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I shall be telling this with a sigh
Somewhere ages and ages hence:
Two roads diverged in a wood, and I ­
I took the one less travelled by,
And that has made all the difference.

Robert Frost
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CHAPTER 1
Sequences of Improvement
Initiatives in Manufacturing

A central debate in manufacturing strategy theory is whether or not trade-offs
exist between different capabilities of a manufacturing system. Does a
manufacturing company have to concentrate on a few competitive priorities or
can it excel at everything it does? The notion of trade-offs was introduced by
the manufacturing strategy field's founder (Skinner, 1969; 1974) and implies
that improvement of one manufacturing capability is possible only at the
expense of others (Wheelwright, 1984).

The success of Japanese manufacturing companies has led to the notion of
trade-offs being questioned (Voss, 1995b). Compared with their competitors,
Japanese companies\ seenled to simultaneously excel at several capabilities:
quality, dependability, flexibility, variety, and cost (Clark, 1996). The success
of· Japanese conlpanies has led to the emergence of a dominant design of
manufacturing management practices (Hayes and Pisano, 1996).

Principal among those who question the notion of trade-offs are Ferdows and
De Meyer (1990). Based on how Japanese manufacturing companies build their
capabilities, Ferdows and De Meyer argue that nlanufacturing capabilities are
not the result of compromises and trade-offs but are instead built cunlulatively.
In their sandcone model, Ferdows and De Meyer suggest the sequence in which
capabilities should be built. The sequence they suggest:

Puts the quality at the base; then - while the efforts on quality improvement
continue and expand - focuses also on improving the dependability of the
production process; next, again while the previous efforts are expanded, also pays
attention to improving the reaction speed and flexibility of the production system.
It is then, while all previous efforts continue to expand, that direct attention to cost
efficiency is justified. (p. 170)

1



2 SEQUENCES IN THE PROCESS OF ADOPTING LEAN PRODUCTION

However, Ferdows and De Meyer say nothing about how the capabilities are
built. On this issue, the authors state that companies can use a multitude of
different initiatives. Neither do Ferdows and De Meyer say anything about the
sequence of the initiatives with which manufacturing capabilities are built. The
cen~ral problem examined in the present study is sequences of improvement
initiatives in manufacturing.

1.1 Implementation of Japanese Manufacturing
Management Practices

Research on sequences of improvement initiatives in manufacturing is
concerned with how manufacturing capabilities are built. The research is
therefore part of the literature on implementation of Japanese nlanufacturing
management practices. Implementation has relatively recently begun to attract
attention in literature (Storhagen, 1993). Early literature on Japanese
manufacturing management practices described the content of the practices, not
how the practices were implemented.

1.1.1 Early Literature Described the Content of Japanese
Manufacturing Management Practices

TIle first article describing Japanese manufacturing management practices in
English was written by Sugimori and colleagues (1977). The article familiarised
Western researchers with the reasons behind the success of some Japanese
companies such as Toyota Motor Corporation. It helped shift the explanation
for the success away from contextual factors, such as institutional arrangements,
wage structure, and culture, towards the manufacturing management practices
(Hayes, 1981). Since then, the literature has been replete with research on topics
related to the way Japanese companies nlanage manufacturing.

The initial literature contained descriptions of Japanese companies made both
by Japanese and Western observers. An early contribution was made by
Monden (1981a; 1981b; 1981c; 1981d) who, in a series of articles, described
Toyota Motor Corporation's production system. The articles were the
foundation for his influential book Toyota Production System (Monden, 1983),
which contained a detailed aCCOllnt of how Toyota manages its production
systenl. At about the same time Shingo (1981), one of the architects of the
Toyota production system, published a book translated into English.

Slowly Western observers began to realise that a reason behind the success of
some Japanese companies was their manufacturing management practices. An
early indication was three articles in Harvard Business Review, wllich refuted
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the idea the Japanese success was attributable to factors such as institutional
arrangements, wage structure, and culture:

• In the first article, the Japanese car-makers' success was attributed to
'superiority in the manufacturing plant, especially in their process
systenls and workforce management' (Abernathy et aI., 1981, p. 68).

• The second article concluded that the Japanese success was attributable
to the fact they have 'never stopped emphasizing the basics. To them,
every stage of the manufacturing process - fronl product design to
distribution - is equally important' (Hayes, 1981, p. 57).

• The third article concluded that the secret behind the Japanese
achievements in manufacturing was 'not cultural ideals nor government
policies nor industry structures but a very special understanding of what
it means to manage a production system' (Wheelwright, 1981, p. 68).

The first Western author who systematically analysed Japanese manufactllring
management practices was Schonberger (1982a) in his influential book
Japanese Manufacturing Techniques. He was the person who most of all
familiarised us with concepts such as "just-in-time" and "total quality control",
which he claimed were the reasons behind the Japanese success. The issue of
transferability of Japanese manufacturing management practices to the West,
was another theme in the book. Here Schonberger was optimistic and did not
see cultllral differences between countries as an impediment to the transfer.

1.1.2 Descriptions of Western Applications of Japanese
Manufacturing Management Practices

A second stream of literature contained descriptions of Japanese manufacturing
management practices applied in Western industry. Schonberger (1982a) was an
early contributor to this stream of literature with his description of Kawasaki in
Nebraska, who were working with just-in-time and total quality control. In his
second book, Schonberger (1986) described numerous U.S. companies working
with Japanese manufacturing management practices.

