in fact interviewed two or three times, but only to gather additional
information or discuss findings), and during the interview he or she has been asked
to describe how the business is managed today and compare that to ten years ago.
This leads to conclusions about shifts over time.

The three cases have been selected because of their differences. Even though it
was anticipated that all three have been influenced by increasing product variety
and shortening product life cycles, it was also expected that they have been
influenced in different ways and to different extents. The influence on a heavy
truck manufacturer was believed to differ from the influence on a small car
manufacturer, which was in turn thought to be different from the influence on a
premium car manufacturer.

Table 4.2 compares the anticipated influence of product variety and life cycle
trends for each of the companies. Product variety was expected to increase only
slightly for the heavy truck manufacturer because trucks have traditionally been
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vehicles that have to suit very diverse commercial needs. However, many
(electronic) driver aids have been introduced in the last couple of years. The length
of product life cycles was also expected to become only slightly shorter for heavy
trucks. Trucks are bought because of rational commercial needs and not so much
for fun or luxury reasons. However, rapid advances in technology have
continuously reduced fuel consumption and pollution by trucks. This necessitates
manufacturers to develop new trucks which contain the latest technology.

The manufacturer of small cars was expected to increase product variety quite a bit
over the ten year period, but not to the extent of the premium car manufacturer.
The prices of small cars are relatively low and therefore product variety was
expected to remain limited. The prices of premium cars are much higher though,
and their customers are very demanding. For upper premium cars (i.e. the ultra
luxury cars), customers are so demanding that they expect many options and high-
tech gadgets to be standard equipment. Lower premium cars (i.e. the volume car
models of premium car brands) have less standard equipment. So, it was expected
that there would be massive variety in lower premium cars because these have
long option lists. Consequently, for the case studies a company has been selected
that manufactures cars for the lower premium segment.

The small cars segment has become very volatile and brand loyalty has
diminished. So, it was expected that existing car models need to be updated
frequently and new car models need to be developed rapidly to attract customers
and maintain high sales levels. Buyers of premium cars are more loyal to their
brand than buyers of small cars. Therefore, manufacturers of premium cars were
expected to have fewer incentives to constantly introduce new car models.
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Table 4.2: Anticipated influence of product variety and life cycle trends

Case company 1

Case company 2

Case company 3

Heavy Truck Co Small Car Co Premium Car Co
(Chapter 5) (Chapter 6) (Chapter 7)
Expected influence Low: Medium: High:

of product variety

Trucks have for
many years been
tailored to

Small cars come
in more varieties
than they used to,

Premium car
makers try more
than ever to fulfil

commercial needs but in fewer all possible
of customers. So, varieties than wishes of their
this may have larger cars. demanding
changed relatively customers.
little over the last
couple of years.

Expected influence ) . Lo

of product life cycles Low: High. Medium:
Trucks have long The small cars Buyers of

life cycles, although
they currently seem
to get shorter than
in the past.

segment has
become very
volatile and brand
loyalty has
diminished. So,
cars need to be
updated
frequently to
maintain high
sales levels.

premium cars are
more loyal than
buyers of other
kinds of cars.
This reduces the
need to
constantly
introduce new car
models.

Despite the anticipated developments at each of the case study companies, care
needs to be taken when doing case study research because it is demanding in the
sense that it is time consuming and it requires skilled interviewers (Voss et al.,
2002; Easterby-Smith et al., 2002). On the other hand, the lack of restrictions of
the case study approach can lead to creative results with high impact (Meredith,
1998; Voss et al., 2002).

The results of the three case studies will be compared and conclusions drawn
about the trends in product variety and product life cycles on the basis of an
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analytic generalisation. This type of generalisation treats each case study as an
experiment of its own, instead of statistical generalisation that would treat each
case study as a data point in a study (Yin, 2003).

An advantage of studying the automotive industry is that there are a lot of data
available from research institutes in the automotive sector (e.g. Automotive News
and Automotive News Europe, the Japan Automobile Manufacturers Association,
the German Kraftfahrt Bundesamt, America’s eAuto Portal,
PriceWaterhouseCoopers’  Autofacts, and McKinsey’s Automotive and
Assembly). Automotive News has been reporting on all important automotive
industry developments since 1925 and it is regarded as a major trade paper in
quality management literature (Cole, 1999). These data sources have been used
extensively during the research, both as frame of reference and as direct sources of
specific information.

4.4.2 Questionnaire Survey

The results of the case studies will be used to develop a questionnaire survey
aimed at a much larger number of supplier firms in the automotive industry. This
questionnaire survey will generate quantitative data, so statistical analyses can be
conducted and the effects can be quantified. The questionnaire survey will focus
on the ‘what’, ‘how many’ and ‘how much’ of changes in quality management as a
result of trends in product variety and product life cycles. These kinds of questions
are best studied by means of a questionnaire survey (Yin, 2003).

The questionnaire survey will be cross sectional. However, it will be designed in
such a way that the current situation is compared to the situation that existed at car
manufacturers ten years ago. So, the structure of the questionnaire will follow a
similar pattern as the case studies. The complete design and structure of the
questionnaire will be dependent on the outcomes of the case studies and will
therefore be discussed after the results of the case studies (i.e. in chapter 9).

4.5 Research Model

In this section the model that has been utilised for the empirical part of the
research is described. On the basis of this research model, some hypotheses are
then derived, which will be tested in the empirical part of the research. The section
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concludes with a description of the way in which the research model has been
applied to the three case studies.

4.5.1 Simons’ Four Levers of Control Model

For the case studies and the questionnaire survey to be meaningful and effective,
they should be built upon a suitable research model (Lee, 1989). The model that
has been chosen for this research is Simons’ four levers of control model (Simons,
1995), which is presented in figure 4.1. The reasons for choosing this research
model have been discussed in chapters 2 and 3 of this dissertation. To summarise,
a model is needed that can distinguish between, on the one hand, simple and stable
environments and, on the other hand, complex and unpredictable environments. A
detailed explanation of the meaning and contents of the research model can be
found in chapter 3.

Beliefs Boundary
Systems Systems
Core Risks to be
Values Avoided
Business
Strategy
: Critical
Strateglg Performance
Uncertainties Variables
Interactive Diagnostic
Control Control
Systems Systems

Figure 4.1: Simons’ four levers of control model (Simons, 1995)
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This research utilises Simons’ four levers of control model to assess the effects of
increasing product variety and shortening product life cycles on quality
management of firms. This research is not meant to test the Simons model itself.

The use of Simons’ four levers of control model in an interview setting has been
practiced both before and during the case studies. Three managers in different
organisations, across several business sectors agreed to participate in a try-out
interview (see appendix 4.2). These try-out interviews led to improvements of the
interview approach for the case studies.

4.5.2 Hypotheses on the Basis of the Research Model

As explained in chapter 3, the control model of Simons has been chosen as
research model because it can cover, on the one hand, simple and stable
environments and, on the other hand, complex and unpredictable environments.
According to the model, these types of environments require a different set of
control systems. Managers in organisations that operate in simple and stable
environments can focus mainly on the diagnostic type of control systems, whereas
managers in organisations that operate in complex and unpredictable environments
will have to make more use of the interactive type of control systems (see chapter
3).

As argued in chapter 1, increasing product variety and shortening product life
cycles both mean that the environment becomes more complex and unpredictable.
Therefore, the extent to which an organisation is influenced by increasing product
variety and shortening product life cycles is expected to be reflected in the extent
to which the organisation makes use of the different types of control systems.

On the basis of the research model, in combination with the anticipated influence
of product variety and product life cycle trends on the case companies (see table
4.2), a number of hypotheses can be formulated. The hypothesised effects on
quality management systems for the case companies are presented in table 4.3.
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Table 4.3: Hypotheses about quality management systems for the cases

Case company Hypotheses

Heavy Truck Co Quality management is mainly focused on diagnostic
systems.

Small Car Co The quality management focus has shifted towards

interactive systems.

The quality management focus has shifted towards

Premium Car Co . .
interactive systems.

The hypotheses for the questionnaire survey are in line with the case hypotheses.
So, organisations that have witnessed an increase in product variety or a decrease
in product life cycle length are expected to have concentrated more on interactive
quality management systems, while organisations that have not witnessed an
increase in product variety or a decrease in product life cycle length are expected
to focus mainly on diagnostic quality management systems.

4.5.3 Application of the Research Model to the Cases

The following chapters (5 to 8) will discuss and analyse the case studies.
Therefore, this section explains how Simons’ model has been applied to these case
studies. The application of Simons’ model to the questionnaire survey will be
discussed in chapter 9.

As explained before, the case studies are meant to explore the effects of increasing
product variety and shortening product life cycles on quality management.
Therefore, the case study approach is not very rigidly structured. Instead, most
information about the case companies has been collected by means of semi-
structured interviews. These semi-structured interviews help, on the one hand, to
adhere to the research model and objectives, while on the other hand they allow
for unanticipated issues to emerge during the interviews (Yin, 2003).

In all three case companies, interviews have been held with the quality manager,
supply chain manager, production manager, and human resources manager (for
Small Car Co, the logistics manager has been interviewed as well). In addition,
three relevant first tier suppliers have been selected by the quality managers of
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each of the case companies (for Premium Car Co, only two suppliers could be
interviewed). The quality managers selected suppliers that are important in terms
of the components they supply, and in terms of the influence these components
have on the final product. At each of the suppliers, interviews have been held with
the quality manager (sometimes together with the account manager for the case
company). The reason for interviewing supplier firms is the significant increase in
outsourcing and the resulting influence that suppliers have on the final product. In
2006, supplies account for about 65 percent of the costs of a car and this is
expected to rise to about 75 percent in the near future (De Saint-Seine, 2006).
Therefore, the views of suppliers on the outsourcing practices and supply chain
management of each of the case companies are an important contribution to the
case research.

All interviews have been conducted by two interviewers (i.e. Jos van Iwaarden
MSc. and Dr. Ir. Ton van der Wiele, both from Erasmus University Rotterdam,
The Netherlands) and each interview has taken between one and a half and three
hours. The interviews inside the case company have all focused on the changes in
management systems that have taken place over the last ten years in the field of
responsibility of the interviewee. Where possible, expectations for the future were
discussed as well. The interviews at the suppliers have been focused on the
changes that have taken place in the way the relationship between the supplier and
the case company is managed by the case company.

Six stages have been involved in the interviewing process:

1. The interview itself. Both interviewers have, individually, written down
each interview.

2. Discussion between the two interviewers. Any discrepancies between the
two write-ups were resolved through discussions. Based on the two write-
ups and the discussions, an accurate write-up of the interview has been
produced.

3. Request for comments from interviewee. The write-up of the interview
was sent to the interviewee with a request to comment on it and correct
any errors. All feedback from the interviewees has been incorporated in
the final write-ups.
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4. Discussions with quality experts. Out of the final write-ups the most
important quality management issues and developments have been derived
by means of discussions between the two interviewers and two academic
quality experts (i.e Prof. Dr. Barrie Dale from the Manchester Business
School, UK and Prof. Dr. Roger Williams from Erasmus University
Rotterdam, The Netherlands).

5. Feedback sessions. The derived quality management issues and
developments have been presented to the interviewees in a discussion
meeting during which these managers could express their perceptions and
opinions.

6. Final version of quality management issues and developments. The
feedback from the interviewees has been incorporated in the final
overview of derived quality management issues and developments.

In addition to the interviews at the case companies and their suppliers, information
has been collected by means of plant tours and by studying minutes of relevant
meetings and quality management procedures and policies.

Each of the three case studies has become an in-depth case study. Eventually, this
has resulted in a substantial amount of collected data. The interview write-ups
alone cover more than 150 pages A4, and these data therefore provide a good basis
for analyses.

Simons’ four levers of control model is used in the following way for each of the
three cases:

=  On the basis of Simons’ model and the literature review about the
automotive industry, a list of questions has been developed for each of the
fields of responsibility (i.e. the quality manager, the supply chain
manager, the logistics manager, the production manager, the human
resources manager, and the quality manager at the first tier suppliers).
These lists of questions are presented in appendix 4.3. Since the interviews
were semi-structured, the lists of questions were guidelines for the
discussion and were not meant to be answered in a restricted and linear
way.
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The interviews have focused as much as possible on specific examples of
developments and changes that have taken place over time in the field of
responsibility of the interviewee as a result of shifts in product variety and
product life cycles. Based on these developments, the effects on quality
management at a case company have been analysed. The systems that
have been used at any moment in time by the case company to manage
quality have been positioned in the four quadrants of Simons’ model (i.e.
beliefs systems, boundary systems, diagnostic control systems, and
interactive control systems) by assessing the focus of each of these
systems. Some elements of the quality management system may fit more
than one quadrant of Simons’ model, however, the interviewers have
grouped them on the basis of their major focus, which is based on
discussions with the two academic quality experts and the managers of the
case company.

Some of the quality management systems are related to each other, in the
sense that they aim to manage the same business aspect but at different
moments in time. These quality management systems have been
connected to each other by means of arrows, in order to indicate that the
emphasis has shifted over time from one system to the other. By doing so,
trends emerge that indicate which levers of Simons’ control model were
important at different moments in time.

Possible future trends have been identified as well, based on the current
developments and the interviewees’ expectations about developments that
are planned for the near future.

4.6 Research Framework

To summarise the methodology of this research, which is described in the previous
sections, a visualisation of the research methodology is presented in figure 4.2. In
the left part of the figure the theoretical knowledge is shown. Based on this
knowledge the case studies will be conducted. These case studies will be used to
draw conclusions and to develop a questionnaire. Finally, conclusions will be
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drawn on the basis of both the results from the case studies and those from the
questionnaire survey.

Quality
management Questionnaire
survey
Management
control

Case studies Conclusions

Product variety
and life cycles

J

Figure 4.2: Graphical representation of the methodology of the research

4.7 Type of Research

This research project has utilised both qualitative and quantitative methods, i.e. a
mixed methods approach has been used (Creswell, 1994). The case studies have
generated qualitative data from three car manufacturers. The questionnaire survey
will result in quantitative data from a much larger number of automotive supplier
companies.

The combination of both qualitative and quantitative research (triangulation)
increases the robustness of this research as opposed to just using either qualitative
or quantitative research (Patton, 2001). Other types of research design would of
course also be possible but they would make it more difficult to draw conclusions
about the research problem statement. One could choose to do a very detailed case
study of a single firm. This would lead to detailed information about the effects of
increasing product variety and shortening product life cycles on quality
management in that specific firm. Whilst this type of research is probably very
useful for the researched firm, it is very difficult to draw general conclusions from
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the findings of a single case study. One could also choose to conduct a
questionnaire survey only. This would help to quantify the effects. However, it is
at this moment not at all clear what this questionnaire survey should look like
because the exact nature of increasing product variety and shortening product life
cycles and their effects on quality management are not yet clear.

4.8 Summary

In this chapter the research methodology has been explained. It has been shown
that the automotive industry is an interesting industry to conduct the empirical part
of this research. Both from the literature and from an initial round of interviews, it
has been concluded that the automotive industry is highly influenced by increasing
product variety and shortening product life cycles.

It has been explained that this research has two objectives. The first objective is to
understand the influence of increasing product variety and shortening product life
cycles on companies, and on the way they manage and improve quality. The
second objective is to assess the extent and direction in which quality management
systems are changing to cope with an environment of increasing product variety
and shortening product life cycles. The first objective is exploratory and therefore
very suitable for case studies, while the second objective is explanatory and
therefore suitable for a questionnaire survey. Consequently, the empirical part of
this research consists of both case studies and a questionnaire survey.

The case studies and the questionnaire survey are both built upon Simons’ four
levers of control model. The application of this model to the case studies has been
described in detail.

The following three chapters (5 to 7) will present each of the three case studies in
the order they have been undertaken. Studying the cases has been a learning
process, which means that the first case study has been the most challenging, while
the other two could benefit from the skills learned during the first case.
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5 Case Study 1: Heavy Truck Co

5.1 Introduction

This chapter describes case company 1, which has been named Heavy Truck Co.
The general characteristics of Heavy Truck Co are presented in table 5.1. Heavy
Truck Co is a manufacturer of heavy trucks for the transportation industry. Until
the 1980s, the company had had a long history as a successful independent truck
manufacturer. However, by the end of the 1980s, the situation of Heavy Truck Co
deteriorated for various reasons. The most important of these being, providing
credit to customers who were unable to get money from other sources (like banks),
which increased the financial risks for Heavy Truck Co substantially, and,
secondly, applying a build-to-plan strategy, which clogged the sales channels with
10,000 trucks that still had to be sold to a customer. As a consequence of this,
Heavy Truck Co went bankrupt in the early 1990s and was acquired by another
manufacturer of heavy trucks. Since then, Heavy Truck Co has again been a
profitable truck builder with a growing market share. Even though Heavy Truck
Co is now part of a large group, it still assembles and sells trucks under its own
brand name. Heavy Truck Co is completely responsible for this truck brand, from
design and engineering to sales and customer service. The brand currently consists
of two types of heavy trucks. The interviewed managers were able to tell a lot
about the developments at their organisation because they have had a long history
with Heavy Truck Co. On average, they have been working at Heavy Truck Co for
about thirty years.

The methodology of the research has been described in detail in chapter 4.
Therefore, this chapter only describes the data that have been collected from the
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case company by means of interviews, document study, factory tours and feedback
meetings. Table 5.2 provides an overview of all interviews and factory tours that
have taken place at Heavy Truck Co and its suppliers. During the interviews, the
managers of Heavy Truck Co and its suppliers have presented their views and
opinions, however, whenever possible these views have been supported by
relevant facts. Moreover, the data about Heavy Truck Co reported in this chapter
are not just the quality manager’s views, because all issues presented have been
raised by at least two Heavy Truck Co managers. In addition, factory tours and
document studies have been used to support the information from the interviews.
These forms of cross examination (i.e. triangulation) of the case study are intended
to improve the reliability of the results. Direct quotes from the interviewees are
used throughout the text to support the statements made. If an interview has been
conducted in another language than English, the presented quotes are a translation
of the original quotes, agreed with a native English speaker who is also fluent in
the language of the interview.

Following the introduction, the relevance of the case company in relation to the
topic and aims of this research is explained. The data from the case company are
then presented to explain what relevant developments have taken place at the case
company over the last ten years. These data are structured along the three building
blocks of quality management (i.e. customer focus, reduction of variation in
organisational processes, and continuous improvement), which have been
explained and discussed in chapter 2. Where relevant, references to available
literature are made in the case study data. Following the examination of the case
company, an examination of three of its first tier suppliers is presented. In the final
section of this chapter the findings from the entire case study are discussed and
interpreted.

The data description only contains relevant facts from the case study company and
no comparative analysis with the other case companies is undertaken at this stage
of the research (the analysis of all three cases is presented in chapter 8). The data
are also not interpreted in terms of Simons’ four levers of control model, since this
will also be dealt with in chapter 8.
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Table 5.1: Characteristics of Heavy Truck Co

Heavy Truck Co

Market segment

Type of production

Annual production volume

Number of different models assembled
Number of employees

Factory location

Number of first tier suppliers

Major suppliers on-site in supplier park

Heavy trucks

Brand responsibility
45,000

2

3,500

Western Europe
440

No
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Table 5.2: Interviews at Heavy Truck Co and its suppliers

Company Interviewee(s) / Activity Date
Heavy Truck Co Quality manager 10 November 2003
Heavy Truck Co Quality manager 14 January 2004
Heavy Truck Co Supply chain manager 19 February 2004
Heavy Truck Co Human resources manager 15 March 2004
Heavy Truck Co Production manager 15 March 2004
Heavy Truck Co Plant tour 15 March 2004
Heavy Truck Co Quality manager 19 May 2004
Quality manager;
Heavy Truck Co Supply chain manager; 7 July 2004
Human resources manager
Supplier 1 Quality manager 28 May 2004
Supplier 2 g;ilslgamninger 2 June 2004
Supplier 2 Plant tour 2 June 2004
Supplier 3 Sales manager 3 June 2004

5.2 Relevance of Heavy Truck Co for the Research

In this section the research context of Heavy Truck Co is described. The extent to
which increasing product variety and shortening product life cycles play a role for
Heavy Truck Co is discussed first. Thereafter, the importance of quality
management for Heavy Truck Co is explained.
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5.2.1 Product Variety and Life Cycles

Over the last decade, product variety has increased at Heavy Truck Co. However,
the management of Heavy Truck Co emphasised that there has been a large variety
of products for a longer time because they have been building trucks to the
specifications of the individual customer for many years. A development of the
last couple of years has been that more buyers of heavy trucks actually select
many of the available options. Ten years ago, buyers could choose for a
customised truck but they quite often would buy one that was quite standard. The
quality manager said:

“Nearly any truck that is built these days is different from the
others. That is more than in the past, so more trucks are

’

tailored to the customer’s needs these days.’

So, even though the potential product variety (i.e. the number of possible product
variants) has not increased very much over the last decade, the actual variety on
the assembly line has.

Developments in terms of product life cycles are also playing a role at Heavy
Truck Co. The management explained that product life cycles of heavy trucks
have become shorter over the last decade. However, the reasons for this are not
found in the area of design or offering the latest technologies, but in regulatory
changes (e.g. changing emission and safety norms). To comply with stricter
regulations, Heavy Truck Co has to speed up new product development. The
quality manager explained:

“Our customers are companies and lease organisations, and
these judge the trucks by their operational economics and
safety and not so much by aesthetic features or new gadgets.

»

So, product life cycles are under tension at Heavy Truck Co but for reasons that
are to a large extent not driven by customer demands.

An example that indicates that the trends of shortening product life cycles and
increasing product variety are relevant for Heavy Truck Co, is found in the engine
assembly department. The engines blocks have a long life cycle (about fifteen
years) but the complete engine has a much shorter life cycle (only a couple of
years). So, the same engine block is used for many years, but the modules and
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parts that are attached to it change on a regular basis. Nowadays these modules
and parts change more frequently than they did ten years ago. Customers can
choose various optional parts and modules for their engines (e.g. special pumps,
one or two air conditioners, the number of gears in the gearbox, etc.), which leads
to variety in the final products. As argued before, today’s customers are more
likely to choose these optional parts than the customers of a decade ago.