The transfer of Japanese manufacturing management practices was not
restricted to companies in the United States. Other early contributions to this
stream of literature contained descriptions of British companies. Turnbull
(1986; 1988) described the experiences of Lucas Electrical in working with
just-in-time. A survey made by Voss and Robinson (1987) indicated a high
level of awareness and understanding ofjust-in-time anlong British conlpanies.

Findings on actual implementation, however, produced a less favourable
picture. Few British companies were making a serious attempt to implement
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just-in-time (VOSS and Robinson, 1987). One explanation for the lack of
implementation is that although Japanese manufacturing management practices
are transferable to the West, tlley are difficult to implement (Nakane and
Hall, 1983). Indeed, not all companies in Japan have inlplenlented the practices.

The difference in mantlfacturing management practices among Japanese
companies was found in a survey of operational practice and perfomlance of
assembly plants in the world auto industry (Krafcik, 1988a). Two empirical
fil1dings were that:

• Quality and productivity performance differed among Japanese plants.

• Subsidiaries of Japanese companies had approximately the same
performance as their parents.

The conclusions, therefore, were that some manufacturing systems produce
better results than otllers and the myth of national performance could be
debunked (Krafcik, 1988b). No longer was it appropriate to discuss Japanese
nlanufacturing management practices. It was more appropriate to discuss the
Toyota production system, which Krafcik termed "lean production".

1.1.3 Consistent Terminology Is Lacking

A note on the diversity and lack of consistent terminology is appropriate before
we proceed to discuss the inlplementation literature. Several terms are used to
characterise Japanese manufacturing management practices. Some examples
are: just-in-time, world class manufacturing, time-based management, and lean
production.

The term "lean production" has been chosen in the present study. The main
reason for this choice is that the term has gained widespread attention, both in
research and in practice. The term is probably also the best suited for the
purpose of reflecting the full scope of Japanese manufacturing management
practices (Voss, 1995a). The consequence of the diversity ill terminology is tllat
different studies may use different terms for describing Japanese manufacturing
management practices. However, the difference is likely to be a nlinor problem,
since the different terms often denote similar basic components.

A note on the difference between conceptual and empirical studies is also
appropriate (Gomes and Mentzer, 1988). Conceptual studies contain
descriptions and lack empirical tests. Most research on implementation is
conceptual, suggesting how strategy should be implemented, without the
empirical evidence to support the suggestions (Skivington and Daft, 1991).
Attention is primarily devoted to studies with a basis in the empirical world.
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1.1.4 Areas Presenting a Challenge During the
Implementation of Lean Production

Turning our attention to literature on implementation of Japanese manufacturing
management practices, or lean production, we are not interested in the content
of lean production, but in how it is implemented. Implementing lean production
is a significant mallagerial challenge (Zipkin, 1991). Implementing lean
production is likely to be associated with a number of problems, issues, and
obstacles (Arogyaswarmy and Simmons, 1991). Areas that present a challenge
have been identified in the implementation literature (Young, 1992). A few
examples of challenging areas are discussed below.

Employee Involvement and Support from Unions

A challenge highlighted by different authors, is the lleed for enlployee
involvement in order to succeed with tIle implementation of lean production
(Chen, 1991). Employee involvement is, for instance, stressed by Giles and
Starkey (1988) in their account of the Japanisation of Rank Xerox. The need for
employee involvement should be no surprise, considering the emphasis put on it
in the literature on organisational change (see for instance Stjernberg, 1977).

The implenlentation of leall production can be seen as a threat by employees,
due to its radical impact on the shop floor. There is, therefore, a lleed to involve
unions in the inlplementation (Harber et aI., 1990). Proper implementation also
requires operators to perform several different jobs. In Western industry, this
often requires support from unions to overcome limitations of too narrowly
defined job specifications (Lee and Ebrahimpour, 1984; Inman and
Mehra, 1989).

Top Management Support and the Changing Role of Supervisors

The effects of lean production are not restricted to the shop floor level. Changes
need to take place at all levels of the organisation. Top management support
during implementation is therefore crucial. The need for top managenlent
support is stressed by numerous authors (see for instance Lee and
Ebrahimpour, 1984; Harber et aI., 1990; 1m and Lee, 1989).

The implementation of lean production has effects at the supervisory level
(Oliver and Davies, 1990). Organisation hierarchies are often flattened, so if
there is still a supervisory level in the organisation, its role will change. One
empirical finding is that supervisors may find thenlselves faced with
implementing decisions, but divorced from the status and authority associated
with being a manager (Lowe, 1993). In an Australian car manufacturing plant,
supervisors were more likely than operators to report stress in their work
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following the implementation of lean production (Shadur and Bamber, 1994).
Lean production placed greater demands on supervisory staff to manage more
indirect tasks than before, since the teams managed themselves.

Obsolete Management Accounting Systems

The management accounting system is a third area where difficulties are likely
to arise during the implementation of lean production. Since the publication of
the influential book with the challenging title Relevance Lost (Johnson and
Kaplan, 1987), considerable attention has been directed towards management
accounting systems' inconlpatibility with lean production. Two examples of the
incompatibility are the importance of identifying cost drivers and the need to
change performance measures. Due to its incompatibility with lean production,
the management accounting system plays an important role when implementing
lean production (Ahlstrom and Karlsson, 1996).

The implementation of lean production requires changes to the management
accounting system. The need for making changes has been known since at least
the early 1980s (see for instance Kaplan, 1983; 1984). The nature of the
changes is not obvious and is the subject of a continuing debate among
management accounting researchers. Several solutions have been suggested, for
instance activity based costing (Cooper and Kaplan, 1988) and the balanced
scorecard (Kaplan and Norton, 1992).

Performance Evaluation and Reward Systems

Related to the problem with management accounting are the performance
evaluation and reward systems (Storhagen, 1993). A recurring difficulty during
implementation is that organisations implement lean production while retaining
the old performance evaluation system (Safayeni et aI., 1991). The iinplicit and
explicit reward systems in the organisation often encourage behaviour. To
change such behaviour one needs to change the factors that feed them
(Oliver, 1990). Perfornlance evaluation and reward systems are such factors.

1.1.5 There Is a Need to Take a Systems View of Implementation

In view of the challenges associated with implementing lean production, a
crucial starting point for successful implementation is that different elements of
lean production can not be seen in isolation (Voss and Robinson, 1987;
Storhagen, 1993; Hayes et aI., 1988). The organisation structure and its
appropriateness for lean production must also be considered for successful
implementation (Safayeni and Purdy, 1991):
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Organisations cannot maintain the same structure, same habits, same performance
evaluation systems and simply add JIT to the existing practices and events in the
organisational system and expect it to work. (Safayeni et aI., 1991, p. 36)

There is a need to take a systems view of implementation. Successful
implementation of lean production requires first of all that the different
elements of lean production are implemented together. Successful
implementation also requires organisational cl1anges. Most of these changes
have long-term effects on the organisation and its surrounding environment.
Implementing lean production can therefore not be done overnight;
implementation may take several years (Lee and Ebrahimpour, 1984).

1.2 Sequences of Improvement Initiatives
in Manufacturing

We now tum to the core problem researched in the present study - sequences of
improvement initiatives in manufacturing. Improvement initiatives, to
empl1asise, refer to Japanese manufacturing mal1agemel1t practices or lean
production. The challenges facing a company implementing lean production
implies that although it is important not to implement the different elements of
lean production in isolation, the various problems that are likely to arise may
necessitate sequencing the implementation. Different elements of lean
production may tl1erefore have to be implemented one after the other.

The empirical evidence suggests that companies address implementation
sequentially. Regarding which sequence companies follow, the evidence is not
conclusive. In a survey of the implementation schedules in eleven companies, it
was difficult to identify a general implen1entation pattern (1m and Lee, 1989).
The design of 1m and Lee's study was unfortunately rather simplistic:
implementa~ion was researched through sending a four-page questionnaire to
the companies. This n1akes the results difficult to interpret.

Criticising the use of short questionnaires for researching implementation
sequences is a fair and serious criticism, if seen against the background of the
need to take a systems view of implementation (Voss and Robinson, 1987). The
problem is that collecting empirical data fron1 the whole manufacturing system
and the surrounding organisation is a major undertaking (Gomes and
Mentzer, 1988). So far, there are only three studies that adequately research
both the implementation of the different elements of lean productiol1 and their
consequence for the organisation.
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1.2.1 Reviewing Studies on Implementation Sequences

The first study taking a systems view of implementation was carried out by
Roos (1990). Roos conducted case studies in twenty-one British companies
working witl1 Japanese manufacturing managen1ent practices. Based on the case
studies, Roos presented a model of how the implementation of total quality
management is carried out.

According to Roos, it is initially necessary to change employees' attitudes to
quality, to achieve a material flow absent of non-value adding operations.
Changing attitudes to quality requires changes in management profile and
human resource practices. Managers need to be generalists instead of
specialists. Human resource practices l1eed to encon1pass for instance life tin1e
employment and equal status among different categories of employees.

Just-in-tin1e can be implemented when the material flow consists only of value
adding operations. Just-in-time denotes a material flow with deliveries in the
right time, at the right place, and in the right quantities. Just-in-time is
implemented by emphasising the group instead of the individual, through for
instance reward systems and quality circles. Implementing just-in-time also
requires activities and results to be simple and visible. Simplicity and visibility
is accomplished by techniques such as kanban and flow layouts.

A second study taking a systems view of in1plementation was carried out by
Storhagen (1993). He conducted fifty-two short case studies in Japan and three
deeper case studies in Sweden. On the issue of implementation sequences,
Storhagen suggested there is a need to start implen1enting what he termed
"process factors". The main purpose of process factors is to support continuous
improvement, change, and development. Exan1ples of process factors are job
rotation and teamwork.

After the process factors a company can implement what was termed "structural
factors" and/or "interaction factors":

• Structural factors are techniques and methods that alter the structural
features of the manufacturing system, such as layouts and set-up tin1e
reduction.

• Interaction factors increase the physical and organisational interaction
along the material flow, for instance geographical proximity and quality
certification of suppliers.

The implementation of structural and/or interaction factors does not mean the
process factors are abandoned. The process factors are supplemented with the
structural and interaction factors. The result of this implementation sequence
will be a change in the performance of the manufacttlring system.
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A third and recent contribution to the literature on sequences of improvement
initiatives in manufacturing is made by Filippini and colleagues (1998). The
authors carried out a detailed survey of 125 companies in Italy, Japan, and the
United States and analyse the sequence of the initiatives companies
implemented to improve manufacturing. The study tries in particular to
ascertain whether common sequences existed or whether each company had its
own sequence, depending on its manufacturing process and context.