The increased variety on the assembly line has consequences for the employees in
the plant. The human resources manager explained:

“There are no two trucks that are the same anymore, so
complexity has increased. Employees need to stay alert while
doing their job because they have to think what tasks they

’

have to do on a truck that moves down the production line.’

The interviewed managers were agreed that in the future the focus at Heavy Truck
Co will be more on people than on technology. Work at Heavy Truck Co’s
production line is a combination of relatively low-skill work and a large variety of
different products. The large variety of products means that employees may forget
certain tasks, or perform unnecessary or wrong tasks. It also demands that each
production cell (i.e. group of employees on the shop floor) has a leader who has a
lot of knowledge about all possible tasks and all possible truck variants that have
to be worked on.

5.2.2 Importance of Quality Management

The interviewed managers were in agreement that over the last decade the
management and improvement of quality has become much more important for
Heavy Truck Co. The managers of Heavy Truck Co were convinced that this was
mainly caused by the concrete results that have been achieved during this period
by means of improvement projects based on Six Sigma (see for example Bhote
and Bhote, 1991; Pande et al., 2000; Pyzdek, 2003) and Kaizen (see Imai, 1986;
1997). The quality manager explained:

“Nowadays, there is much more top management interest in
quality, and problem solving has evolved from a non-
scientific trial-and-error approach to a more scientific
systems approach that is based on facts.”
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The quality manager explained how in the past most improvement projects would
start with a statement from an employee, who said that he or she thought that
something might be improved. Nowadays, an improvement project will only start
if and when there is clear evidence about what is wrong and how much will be
saved if it is fixed.

The success over the last ten years of the quality projects within Heavy Truck Co
made it much easier to get money for these projects from the owner of Heavy
Truck Co. The quality manager told:

“Sometimes they were so readily available to provide extra

’

money for improvement projects, that it surprised us.’

An example of this is a new engine project at Heavy Truck Co. When a new
engine production line was to be installed, Heavy Truck Co immediately saw the
opportunity to turn this into a Six Sigma project. Heavy Truck Co wanted to
increase the process capabilities of this process because that would mean that the
process variance would stay more easily within the lower and upper specification
boundaries that Heavy Truck Co had formulated for this process. Therefore,
Heavy Truck Co suggested increasing the CPk value from the current level of 1, to
a CPk value of 2 for the new engine production line. However, to reach the higher
CPk value, better equipment had to be bought than what was planned beforehand.
Consequently, Heavy Truck Co sent a request to Heavy Truck Co’s owner for 30
million Euros instead of the planned 25 million. Within a couple of weeks Heavy
Truck Co’s owner approved the additional investment. All managers were agreed
that before the success of Heavy Truck Co’s quality projects, Heavy Truck Co’s
owner would never provide extra funds so readily.

These examples show that the quality department of Heavy Truck Co is highly
respected within the organisation because of the successes it has had. Another
indicator of its success is the fact that the quality department has been one of the
few departments that has grown in employee numbers over the last couple of
years. The clearest indication for Heavy Truck Co’s managers that they are doing
better than the other brands of Heavy Truck Co’s owner, is the recognition they
have received from the owner of Heavy Truck Co. The quality manager told:

“We have won an award for our highly successful systematic
approach to problem solving and improvement, and we
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received an award because we had the best score at the last
quality audits.”

All these successes over the last couple of years do not mean to Heavy Truck Co’s
management that there is nothing left to improve for the future. Several important
developments in the area of quality management were indicated by the
management team:
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Firstly, quality assurance at Heavy Truck Co has evolved over time via a
number of stages. During the 1970s and 1980s, Heavy Truck Co tried to
achieve quality assurance by means of formal quality systems like AQAP
(see Dale, 2003) and ISO 9000 (see ISO, 2000; ISO, 2005; Van der Wiele
et al., 2005). In the last decade, Heavy Truck Co has tried to assure the
quality of its trucks by reducing dependability on people (e.g. through the
use of scans and robots). More recently, Heavy Truck Co has realised that
people are crucial for quality assurance and therefore they are now much
more involved. The importance of teams for quality assurance efforts has
increased, and teams are also held responsible for their quality
performance.

Secondly, outsourcing has increased significantly over the last couple of
years. In 2004, 80% of a truck is purchased from suppliers. Heavy Truck
Co builds its trucks with the goal that they should have a technical life
span of at least 1.6 million kilometres. Taking into account that 80% of the
parts of these trucks are built by suppliers, these suppliers play a crucial
role in ensuring the desired lifetime of the truck. Heavy Truck Co has
learnt in recent years that an increase of outsourcing means that many
quality problems with the trucks are a consequence of parts that have been
bought in from suppliers. Quality problems of this type are much harder to
solve for Heavy Truck Co than problems that are caused by Heavy Truck
Co itself. The management has experienced that in many cases the
problems already start at Heavy Truck Co’s second and even third tier
suppliers. Although Heavy Truck Co has reduced the number of its first
tier suppliers, the number of second and third tier suppliers has increased
significantly over the last couple of years. Therefore, management of the
supply chain has become much more important for Heavy Truck Co, and
will continue to do so in the future.



Thirdly, there is still room for quality improvements in terms of enhancing
the comfort and appeal of the trucks. Heavy trucks have traditionally been
looked at from a very rational and operational point of view. Trucks are
used for business purposes and should therefore primarily be able to fulfil
the tasks they were developed for. Today, this is still the case but Heavy
Truck Co’s management feels that truck builders should also pay attention
to the comfort of the truck driver. By designing the cab of the truck from
the truck driver’s point of view, Heavy Truck Co has been able to realise
important improvements. An example is the bed inside the cab of the
truck, which has been improved so well that many long-haul truck drivers
are willing to sleep in their cab instead of in a hotel, thus saving money.
The production manager feels that a truck should be built to the same
quality standards as a passenger car.

Fourthly, an issue that will increase in importance for Heavy Truck Co in
the near future, is the issue of production for recycling. The idea behind
this development is that quality should not be higher than necessary. So, in
the case of a door handle, an iron version may last longer than a plastic
version but if the plastic version is working fine until the truck is put out
of service then there is no need to use the iron version. In that case there
will be a stimulus to use the plastic door handle if that version is easier to
recycle. The need to pay more attention to recycling of the trucks is the
result of government regulations that force manufacturers to take care of
truck disposal in an environmentally friendly way.

This list of quality management issues shows that the management and
improvement of quality is a top priority for Heavy Truck Co.

5.3 Customer Focus

In this section Heavy Truck Co’s focus on the customer is discussed. The most
relevant issue for Heavy Truck Co are the expectations of its customers (i.e. what
do customers expect from their new trucks?). This issue is dealt with in the
remainder of this section.
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5.3.1 Customer Expectations

The first three years after the take-over, Heavy Truck Co was very much internally
focused. The new owner of Heavy Truck Co managed the organisation in a
hierarchical and costs-focused way. During this time, Heavy Truck Co basically
had to please two customers: the normal customer and Heavy Truck Co’s owner.
Before the take-over, Heavy Truck Co’s management maintained strong external
relations with its customers. The management knew all the dealerships and also
quite a few of the larger customers. After the take-over, a lower organisational
level (i.e. the marketing and sales department) became responsible for the external
relations. This, however, led to a slower response by Heavy Truck Co to external
developments in the market place.

In the second half of the 1990s, the external relations have again become a priority
for top management at Heavy Truck Co. As a consequence of this, Heavy Truck
Co has become better able to pick up signals from the market place. An example
of this is the renewed focus on operational economics and safety as key quality
issues. The previous internal focus of Heavy Truck Co had led to the belief that
delivery quality (i.e. the quality of the truck at the moment of delivery to the
customer) was the most important quality issue for customers. However, when
Heavy Truck Co started improving its external relations, it learned that operational
economics and safety during the life span of the truck were rated as most critical
by customers. The quality manager talked about a truck of another brand of Heavy
Truck Co’s owner:

“This truck was filled with one million dollars worth of
salmon when it broke down in the middle of nowhere. The
cooling systems stopped working and before the truck was
repaired the salmon had already gone bad.”

This explains why customers rate operational economics so highly. The issue of
warranty plays an important role in relation to the operational quality aspects. If
the operational quality increases, the costs of warranty issues will decrease for
Heavy Truck Co. Moreover, if the operational quality increases, the customers are
also more likely to be happy with their trucks. Therefore, by improving
operational quality, Heavy Truck Co aims to reduce its costs and improve
customer satisfaction. To be able to improve operational economics and safety,
Heavy Truck Co needs to know a lot about how the end user operates the truck.
The management of Heavy Truck Co thinks that it does not have enough data at
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the moment about the end users and their perceptions. Therefore, in the near future
data about lost sales and repetitive sales will be collected by Heavy Truck Co.
Another way in which information about operational economics and safety reaches
Heavy Truck Co is by recording customer complaints. The management has little
doubt that operational economics and safety can be improved, because customer
surveys consistently point in that direction.

An issue about which customer surveys are less consistent, is the reason why
Heavy Truck Co has been growing in market share over the last five years. Heavy
Truck Co’s market share in Europe has grown by nearly four percentage points
over a five year period, to more than 10%. This is a good performance, especially
when taking into account that during some years the total market shrank. The
quality manager told:

“We are apparently doing something right, but we don’t
know what.”

For the production operations of Heavy Truck Co these gains in market share were
very beneficial because they offset the shrinking market trends, and therefore
enabled production volumes to remain constant. As a consequence, the processes
and structure in the Heavy Truck Co plant have been relatively stable and the
management did not have to lay off redundant employees.

Even though the causes for their success are not clear, the management is
confident about the future. The human resources manager told:

“We are ready for the future because of our high quality
products and low costs. The quality of our trucks is
acknowledged in the marketplace. Even in a shrinking market
there was still room for us to grow. So, when the market
starts to grow again the prospects for us are very positive.”

Still, the managers acknowledge that they do not always understand the reasoning
of their customers. An example is the paint colour that customers choose for the
exterior of their trucks. Every time Heavy Truck Co introduces a new or updated
truck model, they select a specific colour to promote the truck. Over the years, the
experience of the managers has been that the colour they have used to promote the
truck when it was introduced on the market is very popular among customers.
However, the colour is only popular for the truck model that was introduced in that
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colour. So, a colour that was not chosen often for previous truck models may be
popular for a new truck model if Heavy Truck Co decides to use that colour to
promote the truck. Although this is quite remarkable, it is not clear to Heavy Truck
Co’s management what the value and meaning of such information is for them.

5.4 Variation Reduction in Organisational Processes

In this section the developments that have taken place at Heavy Truck Co to
reduce variation in organisational processes are discussed. The major factor in
relation to organisational processes is the risk of poor quality. Relevant processes
for Heavy Truck Co are planning processes, production processes and purchasing
processes. These issues are dealt with in the remainder of this section.

5.4.1 Planning Processes

Prior to the bankruptcy and the subsequent take-over, Heavy Truck Co did not
apply a build-to-order strategy. It built its trucks to plan, which meant that the
management would forecast customer demand and built trucks accordingly. Some
of these trucks were hard to sell because the management’s predictions were not
always right. After some time, this meant that Heavy Truck Co’ dealerships had
nearly 10,000 trucks that were waiting to be sold to a customer.

Since this build-to-plan strategy had contributed to the bankruptcy of Heavy Truck
Co, the company started manufacturing according to a build-to-order strategy
straight after the take-over by its current owner. So, nowadays trucks are built only
after they have been ordered by customers. This prevents a large stock of unsold
trucks at the dealerships and at its own plant.

During the same period, Heavy Truck Co also wanted to reduce the stock of
supplies at its production facilities. Therefore, Heavy Truck Co demanded
suppliers deliver some supplies only when they are necessary (i.e. according to the
Just-In-Time principle), and some supplies also according to the production
sequence of the trucks. This has resulted in a classification of supplies, based on
their stock level and on the way they are delivered to the production line:

= In line sequence delivery. These supplies are delivered per truck in a fixed
order, which is the same as the order of the trucks on Heavy Truck Co’s
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assembly line. Delivery of these supplies takes place two to three times
per day. This approach leads to zero inventories (see for example Hall,
1983) at Heavy Truck Co. Examples of this kind of supplies are seats,
wheels and gearboxes.

= Direct line feeding. These supplies are delivered directly to Heavy Truck
Co’s production line, based on Heavy Truck Co’s needs. This approach
leads to a small inventory at Heavy Truck Co’s production line but avoids
inventory in its warehouses.

= Two-bin system. These supplies are available in two inventory containers,
of which one is at the production line and the second one is in the
warehouses. When the first container is empty it is replaced by the second
one and a new one is ordered from a supplier. This approach leads to
inventory in Heavy Truck Co’s warehouses and at its production line.

= Products in stock. These are supplies that Heavy Truck Co has in its
warehouses. Suppliers deliver them regularly to Heavy Truck Co’s
warehouses and Heavy Truck Co delivers them internally when needed.

This approach to managing the stock of supplies has reduced the inventory in
Heavy Truck Co’s warehouses significantly, and as a result the turnover rate of
Heavy Truck Co’s stock of supplies has increased. The supply chain manager
pointed out:

“In 1998, we announced proudly that we had reached a
turnover rate of our supplies of 27, but in 2003 this number
had increased to over 50, which means that, on average,
supplies are delivered once per week.”

As this number is an average for all Heavy Truck Co’s supplies, some goods are
supplied multiple times per day, while others are supplied only once every few
weeks. In total, Heavy Truck Co currently uses 8,000 different supplies to
assemble its trucks, but, because of the large number of trucks assembled, this
results in 26 million parts being supplied per month.

The large number of supplies that Heavy Truck Co currently makes use of is an
indicator of the importance of the supply chain. In recent years, Heavy Truck Co
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has started to focus more on its core competencies of truck assembly, which meant
that a larger share of component manufacturing has been outsourced. A
development for the future is that Heavy Truck Co will outsource research and
product development activities as well. The quality manager explained:

“When developing a new truck model, we need to develop all
components for that truck simultaneously because the time to
market has to be short in order to remain competitive. The
simultaneous development of truck components leads to
control problems because we are unable to do all this work
alone. Therefore, suppliers are increasingly involved to take
up parts of the development process.’

>

Consequently, the supply chain will become even more important than it currently
already is.

To cope with the large number of supplies, Heavy Truck Co gradually moves to a
modular sourcing approach (see for example Baldwin and Clark, 1997; Schilling,
2000). Currently, the benefits of modular supplies for Heavy Truck Co are limited
because the two truck models do not yet have many components in common. For
example, the headlights of both truck types are identical, and currently Heavy
Truck Co works on a single braking system for all trucks. However, Heavy Truck
Co plans to exploit the advantages of modular sourcing more efficiently in the
future, because the truck models will then share the same components. It is very
difficult to change modules for existing truck designs, so only when new or
updated truck types are introduced can Heavy Truck Co take advantage of sharing
modules. For example, for future truck models, Heavy Truck Co wants to
assemble the cabins of the trucks from the same modules. This would generate
major costs savings for Heavy Truck Co and it would reduce the complexity of its
assembly processes. These aims are in line with developments in the wider
automotive industry, which is looking for ways to use common modules for
different models (Oude Weernink, 2006a).

The increase in outsourcing is one of the reasons why the number of employees at
Heavy Truck Co has remained relatively stable over the years, despite the growth
in truck production that has taken place. Together with improvements in the
production processes, outsourcing of production has significantly reduced the
number of hours it takes to assemble a truck. Heavy Truck Co’s employees spent
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on average about 200 hours per truck in the year 2000, while they spent about 150
hours per truck in 2003.

Of course Heavy Truck Co also has to deal with short-term demand fluctuations.
The management of Heavy Truck Co indicated that it tries to avoid hiring and
firing employees regularly. Therefore, it takes short-term demand fluctuations into
account when planning the production. The management will estimate how
demand will fluctuate in the near future and then cope with that by allowing the
delivery time of a new truck to fluctuate as well. So, when demand is temporarily
higher than usual, the delivery time of the trucks will become longer. This enables
Heavy Truck Co to maintain a stable situation in its organisation.

The downside of the nearly constant number of employees and the low employee
turnover is that Heavy Truck Co has not felt the need to develop formal
procedures for hiring new employees. The consequences of this are only felt when
Heavy Truck Co has to hire new employees because of structurally higher demand
and/or to replace employees who left the organisation. The human resources
manager explained:

“If production needs to increase, the focus is on attracting
sufficient new employees and not so much on their quality.
No manager wants to be blamed if we do not reach our
production targets, so the first priority is to recruit the
required number of new employees. Only at a later stage do
they start to worry about the quality of the people they
hired.”

To some extent, this approach is facilitated by the fact that Heavy Truck Co hires
new employees only on a temporary or flex work basis. The new employees are
considered for permanent employment only after working on a temporary basis.
So, employees who do not comply with the quality demands will not be eligible
for a permanent contract. However, during their temporary contract they may have
presented an increased risk of defects for Heavy Truck Co.
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5.4.2 Production Processes

Over the last ten years, production at Heavy Truck Co has moved from being
individual to being group based. The Heavy Truck Co plant is structured in the
following way: the different elements of the production process are divided over a
number of areas, which are managed by area managers, and each of these areas is
divided in a number of production cells, which consist of a number of employees.
The composition of these production cells is quite stable. Each employee in a cell
can perform multiple tasks, so in case of illness of an employee his or her task can
be taken over by colleagues. Employees are also able to perform tasks in the cells
adjacent to the one they are working in, so if one cell has a shortage of employees
due to for example illness it can hire employees from adjacent cells. The Heavy
Truck Co management stimulates production cells to cooperate with each other.
The human resources manager pointed out that:

“The assessment of the performance of the cells is not only
based on effectiveness and efficiency but also on helping
other cells by providing employees if necessary. In practice
the exchange of employees between the cells is never a

’

problem.’

Within Heavy Truck Co, all performance measurements take place on the level of
the production cells. So, each cell is responsible for its own performance, which
does not only include performance in terms of production numbers but also in
terms of product quality and sickness absence. After measuring the performance of
a production cell, Heavy Truck Co provides direct feedback to the production cell.
Direct feedback is seen as important within Heavy Truck Co, so the organisation is
focused on the development of systems that make direct feedback possible.

To prevent errors in the final product, Heavy Truck Co has increased automation
over the last decade. The quality manager explained:

“We have eliminated many man dependencies in the
production process, which means that all key activities in the
production process have been automated to prevent human
behaviour from compromising product quality.”

However, the variety of products that Heavy Truck Co produces is very large, and
therefore there are still many activities in the production process that are man
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dependent, because it would require an enormous amount of investments to try to
make these activities man independent too.

The use of automated systems and robotics leads to more transparent processes
that make it possible to trace back when and how the steps in the production
process have taken place. Heavy Truck Co uses some very expensive robots,
which check many aspects of the trucks, for example, if enough bolts have been
used for attaching one part to the other, and if the bolts have been fastened tight
enough. If the robot senses any deviance from pre-set standards, it will not let the
truck continue further down the production line before the problem is corrected.
So, these robots are used to check the work of the employees and not so much to
replace the employees. The quality manager believes that in the whole automotive
and truck industry the use of robots for assembly activities is declining, because
the performance of robots has quite often been disappointing. Even when robots
are only used to check the work of employees, the success has been mixed. The
quality manager pointed out:

“The use of robots results in varying levels of commitment
amongst employees who operate them. Some do not pay much
attention to the production line because they believe the robot
will do the job. Yet, others are measuring all kinds of things
on the trucks, even though this is in principle not necessary
because all measurements are done automatically. However,
if defects and problems arise, the second group feels much
more responsible and involved.”

So, acceptance of robotics by the employees is important for the success of the
robots, and thereby for the success of the whole organisation. Robots can
contribute to the quality of the trucks but the managers of Heavy Truck Co were
agreed that the benefits of technology are limited.

However, relying only on human judgement is also not sufficient, an example of
which are the snap checks of finished trucks. Heavy Truck Co’s owner puts much
emphasis on the delivery quality of a truck, which is the number of deficiencies in
a new truck at the moment of its delivery to the customer. Heavy Truck Co’s
owner checks this by entering Heavy Truck Co’s plant during the night and taking
a couple of finished trucks for examination. From a quality perspective these
audits are not satisfactory because the measures that are used are in many cases
insufficient. They test, for example, if the bolts on the truck are properly tightened.
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This is being done by hand, although a hand-tight bolt not at all guarantees that the
bolt has been tightened with the required force. So, for these purposes, robots
would be very useful.

Nevertheless, the delivery quality audits do result in issues for improvement. The
quality manager pointed out that:

“Structural incidents regarding delivery quality of the trucks
are recorded in a systematic way. By doing so, we are able to
find out what the most common flaws in delivery quality are.
Before we started to work like this, nobody felt really
responsible for the problems because responsibility for them
nearly always falls in between two departments.”

Therefore, the systematic recording and solving of the problems is a major step
forward for Heavy Truck Co. The top ten of most common flaws is addressed by
Heavy Truck Co by means of concrete improvement projects.

The delivery quality is not only checked for the complete truck, but also for major
components like the engine. The performance and reliability of the engine is
obviously a major criterion for truck buyers. Heavy Truck Co builds its trucks to
last at least 1.6 million kilometres, so the engine should be capable of running all
that time without major problems, which includes the durability to comply with
environmental legislation. Therefore, Heavy Truck Co constantly checks the
quality of its engines. It does so by completely disassembling one engine every
day. The production manager commented:

“Every part of the engine is tested to see if it is working the
way it should work. If problems are detected that are directly
related to the employee who did the assembly, immediate and
direct feedback is given to that employee. The employee is
explained what has gone wrong and how it could have been
prevented.”

If it is a problem that shows up frequently and that can be made man independent,
the process is adjusted to prevent the problem from happening again. One way in
which this can be done is by means of warning signals that light up if an engine is
coming down the production line that should get a different treatment with respect
to some engine parts because it has to comply with specific customer demands.
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Heavy Truck Co also works on poka yoke or mistake-proofing (see Shingo, 1987)
to make it nearly impossible to make mistakes. A possible application of poka
yoke in the near future will be a camera system that films each step in the
assembly process of an engine and stops the production line if a part of the engine
has not been assembled correctly.