A number of conclusions are drawn regarding the relationship between
manufacturing context and the sequence a company followed when improving
manufacturing. The main conclusion is that there were relationships between
the manufacturing context's complexity and improvement sequences:

• Companies operating in a context of high variety, low unitary volumes,
and on international markets, implemented all initiatives the study
considered.

• Companies with a high level of variety, but less exposed to
international conlpetition, concentrated mainly on technological
initiatives, such as design computerisation and flexible manufacturing
systems.

• Companies operating in stable conditions (little variety, high levels of
product standardisation, and long product life cycles) only launched
initiatives with the aim of cllanging the manufacturing organisation.
Examples are employee involvement and reduction of the number of
hierarchical levels.

Filippini and colleagues also found a difference between country of origin and
the sequence of initiatives. The Japanese plants in the sample were mainly
implementing all initiatives the study considered whereas the U.S. plants were
more frequently discriminating between the initiatives. Furthermore, only tell
percent of the Japanese plants implemented the more technologically-oriented
initiatives prior to those oriented more towards organisation and management.
Forty-three percent of the U.S. plants in the sample, on the other hand,
implemented the more technologically-oriented initiatives first.

Taken together, the three studies add to our knowledge of sequences of
improvement initiatives in manufacturing. Perhaps most importantly, the studies
provide support for the notion that there are sequences of improvement
initiatives in manufacturing. Regarding which sequences exist, the message
seems to be that there are various sequences. From the studies we can also
conclude tllat apart from being inlplemented one after the other, initiatives
frequently seem to be implemented in parallel.
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1.2.2 The Importance of Studying the Implementation Process

Although increasing our knowledge of sequences of improvement initiatives in
manufacturing, the three studies of the subject share one weakness: they do not
take a process view of inlplementation (Storhagen,1993; Young, 1992). A
process view implies studying implementation through longitudinal research, as
opposed to cross-sectional research (Kirrlberly, 1976). A process view of
implementation is particularly appropriate if we are to gain a better
understanding of sequences of improvement initiatives in manufacturing.
Against the need to take a process view, objections can be raised against the
research design of the three studies reviewed above.

Roos (1990) conducted a series of case studies. The primary source of data was
one visit to each company, containing interviews with between one and six
managers per company. TIle interviews were in some cases supplemented by
secondary data, such as annual reports and newspaper articles. My objection
concerns the fact this research design led to a prescriptive model for the
inlplementation process. I find it difficult to see how Roos could arrive at these
conclusions using the type of data he collected at the companies.

Storhagen (1993) based his conclusions regarding sequences on a detailed
description of the three Swedish companies, as organised at the time of the
study. Based on the extensive Japanese case material, the descriptions of the
Swedish companies were converted to an ideal picture of how the companies
would (presumably) be organised if based ill Japan. The hypothetical
descriptions were presented to the managers of the Swedish companies. The
managers' reactions on what was realistic, unrealistic, and difficult to
inlplenlent were recorded. The reactions, combined with implementation
literature, formed the basis for the conclusions. Although this is an innovative
method, I maintain that managers' reactions prior to implementation do not
accurately reflect the actual difficulties associated with implementation.

Filippini and colleagues (1998) used questionnaires to collect data, as a part of
the World class manufacturing project (Flynn et aI., 1989). In the questionnaire,
managers were asked to indicate when the company had started a particular
initiative on a pre-defined list. The strength of this research design is the
possibility of analysing sequences of improvement initiatives in many
companies with different contexts, to ascertain the influellce of context on the
sequences. The weakness of the research design is the lack of depth in the
analysis. Based on a questionnaire, it is difficult to gain knowledge of how
companies actually implement various initiatives.
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On the basis of these criticisms, I conclude that although the three studies have
taught us a great deal about sequences of improvement initiatives in
manufacturing, more remains to be learnt. If we are to learn more about
sequences of improvement initiatives in manufacturing, we need research which
takes a process view of implementation.

1.3 Sequences in the Process of Adopting
Lean Production

The present study has been designed to address this gap in k110wledge. The
discussion has so far been focused on positioning the present study on the map
of existing knowledge. We now tum to a discussion and elaboration of the
research problem. The focus is on how sequences of improvement initiatives in
manufacturing is defined and researched in the present study.

1.3.1 Sequences of Lean Production Principles

Improvement initiatives first of all need definition. The present study is part of
the literature on Japanese manufacturing management practices. Having noted
the diversity in terms used to characterise Japanese manufacturing management
practices, I have in the present study chosen the term "lean production". A
reason for this choice, to emphasise, is that the term is probably the best suited
for the purpose of reflecting the full scope of Japanese manufacturing
management practices (Voss, 1995a).

With lean production being the operationalisation of improvement initiative~,

the problem of sequences refer to the different elements of lean production. The
elements are in the present study termed "principles" (Karlsson and
Ahlstrom, 1996a). Lean production consists of several principles, each of which
is concerned with a particular aspect of the manufacturing system. The
principles are defined in Chapter Two.

The problem of sequences refers in the present study to the principles of lean
production. Sequences are the order in which the principles are implemented,
where the order underlines the relationships between the principles (Filippini
et aI., 1998). The central problem being researched in the present study,
therefore, is whether there exist any sequences of lean production principles and
what the sequences are.
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1.3.2 Implementation as a Process of Adoption

Dealing with how manufacturing capabilities are built, the present study is part
of the literature on implementation of Japanese manufacturing management
practices. Using the term "implementation" to denote how manufacturing
capabilities are built has, however, several drawbacks. Implementation is in the
present study therefore seen as a process of adoption:

The study of implementation might be called more precisely the study of the
process ofadoption. (Voss, 1988, p. 56)

Seeing implementation as a process of adoption has several benefits and
consequences. The choice of adoption entails seeing the organisation as an
organism accepting something new, in this case trying to change its way of
working in accordance with lean production principles. Inlplenlentation, on the
other hand, connotes a view of a ready-made solution being brought into the
organisation, which will either resist it or accept it. Adoption should therefore
not be seen as regarding how a particular change project can be foisted on a
system with mininlal resistance, as implied in the literature on resistance to
change (see for instance Kotter and Schlesinger, 1979).

Seeing implementation as a process of adoption emphasises the necessity of
adaptation, not just deployment or adherence to a plan (Leonard-Barton, 1991).
The choice of adoption process as opposed to implementation also emphasises
lean production's lack of a well-defined end point. Lean production points out
the direction in which the organisation intends to move and is not an answer to a
specific problem (Hayes and Pisano, 1994).

Most importantly, seeing implementation as a process of adoption entails taking
a process view of the problem of sequences. By taking a process view, the
present study seeks to make a contribution to existing knowledge. The term
"process" has been used in many ways. Van de Ven (1993) makes a distinction
between three different uses of the term "process" as:

1) A logic that explains a causal relationship between independent and
dependent variables.

2) A category of concepts or variables that refer to action of individuals or
organisations.

3) A sequence of events that describe how things change over time.

The term "process" has in the present study been used according to the third
category and the definition of process is 'progressions (the order and sequence)
of events' (Van de Ven and Poole, 1995, p. 512). The definition of the process
of adopting lean production therefore reads: the order and sequence of events as
an organisation adopts lean production.
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1.3.3 Issues in the Process of Adopting Lean Production

Adopting lean production is a significant managerial challenge (Zipkin, 1991).
Central to the management of the adoption process is the notion of issues:

In any process of change a number of substantive issues arise which require
decisions to be made by actors, either by conscious choice and negotiation or by
omission (non-decision). (Clark et aI., 1988, p. 31)

The rationale for emphasising issues is the challenge of adopting lean
production (Nakane and Hall, 1983). Should we require further evidence for the
challenge of the task, we have only to consult the extensive literature on
organisational change. With the risk of sOllnding commonplace; organisational
change is difficult (see for example Kanter et aI., 1992). A l1umber of issues are
therefore likely to arise throughout the whole process of adopting lean
production (Oliver, 1990; Arogyaswarmy and Simmons, 1991). We have
already discussed a few areas where issues may arise.

Issues are a key construct in the present study. Three characteristics of issues, as
conceived of here, need to be pointed out:

1) Issues refer to events and trends (Dutton and Dukerich, 1991).

2) Issues can emerge from the organisation's exten1al or internal
environment (Dutton and Ottensmeyer, 1987).

3) Issues are seen by managers as having a (potential) significant impact
on the adoption process (Dutton et aI., 1983).

Issues mostly concern problems and obstacles in the process of adopting lean
production. However, issues are not equal to problems, but can relate both to
threats and to opportunities (Ansoff, 1980). Managers are, on the other hand,
likely to be more sensitive to issue characteristics associated with threats thal1 to
tl10se associated with opportunities (Jackson and Dutton, 1988).

Issues reflect or indicate the effort and resources n1anagen1ent need to devote to
the adoption process. Central to managing an adoption process is to address the
issues that arise (Clark et aI., 1988). Addressing the issues is likely to require
signific~nt effort and resources from the managers responsible for the adoption
of lean production, since 'not all obstacles can be anticipated at the outset, and
problems must be worked out over time' (Brown and Mitchell, 1991, p. 915).
Adopting lean production, with the purpose of achieving lasting improvements
in manufacturing capability, therefore requires tolerance al1d patience (Ferdows
and De Meyer, 1990).

3-MIsrrom
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1.3.4 Issues and Sequences of Lean Production Principles

Issues are a clue to sequences of lean production principles. The review of
existing literature provided evidence for the existence of sequences of lean
production principles in the adoption process. Depending on the role we
acknowledge management, we obtain two reasons for the sequences:

1). Sequel1ces of lean production principles are the outcome of the inherent
logic of the adoption process. Compare this witl1 the notion of a natural
sequence in the building of manufacturing capabilities (Ferdows and
De Meyer, 1990).

2) Sequences of lean production principles are the outcome of managerial
action and decisions.

The two reasons for the existence of sequences can be seen as extreme positions
on a continuum representing the possibility actors in the adoption process have
to affect the sequences:

• Seeing the sequences as the outcome of the inherent logic of the
adoption process minimises actors' possibility to affect the sequences.

• Seeing the sequences as the outcome of managerial action and decisions
maximises actors' possibility to affect the sequences.

A third reason for the existence of sequences of lean production principles in
the adoption process can be proposed. In the present study, sequences are seen
as the outcome of a combination of the inherent logic of the adoption process
and management action and decisions. Central to this view is Cyert and March's
(1992) notion of problemistic search: 'search that is stimulated by a problem
(usually a rather specific one) and is directed toward finding a solution to that
problem' (p. 169). A second assumption is that management effort and
resources are scarce. The resources have to be devoted to various tasks, of
which the adoption of lean production is only one. Demands from other areas of
the business affect the amount of effort and resources that can be devoted to the
adoption process.