During the daily quality measurements on the engines, each error is rated on a
scale from not severe to very severe. Not severe errors are mostly esthetical (e.g.
the spray painting of the engine has not been done properly), while the very severe
errors are likely to lead to engine failure. Heavy Truck Co provides not only
immediate and direct feedback to the employee who is responsible for the error,
but also to other employees down the production line who could have noticed the
error but did not report it. The production manager explained:

“By explaining that failure to report an error may lead to
high costs and losses, we try to make employees feel
responsible for their own errors and those of their
colleagues. It is important that employees feel that their
production cell operates as a team. If a production cell
operates as a team, it is possible for employees to
communicate to their team members in a positive way if an
error has been made.”

Apart from the daily quality tests in which an engine is completely disassembled,
the shop floor employees also conduct small tests by themselves. These tests are
mostly checks to guarantee that, for example, parts have been installed in the
engine and that bolts have been tightened. All specifications of each engine are
described in an engine book. Each engine has its engine book, which stays with
the engine during the entire assembly process. The employees can look in the
engine book to see what parts have to be installed in or on the engine and they can
see what checks have to be conducted by each employee on that engine. In the past
this list of checks consisted of 180 items. The problem with such long list of items
is that an experienced employee will mark all his or her tests as completed before
he or she even starts working on the engine. To reduce this risk, the number of
items has been reduced, but currently the engine book is still not operating the way
it should because there are other practical problems with the engine book. Firstly,
it is difficult to make last minute adjustments to the engine because that would
mean that part of the engine book has to be rewritten. Secondly, when the engine
enters the paint shop for spray painting of the exterior of the engine, the engine
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book has to be taken away from it until the spray painting is finished, which may
lead to mistakes (e.g. attaching an engine book to the wrong engine).

To accommodate for these practical problems with the engine book, Heavy Truck
Co is currently working on a digital version of the engine book. This digital engine
book should facilitate tracking and tracing of exactly when the engine has been at
what stage of the production process, and what operations have been completed on
it. The production manager pointed out that:

“This allows for quick interventions if an error is detected by
the system. Moreover, it allows for dynamic adjustment of the
engine specifications if a customer wants to make last minute
changes to the engine. By attaching an electronic mark to
each engine, the problem of mixing up engine books when the
engines are in the paint shop is also prevented.”

The instructions in the digital engine book can be presented visually to the
employees by means of computer screens. This makes it possible to warn an
employee that he or she has to do a specific task on an engine, or to warn him or
her that the engine they are working on should not have certain parts installed on
it.

5.4.3 Purchasing Processes

The way in which Heavy Truck Co manages the quality of its supplies has
changed drastically over the last decades. During the period before 1980, Heavy
Truck Co used traditional inspection methods (see for example Dale, 2003) to
assess the quality of incoming supplies. This was done by means of samples taken
from the incoming supplies. During those years, Heavy Truck Co employed
between 40 and 45 people who had a full-time job inspecting samples of the
procured products.

In the 1980s, Heavy Truck Co’s management requested a researcher to undertake a
study on supply management practices in the automotive industry. The main
conclusions from this study were that inspection of incoming products was not
sufficient anymore and that the automotive industry had therefore shifted from
relying on inspections to demanding quality assurance from its suppliers. The
automotive industry was applying Ford’s Q101 approach (see for example Hoyle,
2000), which forces suppliers to develop a quality assurance system according to
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the criteria defined by Ford. By doing so, the manufacturers made their suppliers
responsible for the quality of the supplies. Based on the results of the study, Heavy
Truck Co started with a supplier quality assurance program. The supply chain
manager pointed out that:

“Our supplier quality assurance program was a formal
approach to develop a systematic procedure in relation to the
control of incoming products. The implementation of this
program meant a change from past policy, because in the
past the main criterion for the selection of suppliers had been
price. In 1980, a start was made to select suppliers both on

2

price and on contractual quality agreements.

To achieve this, Heavy Truck Co started with audits at the supplier’s site. Based
on a supplier’s audit and on the products that the supplier was selling to Heavy
Truck Co, a quality agreement was developed in which process flows and checks
in the processes at the supplier’s site were defined and documented. As a
consequence of this quality agreement, it was no longer necessary for Heavy
Truck Co to check the incoming products of that supplier by means of inspection.
Therefore, the products of the suppliers that had a quality agreement with Heavy
Truck Co were no longer subjected to inspection. However, to guarantee good
quality supplies, Heavy Truck Co had to conduct audits at these suppliers’ sites on
a regular basis.

This approach has been heavily developed and extended from the early 1990s.
Over the years, an increasing number of suppliers have signed a quality agreement
with Heavy Truck Co. Heavy Truck Co supported this internally by allowing
employees to buy supplies only from suppliers that had a quality agreement.
Consequently, price was no longer the major criterion on which suppliers were
selected. By the time of the interviews, 75% of all bought in supplies were not
tested anymore by means of inspections. The supply chain manager commented
that:

“Even if we still wanted to inspect all incoming supplies, this
would be virtually impossible, because it would mean that
about 75 to 80 persons would be needed to do the actual

’

inspections.’
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In addition, the costs would be much higher than in the past because of the need
for large investments in sophisticated testing machines, which would be necessary
to test the many high-tech supplies that are used these days in truck production.

Because Heavy Truck Co has its own quality agreements with suppliers, the
management does not feel a need to demand external certification of the suppliers’
quality systems. Therefore, Heavy Truck Co does not demand that suppliers have,
for example, an ISO 9000 series certificate (see ISO, 2000; ISO, 2005; Van der
Wiele et al., 2005), although it helps suppliers to comply with Heavy Truck Co’s
criteria if they are certified. Another reason why Heavy Truck Co does not
demand external certification from its suppliers is the fact that many of its
suppliers are very small companies that produce low volume supplies for Heavy
Truck Co. For these suppliers it is too costly to set up a quality management
system which will get external certification. However, about 65% of Heavy Truck
Co’s suppliers have an ISO 9000 certificate because these suppliers also supply
large automotive manufacturers that demand ISO 9000 certification. The top-100
suppliers of Heavy Truck Co, which account for 85% of supplies, are all certified.

From the end of the 1990s, Heavy Truck Co has taken supplier quality a step
further. Heavy Truck Co realised that its core competence was to bring together
different components into a final product (i.e. a truck), regardless of where these
components come from. The supply chain manager explained that:

“There was a shift towards interface management as a core
competence. We had the intention to increase production
significantly, and the jump in truck production from 12,000 a
year in the mid 1990s to 41,000 a year in 2003 was only
possible because a lot of activities could be outsourced and
we could become the end assembler.”

This meant a shift in thinking from efficiency in Heavy Truck Co’s internal
processes, towards developing relationships with suppliers. So, the role of the
suppliers has had to change. Heavy Truck Co has started to make much more use
of the knowledge that is available at the suppliers because that knowledge can be
used to innovate and to develop more efficient products. Therefore, Heavy Truck
Co has involved its suppliers already since the late 1990s in new product
development. Heavy Truck Co’s management has become aware of the benefits of
supplier knowledge relatively early, since major manufacturers in the wider
automotive industry are only now realising the potential of the knowledge that is
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available at their suppliers (see for example Connelly and Sherefkin, 2005; Kisiel,
2005; Rechtin, 2006a; Stein, 2006).

In order to be able to increase the production of trucks without having to expand
its production facilities, Heavy Truck Co started to outsource the production of
complete modules to its suppliers. As these modules combine several components,
module suppliers need to be more capable than suppliers of individual
components. In addition, module suppliers need to be able to manage second and
higher tier suppliers. Not all existing suppliers were able to make the change from
individual supplies to modular sourcing. The supply chain manager pointed out
that:

“The mentioned changes in our purchasing strategy have led
to a policy and practice of fewer suppliers. The number of
suppliers went down from 900 in the mid 1990s to 439 in
2004. We aim to reduce this number further to around 400
but much less than that will probably be impossible.”

Heavy Truck Co currently uses between 175 and 200 different product families,
which are groups of similar supplies that require a certain expertise to
manufacture. Only very few suppliers manufacture more than one product family.
So, if Heavy Truck Co wants to have at least two suppliers per product family, the
minimum total number of suppliers will be around 400. However, by combining
different components in one module, the number of suppliers could go down a
little more in the future.

In the relationship between Heavy Truck Co and its suppliers, the importance of
information technology has increased considerably over the years. It is essential
for Heavy Truck Co and its suppliers that relevant and accurate information is
available in real-time. The assembly time of a truck has been reduced from 200 to
150 hours in just three years, and this development still continues. Therefore, all
parties involved have little time to react in case of problems. To cope with these
demands, Heavy Truck Co uses a supplier management system, which records all
data and information about suppliers to monitor their individual performance. The
suppliers can also access their performance via the on-line interface of the supplier
management system.
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5.5 Continuous Improvement

In this section Heavy Truck Co’s efforts to achieve and maintain a culture of
continuous improvement are discussed. Developments that have had an influence
on continuous improvement are explained. The major factor underlying these
developments has been the need to more closely involve different parties (e.g.
management, employees and suppliers) in the process of continuous improvement.
Relevant issues for Heavy Truck Co are process improvement, improvement of
employee knowledge and skills, and supplier improvement. These issues are dealt
with in the remainder of this section.

5.5.1 Process Improvement

One of the first things that Heavy Truck Co was ordered to do after the take-over
by its current owner was lowering its costs and thereby improving its financial
position. The first reaction of Heavy Truck Co to this demand was looking for all
kinds of quick and easy improvement projects. The quality manager explained:

“To bring down inventory turnover time, we started to throw
away all supplies that were not directly needed for
production. We also increased the price of coffee for our
employees from 9 to 11 cents per cup. However, these
measures were not smart and did not bring the savings that
were needed because they were just an initial reaction.

»

In subsequent rounds of measures, Heavy Truck Co had made plans upfront about
how to bring down the costs in a sensible way, which was a much more successful
approach.

Heavy Truck Co’s improvement projects started to gain momentum when it began
applying the Six Sigma improvement methodology (see for example Bhote and
Bhote, 1991; Pande et al., 2000; Pyzdek, 2003). Since 1998, Heavy Truck Co has
used Six Sigma as a quality improvement tool because Heavy Truck Co’s owner
demanded its subsidiaries to use Six Sigma. All Six Sigma projects at Heavy
Truck Co have been aimed at financial gains, which means that a certain level of
savings should be realised by improving a process.
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During the last couple of years, the Six Sigma approach has proved to be a
successful way of working on improvements for Heavy Truck Co. The quality
manager explained that:

“Six Sigma is a structured problem-solving tool, which
consists of three elements. Firstly, decision making based on
facts. Secondly, a framework approach that implies a
structured way of working towards a solution. Thirdly,
translation of results in financial gains.”

Over the last couple of years, Six Sigma projects have resulted in savings of nearly
20 million Euros per year for Heavy Truck Co, which the management considers
to be a major success. These savings easily surpassed the demands of Heavy Truck
Co’s owner, which has demanded savings of 15 million Euros per year.

The total amount of projected savings is simply divided over the different
departments within Heavy Truck Co, although most Six Sigma projects can be
found within the production department. Each department should come up with
concrete savings projects that will save costs to the extent necessary to fulfil the
demands of Heavy Truck Co’s owner. The departments are free to choose their
projects. The quality department monitors the way in which the departments
conduct the Six Sigma projects (i.e. if the Six Sigma method is used properly), and
it checks whether the employees have received the required training. The financial
controllers check the financial benefits of the Six Sigma projects. Projects only
count as successful Six Sigma projects if the controllers indicate that they have
resulted in financial benefits.

For the Six Sigma program, Heavy Truck Co trained 600 employees according to
the ‘belt’ system (see for example Pyzdek, 2003). The training of the employees is
the responsibility of the different departments within Heavy Truck Co. Top
management values the belt training, which it emphasises by taking it into account
when assessing an employee’s eligibility for promotion within the company.
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The Six Sigma projects usually address the areas that cause most of the problems
for a department and/or its customers. The quality manager commented that:

“Many projects are related to throughput rates, productivity,
and logistical issues. Sometimes projects are based on
explicit customer complaints, but mostly they are based on
internal deficiencies.”

Despite the successes that have been achieved with Six Sigma, some Heavy Truck
Co managers expect that the project-based approach to Six Sigma will not remain
successful in the future when many costs have been reduced substantially already.
They believe that the Six Sigma projects will become less successful when the
waste has been eliminated. An example was given of a department at Heavy Truck
Co that employs 20% of the number of employees at a comparable department at
one of Heavy Truck Co’s competitors, notwithstanding the fact that Heavy Truck
Co is twice as large as this competitor. Therefore, it seems impossible to reduce
the headcount of this department further. Similar developments are also going on
in other parts of the Heavy Truck Co organisation. The human resources manager
pointed out that:

“Once the waste has been eliminated, the Six Sigma
approach reaches a stage of maturity that calls for a different
way of working. Until now, we have applied Six Sigma in
projects that were designed to remove the peaks of variation
from processes through process control methods.”

Once the processes are under control, there is a need for an approach that prevents
new losses from emerging. The human resources manager went on to argue that:

“Instead of using Six Sigma in specific improvement projects,

the Six Sigma mindset should be built-in into the organisation

to eliminate variation and costs in a prevention mode type of
thinking.”
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The fact that the amount of money that has to be saved by means of these projects
is imposed upon the departments leads some people to redefine already realised
improvements as Six Sigma projects. The production manager pointed out that:

“In some cases, inefficiencies that have already been
eradicated by other means are still written up according to
the Six Sigma demands to classify it as a genuine Six Sigma
improvement project.”’

This behaviour undermines the intentions of the Six Sigma approach because in
these cases the savings are recorded as Six Sigma savings while they were already
realised by other means. Another problem with imposing targets for Six Sigma
improvements is the selection of straightforward improvement projects as Six
Sigma projects. The human resources manager explained:

“In an effort to come up with sufficient Six Sigma projects,
some managers try to define straightforward improvements in
processes as a genuine Six Sigma project.”

An example of this is a project around inconvenience surcharges, which are
surcharges that employees receive because of working under noisy and dangerous
circumstances. For years, nobody had paid attention to the level of the surcharges,
and once someone started to study the issue, he realised that Heavy Truck Co
could save about 300,000 Euros on the surcharges because improved working
conditions had reduced the amount of money that Heavy Truck Co was obliged to
pay. Some people in the organisation then suggested defining these savings as a
Six Sigma project, although it was just a matter of terminating some of the
surcharge payments. This example indicates that there clearly is a need for a more
mature role for Six Sigma in the organisation. Until now, the focus may have been
too much on the costs side. The production manager pointed out that:

“In the current approach, Six Sigma is used for costs savings
in existing processes. However, the Six Sigma focus should
also encompass the design phase of products because this
will lead to prevention of problems before they happen. These
soft savings do not result in direct financial savings but they
will in the long run save a lot of money.”
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Six Sigma is not the only way in which Heavy Truck Co improves its processes.
Another tool that is used by Heavy Truck Co to improve processes is Kaizen (i.e.
gradual and orderly continuous improvement, see Imai, 1997). Kaizen is used in
two ways. Firstly, for individuals to continuously improve their own working
practices. Secondly, it is implemented by means of ‘blitzes’, which are very short
improvement projects (Laraia et al., 1999). A Kaizen blitz means that an issue is
picked up and improved/implemented within four days. These Kaizen blitzes are
used to track down waste and eliminate it. A Kaizen blitz is defined as a project
and is conducted in a structured way (like the Six Sigma projects).

During one of the Kaizen improvement projects, it became visible that some
employees walk no less than 15 kilometres per day. By improving the processes,
the walking distance for these employees can be reduced drastically. This means
that the same employee can spend a larger share of his working time in a
productive way, which is a benefit that Heavy Truck Co needs to reach its growth
targets. The quality manager commented that:

“We want to grow in market share, however, production
capacity cannot grow enough to accommodate for the growth
in production. This means that we need to increase
productivity, to produce more with the same amount of
capital goods. Therefore, the Kaizen improvement projects

2

are very important to us.

The achieved successes that have resulted from the Kaizen program in
combination with Six Sigma, have generated top management interest from Heavy
Truck Co’s owner. Especially the cost savings are attractive to top management,
since Heavy Truck Co has generated total savings of over 60 million Euros after
three years of using Kaizen and Six Sigma.

Apart from process improvements realised by means of specific improvement
programs, Heavy Truck Co also implements improvements when existing
equipment has worn out and when changes in government regulations demand it.
An example of such an improvement is the replacement of the assembly line in the
engine assembly department. The production manager explained that:

“Until 1994, we used a manually operated production line
for engine assembly. Each engine was manually moved for
960 metres through the plant and during that process it had
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to be lifted and lowered 25 times to make it possible to work
both underneath the engine and on the top of it.”

At that time, government regulations, rules for ergonomic working conditions,
quality demands, and worn out machinery forced Heavy Truck Co to renew large
parts of the production line in the engine assembly department. Automated carts
that move the engines have replaced the manual movement of engines by means of
manpower. These automated carts are programmed so that they know when to lift
the engine to make working underneath it possible and when to lower the engine
for work on top of it. Although these carts are now automated, it is still possible
for the employees to adjust them. If an employee has some difficulties with
installing a certain part on the engine, he or she can keep the cart at its place until
he or she is ready. The next carts in line will then automatically wait until the
previous one has moved on. The same goes for the automatic height adjustment of
the engines on the carts. The carts will do this automatically but the employee has
the possibility to lower or lift the engine if necessary.

The testing facilities of the engine assembly department have also been improved
significantly. In 1998, Heavy Truck Co needed three shifts of employees and eight
test rooms to test the total output of eighty engines per day. In 2004, Heavy Truck
Co needed two shifts and six test rooms to test the total output, which had
increased to 145 engines per day. The testing itself has been completely
automated. In 1998, it was still man dependent but in 2004 it is completely man
independent. The new automated test equipment makes it not only possible to
shorten the test time of an engine, but it also levels out any differences in engine
power. So, with the new test equipment all engines of the same type have exactly
the same amount of horsepower, which means that the process improvements have
resulted in concrete product improvements as well.

When Heavy Truck Co renewed the production line in the engine assembly plant,
it also introduced four robots (for manufacturing engine parts like cylinder heads
and connection rods). Automating the adjustment of valve rocker clearance was
very important to meet quality demands, so in the new production line more
process steps are automated than in the previous one. The production manager
explained that:

“This decreases the man dependence of the whole production
line, which has advantages but it also has its limitations. It is
not possible to make the complete process man independent
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because the processes will to some extent always be
dependent on the employees.’

b

Another important category of process improvements are the ones that result from
quality issues. The engine assembly plant has a formal consultation structure with
respect to quality issues. At the lowest level there is a quality improvement team,
which meets every week to discuss quality issues. These are mostly the issues that
show up internally (after testing) or that are communicated to Heavy Truck Co by
the customers. At a higher level there is the quality team, which meets every four
weeks. The issues that are discussed by the quality team are more conceptual than
the ones that are discussed by the quality improvement team. The quality team
comes up with, for example, improvements that should be implemented when a
new engine type will be developed (i.e. design issues). All quality related issues
are classified by the way they can be solved:

1. By means of adjustments at a conceptual level (i.e. design changes)
2. By means of adjusting the process
3. By instructing the employee who is responsible for the quality issue

Quality issues of the first category are addressed by the quality team, while the
quality improvement team deals with quality issues of the second and third
category. If neither the quality improvement team nor the quality team can solve a
quality issue, the issue is brought under the attention of the responsible department
manager. If he or she is also unable to solve the quality issue, it is presented to the
quality manager of Heavy Truck Co.

The combination of the different process improvement approaches seems to work
well for Heavy Truck Co. However, even formal improvement systems and
approaches do not guarantee success, because they still require people in the
organisation who come up with creative ideas at the right moment. Creative ideas
about process improvements can lead to advantages over competitors. An example
is a recent benchmarking study, which made clear that some car manufacturers are
not only outsourcing the supply of certain products but also the assembly of those
products in the vehicles (i.e. the suppliers work partly at the site of the car
manufacturers). Soon thereafter, Heavy Truck Co found out that one of its
competitors does not only outsource the production of paint but also the process of
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spraying the paint on the trucks, which may result in cost benefits for this
competitor.

However, creativity alone is not enough, according to the management of Heavy
Truck Co. The quality manager explained that:

“The right timing is crucial to get top management support in
the first place. It is no use to start improvement initiatives in
existing processes that require a lot of investments because
top management is most likely not willing to invest too much
money in these existing processes.”

The moment when investments in new processes are considered, offers an
opportunity to get top management support for improvement initiatives, because at
such occasions these initiatives usually do not require much additional investment.

An additional problem for Heavy Truck Co is that quality and improvement
initiatives are not something that is clear-cut for everyone in the organisation.
Every manager in the organisation is different, and therefore top management
needs to instruct all these different managers about the quality initiative that it
wants to implement. Although the quality initiative is the same throughout the
organisation, it needs to be communicated differently to the different managers in
the organisation, which requires a lot of efforts. The quality manager made the
following comparison:

“Quality management systems are like a pack of flour: you
can bake many different cakes from the same pack of flour.”
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5.5.2 Improvement of Employee Knowledge and Skills

Heavy Truck Co’s efforts to improve the knowledge and skills of its employees go
back a long time. In the 1980s, the quality department at Heavy Truck Co was
mostly composed of psychologists. They focused on the softer aspects of quality
and human behaviour. These quality efforts were not very successful, because
there was not much discipline within the organisation and there was also no
commitment from top management. The quality manager pointed out that:

“Quality was seen as something that had to be done by
someone in the organisation, but the management team
should surely not do it.”

Different initiatives were developed, but they disappeared just as soon as they
came. Heavy Truck Co applied aspects of the quality thinking of Feigenbaum
(1986), and later it started working with the ideas of Crosby (1979). The quality
manager commented that:

“Quality at that time meant a lot of meetings and very few
concrete improvement projects that contributed to a healthy
business.”

Soon thereafter, Heavy Truck Co’s management started to realise that the
knowledge and expertise of the shop floor employees could be used to the benefit
of the whole organisation. Therefore, top management wanted a system with
which employees could be consulted to learn from their experiences on the work
floor. The idea of Quality Circles (see Ishikawa, 1982; 1984; 1990) was embraced
by Heavy Truck Co as an approach to involve the shop floor employees in the
organisational processes. During the 1980s, the Quality Circles had been used
throughout the organisation. At that time, Heavy Truck Co was ready for the
Quality Circles approach because it already had forms of work consultation and
meetings, which are important prerequisites for the success of Quality Circles.
Heavy Truck Co was successful with its Quality Circles approach, which resulted
in many prizes and awards from quality associations.