The issues that arise in the adoption process require management action (Clark
et aI., 1988). Management devotes effort and resources to the issues as they
arise. Since management effort and resources are limited, there are only a
certain number of issues that can be addressed simultaneously. There may
therefore be a need to sequence the adoption of lean production. Thus,
sequences are, if not caused by the issues that arise, at least reinforced by the
issues. With this in mind, the purpose of the present study carl be stated.
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1.3.5 Purpose and Research Design

The purpose of the present study is to determine sequences of lean
production principles through an examination of the patterns of
issues in the adoption process.

The purpose emphasises the role of issues. Issues indicate the amount of
management effort and resources devoted to the adoption of lean production
priIlciples. Issues also indicate the sequence in which the principles of lean
production are adopted. Sequences of lean production principles are, finally,
reinforced by the issues tllat arise.

A premise in the design of the study was that the criteria for a good research
design stenl from the research problem, not an ideal of perfect knowledge
(Diesing, 1991). The choice of research design is contingent both on the
problems and questions being investigated and the state of knowledge
development in the field (Pettigrew, 1990). TIle following considerations were
the basis of the research design:

• The focus in the present study was the process of adopting lean
production. The study of processes requires longitudinal research:
'techniques, methodologies and activities which permit the observation,
description and/or classification of organizational phenomena in such a
way that processes can be identified and empirically documented'
(Kimberly, 1976, p. 329).

• It is best to study change processes as they llnfold (Van de Ven, 1993).
Process studies are best initiated before tIle outcomes are known
(Van de Ven and Poole, 1990), since knowledge of outcomes can bias
the findings of a study (Staw, 1975). The nl0st significant limitation of
retrospective research is the difficulty of determining cause and effect
from reconstructed events (Leonard-Barton, 1990).

• A nlanagerial perspective was chosen in studying the adoption process,
since the purpose of the study in one respect regarded how to manage
the adoption process: 'if the purpose of a study is to understand how to
manage the formulation or implementation of an organizational
strategy, it will be necessary for researchers to place themselves into the
manager's temporal and contextual frames of reference'
(Van de Ven, 1993, p. 319). Although placing oneself within a
manager's frame of reference is likely to be difficult, and reconstruction
is still likely to be made, taking a managerial perspective is to be
differentiated from taking the perspective of other parties in the
adoption process.
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• Longitudinal studies of the types of changes the present study is
concerned with are rare. The lack of studies is particularly pronounced
if we consider studies carried out as the changes unfold. Since the
current state of knowledge of the subject of interest is not well
developed, the present study has an exploratory character.

These four considerations led to the choice of the clinical methodology, whose
main characteristic is that researchers participate in and study organisational
change from within the organisation (Stymne, 1970). The clinical methodology
allows the researcher to follow an adoption process as it unfolds. This meets the
criteria of studying the process longitudinally and in real-time. Being aligned
with the management of an organisation, the researcher can easier assume a
managerial perspective. The closeness to data achieved through spending a
significant amount of time in an organisation, finally, facilitates theory building
for exploratory purposes.

Given the considerable time needed to study the process of adopting lean
production, I decided to use one deep case study. The study was carried out in
Office Machines - the fictitious name of a company adopting lean production.
The study spans a period of two and a half years, with 130 days in total of
participation in the daily activities at various levels at the con1pany. Data
collection mainly took place through participant observation, which was
supplemented by interviews and studies of documents.

1.3.6 A Road Map to the Study

Having introduced the background to and purpose of the present study, I now
proceed to give a road map to the study, see Figure 1.1. The study contains four
different parts, indicated at the top of Figure 1.1. The relationships between the
chapters are indicated by the arrows.

Setting the scene

Chapter 1
Sequences of

Improvement Initiatives
in Manufacturing

Chapter 3
Collecting and Analysing
Data from the Adoption

Process

Presentation ofthe
empirical data

Analysis Synthesis and conclusions

Chapter 8
Sequences in the

Process of Adopting
Lean ProductIOn

Figure 1.1 Road Map to the Study
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The scene is set in the study's first part. Setting the scene is done through an
introduction of the background to the research question and the tools used to
carry out the research. Having defined the purpose of the study in the present
chapter, the lean production framework is defined in Chapter Two. The lean
production framework was crucial for the inquiry and was first of all used for
data collection, which is the topic of Chapter Three. The chapter starts with a
discussion of the nature, strengths, and weaknesses of the chosen research
design and methods. It then proceeds to a discussion of how the analysis was
conducted and the plausibility of the analysis.

The empirical data is introduced in the study's second part. Chapter Four starts
with a general background to Office Machines, followed by an elaboration of
why the company decided to adopt lean production. The main part of the
chapter contains a presentation of the content of the adoption process: the
actions taken to change the organisation according to lean production
principles.

The analysis of the adoption process at Office Machines is the third part of tIle
study. The analysis starts in Chapter Five, with an examination of the patterns
of issues in the adoption process, with the ainl of determining the major
influences on the patterns. The relationships between the different lean
production principles in the adoptioll process is the topic of Chapter Six.
Determining the relationships between lean production principles is an
important step in the ptlrsuit of the final aim of the study - sequences of lean
production principles.

The findings of the analysis are taken to a higher level of abstraction in the final
part of the study. The findings are in Chapter Seven synthesised using
operations management literature. The aim is to increase the generality of the
findings by explaining why the sequellces arose. The conclusions from the
synthesis are, in Chapter Eight, compared with the existing studies of sequences
of improvement initiatives in manufacturing. The comparison helps define the
present study's contribution to existing knowledge. A sunlmary of the
conclusions and suggestions for lllture research ends the study.





CHAPTER 2
AFramework for Lean Production

With the purpose of studying the process of adopting lean production,
a framework for the inquiry is needed. A framework 'explains, either
graphically or in a narrative form, the nlain dinlensions to be studied'
(Miles and Huberman, 1984, p. 28). The framework of the present
study contains the definition of lean production and was used to both
collect and analyse data from the adoption process. This chapter
makes a relatively detailed definition of lean production, which is
necessary since lean production has been interpreted in many ways.

2.1 Lean Production
The term "lean production" was first introduced by Krafcik (1988b). However,
it was through the bestseller The Machine that Changed the World (Womack
et aI., t"990), the lean production concept gained widespread attention. One
consequence of the concept's popularity is that there exist several
interpretations of what lean production encompasses.

The usage of the term "lean" has also been extended to other meanings.
Womack and Jones (1994) use the term "the lean enterprise" to characterise a
group 'of companies. Others use the term "lean managenlent" to denote general
aspects of management (I-linterhuber, 1994; Shadur and Bamber, 1994). Finally,
the term "lean thinking" has been used to denote several aspects of
organisational life (Womack and Jones, 1996).

As a consequence of this diversity in terminology, there is a need to make an
explicit definition of lean production, see Figure 2.1. In making the definition,
the starting point is the framework presented by Womack and colleagues
(1990), which has been synthesised and further developed by Karlsson (1992).

19
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Lean Production
Lean + Lean + Lean + Lean = Lean

Development Procurement Manufacturing Distribution Enterprise

I Supplier involvement I Elimination of waste Lean buffers Global

Cross-functional teams I Zero defects I Customer involvement Network

Simultaneous I Pull instead of push I Aggressive marketing Knowledge structuresengineering

Integration instead Supplier hierarchies Multifunctional teams
ofco-ordination

Larger subsystems Decentralised

Strategic management from fewer suppliers responsibilities

Vertical information
Black box engineering systems

Continuous
improvement

Figure 2.1 Lean Production

Although lean production spans several functional areas, as seen in Figure 2.1,
the present study focuses on manufacturing. The study took place in a company
working with the entire lean production framework, but longitudinal data were
collected predonlinantly within manufacturing. Data from product development,
procurement, and distribution were collected through snapshots at different
points in time. Contributing to the decision to focus the present study on
manufacturing is also that implementation issues in lean product development
have been described separately (Karlsson and Ahlstrom, 1996b; 1997).

The decision to focus on manufacturing inlplies that changes within nUlctiollS
outside mallufacturing were not dealt with in-depth in the present study.
Functions outside manufacturing were, 110wever, considered when they affected
the adoption process within manufacturing. Recall that a prerequisite for
successful adoption of lean production is to consider the required organisational
changes. Functions outside manufacturing were, therefore, considered when
they affected the adoption process within manufacturing.

Only the content of the manufacturing part of the lean production framework in
Figure 2.1 will be developed. When developing the content of lean production,
a distinction is made between principles and practices:

• Lean production consists of a number ofprinciples. Each principle is
concerned with a particular aspect of the manufacturing system. In
Figure 2.1, the principles are Elinlination of waste, Zero defects, Pull
instead of push and so on. The principles are the lean production
concept's building blocks. The question being researched in the present
study is whether there exists any sequences of lean production
principles in the adoption process and what the sequences are.
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• The principles consist ofa set ofpractices. Practices are the activities
undertaken to change the organisation in order to achieve the desired
performance (Dean and Bowen, 1994). The ultimate goal of adopting
lean production is to enhance performance, for instance increase
productivity, enhance quality, shorten lead times, and reduce costs.
There is thus a distinction .between the practice and the performance of
a lean production system (Voss et aI., 1995).

In developing the content of the lean production franlework, it is the practices
that need description. When describing lean production practices in more detail,
Weick's (1979) cllaracterisation of social theories has been kept in mind: it is
impossible for a framework to simultaneously be general, accurate, and simple.
The three dimensions are always in conflict with each other. I 11ave chosen to
make a definition of lean production that is general and simple. The accuracy of
the definition has to some extent been sacrificed. This means I do not go into
detail on the specific nature of the techniques associated with lean production
practices (Dean and Bowen, 1994).

2.2 Elimination of Waste
Lean production's perhaps most distinguishing principle is the relentless pllrsuit
of waste - everything that does not add value to the product (Monden, 1983).
The customer is not willing to pay for waste and it should therefore be
eliminated. Due to the lack of resources in Japan when Toyota Motor
Corporation developed their production system, following the Second World
War, eliminating waste was a necessary prerequisite of the production system
(Schonberger, 1982b).

The principle of eliminating waste in the production system is not new. Taylor
(1911), the founder of scientific management, paid attention to the importance
of eliminating waste. However, for Taylor the greatest source of waste was the
'ill-directed movements of men' (p. 5). In lean production, waste is not limited
to the movements of men. This difference has profound implications for how
the production system is organised and managed.