However, there were also risks to the Quality Circles, because some departments
in the organisation were still applying a scientific management approach (see
Taylor, 1911; Hunt, 1924). Consequently, employees in these departments are
forced into a pattern of doing what the management instructs them to do without
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thinking about it themselves. Yet, the Quality Circles allow these employees to
think for themselves for about one hour per week. The human resources manager
pointed out that:

“Employees enjoy themselves very much during that one hour
because they are able to improve things. But, the rest of the
week they still have to do what they are told to do. Employees
start to ask why they are not allowed to think for themselves
during the whole week. Therefore, they lose their enthusiasm
for the improvement projects by means of the Quality
Circles.”

Today, Heavy Truck Co still believes that shop floor employees should have an
important role in problem solving and continuous improvement activities. Over the
last couple of years, Heavy Truck Co has developed the perfect workstation
concept, which is based on the Kaizen philosophy and implies that shop floor
employees have a large influence on how to solve problems. Incidental quality
problems are addressed by means of the perfect workstation concept, because this
kind of problems is most often the result of human behaviour. The quality
manager pointed out that:

“In the past, solutions to this kind of problems were mostly
given to the shop floor employees in a top-down fashion.
Over time, we started to realise that the technical knowledge
is in the brains of the shop floor workers, instead of in the
brains of the management.”

Therefore, management now has a more facilitating role. Heavy Truck Co started
experimenting with the perfect workstation concept in 2003 and these experiments
proved to be successful. There was an 80% increase in the number of incidental
problems that could be solved as a result of these experiments.

The influence that individual employees can have on problem solving and
organisational improvements can be limited by the teams in which they operate.
For example, ten years ago, a problem with the teams (Heavy Truck Co calls them
production cells) was that the important and responsible tasks within the cell were
done by a very small number of employees. This situation was stimulated by many
managers, who found it convenient that they only had to communicate with a
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small number of employees because these employees would take care of the issues
in their cells. However, the quality manager pointed out that:

“The increased complexity of the production process can
only be addressed if all employees are able to carry out
different tasks. Trying to make all processes man independent
proved to be impossible because of the increased
complexity.”

Therefore, the quality department started to work on a world-class manufacturing
program, which aimed to make production cells more flexible by distributing the
different tasks within the cells more evenly.

In order for individual employees to be able to contribute to process
improvements, they need to have the necessary skills and experience. Heavy Truck
Co’s training program for employees consists of formal, as well as informal
training. The formal part encompasses:

= A two and a half day introduction program for new employees.

= A task manual, which is part of a decentralised introduction for new
employees at the level of their department.

= Standard training (e.g. for obtaining or renewing welding certificates and
other certificates that have to be renewed on a regular basis).

= Training for the development of employees. This contains both job related
training to improve skills, as well as non-job related training, like first aid
training.

Although Heavy Truck Co offers these forms of formal training to its employees,
most of the training within the organisation is informal training. Employees learn
different skills by observing what their colleagues are doing, and they practise
these skills when they have to replace their colleague in case of illness or holidays.

Each employee has a task book in which a record is kept of that person’s expertise,
skills (by means of a skill matrix), and instructions for his or her work activities.
The employees in a production cell are responsible for maintaining the skill
matrices. Based on an employee’s skill matrix the management decides if that
employee is allowed to perform a given task. The training needs for each
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employee are based on his or her skill matrix as well. The production manager
pointed out that:

“Only the more skilled employees are allowed to participate
in external training programs. This option is, however, not
explicitly communicated to the employees because we fear
losing our most talented employees, if they feel that they can
get a better position elsewhere because of the training
programs they took part in.”

At the corporate level, Heavy Truck Co’s owner, over the last few years, has
started to offer leadership training for managers at all levels in the organisation.
This training is not meant to teach managers the desired leadership style, but
instead it is meant to provide feedback and reflection on a manager’s leadership
style. Apart from this leadership training, Heavy Truck Co’s managers also receive
Six Sigma training, in order to be able to manage improvement projects. For
example, the human resources manager has been trained in Six Sigma and has
become a black belt in 2002. Since then, he has been involved in a number of Six
Sigma projects, which were focused on reducing illness leave, improving the
safety of work, and improving the mechanism for selecting potential employees.

Heavy Truck Co’s budgets for training and development of employees have
increased substantially over the last few years. In 2003, Heavy Truck Co had a
training budget of 1.5 million Euros and for 2004 this budget would again increase
considerably. Given the decreasing training budgets in many competing
companies, this clearly shows Heavy Truck Co’s commitment to training and
development. The human resources manager explained that:

“The world will only get more complex in the future. As a
result of that, knowledge will deteriorate much faster than it
has ever done before. To survive in this complex world,
everybody in the organisation needs to keep learning to
increase knowledge and improve skills.”
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He continued to argue that:

“The increasing complexity will make sure that people will
again become much more important in the production
process, because people are most capable to cope with
complex situations. The more complex things get, the harder
they can be solved by systems and machines.”

Despite Heavy Truck Co’s efforts to train managers and shop floor employees, the
interviewed managers were agreed that the mentality of the employees is of key
importance for the success of the organisation. The human resources manager
pointed out that:

“People who strive for a successful career are very important
for an organisation because they are willing to go that extra
mile for their employer.’

’

The interviewed managers believe that employees who are not career oriented may
find it difficult to cope with the increased complexity of today’s assembly
processes. During the last decade, Heavy Truck Co has expanded the
responsibilities of individual employees by training them for a wider range of
tasks. However, the increasing complexity of the assembly processes makes each
task more demanding. This may mean that shop floor employees should again
become specialists of just a small part of the whole assembly process (i.e. in a
Taylorian way, see Taylor, 1911; Hunt, 1924). So, even if an employee only has to
focus on a small part of the assembly process, he or she still has to be able to work
an all different types of product variants. For employees who are not career
oriented this may be all they can handle. However, this development would not be
without risks because it could stimulate employees not to think about their job
anymore, which can make them become stuck in inefficient working practices.
The production manager pointed out that:

“The trick is to use the brains of the employees in an effective
way, while at the same time splitting up the production
process in an efficient way. By doing so, the employees can
become experts in their part of the production process
without being turned into human machines.”
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The disadvantage of making employees experts on part of the assembly process is
that they will not have a good overview of the whole process anymore. This may
make it difficult for them to generate ideas about improvements that would benefit
the assembly process as a whole. The production manager explained:

“Only very few employees are really willing to take
responsibilities.”

5.5.3 Supplier Improvement

Heavy Truck Co’s supplier base has undergone major changes during the last
decade. The introduction of modular sourcing during this period has proven to be a
difficult switch for many suppliers. In 1995, Heavy Truck Co asked an automotive
research institute to undertake a country-wide study on the supplier structure in the
automotive industry. This study concluded that many automotive suppliers did not
see the trend towards modularisation of the supplies, and of the 1,400 suppliers
investigated, only around ten were found to be able to become module suppliers.
This was an alarming number for Heavy Truck Co’s management. One of the
reasons why this number was so high was the fact that in the country where Heavy
Truck Co is located many of the existing suppliers were small suppliers, which
were not able or willing to move their businesses towards higher knowledge
levels. Consequently, in subsequent years these suppliers lost Heavy Truck Co
contracts to foreign suppliers, and they became second tier suppliers (i.e. suppliers
to the module suppliers) of Heavy Truck Co. The supply chain manager pointed
out that:

“Suppliers that wanted to keep their business with us had to
increase their levels of product development, and they also
had to find ways to deliver the modules at the right time, at

’

the right place, in the right order etcetera.’

Few of Heavy Truck Co’s existing suppliers were able to adapt and become
module suppliers. Foreign suppliers turned out to be more sophisticated than
domestic ones, because they acknowledged the modularisation trend in time.
Therefore, many domestic suppliers were replaced by foreign ones. However, not
all Heavy Truck Co’s supplies could be transformed into modules. The
interviewed managers explained that there is a difference between modules and
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systems. A module is for example a light unit that is built by a supplier as a
complete unit and can be installed into the truck with relatively little effort. A
system is for example a breaking system with all the elements that are related to it.
The different components of the braking system cannot be integrated into a single
module because they have to be installed at various places in the truck. Heavy
Truck Co purchases these components as a complete system from a single
supplier. Apart from these modules and systems, today there still is a considerable
amount of the traditional single-part supplies left at Heavy Truck Co. To an extent
this is caused by the number of trucks that Heavy Truck Co sells, because module
suppliers need high production volumes to win back costs of investments and
development costs.

With the increase in outsourcing of product modules, Heavy Truck Co also has
had to modify the way it addresses quality problems at its suppliers. Currently,
Heavy Truck Co uses two strategies to cope with supplier quality issues:

1. Supplier readiness reviews. By means of these reviews, Heavy Truck Co
assesses if a supplier is capable of delivering the agreed supplies, both in
terms of volumes as well as quality. A very important aspect of these
reviews is the extent to which a supplier has control over its own supply
chain. These reviews are done by one Six Sigma black belt employee and
twelve quality assurance employees, who work for Heavy Truck Co’s
supplier department.

2. Focus on the design process. Heavy Truck Co started to realise that most
warranty issues were related to bad design, instead of production errors.
This knowledge shifted Heavy Truck Co’s supplier focus from operational
quality agreements to the quality of the design process. Heavy Truck Co’s
managers are convinced that the number of quality problems during the
lifetime of a truck can be reduced significantly if quality and reliability are
already taken into account during the design of systems and modules.
Advanced Product Quality Planning (APQP), which is part of the QS 9000
and ISO/TS 16949 quality system standards (ISO, 2002), is a structured
approach for designing quality into new systems and modules (see for
example Stamatis, 1998).
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However, the design of modules and systems is to a large extent determined by the
design of the truck itself. Therefore, it may not always be possible for suppliers to
design components in such a way that quality problems can be prevented during
the lifetime of a truck. Therefore, Heavy Truck Co has started in the last couple of
years to involve its suppliers in the development process of new truck models and
modifications in current truck models. In a joint effort between Heavy Truck Co
and its suppliers, Heavy Truck Co’s reliability demands are then translated into the
design of modules and systems. The supply chain manager commented that:

“Robust design is becoming a key issue in the discussions
with the suppliers. Focusing on the design phase of the trucks
not only increases the quality but also the efficiency of the
production processes throughout the supply chain.”

The real benefits of this approach are still some time away because of the large
time lags in truck production. Many changes and improvements can only be
applied to new or updated truck models. In most cases it is too costly to change
fundamental things on a current model. So, gradually the results of this approach
will become visible, although the number of product recalls of Heavy Truck Co
has already decreased over the last couple of years.

The suppliers that take part in the discussions around the design of new or updated
modules and systems agree with development plans, which describe critical
elements and aspects of products, including necessary quality tests. The suppliers
are asked in advance if they are able to deliver the module or system according to
the requirements of the development plan and if they are able to deliver the
module or system in the volumes that Heavy Truck Co needs. If suppliers are able
to do so, Heavy Truck Co grants them long-term (i.e. five year) contracts, which
means that the relationship between Heavy Truck Co and these suppliers changes
from a market exchange to a relational exchange (Frazier et al., 1988). Part of the
contracts is the demand that the suppliers continuously improve their processes
and that these improvements result in concrete savings. These savings are to the
benefit of Heavy Truck Co only, since the suppliers do not get a part of the
savings. Heavy Truck Co’s managers feel that such a bonus to the supplier would
increase Heavy Truck Co’s costs compared to its competitors. The supply chain
manager explained:

“Our competitors also reduce costs, so if we allow suppliers
to keep part of the savings that are achieved by them, our
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costs level would get too high over time. We cannot afford
this because the prices of trucks are constantly under

’

pressure from the transport market sector.’

The margins in the transport sector are low and therefore companies in the
transport sector put pressure on Heavy Truck Co to keep the prices of trucks as
low as possible.

Heavy Truck Co’s suppliers are successful in reducing the costs of the components
they sell to Heavy Truck Co. During the last couple of years, they have realised
yearly savings to the amount of ten million Euros. However, Heavy Truck Co does
not have a position that allows it to dictate the market, because its production
volumes are simply too low. The supply chain manager pointed out that:

“Many of our suppliers also supply the much larger
passenger car manufacturers. Therefore, we cannot demand
big reductions in the price of our supplies. If we tried to do
so, the big suppliers would just refuse to sell us their
products.”

With respect to the small suppliers, Heavy Truck Co has a much more dominant
position but using that dominance could result in the bankruptcy of many of these
small suppliers. Consequently, Heavy Truck Co has not much market power in the
supplier market, but in the case of the large suppliers Heavy Truck Co can benefit
from improvements in these suppliers’ efficiency that have been demanded by the
passenger car industry.

Over the last few years, Heavy Truck Co has started helping the smaller suppliers
with improving their processes and removing waste. In such cases, Heavy Truck
Co and suppliers cooperate in Six Sigma projects as a structured approach to work
on improvements. A recent example is a Six Sigma improvement project for the
fuel pumps of trucks. Together with its supplier, Heavy Truck Co was able to
improve these fuel pumps significantly. Heavy Truck Co also helps its suppliers
with setting up Six Sigma projects in their own organisations. In addition,
workshops and training are provided by Heavy Truck Co to suppliers that are
interested in applying Six Sigma. However, the training capacity of Heavy Truck
Co is limited because Heavy Truck Co does not have the facilities and manpower
for training large groups of people.
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The interviewed managers expect a continuation of the trend of involving
suppliers in the design process of new or modified truck types. This involvement
is taken a step further by means of Heavy Truck Co’s recently developed design
for Six Sigma program (see for example Creveling et al., 2002; Pande et al., 2004).
This program implies that Heavy Truck Co discusses the process capabilities of
processes that suppliers are offering for future supplies. These discussions take
place 1.5 to 2 years before the first production will start. The supply chain
manager explained that:

“Discussing the process capabilities of suppliers’ processes
before the first product has been produced, avoids difficulties
during the actual production process of a new truck.”

Therefore, Heavy Truck Co will use its design for Six Sigma program for all new
product development projects in the future.

Apart from these efforts to prevent quality problems at its suppliers, Heavy Truck
Co’s management feels that it also should put efforts in its capabilities to respond
to quality problems that emerge. Once a quality problem shows up during testing
or while a truck is in use by a customer, Heavy Truck Co should be able to
pinpoint the source of the problem quickly in order to come up with a solution and
to identify other trucks that may suffer from the same defect. To improve the
management of the whole production process, Heavy Truck Co’s managers feel
that they need to invest in traceability. Traceability means, on the one hand, that
all tasks that have been completed can be traced back to the individual Heavy
Truck Co employee, but, on the other hand, it also means that each component can
be traced back to a supplier. The latter aspect of traceability is currently not well
developed at Heavy Truck Co. If it turns out that a supplier has dispatched
malfunctioning parts to Heavy Truck Co, then there currently are three scenarios
that can happen:

1. If Heavy Truck Co knows the parts are broken before it uses them, they
can be kept out of the production process.

2. [If the parts have recently been used for assembly, Heavy Truck Co may be
able to pinpoint the trucks that have the faulty parts in them.

3. If the parts have been used months or even years ago, Heavy Truck Co
will have a hard time determining in which trucks they have been used.
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The final scenario is of course a worrying prospect. If Heavy Truck Co is unable
to determine the trucks that contain the faulty components, the only thing that it
can do is to recall all trucks from a certain age to the dealerships, which is very
costly and inefficient. Therefore, Heavy Truck Co is now in the process of
demanding traceability from its suppliers. Heavy Truck Co’s suppliers should
record each part that is shipped to Heavy Truck Co and attach a unique product
code to it, which Heavy Truck Co can use to record which part is used in which
truck. By doing so, a part can be traced from the final customer towards the
supplier, and the other way around.

One of the reasons why it has until now been difficult for the assembly department
to expand traceability to the suppliers is the department’s relatively isolated
position with respect to suppliers and customers. The assembly department does
not have direct contact with suppliers because the contracts for the supply of
components are negotiated by a separate purchasing department within Heavy
Truck Co’s parent organisation, with input from Heavy Truck Co’s own
procurement department. The parent’s purchasing department may have different
interests than Heavy Truck Co’s assembly department (e.g. a focus on costs
instead of traceability).

5.6 The Supplier’s Perspective

The interviews with the management of Heavy Truck Co have shown that the
importance and responsibilities of suppliers have increased. Modular sourcing of
car components has resulted in a need for more sophisticated suppliers and also in
a longer supply chain. For the quality of the final product it is essential that Heavy
Truck Co manages this supply chain to maximum effect. Apart from the view of
Heavy Truck Co’s managers on the way they manage the supply chain, it is
important to understand the perceptions of their first tier suppliers, which are the
other parties in these dyadic relationships. Therefore, this section deals with the
views of three suppliers about the changes that have taken place over the last ten
years in their relationship with Heavy Truck Co. These suppliers have been
selected by the quality manager of Heavy Truck Co on the basis of their
importance in terms of the components they supply, and on the impact these
components have on the final product.
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5.6.1 Supplier 1

Supplier 1 is a production location that belongs to a group of similar plants in
various European countries. The whole group is owned by a European investment
firm, which is mainly concerned with the financial returns of the plants and not so
much with operational processes and developments.

The products that supplier 1 manufactures are cast aluminium engine components,
mainly oil sumps. Supplier 1 has been manufacturing these oil sumps for years,
both for Heavy Truck Co and for other car and truck manufacturers. The plant is
located about 40 kilometres away from the Heavy Truck Co plant.

The oil sumps are available in few variants, which makes the production processes
quite stable. Different customers design their engines differently, and therefore the
design of the oil sumps differs per customer. However, within each engine design
the oil sumps are all identical.

One of the reasons why processes at supplier 1 have remained stable over time, is
the fact that this supplier did not make the switch towards modular assembly. The
car and truck manufacturers were looking for suppliers that would take up a larger
share of the engine assembly, but supplier 1 did not fulfil that role. Therefore,
other suppliers have taken their chance and have started assembling engine
modules for car and truck manufacturers. Consequently, the customers of supplier
1 have changed from car and truck manufacturers (during the 1990s), towards
module suppliers (since 2000). Supplier 1 has become a second or even third tier
supplier, which the quality manager of supplier 1 did not seem to regret. He
explained that:

“In most cases very little has changed. We are still making
the same supplies, but we only have to deliver them to a
different address.”

Heavy Truck Co has not made the switch towards modular sourcing of oil sumps
and related parts. The volume of supplies that Heavy Truck Co procures is such
that it is not an interesting contract for most module suppliers. Therefore, the
relation between Heavy Truck Co and supplier 1 has not changed.

In terms of quality management, supplier 1 has not many formal systems in place.
The organisation is ISO/TS 16949 certified because this is required by most
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customers. Even though Heavy Truck Co has requested supplier 1 to use Six
Sigma, it does not plan to do so. On the one hand, this is an indication of the
power that Heavy Truck Co has over this supplier, but on the other hand it also
says something about the supplier 1’s perceptions of the quality policies at car and
truck manufacturers. The quality manager of supplier 1 pointed out that:

“Customers are constantly talking about quality, while in
practice the difference in quality performance between
customers and suppliers is large.”

However, he could not present facts that support his feelings of superior quality
performance at suppliers like supplier 1. The quality maturity of supplier 1
actually appeared to be rather low. The quality manager is convinced that his
organisation constantly improves, but it is considered too much of an effort to
document improvement activities and their results. This lack of documentation
also makes it difficult to find out if an increase in the number of complaints about
defects is the result of an actual increase in the number of defects, or a result of
more critical customers. Nonetheless, the quality manager appeared to have no
doubts:

“It seems as though more mistakes are being made, but the
real cause is the fact that customers are becoming more
critical.”

However, the quality manager acknowledges that the organisation could improve
if more data were collected in a systematic way. The current approach to defects is
a clear example because it is relatively easy to conceal defects, as indicated by the
quality manager:

“When aluminium is cast, air may get trapped in the die and
result in a defect product. However, when this is found to be
the case, we can simply melt the aluminium again and reuse
it.”

Still, costs have been made for these products, so this clearly provides an
opportunity to reduce costs and improve profitability. The quality manager
acknowledges this and also feels the pressure to improve processes. Contracts
between supplier 1 and its customers usually demand supplier 1 to lower the price
of its products by a certain percentage per year. The logic behind this is that
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suppliers should improve their processes over time, and therefore their costs will
reduce. However, supplier 1 is not capable of reducing its costs to the extent that
they offset the yearly price reductions. The quality manager pointed out that:

“If at the start of the year we receive a letter from a customer
to remind us that we should lower our price with 3%, we will
typically have been able to lower our costs with 1%, so the
other 2% will reduce our profit margin.’

’

The quality manager indicated that design changes can significantly lower the
number of defects and thereby reduce costs for supplier 1. Some customers do not
allow supplier 1 to have any say in the design of the products, but Heavy Truck Co
is not one of them. Heavy Truck Co involves supplier 1 early on in the product
development process and will take supplier 1’s comments and suggestions
seriously. According to the quality manager of supplier 1, Heavy Truck Co also
sticks to a strict product planning and, consequently, will have arranged everything
before the start of production.

5.6.2 Supplier 2

Supplier 2 is an independent supplier of gears and drive shaft components. Its
most important products are gears for diesel engines, which is also what it supplies
to Heavy Truck Co. Supplier 2 has many customers in the heavy truck industry,
but gradually the importance of the passenger car industry is increasing. Supplier 2
has been active in this business for more than three decades. Most of its customers
are truck and car manufacturers but it also does some manufacturing for first tier
automotive suppliers. The plant of supplier 2 that manufactures for Heavy Truck
Co is at the same site as the headquarters of supplier 2, which is situated about 100
kilometres away from Heavy Truck Co. Apart from this plant, supplier 2 has two
more plants in another country, which makes supplier 2 a small first tier supplier.
Supplier 2 would rather become a second tier supplier because it feels that it is too
small to be a first tier supplier. However, many truck and car manufacturers still
treat gears as a standard high-volume component, which is not often integrated in
a module. So, manufacturers buy the gears directly from supplier 2.

Gears are a growth market because the trend of more powerful engines means that
belts and even chains are not strong enough to connect different parts of the drive
train. Therefore, gears are currently the only efficient solution. The heavy truck
industry has had this problem for years because of the large forces in the drive
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train. However, the passenger car industry is now also moving in this direction,
which will mean a significant increase in demand for gears.

Gears are standard products, so there is not much variety within a certain type of
gear. However, between different types of gears there are many differences
because gears for different purposes can be very different from each other. In
practice, not many different types of gears are in production at the same time,
because the nature of the products is such that they should be manufactured in
batches. To operate efficiently, supplier 2 should manufacture the gears in batches
that large compared to the demand of most customers. Therefore, supplier 2 sets
up its equipment for one product and then produces enough gears for two to three
weeks’ demand. These gears are stored in a warehouse and shipped to the
customer in small shipments. Meanwhile, the plant starts assembling gears of
another type. So, basically the production approach resembles the traditional mass
production (see Ford, 1926) with storage in warehouses. This is not in line with
the Just-In-Time principles, even though the gears are sent to the customer in
small shipments. The sales manager of supplier 2 pointed out that:

“The Just-In-Time principles are very strict at the truck and
car manufacturers, but further up the supply chain these
principles weaken significantly, because many suppliers keep
products in stock”

In terms of quality management systems, supplier 2 also relies on traditional tools
and techniques. The main quality system in use is still Statistical Process Control
(see Shewhart, 1931), and the quality manager of supplier 2 cannot see any added
value in newer systems like Six Sigma. The quality manager claimed:

“Six Sigma is exactly the same as the Statistical Process
Control of fifteen years ago.”

The plant is ISO/TS 16949 (see 1SO, 2002) and ISO 14001 (see ISO, 2004)
certified because these are standard requirements to supply car and truck
manufacturers. Other than that, the quality manager feels no need to implement
specific quality management systems. He explained that:

“If an organisation has proper management systems in place,
it should not be necessary to have separate quality
management systems as well.”
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This attitude towards quality management systems results from the belief that,
regardless of these systems, it is in the end the employee who makes the difference
between a good product and a defect product.

Nevertheless, today many customers demand from supplier 2 that it sticks to a
number of systems, like the ISO systems. Some customers even have their own
systems, and audit the processes of supplier 2 to see if they are in line with these
systems. Until now this has not been a problem for supplier 2.

Supplier 2 feels that they have to live up to increasingly tough contracts. It is
normal practice for car and truck manufacturers to demand yearly price reductions
of between 2% and 5%. However, some customers currently demand reductions of
more than 10% per year, which means a reduction of more than 40% over the
whole life cycle of a product. Consequently, supplier 2 needs to improve processes
continuously. However, the managers of supplier 2 pointed out that there can be
many reasons why the agreed price reductions should not take place, for example,
price increases of raw materials and customers that did not live up to their part of
the agreements. Yet, the trend of increasingly strict contracts continues for
supplier 2, which are not very pleasant conditions to work with.

The approach of Heavy Truck Co towards supplier 2 is completely different.
Supplier 2 has manufactured gears for Heavy Truck Co for many years, and it
regards Heavy Truck Co as an important customer. Not so much for the volume of
supplies that Heavy Truck Co procures (it is not a top-five customer in terms of
turnover), but for the way in which Heavy Truck Co allows supplier 2 to develop
and implement its expertise. Heavy Truck Co will always involve supplier 2 at an
early stage in product development projects, to hear its opinion about the
manufacturability of Heavy Truck Co’s ideas. The relationship between supplier 2
and Heavy Truck Co has been a pleasant one for many years, and supplier 2 feels
that it is treated as a trusted partner.

5.6.3 Supplier 3

Supplier 3 is specialised in hydraulic systems for various industries (e.g.
automotive, maritime and agriculture). For the truck and car industry, supplier 3
mostly assembles truck cab tilt systems and electro-hydraulic systems to operate
the roof of convertible cars.
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The plant of supplier 3 that supplies Heavy Truck Co is a production location of a
global manufacturer of tools, supplies and engineered solutions. Supplier 3 has
been operating in the automotive industry for more than three decades, and Heavy
Truck Co has been a customer from the start. The plant is located about 100
kilometres away from Heavy Truck Co. Twice per week supplier 3 ships cab tilt
systems to Heavy Truck Co, which it calls Just-In-Time delivery. These cab tilt
systems consist of cylinders, pumps, latches, hose assemblies, and some smaller
parts for installation and operations of the whole system.

The cab tilt systems are specifically designed for each truck type. A set of
technical variables determines the kind of system that is necessary. The most
important technical variables are the weight of the cab, the point of gravity, and
the positioning of the cylinders in the cab design. On the basis of these data,
supplier 3 will design a system that is capable of tilting the cab. Once the system
has been developed and tested, it is put in production. So, supplier 3 will then
assemble a whole series of identical systems for that truck type. Consequently,
product variety is very limited because the cab tilt systems only differ for different
truck types and not for each individual truck. Therefore, there is no need for
supplier 3 to deliver its systems in a specific sequence to Heavy Truck Co.

During the last couple of years, the major growth market for supplier 3 has been
the convertible passenger car market. However, during the same period of time
supplier 3 has gradually shifted from the first tier to the second tier of suppliers.
Several suppliers have transformed into specialised assemblers of convertible
roofs, and most car manufacturers make use of their expertise.

For truck manufacturers, supplier 3 is still a first tier supplier. Only two suppliers
assemble cab tilt systems, so truck manufacturers have not many options to choose
from. The specialised nature of the products, combined with few players in the
market, mean that most customers from the truck industry rely on supplier 3 for
the required knowledge about cab tilt systems. The sales manager pointed out that:

“We are typically involved in product development projects
at an early stage, because of the specific knowledge that is
necessary to develop cab tilt systems.’

’

Heavy Truck Co is a customer that makes sure that supplier 3 is involved very
early. This is appreciated by supplier 3 because it allows the engineers to develop
a good system that is not restricted by a completely finalised cab design.
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Supplier 3 applies several quality management approaches, systems and tools:
= Ttis ISO/TS 16949 certified

= It makes use of lean concepts, such as Kaizen, Just-In-Time and Kanban
(see Lu, 1989)

= It makes use of Six Sigma improvement projects

= It has established a system to trace back final products to individual
employees, as well as to its own suppliers.

An important quality management development in recent years has been the
implementation of single piece flow (see Womack and Jones, 1996). The sales
manager explained this approach:

“Currently, only one person is responsible for the whole
manufacturing process of one product, while in the past many
employees would share that responsibility.”

This approach has improved the commitment to quality in the organisation,
especially in combination with the system that enables supplier 3 to trace back
defect products to individual employees.

Most quality initiatives have been implemented because of supplier 3’s drive for
improvement. However, Six Sigma has been implemented because Heavy Truck
Co demands it.

Poor quality is costly for supplier 3 because contracts allow customers to charge
money for costs and fines. However, to reduce financial risks, supplier 3 demands
during contract negotiations that customers stick to certain rules as well. The sales
manager gave the following example:

“We demand a minimum to the volume of supplies that
customers will order from us, as well as compensation for
labour costs when our employees have to disassemble defect

’

components from trucks and install new ones.’

Supplier 3 appreciates that contracts with Heavy Truck Co are not that strict.
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5.7 Discussion of Findings

Heavy Truck Co has traditionally been an organisation that offers a large number
of product variants. However, the extent to which customers actually choose a
truck that closely matches their needs has increased over the years. Therefore,
Heavy Truck Co now assembles a wider variety of trucks than in the past.

A truck is a vehicle that is bought and operated for rational reasons. Customers
need trucks for specific tasks, and buying a truck is seen as an investment for
several years to come. Therefore, there is not much pressure from the market to
reduce the life cycles of heavy truck models. Still, regulatory changes (e.g. more
demanding emissions and safety rules) lead to shorter life cycles of Heavy Truck
Co’s truck models.

As a result of these developments, manufacturing complexity has increased at
Heavy Truck Co. To cope with this, Heavy Truck Co tries to make key processes
man independent (i.e. using poka yoke systems and automated quality checks), in
order to reduce human mistakes. However, at the same time, the role of the shop
floor employees in problem solving and improvement activities has become more
important. So, there does not appear to be a trade off between man and machine,
but instead they are complimentary to each other.

Outsourcing of production by Heavy Truck Co has increased significantly over the
last decade, and so has the role of suppliers in the design process of new products.
As an increasing share of the manufacturing and design processes are outsourced,
the influence of suppliers on the quality of the final product increases as well.
Therefore, managing the supply chain will become increasingly important. Heavy
Truck Co’s management acknowledges this, and has invested in an assessment
system (i.e. the supplier readiness reviews) that examines the extent to which
suppliers are capable of delivering components in the required quantity and
quality. Together with the shift to modular sourcing and the need to manage
second and third tier suppliers, this has meant that Heavy Truck Co’s suppliers
have had to improve their organisational capabilities. Since many of the existing
suppliers were unable to do so, the number of first tier suppliers has more than
halved over the last decade, from 900 to less than 450.

The way Heavy Truck Co looks at trucks has also changed over time. In the past
trucks were built solely for doing the tasks they were designed for, however,
gradually the comfort of the driver/operator of the truck has become more
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important. A future aim of Heavy Truck Co is to deliver trucks that have the same
high-quality finish as passenger cars. In line with this development, Heavy Truck
Co has shifted its design focus. Traditionally, Heavy Truck Co designed its trucks
for functionality, while currently suppliers are involved in the design process to
improve the quality of the final product. At the same time, regulatory demands for
lower emissions and safer trucks influence the design processes as well. However,
for the future Heavy Truck Co expects regulatory demands to have an even
stronger influence on the design processes, because legislation will demand that
manufacturers take care of recycling trucks they manufactured in the past.

The mentioned developments are summarised in table 5.3, where each row
indicates one development from past, via present, to future.

Table 5.3: Developments over time at Heavy Truck Co

Past Present Future
= Potentially many = Actually many product = Actually many product
product variants variants variants
= Long product life = Shorter product life = Shorter product life
cycles cycles because of cycles because of
regulatory demands regulatory demands
= Production and = Production to a large = Production and
development in- extent outsourced development to a large
house extent outsourced
= Rational product = Rational focus and *  Trucks will have the
focus attention to the comfort same high-quality finish
of the driver/user as passenger cars
= Design for = Design for quality = Design for recycling
functionality

The way Heavy Truck Co manages the quality of its products and processes has
changed over the years, with the following being the major changes identified:

= The design of new truck models and components used to be done
completely in-house without involvement of other parties. However, over
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time Heavy Truck Co has learnt that many quality problems resulted from
the design of its trucks. Therefore, Heavy Truck Co has started to involve
its suppliers in the design process, in order to prevent quality problems
from occurring.

In the past, Heavy Truck Co had no specific strategy for the balance
between manual labour and automation/robotics. However, as
manufacturing complexity increased, employees would regularly make the
same mistakes. Therefore, Heavy Truck Co has made many key processes
to a large extent man independent. This has reduced the number of
structural mistakes. On the other hand, the importance of the shop floor
employees has increased when it comes to problem solving and
improvement activities. The management has learnt that the shop floor
employees are much better at solving incidental quality problems because
these are usually the result of human behaviour. Consequently, both man
and machine play an important role in the management and improvement
of quality.

The complexity of the assembly process has been reduced over time by
outsourcing large parts of it to suppliers. Suppliers have switched from
manufacturing individual components to assembling complete modules,
which consist of several components. By doing so, Heavy Truck Co has,
to a large extent, shifted the responsibility for the quality of the trucks to
the suppliers, thereby reducing the risk of manufacturing errors inside the
Heavy Truck Co plant. A next step in this process will likely be that
suppliers also become responsible for installing their modules into the
trucks.

Another quality development, which is related to the previous issue, is the
assurance of the quality of procured components. In the distant past,
Heavy Truck Co employees would check all incoming supplies. Later, the
suppliers had to sign quality agreements with Heavy Truck Co, in which
they promised to deliver components of the right quality (by means of
process management and quality testing). However, Heavy Truck Co’s
management has realised that even these quality agreements are not
enough, because suppliers should also be able to deliver components in the
volumes that Heavy Truck Co needs. Therefore, Heavy Truck Co
currently undertakes supplier readiness reviews, which assess suppliers on



their flexibility to assemble components in the required quantities, while
still retaining high quality levels.

The quality improvement approach at Heavy Truck Co used to be ad hoc.
Anybody in the organisation could come up with ideas for improvements,
and the ones that the management liked would be implemented. Currently,
Heavy Truck Co is using a much more sophisticated improvement
approach, which is built upon the Six Sigma methodology. However, the
improvements realised with this approach are very much costs focused,
because all current Six Sigma projects should lead to significant costs
reductions. Future improvement projects are expected to focus more on
soft savings that can be realised by quality improvements during the
design and development stages of a truck.

Today, as well as in the past, quality defects can not always be traced back
to individual employees or shipments of supplies. Consequently, Heavy
Truck Co may have to recall a large number of trucks if one or more
trucks are found to have a structural defect. Given the consequences that a
product recall may have in terms of financial costs, as well as damage to
Heavy Truck Co’s reputation, it is important that all truck components can
be traced back to individual employees and shipments of supplies. In the
near future, Heavy Truck Co will realise such a traceability system.

Heavy Truck Co makes use of an assembly manual for each engine that is
produced. This manual contains an overview of all tasks that need to be
completed on this engine by the different production cells on the shop
floor. In the past, this manual would contain an elaborate check list with
many checks for each employee. Heavy Truck Co has found out that this
does not work well because employees will tick all boxes before they even
start working on the engine. Currently, Heavy Truck Co uses a much
shorter check list, which only contains the most relevant checks. For the
future, Heavy Truck Co wants to develop an electronic version of the
assembly manual, which will make it possible to warn employees on
digital screens if critical or exceptional tasks need to be done for this
engine. Moreover, a digital manual will allow last minute changes by the
customer, and it allows for tracking and tracing of exactly when a certain
task has been completed on the engine.
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The mentioned developments in the quality management systems are summarised
in table 5.4, where each row indicates one development from past, via present, to
future.

Table 5.4: Developments in quality management systems at Heavy Truck Co

Past

Present

Future

In-house design

No specific strategy
for balance between
man and machine

Single component
sourcing

At first inspection of
supplies, later on
quality agreements

Ad hoc improvements

Recall of all trucks
that may have a defect

Engine assembly
manual with long
check list

Supplier involvement
in design process

Processes man
independent, while
shop floor employees
are key in problem
solving and
improvements

Modular sourcing

Supplier readiness
reviews

Structured Six Sigma
approach

Recall of all trucks that
may have a defect

Engine assembly
manual with reduced
check list

Supplier involvement
in design process

Processes man
independent, while
shop floor employees
are key in problem
solving and
improvements

Suppliers assemble and
install components in
the trucks

Supplier readiness
reviews

Improvement of
designs

Traceability of tasks
and components

Electronic manual that
warns for critical tasks,
allows for last minute
changes, and enables
tracking and tracing
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5.8 Summary

This chapter has presented and discussed the case of Heavy Truck Co. First, the
relevance of this case for the two trends of increasing product variety and
shortening product life cycles has been discussed.

Relevant developments that have taken place at Heavy Truck Co over the last
decade have been described, as well as the view of three important first tier
suppliers of Heavy Truck Co.

The most important developments in the quality management systems of Heavy
Truck Co have been summarised and discussed. These form the basis of the
comparative analysis of all three cases in chapter 8, which also contains an
interpretation of the developments at the case companies from the perspective of
Simons’ four levers of control model.
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6 Case Study 2: Small Car Co

6.1 Introduction

This chapter describes case company 2, which is designated as Small Car Co. The
general characteristics of Small Car Co are presented in table 6.1. Small Car Co is
a contract manufacturer that produces cars for car manufacturers. The company is
owned by a global car manufacturer but is treated as an independent profit unit.
Small Car Co manufactures two car models, which will be referred to in this thesis
as Model One and Model Two, for two different global car manufacturers. These
two models have been introduced in 2004, so they are both at the beginning of
their life cycles. Both models share the same platform and are assembled on one
assembly line. During the early years the demand for these cars was disappointing
and as a result production numbers and the number of employees have gradually
been reduced (see table 6.1). Prior to the production of the current two car models,
Small Car Co has been assembling other cars. Some of these were for the same
brand as one of the current two models, while others were for different brands.

The methodology of the research has been described in detail in chapter 4.
Therefore, this chapter only describes the data that have been collected from the
case company by means of interviews, document study, factory tours and feedback
meetings. Table 6.2 provides an overview of all interviews and factory tours that
have taken place at Small Car Co and its suppliers. During the interviews, the
managers of Small Car Co and its suppliers have presented their views and
opinions, however, whenever possible these views have been supported by
relevant facts. Moreover, the data about Small Car Co reported in this chapter are
not just the quality manager’s views, because all issues presented have been raised
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by at least two Small Car Co managers. In addition, factory tours and document
studies have been used to support the information from the interviews. These
forms of cross examination (i.e. triangulation) of the case study are intended to
improve the reliability of the results. Direct quotes are used throughout the text to
support the statements made. If an interview has been conducted in another
language than English, the presented quotes are a translation of the original quotes,
agreed with a native English speaker who is also fluent in the language of the
interview.

Following the introduction, the relevance of the case company in relation to the
topic and aims of this research is explained. The data from the case company are
then presented to explain the relevant developments that have taken place at the
case company over the last ten years. These data are structured along the three
building blocks of quality management (i.e. customer focus, reduction of variation
in organisational processes, and continuous improvement), which have been
explained and discussed in chapter 2. Where relevant, references to available
literature are made in the case study data. Following the examination of the case
company, an examination of three of its first tier suppliers is presented. In the final
section of this chapter the findings from the entire case study are discussed and
interpreted.

The data description only contains relevant facts from the case study company and
no comparative analysis with the other case companies is undertaken at this stage
of the research (the analysis of all three cases is presented in chapter 8). The data
are also not interpreted in terms of Simons’ four levers of control model, since this
will also be dealt with in chapter 8.
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Table 6.1: Characteristics of Small Car Co

Small Car Co

Market segment

Type of production

Annual production volume

Number of different models assembled
Number of employees

Factory location

Number of first tier suppliers

Major suppliers on-site in supplier park

Small cars

Contract manufacturing
210,000'

2

4,3007

Western Europe

250

Yes

1: Has been reduced during the years 2004 and 2005 to 115,000 cars
2: Has been reduced during the years 2004 and 2005 to 3,000 employees
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Table 6.2: Interviews at Small Car Co and its suppliers

Company Interviewee(s) / Activity Date
Small Car Co Quality manager 4 March 2004
Small Car Co Plant tour 4 March 2004
Small Car Co Quality manager 14 April 2004
Small Car Co Plant tour 14 April 2004
Small Car Co Production manager 19 April 2004
Small Car Co Logistics manager 26 April 2004
Small Car Co Human resources manager 1 June 2004
Small Car Co Supply chain manager 14 July 2004
Small Car Co I(:)(l)lgil;gcrsnrarﬁlarlgaigrér 25 November 2004
Supplier 1 Quality manager 26 April 2005
Supplier 1 Plant tour 26 April 2005
Supplier 2 Quality manager; 26 April 2005
Continuous improvement manager
Supplier 2 Plant tour 26 April 2005
Supplier 3 Quality manager 14 June 2005

6.2 Relevance of Small Car Co for the Research

In this section the research context of Small Car Co is described. The extent to
which increasing product variety and shortening product life cycles play a role for
Small Car Co is discussed first. Thereafter, the importance of quality management
for Small Car Co is explained.
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6.2.1 Product Variety and Life Cycles

Small Car Co produces a large variety of cars with the current Model One and
Model Two. A total of 100,000 different variants are possible, which is much
more than for any previous car model assembled by Small Car Co. The cars can
differ from each other in many ways (e.g. chassis, power train, exterior trim,
interior trim and electrics/electronics).

Apart from the increase in product variety, life cycles of Small Car Co’s car
models are getting shorter. The production manager commented:

“Previous car models that we manufactured had a life cycle
of seven to nine years and some models even ten years, while
we expect a life cycle of only five to six years for the current
two models.”

This is in line with the general industry trend of shortening product life cycles (see
e.g. Von Corswant and Fredriksson, 2002).

These two trends present problems to Small Car Co. Increasing product variety
complicates production processes because employees need to be multi skilled,
automated systems need to become more flexible, and suppliers need to increase
their capabilities. Moreover, combining a certain set of options into one car, may
lead to unanticipated problems, like manufacturability problems and compatibility
problems of electronic components. The shortening of product life cycles means
that both quality and efficiency should be high straight from the start of the life
cycle. The production manager pointed out that:

“In today’s environment the start up of a new car model is
not acceptable anymore as an excuse for poor efficiency
performance. Directly from the start of the production of a
new car model efficiency should be constantly improved.”

This is in stark contrast to the past when Small Car Co only worried about quality
during the start up phase of a new car model. To be able to improve efficiency
from the outset, production employees are necessary to realise process
improvements in the daily process operations. However, at the same time these
employees are also necessary to facilitate the start up process. Therefore, demands
on employees are high during the start up phase.
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6.2.2 Importance of Quality Management

The interviews with Small Car Co’s managers indicated that quality management
is very important to the company, with the following being typical:
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A small defect in some part of the production process that remains
undetected for a short time, results in a large number of defect cars that
cannot be sold. Therefore, preventing quality problems avoids high
unexpected costs.

Small Car Co copes with the cyclic demand for cars by adding or standing
down production shifts. However, this leads to changes in the composition
of self-managing teams, which can impact product quality because the
employees are used to their team members and any changes in the team
affect working behaviour and work patterns.

As a result of price pressure in the market, Small Car Co has a constant
incentive to reduce costs. One way to realise this is by reducing quality
costs (see for example Dale and Plunkett, 1999; Campanella, 1999).
Several years ago it was acceptable for new car models that only 20% of
cars produced were correct when they came off the assembly line (i.e.
first-time correct). However, this means that 80% of cars produced had
flaws of some kind and therefore needed rework. Currently, Small Car Co
has set a target of 95% first-time correct after one year of production of
Model One and Model Two. This would mean a significant cost reduction
for Small Car Co. The link between quality and efficiency is considered
by the management team as the only way to excel as a plant. Efficiency is
absolutely necessary to survive, but low quality reduces efficiency because
of scrap and rework. Therefore, high quality is necessary to reduce scrap
and rework and thereby improve efficiency. This line of thinking is in
accordance with the Deming’s approach to quality management (see for
example Deming, 1982; Deming, 1986).

The application of Just-In-Time (JIT) and Just-In-Sequence (JIS) (see for
example Hay, 1988) delivery of supplies means there is no room for
quality problems because they would disturb not only the processes inside
the Small Car Co plant but also the logistics between the suppliers and
Small Car Co. If the production line in the Small Car Co plant stops, all
supplies that are on route to Small Car Co just continue normally. This



means that Small Car Co will have many supplies in transit that it cannot
use at that moment. Given that Small Car Co has eliminated its warehouse
capacity this would lead to storage problems.

= Apart from these operational consequences, stopping the production line
also has major financial consequences because of the way in which Small
Car Co gets paid for the cars it manufactures. Small Car Co gets paid a
fixed percentage of the value of every car it produces, which means that it
receives 12% to 14% of a car’s value. So, Small Car Co’s added value is
only in manufacturing and no production means no revenues. Every
minute the production line is idle, Small Car Co loses 2,000 Euros,
therefore Small Car Co acts quickly in case of problems with production.
If a supply is defective, Small Car Co immediately sends the supplier an e-
mail with photographs of the problem. At the same time Small Car Co
tries to solve the problem at its production line. The supplier has to react
immediately and has to come to the Small Car Co plant to solve the
problem. In some cases suppliers have outsourced such problem solving to
specialised local firms to normalise the situation as soon as possible.

This important role that quality management currently has at Small Car Co, is also
supported by the developments that have taken place at the quality department.
Prior to 1995 the quality function at Small Car Co had been downsized and
decentralised, so every department had its own quality function. As a result, the
authority of the quality department had diminished because line managers were
not obliged to cooperate with the quality department. However, in 2000, the
quality department has again been centralised, increasing its strategic importance
and its abilities to communicate quickly throughout the organisation about quality
problem.

During the interviews, Small Car Co’s managers indicated that the management of
quality and the speed with which that has to take place have changed tremendously
over the last ten years. In today’s environment it is not acceptable to take a long
time to solve a quality problem. Given this enormous importance of speed in
quality management, other quality tools and systems are needed. Consequently,
the tools and systems have developed rapidly in recent years. The use of
computers, online systems, simulation models etc. has increased speed
enormously, and will continue to do so in the future.
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In addition to the increased speed with which quality problems need to be solved,
the complexity of car manufacturing has increased for Small Car Co, which
compounds the difficulty in solving quality problems. The ways in which
manufacturing complexity has increased over the last decade are detailed below:
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Firstly, the complexity of the car itself has increased. The most important
factors in relation to this have been car electronics and software. This
increase in complexity is felt by many car manufacturers because of the
increase in electronics and software related quality issues, which are
responsible for a large share of today’s car defects and dissatisfied
customers (Chappell, 2005).

Secondly, the complexity of managing the supply chain has increased,
both in terms of the complexity of supplies as well as the complexity of
logistics. More production is now outsourced to suppliers than in the past
(the production time inside the Small Car Co plant has been reduced to a
mere 13 hours per car). The supplies have become larger and more
complex and suppliers are required to bear more responsibilities. At the
same time, the complexity of logistics has increased because suppliers
have moved to more distant locations (i.e. Eastern Europe, Asia) to benefit
from low wage economies. Consequently, in the case of quality problems
the response time of these suppliers is relatively long. If a defect part is
found by Small Car Co, it will probably be an indication that in the current
and future delivered batches of supplies, many more defect parts can be
expected. Moreover, it will take a long time to fix the problem and deliver
good parts to Small Car Co. The managers were agreed that this is a
serious issue, especially because many low-wage countries are relatively
unsophisticated in terms of their quality maturity.

Thirdly, the complexity of product development has increased. It was
clear to all managers interviewed that development is not anymore
something that Small Car Co can do alone. These days, car manufacturers
need to involve many suppliers and technology partners to help them with
the development of new products and accessories. Product development
has become so complex that the suppliers are the only true experts for
many car components. Car manufacturers need to rely on the knowledge
and experience of their suppliers. Product development projects quite
often involve parties from all over the world, which leads to
communication problems and time lags. So, the risk of not meeting



development deadlines is increasing because too much is not under the
direct control of the car manufacturers.

Summarising the above arguments, it can be concluded that the management and
improvement of quality is essential to Small Car Co. If quality is not under
control, Small Car Co’s operations will be in chaos and the future of the
organisation will be under threat since quality is essential to make a profit. All the
developments and issues described in this section indicate that today quality is
even more important to Small Car Co than ten years ago. Therefore, the following
sections will examine how the management and improvement of quality have
changed over the last ten years at Small Car Co in order to cope with the current
business environment.

6.3 Customer Focus

In this section Small Car Co’s focus on the customer is discussed. Relevant issues
for Small Car Co are variation in customer demand (i.e. when do they want to
have a new car?) and customer expectations (i.e. what do they expect from their
new car?). These issues are dealt with in the remainder of this section.

6.3.1 Variation in Customer Demand

Today, Small Car Co builds cars to customer order whereas it previously built
them to production plan. With the current climate of increasing product variety, it
has become impossible to build cars to plan. The variety of cars is so high that
customers are very likely to order a car that is not in stock somewhere in the
supply chain. Moreover, the shortening product life cycles of cars also makes it
more risky to build to plan.
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Building to customer order means that the production of a car will only start after a
customer places an order. However, customer demand is not stable over time,
which impacts production processes at Small Car Co. Customer demand fluctuates
for two reasons:

1. Seasonal effects result in fluctuating demand because demand for certain
types of vehicles is directly linked to certain seasons (e.g. customers only
buy convertible cars when the weather is warm). However, even for more
mainstream car models the demand is not constant because of the money
that customers have available. For example, after consumers have spent
their money on a holiday they do not have money left for a new car, which
results in low demand in the post summer period.

2. The life cycle of the car model. When a car model has just been
introduced, demand for it is high, while at the end of the life cycle it is
much lower.

To make optimal use of capital goods in such an environment of unstable demand
requires the flexible use of labour. Small Car Co switches for example from two to
three production shifts if demand increases (and from three to two again if demand
decreases). Small Car Co also has the option to let its employees work on
Saturdays, or to send its employees home a certain number of days per year
without having to pay them a salary for those days.

However, these measures are not ideal for Small Car Co. Adding or standing down
production shifts results in changes in the composition of self-managing teams,
which can impact product quality. Moreover, adding or standing down production
shifts is not enough to compensate for life cycle effects. The human resources
manager indicated that:

“At the beginning of the life cycle our employees can never
work enough hours, while at the end of the life cycle a large
number of employees could best be sent home.

2

To cope with these long term effects it would be ideal for a car manufacturer to
have a range of car models that are in a different stage of their life cycle. So, one
car model should be at the beginning, while another one should be at the end. In
such a situation high demand for one car model is offset by low demand for the
other and over time total production can be kept relatively stable.
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6.3.2 Customer Expectations

At the end of the 1980s, discussions were held at Small Car Co about the ‘person
of the future’. Small Car Co realised then that it would not be possible in the future
to serve all customers with the same mass produced car. One-on-one relations
would have to be created with customers who would by then have a strong sense
of individualism. Therefore, in those years there was already a feeling that a
variety of cars would have to be produced in the future. This was called ‘customer
oriented production’, which meant that the production planning of the build-to-
plan strategy of those days was adapted to the wishes of individual customers
(within the limits of the possibilities of processes). This customer oriented
production philosophy was never fully implemented during those years. However,
it did lead to a permanent change from past behaviour, in the sense that the
expectations of individual customers have become a more important factor for
Small Car Co.

To pay more explicit attention to customer perceptions of the cars, eight to ten cars
each day are put aside and completely checked by Small Car Co’s quality
department staff during a customer audit. No cars are disassembled during these
audits because they only serve to represent the customer’s perception of the final
product. Any flaw that is found is recorded and analysed.

During customer satisfaction tests, the car is judged from a customer perspective
to assess if the customer is likely to be satisfied with this car or not. All comments
from the customer satisfaction test are translated into checklists that will be used
during the production process to prevent problems from arising again in the future.
There are two important parts in this customer satisfaction test:

1. Technical aspects of the car.

2. The paintwork of the car.

During the development of the current Model One and Model Two, the emphasis
was not just on customer perceptions in general but more on the perceptions of
individual customers. The management of Small Car Co felt that, to fulfil
expectations of individual customers, it should be possible for consumers to highly
customise their cars. However, to keep costs down, volumes of car components
should be high, and it is obvious that these two demands are contrary to each
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other. To deal with this problem, Small Car Co ensured that some car components
were universal between all cars, while other components come in many variants.
The quality manager commented that Small Car Co’s management believes that:

“Only the visible parts of a car are important for the brand
image of that car, while the parts that are not visible to the
customer are not important for the brand image.”

So, Small Car Co aims to standardise all parts that are invisible to the customer,
while at the same time differentiate the visible parts as much as possible between
different car models.

6.4 Variation Reduction in Organisational Processes

In this section the developments that have taken place at Small Car Co to control
the organisational processes are discussed. The major factor in relation to
organisational processes is the risk of poor quality. Relevant processes for Small
Car Co are planning, production, purchasing and logistics. These issues are dealt
with in the remainder of this section.

6.4.1 Planning Processes

The importance of planning processes has increased tremendously for Small Car
Co over the last ten years. During the last decade nearly all slack has been
removed from the organisation:

= Buffers between the different parts of the production process have nearly
all been removed.

= Floor space used for warechouses has been reduced to the bare minimum.
= Many supplies are delivered in sequence and in small shipments

= Employee numbers have been reduced, and remaining employees are
required to do a wider range of tasks.
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These changes necessitate Small Car Co to precisely plan the whole production
process and everything that has an influence on it. The production manager
explained:

“If one part of the production process is stopped because of
problems, the whole plant will be running idle within ten

’

minutes because there are hardly any buffers in the system.’

The only buffer in Small Car Co’s production process, which can contain up to
500 cars, is between the paint shop and final assembly. The major reason for the
existence of this buffer is the need to plan the production process and to change
the sequence of cars in the production process. This is necessary to balance the
workload during the final assembly of the cars. Not all cars require the same
amount of work to be done during the final assembly part of the production
process. Therefore, the sequence of cars is changed in order to have a balanced
mix of labour-intensive and less labour-intensive cars in the final assembly.

Other task related reasons why planning the production process and balancing the
workload is now much more important than ten years ago, are the increased
complexity of the manufacturing process, as well as stricter legal demands and
trade union agreements. The latter mean, for example, that the amount of time an
employee can spend on any one task is restricted because of ergonomic reasons.
Depending on the task, the employees have to change their task every two or four
hours, or daily. The human resources manager explained that:

“The need for job rotation coupled with the large variety of
car models that go down the same production line, indicates
that it is difficult for employees to build up routine and
increase efficiency.”

Small Car Co has to take this into account when planning the production process.

Planning already plays a role before the actual production has started. Given the
complexities of modern car manufacturing, it is considered important to plan the
production of a car when it is still in the design phase. Therefore, design for
assembly nowadays receives much more attention than ten years ago. Car
manufacturers would in the past come up with a finalised design for a car model
and ask Small Car Co to assemble that car. However, nowadays it is common for
Small Car Co to be heavily involved in the design and development as soon as it
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has become clear that Small Car Co has to build the car model. That starts already
in an early stage around the computer models. Small Car Co will bring in its
experiences from the past because Small Car Co has learned a lot over the years
about what can go wrong in production and which are the difficult things to
manage. Engineers and designers from the car manufacturers will listen to Small
Car Co because they accept Small Car Co’s know-how of car manufacturing. Even
when new complexities are used for the first time, Small Car Co can help the
designers. For example, Small Car Co advised designers on the current trend of
mixing plastic and metal components in the exterior trim, which has an effect on
part movements since they react differently to temperature changes (e.g.
expansion).

Quality has to be built-in into product development projects. This is done for
example by having a prototype car body on which all components are installed as
for a normal car. From these tests Small Car Co can learn what needs to be
changed before the pilot series production begins. This process is done several
times and thereby provides Small Car Co with a number of improvement loops
before the actual production starts (they do two or three improvement loops within
one week). The quality manager explained that:

“We have certainly learned from the Japanese during the last
decade how to bring down the defects in a new car model
from 1,000 to 10 in a very short period of time. While
competitors regularly start normal production when there are
still hundreds of quality problems to be solved, we will have
solved the vast majority during the prototype phase.”

The best employees are involved in this testing process (not only from Small Car
Co itself but also from its suppliers) in order to find all potential problems by
means of these trials.

At the end of each trial there is a quality meeting at Small Car Co during which
checks, audits, measurements, etc. take place. Things that are still wrong have to
be improved before the next phase. If a supplier is unable to make improvements
within the set timeframe, then it has to present to senior management why the
problem is so difficult that it cannot be solved quickly. So, this is a challenging
management system because it stimulates suppliers and everyone involved to
speed up the improvement processes. Everything is very much time restricted and
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it is all very well planned. Small Car Co is working with clearly defined quality
gates to keep everything under control.

Small Car Co builds all prototypes itself so that it can identify potential problem
areas directly. These are manufactured on a regular production line that will also
be used later for the normal production. This approach brings better results than
building a prototype by hand. Moreover, it is also cheaper to do it in this way,
even when taking into account that many parts are coming from suppliers.

Once the prototype phase is finalised and normal production has started, a major
role in the planning processes is played by Small Car Co’s logistics department.
The logistics manager put it this way:

production department from external parties.’

“The major role of Small Car Co’s logistics department has
developed over the last ten years and is now to shelter the

’

There are three major external parties that can influence the production
department:

1.

The marketing and sales department of the car manufacturers for which
Small Car Co assembles cars.

The engineering department of the car manufacturers for which Small Car
Co assembles cars.

Small Car Co’s suppliers.

Each of these parties has a different influence on the production department but for
each party the logistics department has a mechanism that shelters the production
department from it. The structure is as follows:

The marketing and sales department translates customer demands into
orders for Small Car Co’s production department. To shelter the
production department from direct influence of marketing and sales in the
production process, the logistics department translates all requests from
marketing and sales into a production planning for the production
department. Marketing and sales is Small Car Co’s customer and it
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therefore determines which cars are needed. This demand for cars is the
starting point for the production planning, which is made monthly for a
year ahead. The planned sequence of cars on the production line that
results from this production planning determines the order in which
suppliers deliver their supplies to the production line. Therefore, Small
Car Co tries to stick to the production planning as much as possible to
avoid problems with supplies.

The engineering department gives engineering orders to the production
department. In practice this means that about 8,000 changes per year have
to be made by the production department and/or the suppliers to products
and processes. To shelter the production department from direct influence
of the engineers, the logistics department uses a mechanism which
introduces the many engineering changes in a planned and coordinated
way.

Small Car Co’s 250 suppliers represent all issues that happen in the supply
chain. To prevent problems in the supply chain impacting upon the
production department, the logistics department uses a mechanism to plan
and manage the flow of goods down the supply chain towards the
production line. The logistics department is responsible for ordering the
supplies and for the transport from the supplier plant to the production
line.

Being a contract manufacturer, Small Car Co has worked for different car
manufacturers. All big car manufacturers have their own planning systems and
Small Car Co has not been able to persuade them to use a common system.
Examples of the differences between planning systems are:
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One car manufacturer uses production planning cycles of four or five
weeks, while another uses full months. The problem for Small Car Co is
that it has to deal with both planning cycles at the same time.

Car manufacturers use a long string of digits to represent the specifications
of an individual car (e.g. the first digit represents the type of car, the
second digit represents the engine type, the third digit represents the
gearbox, etc.). Different car manufacturers have different ways of coding



cars by means of such strings of digits. Small Car Co needs to understand
them all and convert them to a uniform system. This is crucial because
these strings of digits are converted to a ‘bill of material’, which is
necessary to determine the supplies that will be needed for an individual
car. These bills of material are very complex and consist of approximately
40,000 lines of code per car model. Given that nearly each car has unique
specifications it is very important that the material needs are correctly
determined in advance.

6.4.2 Production Processes

Over the last ten years, robust design has become much more important. To be
able to manufacture cars that come in a total of 100,000 different variants, it is
necessary to apply robust design of production processes and products. Every part
of the production process that can be kept constant should be embedded in the
process. In particular in the physical production process, optimisation is achieved
by means of standardisation and the use of robots. No matter what type of car is
produced, there are certain aspects that always stay the same. The quality manager
gave the following example:

“There are critical connections between parts of a car that
always need to be bolted together in a certain way. We will
not deviate from these standard procedures, no matter what
our customers want.”

Over the years Small Car Co has managed to do this task well, therefore it now has
more time to focus on the changes that are caused by a specific car variant.

Small Car Co has a down-to-earth approach to the management and improvement
of quality, evidenced by the following comment from the quality manager:

“We do not have big quality programmes with fashionable
names (like Six Sigma), because we feel that we just have to
do what needs to be done, which is solving every quality

’

problem that arises.’
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However, Small Car Co does use various quality tools and techniques, although
these are seen as a normal part of the production process and are therefore not
given special labels that make them stand out from other activities. One of these
tools and techniques is a poka yoke approach (see Shingo, 1987), which makes it
nearly impossible for employees at the production line to make mistakes.
Employees who need to use multiple parts during the assembly process can
accidentally pick the wrong part. The poka yoke system employed by Small Car
Co to prevent these mistakes lights up a light next to the parts box that contains the
right part. Small Car Co also has checks and feedback loops built-in into its
production line. These checks and feedback loops are direct and fast. An example
is the tightening of certain critical bolts, which is done by one employee and
immediately checked by the next employee, who should give direct feedback in
case of problems. This approach is in line with the ‘successive inspection system’,
as developed by Shingo (1986).

The risk of poor quality has been reduced further in recent years by clearly
defining which person or department is responsible for the car at any moment
during the production process. The borders between the different parts of the
production process are called quality gates. At each gate, quality checks are done
to ensure that quality is up to standard. This makes it easier to manage the process
because it clarifies at what stage a person or department is responsible for the car.
Therefore, it is not possible anymore to avoid responsibility for errors that have
been made during the different parts of the process, which would happen regularly
in the past.

If quality problems arise in the final product, Small Car Co uses a simple four step
process to solve them:

1. Give feedback with respect to the specific problem that has been found.

2. Make sure the customers will not experience any negative effects from
this problem.

3. Solve the problem in the production line.

4. Find a structural and long-term solution to the problem.
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All quality problems that are found in the final product are reported to the
management team during daily meetings in the customer audit department. This
procedure makes sure that the responsible people feel the pressure to quickly come
up with a solution because they do not want to tell the management that they have
not been able to solve the problem. The quality manager indicated that
management wants clear answers:

“Straightaway, the responsible people should present to the
management what exactly went wrong, how this was possible,
what is done to solve the problem in the short term, and what
structural measures are taken to eliminate the problem for
the future.”

If the management is not satisfied with the way the problem has been tackled, it
demands that the responsible people explain how the problem will be solved
structurally. This is irrespective of whether the responsible people are Small Car
Co employees or employees of a supplier because in both cases management
demands that it is informed about the measures that are being taken to solve the
problem.

Despite Small Car Co’s control over the production process and over quality
issues that arise, all those managers interviewed were agreed that more is needed
to survive over the long term. Both quality and efficiency need to be at a high level
to have a future in contract manufacturing. Therefore, Small Car Co needs to
operate with at least two production shifts. Once a new car model has been
introduced to the market, Small Car Co usually moves after about half a year to
three production shifts to satisfy the demand. In the first six months of production
the line speed of the production line is gradually increased until it reaches the
maximum speed. Thereafter the third production shift is introduced and the speed
of the line can be reduced because of the extra capacity from the third shift. It is
necessary to reduce the speed of the line somewhat to allow new employees to get
used to the production process. Similarly, if Small Car Co goes back from three
production shifts to two, the two shifts have to work at first at a higher speed then
before, to make up for the lost capacity of the third shift. Once demand has fallen
further, the line speed can be reduced for the remaining two production shifts.

The first time Small Car Co went from two to three production shifts, quality
demands were compromised in order to attract sufficient new employees. On top
of that, too many employees were employed on a temporary basis (i.e. 50% of the
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employees worked on a temporary contract) and some employees left already after
a short time. This resulted in big problems for Small Car Co, threatening its
stability and causing many quality problems.

Small Car Co has learnt some important lessons from that experience. Now, when
it expands from two to three production shifts, strict quality demands are upheld
while recruiting new employees. Also the proportion of employees on a temporary
contract is not allowed to exceed 30%. However, the result of these strict demands
is that it is more difficult to attract enough new employees. The last time Small
Car Co went from two to three production shifts, it had set a target of forty new
employees per week, in order to be able to introduce them gradually into the plant
and into the autonomous groups. However, Small Car Co regularly fell short of its
weekly target because of the stricter demands it now imposes upon itself.

6.4.3 Purchasing Processes

The importance of Small Car Co’s supply chain has increased enormously over the
last ten years. The increase in outsourcing that has taken place during the last
decade means that suppliers play a major role in the quality of Small Car Co’s
cars. The quality manager claimed that:

“The quality of our cars is determined by our suppliers. In

fact, all current major quality problems with Model One and
Model Two are supplier related. There are virtually no
quality problems caused during the manufacturing process
within our own plant.”

This is a major risk for Small Car Co and it means that the quality focus needs to
shift towards the supply chain and the management of quality at the suppliers.
Moreover, Small Car Co needs to take supplier quality already into account during
product development. Product development has become so complex that the
suppliers are the only real experts for most components of a car. This is not only
true for Small Car Co because there is a general trend in the automotive industry
of knowledge moving to suppliers (The Economist, 2005). The management of
Small Car Co is aware that outsourcing large parts of the production process may
mean that Small Car Co loses expertise in certain fields. Recently the share of
electronics in the total costs of Small Car Co’s cars has risen significantly. Most of
these electronics are bought in from suppliers, which makes Small Car Co
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vulnerable to quality issues in these electronics. The logistics manager explained
that:

“The knowledge disadvantage that car manufacturers have to
suppliers in the field of electronics makes it hard for car
manufacturers to communicate with the electronics suppliers.
Therefore, it is sometimes felt that car manufacturers should
keep certain critical parts of the production process in-house
and that car manufacturers should involve themselves in new

’

developments.’

An example of the increased complexity of product development is the
development of the instrument panels of Model One and Model Two. The
development of the instrument panels involved many engineers from Small Car Co
and some 40 suppliers. In addition, the engineering was done in many different
parts of the world, while production would take place in Western Europe.
Likewise, the purchasing of all the supplies was done from two locations.
Therefore, all activities needed to be well organised in order to finish the project
before the deadline. However, every day there were communication and
interpretation problems. In the end, Small Car Co felt that the only way to solve
these problems would be to put all decision makers together in one room to
discuss the project face-to-face. Even then, it was still very difficult to have so
many different people from many different backgrounds work together in a cross-
functional and cross-organisational way on the same project.

Cross-functional teams, which are usually cross-organisational as well, have
become much more important at Small Car Co over the last decade as product
development projects have become more complex. The supply chain manager
pointed out that:

“We put lots of efforts in cross-functional teams because they
are very important in our processes. Nowadays, training
programs for employees pay serious attention to cooperation
within cross-functional teams. These teams are not only used
during product development but also during normal day-to-
day operations.”

High pressure placed upon employees in the automotive industry means that it is
important to have reliable people at different positions in the supply chain. Cross-
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functional teams should consist of people Small Car Co can rely on. Therefore,
many suppliers nowadays employ former Small Car Co people. These people
know the Small Car Co culture and can communicate well with the people at
Small Car Co.

Teams of Small Car Co employees and supplier employees are not the only way in
which Small Car Co controls its purchasing processes. Small Car Co also has strict
demands regarding the quality systems that suppliers use. These demands are not
new to Small Car Co because they have been in use for many years. However,
they are still found to be very important for controlling the quality of supplies. For
example, all suppliers need to be certified to the QS 9000 or ISO/TS 16949 quality
system standards (ISO, 2002). Even though the demand for certification has not
changed over the last ten years at Small Car Co, the ISO 9000 series of quality
system standards themselves has changed significantly (Van der Wiele et al.,
2005). Therefore, the suppliers need to change and improve in order to remain
certified. In addition to quality system standards, Small Car Co demands that
certain measurements are done by suppliers on the supplies they manufacture and
the supplier has to show the results of these measurements to Small Car Co.
Employees of Small Car Co also visit the factories of the suppliers when they are
working at normal operating speed. These measures are strict and all suppliers
need to comply with them to be allowed to work for Small Car Co.

Small Car Co acknowledges the importance of measuring the performance of its
suppliers. It uses an external balanced scorecard for this, which measures the
performance of existing suppliers on the following criteria:

= Quality
= Costs

= Delivery performance

The developments in computer technology and software that have taken place over
the last decade allow Small Car Co to measure and report these criteria on a daily
basis. So, the speed with which facts about quality are known to all parties
involved has increased enormously, as has the speed with which suppliers have to
solve defects. The supply chain manager explained that:

“The suppliers can observe their performance online and in
real-time via our supplier portal. If a supplier notices a gap
between its targets and its actual performance, it is required
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to take action immediately without waiting for us to complain
about the poor performance.”

Once a month, Small Car Co has an official formal review of the performance of
its suppliers to see if they live up to the agreed targets. However, if there are
severe problems with a supplier, Small Car Co will of course not wait until this
performance review because immediate corrective action has to be taken then.

An ongoing development in recent years is systems integration. An increasing
number of parts are sourced in complete modules instead of individual parts. As a
result of this modular sourcing trend the number of suppliers to Small Car Co has
been reduced. At the time of the study, Small Car Co used 250 suppliers but the
management expected this number to reduce in the coming years to about 150
suppliers. This development is in line with survey findings reported by Von
Corswant and Fredriksson (2002). However, there are also risks associated with
the trend of systems integration. For example, the identity and know-how of cars is
increasingly in the hands of the suppliers, while the car manufacturer has simply
become an assembler of parts into a final product. An extreme example of this is
the relationship between Small Car Co and supplier 2. Supplier 2 manufactures the
complete instrument panel for Model One and Model Two. Moreover, the
instrument panels are installed in the cars by a robot in Small Car Co’s production
line without Small Car Co employees’ involvement. The result of this form of
outsourcing is that Small Car Co has less direct control over the process, but to
compensate for this, Small Car Co is involved in the design and development
process. However for modular sourcing to be successful, two things are necessary:

1. Suppliers should be capable of delivering complete modules.

2. Small Car Co should have enough expertise (from materials to production
techniques and from mechanics to software) to judge the capability of
every key supplier to develop and produce to the required standards.

To control quality under these changed circumstances, Small Car Co demands
from its first tier suppliers that they accept the second tier suppliers that Small Car
Co prescribes. Moreover, Small Car Co will only allow a first tier supplier to
deliver a certain set of car components (i.e. the ones that are in the supplier’s field
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of expertise). This approach is necessary because some suppliers overestimate
their own capabilities. The quality manager explained that:

“In some cases suppliers offered to manage parts of our
supply chain for us but in the end they could not deliver what
they had promised, which lead to many problems.”

The management of Small Car Co also feels that suppliers which offer
manufacturers components that are new to these suppliers, present a risk for the
manufacturers. However, when it concerns the components that suppliers have
experience with, Small Car Co believes that nowadays suppliers have more
knowledge than Small Car Co.

Knowledge about supplies also plays an important role within Small Car Co
because there are large differences between the different departments. Small Car
Co’s purchasing department bears most of the responsibility for suppliers.
However, there is no strong link between the purchasing department and the final
assembly department. This leads to problems during the production process in the
Small Car Co plant. To avoid these problems the final assembly department should
be involved in the design process and in negotiations with suppliers. Therefore,
cross-functional teams are necessary to address issues from different points of
view. However, this means that people from the final assembly department should
be part of these teams, which leaves fewer production people to do the actual
assembly work. So, the final assembly department as a whole will become less
lean, while this is a very important performance criterion. However, if problems
are not addressed at an early stage, they will cause problems during the production
process and therefore lower the efficiency of the Small Car Co plant.
Consequently, there is a tension between trying to be as lean as possible, and
preventing problems during the production process that will in the end lower
efficiency.
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6.4.4 Logistic Processes

Because of the increase in outsourcing that has taken place at Small Car Co over
the last decade, logistic processes have become more important. Supplies are
increasingly assembled far away from Small Car Co’s plant and warehouses have
nearly all been closed. Therefore, logistic processes are critical to Small Car Co.

One clear threat for Small Car Co is congestion on European roads. If it becomes
more difficult for Small Car Co to have its supplies delivered on time at the plant,
processes may be disturbed with consequences for efficiency and therefore
profitability of Small Car Co. The risks of disturbances in logistic processes are
also increasing because more suppliers move further away from Small Car Co to
Eastern European countries. This fear is also felt by other car manufacturers and
suppliers who procure from Eastern Europe (Frink, 2006). This raises the question
if Small Car Co itself can remain in Western Europe. The logistics manager
commented that:

“Some of our managers believe it is not the question if our
assembly will move to a country where wages are low, rather
the question is when it will move.”

The importance of logistic processes has also changed because of the reduction in
storage space at the Small Car Co plant. At the moment Small Car Co has a
warehouse of 5,000 square metres, which is one third of what it was ten years ago.
Moreover, this warehouse is only used for the most basic high volume parts that
do not come in many variants. Components that are car-specific are not stored in
the warehouse because these are delivered Just-In-Time and directly to the
production line in the right sequence. This development drives logistics efficiency
improvements. For example, the instrument panel supplier will be informed three
hours in advance about the exact specifications of the instrument panels it needs to
deliver to Small Car Co. However, this is only possible if the supplier is situated
very near the Small Car Co plant (in the case of the instrument panels the supplier
is even situated inside the Small Car Co plant). For suppliers that have their
factories in other countries (e.g. countries where wages are low) it is not possible
for Small Car Co to order supplies several hours before they are needed. To cope
with this problem Small Car Co communicates the planned sequence of cars on its
production line to suppliers. This planning determines the order in which supplies
should be delivered to the production line and suppliers in remote countries can
determine when certain supplies are needed. By doing so, these suppliers are still
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able to deliver their supplies in sequence with the cars on Small Car Co’s
production line.

If all suppliers stick to the production planning, all components arrive at Small Car
Co’s plant at the right moment (i.e. Just-In-Time, or JIT) and in the right order (i.e.
Just-In-Sequence, or JIS). Since Small Car Co has no warehouse for JIT and JIS
supplies, these supplies are not taken out of the trucks before they are needed in
the production process. Next to the Small Car Co plant is a trailer yard, which
contains at any moment about 200 truck trailers with supplies. The logistics
manager explained that:

“The trailer yard is basically a warehouse on wheels, which
is managed by a push system (the supply from the suppliers
according to the production planning) and a pull system (the
need for supplies at our production line, which is translated
into a Kanban system). This approach requires that
everything is managed effectively otherwise the trailer yard

”»

would be in chaos.

Therefore, Small Car Co demands from its suppliers that they deliver their
supplies in the right order and in the right numbers. The packaging of the supplies
is also an important issue because many different packaging systems would make
the processes more difficult at Small Car Co. Apart from that the issue of recycling
the large amount of packaging materials plays an important role. Therefore, Small
Car Co demands from its suppliers that their packaging materials comply with the
international system that is used by Small Car Co’s owner. Another requirement to
manage this whole system of JIT and JIS supplies and the trailers in the trailer
yard is having a clear overview of what is happening at the suppliers and during
transportation. Electronic Data Interchange (EDI) plays an important role in
providing that overview. With EDI, Small Car Co knows exactly what supplies are
under way to its plant. All these developments have meant a tremendous change
from the past for Small Car Co. The current large variety of components that is
needed by Small Car Co to produce cars that closely match consumer demands,
means that storage of supplies is not possible anymore. Ten years ago, large
warehouses allowed for inefficiencies, both at Small Car Co and at its suppliers.
Today, if a component is defective, there will be no replacement available from
the warehouse, and if Small Car Co does not stick to its planning it will need
different supplies than the ones that arrive in its trailer yard. So, apart from the
increased demands on suppliers, JIT and JIS also mean that Small Car Co’s
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internal organisation should be such that it is possible to plan more than a week in
advance.

Contract manufacturers like Small Car Co have become more attractive for car
manufacturers/brand owners in recent years because of the low financial returns
that many brand owners have realised on their assembly activities. The logistics
manager explained that:

“From a shareholder value perspective one can argue that
brand owners should not do activities that add little or no
value, like manufacturing. However, outsourcing means that
relations need to be managed.”

Especially when suppliers are located in distant countries it is very important to
manage the relations and the processes. The logistics manager went on to claim
that:

“Consequently, the core business of brand owners is slowly
changing from assembling cars to controlling processes and
logistics between suppliers and the actual manufacturer.”

Outsourcing and involving suppliers more closely in the production process is a
matter of risk management for Small Car Co. All major parties (i.e. manufacturer
and suppliers) involved in car production share the risks. Consequently, some of
the suppliers may go bankrupt if they do not manage their business well enough.
Therefore, it is especially important for the suppliers to manage the sub-suppliers
very well. The supply chain manager pointed out that:

“All first tier suppliers know that we will charge them for the
costs of stopping the production line if they are to blame for
the line stoppage. However, not all second and third tier
suppliers seem to be aware of this risk and therefore may
take quality and responsiveness not as serious as they should.
However, we will always send the supplier a bill if something
goes wrong and it proves to be a result of their actions.”

This is a very transparent system because suppliers know how much it will cost if
they fail to deliver as agreed in the contracts. Still, it happens regularly that Small
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Car Co sends a bill to a supplier, which keeps the suppliers aware that they have to
deliver top quality every time. Ten years ago, Small Car Co did not have this
policy of billing suppliers for line stoppages because large warehouses provided a
buffer when things went wrong. There was ample time to solve the problem before
the stocks in the warehouses ran out.

All Small Car Co managers agreed that outsourcing requires very good preparation
in order for it to be successful. The supply chain manager argued that:

“In the past many car manufacturers were not well prepared
before they started outsourcing some parts of the production
process. Consequently, problems already started before the
start of production of a car model. Sometimes developments
just went too fast and too far, which meant that car
manufacturers had to do a step back again.”

Another reason why outsourcing sometimes failed at Small Car Co is because
suppliers promise more than they can handle. Suppliers see possibilities to grow
and develop by offering additional services in relation to logistic processes and
managing the supply chain. These services would make it easier for Small Car Co
to manage the supply chain but sometimes the supplier is just not (yet) capable
enough to deliver what has been promised.

6.5 Continuous Improvement

In this section Small Car Co’s efforts to achieve and maintain a culture of
continuous improvement are discussed, and related developments are explained.
The major factor underlying these developments has been the need to more closely
involve different parties (e.g. management, employees and suppliers) in the
process of continuous improvement. Relevant issues for Small Car Co are process
improvement, improvement of employee knowledge and skills, and supplier
improvement. These issues are dealt with in the remainder of this section.
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6.5.1 Process Improvement

In an effort to make processes more efficient and more reliable, Small Car Co has
increased automation and robotisation over the last couple of years. However, the
extent of automation that is economically feasible is limited, and as a result the
degree of automation of Small Car Co’s production process is varied. The press
shop is nearly completely automated and has very few opportunities to automate
further, since it currently employs only 150 employees in three shifts. The body
shop is about 70% automated. The paint shop is somewhat less automated because
sanding of the cars and inspections are done manually. Spray painting inside the
car is also still done manually but it will be automated soon. In final assembly the
rate of automation is still lower. The production manager explained that:

“In final assembly only 20% of the tasks are automated and
we do not see many opportunities to increase this percentage
in a cost-effective way. There are limits to automation.”

However, developments like modular sourcing allow Small Car Co to improve
efficiency in the final assembly without increasing automation. Modular sourcing
is used by Small Car Co to reduce the number of individual parts and therefore the
time needed to assemble a car.

Benchmarking is also used by Small Car Co as a way to improve its processes. For
Small Car Co employees it is quite easy to look around in other car plants because
it has links with several global car manufacturers. These car manufacturers are
willing to allow Small Car Co employees to look around in their plants. However,
it is not always of much use to look at processes in other plants. Especially during
the start up phase of a new car model, production is not at a level that can be easily
compared to other plants.

The changes in the environment that have taken place over the last decade and
with which Small Car Co has to deal mean that new ways for improvement need to
be developed. The quality manager argued that:

“More intelligent forms of quality management are needed
than the basic measure-and-improve type of management to
survive in the environment in which car manufacturers
operate.”
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Small Car Co’s management believes that improvements nowadays need to be
initiated at a very early stage, and that the organisation should go through
improvement cycles faster than in the past.

Small Car Co learned from the Japanese that it should think already about
improvements before the start-up of the production of a new car model. A frame in
the shape of the car, to which all parts will be fitted, is used before the actual
production starts. After this frame has come of the production line, it is analysed to
see what has gone wrong and what could be improved. When that is clear, all
improvements have to be made before the start of the pilot production. By doing
so, the pilot production contains few errors and other quality problems. Therefore,
only a few pilot series are necessary to remove most of the quality problems. The
production manager explained:

“This was a lesson from Japan for us. While in Europe 1,000
problems in the first production run was quite normal, the
Japanese had hardly any problems in the first production run

’

because they already eliminated them during the pilot runs.’

This example underscores the benefits that can be obtained from starting
improvement processes at an early stage.

Another important development at Small Car Co has been the increased speed
with which improvements are realised. Some years ago, Small Car Co stopped
prioritising production problems because all problems had to be solved anyway.
At first this seemed to be impossible but in the end Small Car Co managed to do it,
as explained by the quality manager:

“This is in sharp contrast with the more distant past. About

fifteen years ago a list of problems was only drawn up after
months of production. This list would subsequently be
addressed in a structured way. Now we monitor processes
constantly.”

During the start up phase of Model One and Model Two, Small Car Co sometimes
discovered and solved more than 130 problems per day. This was achieved by a
combination of Kaizen and high-speed problem solving.
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If it appears that defects are not caused by individual employees but are structural
in nature, immediate action should be taken. Small Car Co is keen on solving these
problems quickly because they can result in many defective cars rolling out of the
plant. In the past these problems could last for a relatively long time but nowadays
Small Car Co does not accept that anymore. Therefore, Small Car Co’s
management now holds a meeting every morning at 8.30hrs in which the defects
of the previous day are discussed. It is not acceptable that only the defect itself is
described because it should be solved already. So, what Small Car Co’s
management wants to hear is a description of what went wrong and how it has
been solved. This description should be given by the person who is responsible for
the problem. Small Car Co’s top management is very strict on this. The production
manager commented:

“Even if the problem has been caused by a supplier, our top
management still expects the supplier to send its responsible
person to the meeting, to explain how the problem has been
solved. The next morning top management will check if the
problem really has been solved.”

Furthermore, an analysis is done on the problem that addresses two questions:
1. Why has this problem not been identified before?
2. Why did things go wrong? (i.e. Can the process be made more robust?)

The benefit of such an approach is that it clearly signals the importance of top
quality products to everyone at Small Car Co and its suppliers. The downside is
the amount of time it consumes every day and the difficulty trying to address each
and every problem that has occurred during the previous day. To cope with this,
Small Car Co prioritises quality problems by three major criteria:

1. Isitasafety issue? (i.e. does the defect influence the safety of the car?)
2. Ifitis not a safety issue, are consumers likely to notice the defect?
3. Did the problem occur with a single car or is it structural?

On the basis of these criteria, quality problems can be ranked. The most important
ones are discussed during the daily meetings with top management, while the less
important ones are left for the operational managers to solve. However, if this does
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not lead to satisfactory results on the very short term, the responsible person will
still have to explain to Small Car Co’s top management why he cannot fix the
problem.

6.5.2 Improvement of Employee Knowledge and Skills

The demands with which Small Car Co has to comply are clear and
understandable for everybody in the organisation. The main performance
indicators for Small Car Co are delivery performance, costs and quality. Small Car
Co is treated as an independent profit unit by its owner, so to survive on the long
run quality and delivery performance should be high, while costs should be low.

A way to lower costs is by reducing the number of tasks that need to be done to
assemble a complete car because this will lead to a reduction of the time that
employees spend on a car. Automation and the use of robots are important factors
in reducing the time spent per car. However, the fieldwork indicated that labour is
not a very significant cost component for Small Car Co. The quality manager
explained that:

“Labour costs are not even a major issue for us because they
represent only 8% of the costs of a car. The amortisation of
investments in equipment is the major cost component of a

2

car.

However, at the same time the employees are very important to Small Car Co for
reaching quality and delivery performance targets. The quality manager went on to
argue that:

“Employees have to take ownership of what they do. They
should see and notice what is critical and what can be done
to improve. The employees really make a difference in
quality, both for assembly and for feedback to engineering.”

So, it is clear that the attitude of employees is very important for reaching Small
Car Co’s targets.

All Small Car Co managers were agreed that in the end it is the employee who
determines the quality of the final product. So, the challenges for Small Car Co
with respect to quality are strongly related to its employees. For example, a
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decision to move from two to three production shifts can result in lower quality
levels. Small Car Co cannot just add a third shift that consists solely of
inexperienced employees. Therefore, the existing two shifts are broken up and the
third shift is composed of a third of the employees of the first shift, a third of the
second shift, and a third new employees. Consequently, the other two shifts consist
of two thirds existing employees and one third new employees. For the existing
employees it can be demoralising to be split up and to have to work with new
employees who make mistakes because of their inexperience.

The importance of Small Car Co’s employees can also be seen from their role in
measuring the quality of the cars. Over the years, the shop floor employees have
become much more important for early detection of quality problems. Small Car
Co measures quality at four different levels:

1. At the level of an individual employee. The employees measure the
quality of their own work and if necessary they should take actions.

2. At the level of a production cell (i.e. team of employees). One employee
in a production cell has specific quality tasks, and checks the quality of the
output of the production cell.

3. At the level of the quality department (i.e. final product tests). The final
product is tested by means of snap checks. In addition, employees of the
quality department act as watchmen in the whole production process to
spot quality problems. If problems are found by the quality department the
car is disassembled to find the cause of the problem.

4. At the level of the quality department (i.e. customer audits). Every day,
eight to ten cars are checked in the customer audit department. Problems
that are found should be solved within twenty hours, to prevent the
problems from reaching the customers.

To realise improvements for the longer term it is necessary that the processes can
be traced back to the individual employee. Ten years ago Small Car Co was only
able to indicate at what stage of the production something went wrong. However,
if a defect is found and there is no way of pinpointing the employee who caused
the defect, then there is no opportunity for improvement. Therefore, today Small
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Car Co can exactly tell the moment something went wrong and, more importantly,
the employee who made the mistake. The quality manager pointed out that:

“The employees should feel ownership of the problems that
have been found. If an employee feels that he is responsible
for the part that caused the problem, then he will probably
also try to understand what exactly went wrong, to be able to
solve the problem for the future.’

>

If it is known who caused a defect then this person can receive training to improve
himself.

Small Car Co’s paint shop is an example of the usefulness of traceability. In the
past the paint shop used to cause many defects and Small Car Co had, at that time,
no means to trace back who was responsible for these defects. The standard
response from the employees in the paint shop was that the defects were caused by
the equipment. However, Small Car Co found out that the same equipment in other
car plants did not result in defects. So, the conclusion was reached that the
employees in the paint shop were causing the defects. Thereafter, Small Car Co
started to develop measurement systems and feedback loops for the paint shop.
This means that objective measurements are done and defects are reported by
management to individual employees. By doing so, Small Car Co managed to
reduce the number of defects, so this has been a successful approach. However, for
the feedback to have positive results, management has to make sure that the
feedback is fair and not meant to blame the employees but instead allow the
employees to learn from their mistakes.

Consequently, measuring objectively and giving feedback about defects to
individual employees also required changes from Small Car Co’s managers.
Therefore, they are now trained in a 1.5 year program, which focuses on:

= Defining responsibilities and dealing with them.
=  Performance measurement.
= Using facts instead of ideas and feelings.

= Problem analysis: knowing how to deal with problems and which experts
are available at Small Car Co to help solve them.
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The shift over the last couple of years towards involving employees in the
management of quality at Small Car Co has contributed to preventing defects from
showing up during inspection by quality inspectors. Still, some shop floor
employees do not always decide to notify a supervisor when they find a defect in
their work. Employees should both finish their task and check if they did it
properly, within the standard cycle time. So, if a defect is found there is not much
opportunity for the employee to correct it. The quality manager explained:

“In that case he can choose to let the car move on and hope
that the defect will not cause problems further down the
production line, or he can call a repair man to fix the

’

problem.’

Repair men are experienced employees who fix defects next to the production line.
This is of course not in line with the goal of high efficiency but the only other
option for Small Car Co would be to allow employees to stop the production line.
However, this is only possible if quality is high because otherwise it is too costly.
Stopping the production line will quickly lead to problems due to the very small
buffers. If the line is stopped, it will take only ten minutes to empty all buffers and
thereafter all employees at the production line will have no work to do. The
managers indicated that Small Car Co is not yet at a quality level for Model One
and Model Two that it can allow employees to stop the line.

If individual employees do not notice their mistakes or knowingly let them go
further down the supply chain they may be found by the employee who is
responsible for quality checks of his production cell or by an employee of the
quality department. Inspectors from the quality department use a check list that is
partly based on the issues that show up during final inspection and customer
audits. The quality inspector cannot check all issues on all cars, so he does snap
checks on the cars that are on the production line. If the quality inspector finds a
defect, he has little time to repair it because he is restricted by the cycle time.
Therefore, he has to follow the same procedure as a shop floor employee if he
cannot fix the defect within the cycle time, which means that he has to call a repair
man who will fix the defect next to the production line.
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Although the changes in the role of shop floor employees over the last decade
have been significant, the aims are still the same: low costs and high delivery
performance and quality. The human resources manager argued that:

“In effect it is all about providing the customer at the right
moment with the right product for minimal costs. Even in
today’s more complex environment with complicated
relationships which make it more difficult to manage the
whole plant, these are still the three demands with which we
have to comply.”

Nowadays, the customer side of the process has become more complex than ever
before because of the fluctuating demand for individualised products, while on the
other hand the supply side has become more complex because of the constant
pressure on suppliers to take up a larger part of the assembly process (e.g. modular
sourcing and managing their supply chain) and to reduce costs (including costs of
logistics). This development has two consequences that affect the employees at
Small Car Co:

1. The plant has to become more flexible, which means that the employees
should be organised in a different way.

2. The employees themselves should become more flexible (e.g. by working
under flexible contracts and by receiving training).

Small Car Co tries to become more flexible by adapting the extent to which it
makes use of the available operating time to external factors. There are two major
external factors that necessitate Small Car Co to be flexible:

1. Customer orders are not constant all year round.

2. The stage of the life cycle in which the car models are influences demand
(i.e. new cars attract many customer orders and dealerships are trying to
fill up their showrooms, so demand is high)

152



To be able to adapt to these two external factors, Small Car Co has in recent years
come to an agreement with its trade unions about the way it employs people. This
is the only way in which Small Car Co can adapt to fluctuations in demand
because in principle the speed of the production line will not fluctuate. The human
resources manager explained:

“We agreed with our trade unions on a flex covenant, which
is a memorandum of understanding about flexible use of
labour. The flex covenant allows us to make employees work

’

longer or shorter, depending on customer demand for cars.’
In the flex covenant, arrangements have been made for the following:
= Small Car Co is allowed to vary the length of a shift within certain limits.

= Small Car Co is allowed to send its employees home for a number of days
per year at no extra costs. The employees then have to take a day off from
their own stock of free days. This option is used mostly around Christmas
because demand for cars is then very low. Therefore, the factory is usually
closed for one or two weeks around Christmas.

= Small Car Co is allowed to ask employees to work four Saturdays per
year, without paying a high surcharge to them (however, Small Car Co
still has to pay some surcharge).

The employees of Small Car Co can understand the need for such a flex covenant
but that does not mean that they are always happy with it. However, the fact that
the employees decided to support the covenant says something about the extent to
which the environment of Small Car Co has changed because the view from the
managers interviewed is that a decade or so ago the employees would be unlikely
to agree with such measures.

Also in terms of teamwork and training, a lot has changed for the employees.
Small Car Co has organised its employees in teams already for many years.
However, the role of the teams in the organisation has become more important
over time. In the past the teams were mainly responsible for the direct assembly
work, while they now have to operate as independent units that organise and
arrange tasks among themselves (e.g. arranging a proper occupation of all tasks
within the team, quality control, arranging scrap materials etc.). There is a
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coordinator within each team who is responsible for making sure that all these
tasks are done by the team. A new task within the teams is being a tutor for new
employees, which means that existing team members have to support and guide
new team members.

Within the Small Car Co organisation there have been discussions about linking
salaries to quality performance of employees (e.g. first-time correct percentage).
However, fears have been raised that this would cause the employees to work as
an individual instead of as part of a team. It is important for Small Car Co that
employees have joy in working together with the colleagues in their team. An
atmosphere of cooperation leads to open discussions about quality problems. The
human resources manager explained that:

“In the past employees were punished for making mistakes
which caused the employees to conceal their mistakes.
Nowadays, we want to avoid such situations.’

bl

Therefore, Small Car Co wants to make teams responsible for their total
performance, instead of focusing too much on the individual performance of
employees.

Training of the employees is also arranged within their team. This does not only
mean that a team has to suggest to the management which employees need a
certain type of training, but it also means that the team is responsible for making
sure that someone else can replace an employee who is receiving training. The
human resources manager commented that:

“We have a no-nonsense policy regarding training, which
means that a training programme should be necessary for the
job that an employee has to do. However, we try to make our
employees capable of doing multiple tasks.’

’

Small Car Co has learnt over the years that it can be counterproductive to give
employees too much general training. Nowadays, Small Car Co is also paying
more attention to existing skills of people that it considers to hire as an employee.

Regarding training, Small Car Co nowadays employs an ILU training matrix. ILU

is not an abbreviation but a graphical representation of a process that adds lines
together until a box emerges (i.e. an employee starts with one line, which is the I,
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when he receives a second line the I turns into an L etc.). According to the human
resources manager, the idea behind this ILU approach is that:

“All employees should be capable of performing at least
three different tasks. When they manage to perform the first
task, they receive the 1, after the second task they receive the
L, and after the third task they receive the U. Once they are
capable of doing at least three tasks, they can make the box
complete by trying to obtain a trainer’s certificate, which

’

makes them suitable for training new employees.

The ILU training matrix is the responsibility of the teams of employees. So, the
teams have to make sure that their members are sufficiently skilled in order to
enable the team to do all necessary tasks and to have these tasks done by qualified
employees. This emphasis on training is something that has been developed at
Small Car Co only in the last couple of years. A decade ago the need for training
was much less because employees would confine themselves to a single task (or at
most a very limited number of tasks). Moreover, most tasks were more
straightforward than they are today because of the limited number of variants that
employees needed to cope with.

6.5.3 Supplier Improvement

Since Small Car Co’s performance is assessed by its owner on the basis of costs,
quality and delivery performance, Small Car Co uses the same performance
indicators towards its suppliers. In absolute terms the norms on these criteria have
become much stricter over the last decade. For example, in relation to quality, the
defects norm in defect parts per million produced (PPM) has halved in the last
couple of years. So, suppliers have to comply with increasingly tough demands
and therefore they constantly have to improve their performance. The supply chain
manager explained that:

“Suppliers need to have a mindset of continuous
improvement on all important criteria to be able to succeed.
In the automotive industry it is generally accepted that the

”»

bar is raised all the time.
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An important improvement for Small Car Co has been the modular sourcing trend.
Combining individual parts in modules reduces the number of supplies that are
needed to build a car and therefore reduces the chance of defects caused by
employees of Small Car Co. However, it means that suppliers have become
responsible for a larger part of the assembly process and, consequently, their
chance of making mistakes has only increased. This reinforces the need for
suppliers to continuously improve their performance. An example of how the
modular sourcing trend has shifted assembly work from Small Car Co to its
suppliers is the dashboard of the Model One and Model Two. In the past a
dashboard consisted of 15 parts and Small Car Co needed to add all other parts as
individual supplies. The dashboard of Model One and Model Two consists of 75
parts and can be installed as one complete module without the need for any
additional individual supplies (like steering wheel, radio, air conditioner and
pedals). The logistics manager explained:

“Modular sourcing makes production easier for us but more
complex for the supplier, which increases our risks.

i3]

The difficulty for the supplier is to build the right cockpit at the right time. The
variety of cockpits is so large that the supplier cannot build cockpits in advance
and put them into stock. Small Car Co informs the supplier about the cockpit that
is needed three hours before it should be installed in the car. So, the supplier has
only three hours to build the complete cockpit and send it to Small Car Co’s
production line.

Given the high risks of selecting the wrong supplier in an environment of modular
sourcing, the owner of Small Car Co employs purchasing specialists who are
responsible for supplier selection. These purchasing specialists are organised in
global sourcing committees for specific car parts. The owner of Small Car Co does
not allow its plants to choose suppliers single-handedly because it feels that global
sourcing committees will be of benefit to all plants. The owner of Small Car Co
has more than 100 plants worldwide and by sharing experiences with suppliers
among each other, mistakes can be prevented. A global sourcing committee keeps
track of all suppliers in the industry for one or several components, and ranks their
performance on the basis of previous experiences with these suppliers. During the
development of a new car model, a global sourcing committee will analyse the
requirements of a car part that is needed and thereafter assess which suppliers can
offer the right part with respect to specifications, quality and costs. On the basis of
this whole process, the global sourcing committee will recommend a supplier to
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the approval committee and the commodity director of Small Car Co’s owner. If
these agree with the recommended supplier, the recommendation is sent to the
purchasing manager at the plant. So, the decision making really takes place at
headquarters level for all plants that belong to the car manufacturer. Small Car Co
is only one of these and has no power to select a supplier, although an individual
plant’s purchasing manager may still request for another supplier but this request
has to be reviewed by the global sourcing committee.

The global sourcing committees do not only look for the best supplier for a car
part but also at strategic issues for the long term. This means that sometimes a
supplier may be recommended that is not the best performing supplier but still it is
recommended because the best performing supplier is growing too large. If a
supplier becomes so large that it has a monopoly on certain car parts, car
manufacturers are dependent on that supplier. The supply chain manager gave an
example:

“The German supplier Robert Bosch basically has a
monopoly on fuel injection systems. Suppliers that have a
monopoly are not very willing to reduce the prices of their
products because they know that car manufacturers have to
buy from them anyway.”

The owner of Small Car Co wants to prevent a situation similar to Bosch
developing in the future and therefore it awards contracts to suppliers who are not
the best in class if this will stimulate competition between the suppliers. The seats
in the Model One and Model Two are an example of this. The seats of the previous
car that was manufactured at Small Car Co were supplied by supplier 2, which did
a very good job. Still, the owner of Small Car Co chose to award the contract for
the seats of Model One and Model Two to supplier 3 because supplier 2 had
become too powerful in the seat market (because of acquisitions etcetera).
Supplier 3 had to set up a new plant and it had to retrain employees who were
previously manufacturing car exhausts. So, Small Car Co could expect problems
with the seats, which is also what happened. However, by allowing supplier 3 to
build up expertise in the area of seat manufacturing, the owner of Small Car Co
increased the likelihood that there will be competition in the seat market in the
future. This way of awarding contracts is normal for the owner of Small Car Co
since it happens quite often.
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Small Car Co has been trying to develop more cooperative relationships with its
suppliers over the last couple of years. However, being a part of a larger
organisation, Small Car Co has to deal with perceptions that suppliers have about
its owner. Not all parts of the whole organisation deal with suppliers in a
cooperative way. The supply chain manager explained that:

“Even though our owner explicitly aims at establishing
cooperative relationships with our suppliers, there may still
be some parts of the larger organisation that maltreat the

2

suppliers.

In general, Small Car Co’s management sees a trend from adversarial relationships
towards cooperative relationships in the automotive industry. However, it will
always remain difficult to implement a group strategy in a large organisation with
many different plants in many different countries. Each plant will interpret the
strategy in its own way and each individual will act on it in a different way. So, the
different plants are also likely to translate their demands in a different way towards
the suppliers. The supply chain manager believes that:

“As long as transparency is maintained towards suppliers,
things will turn out okay. Because manufacturers can demand
a lot from suppliers but in the end they have to be able to
offer something back otherwise the relationship will not
last.”

He went on to argue that with respect to supporting and cooperating with
suppliers, Toyota is the great example. He explained:

“Toyota is very keen on helping its suppliers to improve their

products and processes. If there are problems at one of
Toyota’s suppliers, Toyota will send some of its people there
to help solve the problems. Even if it takes a long time to
solve all the problems, Toyota will stay committed to the
supplier.”

At the same time all Small Car Co managers acknowledged that their way of
cooperating with suppliers was not at this level yet.
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6.6 The Supplier’s Perspective

The interviews with the management of Small Car Co have shown that the
importance and responsibilities of suppliers have increased. Modular sourcing of
car components has resulted in a need for more sophisticated suppliers and also in
a longer supply chain. For the quality of the final product it is essential that Small
Car Co manages this supply chain to maximum effect. Apart from the view of
Small Car Co’s managers on the way they manage the supply chain, it is important
to understand the perceptions of their first tier suppliers, which are the other
parties in these dyadic relationships. Therefore, this section deals with the views of
three suppliers about the changes that have taken place over the last ten years in
their relationship with Small Car Co. These suppliers have been selected by the
quality manager of Small Car Co on the basis of their importance in terms of the
components they supply, and on the impact these components have on the final
product.

6.6.1 Supplier 1

Supplier 1 manufactures bumpers and other plastic body parts for Small Car Co.
The complete front-end and rear-end modules of Model One and Model Two are
manufactured by this supplier. It is a first tier supplier, which has its plant situated
inside the Small Car Co plant. The modules are delivered to Small Car Co
according to the Just-In-Time principle and also in the right sequence. The
supplier 1 plant is dedicated to Small Car Co production, generating a turnover of
about 50 million Euros.

Supplier 1 is an important supplier to Small Car Co because interruptions in its
production process would have a large impact on the production process of Small
Car Co, even though the modules it assembles are used at a late stage in the
production process of Small Car Co. A second reason why supplier 1 is important
to Small Car Co is the fact that it is Small Car Co’s only supplier of the front-end
and rear-end modules. In addition, these modules are very specific to the car
models that Small Car Co assembles, so Small Car Co cannot easily switch to an
alternative supplier in case of problems.

The front-end and rear-end modules come in many variants. They are not only
available in different colours but also in many different configurations of lamps,
reflectors, grilles, strips etcetera. Many of these variants are only slightly different,
which means that employees should be alert when picking the different parts for
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each module. The variants also differ in the amount of time needed to assemble
them. However, supplier 1 has to operate its production line at the same takt time
(i.e. speed) as Small Car Co, in order for the two production lines to connect
smoothly. This means that the time per module is always the same for supplier 1,
no matter how complicated a module is. Therefore, supplier 1 should have its
processes under control and it should be able to assemble even the most
complicated module within the given takt time.

When a quality problem with a module shows up at the end of supplier 1’s
production line, there will not be enough time to assemble a new module and
deliver it in time to Small Car Co. Moreover, assembling the same module twice is
not possible in the normal production line of supplier 1, which means that the
module will have to be assembled beside the normal production line and then
brought by an employee to Small Car Co. This employee of supplier 1 will have to
find the car that is missing the module and then install it on that car. Needless to
say that such incidents disturb the production process, both at supplier 1 and at
Small Car Co. Therefore, it is of critical importance for supplier 1 to maintain very
high quality levels. If supplier 1 has a structural problem with its modules and it
causes a stoppage of Small Car Co’s production line, supplier 1 will have to pay
the bill. According to supplier 1’s quality manager this is an issue that is on top of
everybody’s mind:

“Every supplier knows that stopping Small Car Co’s
production line means that you have to pay a fine. So,
everybody wants to avoid that at all costs.”

Another reason why quality management is very important to supplier 1 is the
price pressure in the car market, which car manufacturers try to pass to their
suppliers. The margins on supplies are so small that efficiency and quality must be
excellent in order to survive. Supplier 1’s quality manager indicated that:

“Many of the quality tools and techniques that are used
nowadays were already available in the past (e.g. fishbone
diagrams, failure modes and effects analysis). However,
nowadays they are used much more seriously than in the past
and also with clear success. In the past people would also
talk about the quality tools and techniques as the latest thing
to do, while now they are to some extent integrated in the
normal management approach (e.g. design of experiments).”
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This indicates that quality is now taken more seriously than in the past. Another
change that has happened over the last 15 years is the increased loyalty between
Small Car Co and its suppliers. Suppliers need to have specific capacities in order
to be able to build modules for cars. This means that Small Car Co has become
more dependent on these module suppliers’ expertise, which has led to closer
cooperation between Small Car Co and its suppliers. Supplier 1’s quality manager
feels that at the beginning of the 1990s the owner of Small Car Co was loyal to its
suppliers but later on this loyalty has started to decrease. The owner of Small Car
Co started to focus more and more on selecting the cheapest supplier it could find,
even if this meant that it had to change suppliers frequently. However, the quality
manager notices that from the middle of the 1990s the owner of Small Car Co
seems to have become once again interested in developing partnerships with
suppliers.

6.6.2 Supplier 2

Supplier 2 manufactures the instrument panels for Small Car Co’s Model One and
Model Two. Just like supplier 1, supplier 2 is a first tier supplier, which has its
plant situated on the supplier park around the Small Car Co plant. In fact the
production line of supplier 2 is situated inside the Small Car Co plant. The
modules are delivered to Small Car Co according to the Just-In-Time principle and
also in the right sequence. The supplier 2 plant is dedicated to Small Car Co
production, generating a turnover of more than 100 million Euros.

Supplier 2 is an important supplier to Small Car Co because it is Small Car Co’s
only supplier of instrument panels. Moreover, the production line of supplier 2 is
physically connected to the production line of Small Car Co. At the point where
both production lines meet, a robot installs the completed instrument panel in the
right car. The instrument panels that supplier 2 manufactures are unique because
they include more components than usual in the automotive industry. Items such
as pedals, steering wheel and air conditioner are already part of the instrument
panel module before it is installed in the car, which is exceptional. These specific
capabilities of supplier 2 make it difficult for Small Car Co to switch, in the short
term, to a competing supplier.

Given the large number of components that are part of the instrument panel, the
number of variants is enormous. The quality manager at supplier 2 could not give
an exact number but he provided assurance that an extremely large number of
configurations are possible. The variations are in colours, materials, radio, air
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conditioner, automatic gearbox, cup holders, sports packages, wood trim etc.
These different instrument panels are all mixed up on the production line because
supplier 2 delivers them in sequence to Small Car Co.

This current situation is very different from the situation that existed several years
ago. During those years, supplier 2 was manufacturing the seats for the cars that
Small Car Co manufactured at the time. These seats came in very few variants and
therefore production was straightforward. Also in terms of quality management
things have changed drastically over the last decade. There are no warehouses
anymore with finished products, so there is no time anymore to correct mistakes.
Therefore, it is extremely important to prevent quality problems from occurring.
However, when they do occur, suppliers should have short communication lines
with key people at Small Car Co to quickly solve problems when they occur. The
quality manager of supplier 2 explained that:

“The quality of a supplier is always strongly related to the
person at Small Car Co who is made responsible for this
supplier. Small Car Co employs people who are each
responsible for one supplier. These contact persons should
identify themselves with ‘their’ supplier and regard the
performance of their supplier as their own performance. The
extent to which contact persons do this makes a big
difference for the performance of the suppliers.’

’

A good contact person knows the hierarchy at Small Car Co and can help solve
problems quickly. Therefore, suppliers are keen to have a good contact person at
Small Car Co. The quality manager of supplier 2 has been working at Small Car
Co before moving to supplier 2 and therefore he knows the people at Small Car
Co, which makes it easier to communicate.

Since it is nowadays very important for supplier 2 to focus on preventing quality
problems, appropriate checks have been integrated into the production line. As the
instrument panel moves from work station A to work station B, an employee at
work station B will first check if the person at work station A did a good job. By
doing so, mistakes and defects are found at an early stage when it is still relatively
simple (and quick) to correct them. This approach is in line with the ‘successive
inspection system’, as developed by Shingo (1986).
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In addition to preventing problems from occurring during its own assembly
process, supplier 2 has started to pay more attention to the second tier of suppliers.
Because of the large number of components in the instrument panels, supplier 2
has to deal with many second tier suppliers. Supplier 2 has made clear to second
tier suppliers that it is their responsibility to prevent and solve problems with the
supplies they dispatch, as supplier 2 does not check any incoming supplies.
Therefore, problems with supplies will only be noticed during the assembly
process of supplier 2.

To reinforce its demand for defect free supplies, supplier 2 uses similar contracts
towards second tier suppliers as Small Car Co uses towards first tier suppliers. The
quality manager commented:

“The strict contracts that are used and enforced in the
automotive supply chain ensure that every organisation is
aiming for zero defects. Everybody knows the consequences
of manufacturing defect products. This stimulates all parts of
the supply chain to continuously improve products and
processes.”

However, problems can always occur, and when they do, the responsible
organisation has to make sure that they are solved quickly. In most cases, second
tier suppliers have to solve their problems on their own, however, sometimes
supplier 2 sends an employee to suppliers to assist. It is important that the different
organisations in the supply chain exchange information, especially in relation to
defects and complaints, because of the scale on which things can go wrong. The
quality manager provided the following example:

“In the past we would have a complaint about one stitching
that was loose on a seat, while nowadays we can have 1,200
instrument panels that have been spray painted in the wrong
colour. This makes problems very complex for all parties
involved.”

So, cooperation within the supply chain and fast communication have become of
great importance in recent years.
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6.6.3 Supplier 3

Supplier 3 assembles the seats for Model One and Model Two at the supplier park
around Small Car Co. Like supplier 1 and 2, supplier 3 delivers its products in the
right sequence and Just-In-Time (JIT) to Small Car Co. Supplier 3 manufactures
and delivers the seats in sets of three (i.e. two front seats and a rear seat) to Small
Car Co. Supplier 3 is the only supplier of seats to Small Car Co, and it would not
be easy for Small Car Co to switch to another supplier in case of problems.

The variety of seats is high, coming in about thirty base variants: normal or sports
type, manual or electrical adjustments, height adjustable or not, number of