2.2.1 Inventory Reduction

The most important source of waste is inventory. Holding parts and products in
stock does not add value to thenl and inventory should therefore be eliminated.
In the manufacturing process, inventory in the form of work-in-progress is
especially wasteful (Hayes, 1981). Apart from representing comnlitted funds,
work-in-progress also hides problems and keeps them from getting solved. The
effects of reducing work-in-progress, tllerefore, go beyond that of reducing
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capital employed (Hayes and Clark, 1986). However, since inventory exists for
a reason, it is not advisable to eliminate inventory mindlessly. The causes
behind the existence of inventory must be removed first (Zipkin, 1991). The
practices detailed below reduce the need for inventory.

2.2.2 Set-up Time Reduction

One reason work-in-progress inventory exists is due to large batch sizes
compensating for long set-up times (Shingo, 1981). The set-up time decides
economically viable batch sizes, following the familiar formula for economic
order quantities, since set-up times determine the set-up cost (Aquilano and
Chase, 1991). The longer the set-up time is, the higher the set-up cost is, and the
larger batch sizes need to be. The set-up cost is, however, not seen as constant
within lean production (Schonberger, 1982a). If set-up cost is reduced, then cost
per unit can be kept constant despite decreasing batch sizes. A reduction of
set-up times is therefore essential.

Work to reduce set-up times was carried out at Toyota Motor Corporation
following the Second World War (Shingo, 1985). Through an ingenious
method, set-up times in large punch presses could be reduced from several
hours to less than ten minutes (Shingo, 1981). Set-up times can often be reduced
significantly at a surprisingly low cost (Johansen and McGuire, 1986). Set-up
time reduction involves separating tasks which can be performed while the
machine is still up and running (external set up) from tasks which requires the
machine standing still (internal set up). As many tasks as possible are then
converted to being performed while the machine is up and running. All tasks are
finally performed more efficiently.

2.2.3 Preventive Maintenance for Reduced Machine Downtime

A second reason for the existence of inventory, is the use of work-in-progress as
a buffer against shortages arising due to machine failures (Shingo, 1981).
Preventive maintenance is a practice used to minimise downtime in machines
(Nakajima, 1989). As a part of preventive maintenance, it is common for
operators to check their machines daily (Schonberger, 1982a). Preventive
maintenance techniques also include the use of careful records on each
machine's usage as well as analysis to determine preventive maintenance needs
and frequencies (Ainosuke, 1989).

Preventive maintenance is facilitated by avoiding overlapping shift-work
(Schoflberger, 1982a). Time between two shifts is instead kept free to perform
preventive maintenance on the machines. Neither is equipment overloaded.
Machines operate at slower rates than the maximum they were designed for,
which increases the reliability of the machines (Hayes, 1981).
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2.2.4 Layout Changes to Reduce Transportation of Parts

Transportation of parts is waste. Transporting parts from one location to another
does not add any value to the product. A driving force of indirect costs are the
transactions involved in ordering, executing, and confirming movement of parts
from one location to another (Miller and Vollmann, 1985). Transportation of
parts also adds to manufacturing lead time. It is therefore essential to reduce
transportation in the manufacturing process.

When reducing transportation it .is necessary to distinguish between
rationalisation of transportation and an elimination of the need for
transportation (Shingo, 1981). The use of automated carriers as a way of
rationalising transportation is fine, but eliminating the need for transportation is
far better. A practice used to eliminate the need for transportation is layout
changes (Schonberger, 1982b).

A mutual theme for layout changes is that machines are grouped closer together,
through the creation" of manufacturing cells (Hyer and Wenlmerlov, 1984). A
manufacturing cell is a collection of machines and material-handling equipment
grouped together to manufacture one or several parts fanlilies. Parts are
preferably completed within one cell. Within a manufacturing cell, further
reduction of transportation can take place through physically connecting
machines (Shingo, 1981). Transportation can also be reduced through
organising machines in a V-shape (Monden, 1983). V-shaped layouts minimise
transports since the entry and exit of a line are in the same position.

2.2.5 Reduction of Scrap and Rework

A final source of waste is lack of conformance quality. Manufacturing defective
parts is wasteful, since they need to be scrapped or reworked. A lack of
conformance quality is related to the existel1ce of work-in-progress. One reason
work-in-progress exists is to safeguard against the effects of unreliable
manufacturing processes (Shingo, 1981). A driver of indirect costs are the
transactions related to the manufacture of parts that do not confornl to the
specified quality requirements (Miller and Vollmann, 1985). The manufacture
of fault-free parts takes place through the principle Zero defects.

2.3 Zero Defects
Quality is both a performance variable in and a prerequisite for a lean
production system (Monden, 1983). The term "quality" is used here to mean
conformance to specifications (Garvin, 1984). To attain high productivity, all
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parts and products need to be fault-free from the beginning (Hayes and
Clark, 1986). The principle of Zero defects contains the practices used to attain
quality products in lean production. The goal of the practices is to manufacture
fault-free products.

2.3.1 Quality Is the Responsibility of Everyone

A salient feature of a lean production system is the lack of employees dedicated
to quality control. Quality assurance is instead the responsibility of everyone. In
manufacturing cells it is easy to trace a part to its origin and the responsibility
for quality can therefore be assigned to the cell operators (Hyer and
Wemmerlov, 1984). Being held responsible for quality, operators in a lean
production system demonstrate a clear concern for quality improvement even
without explicit goals to reduce scrap and rework (Garvin, 1986). The
operators' responsibility can be divided in two different areas:

• Identification ofdefective parts. Operators are allowed to stop the line if
they find defective parts (Shingo, 1981).

• Adjustment of defective parts. The person who caused the defect is c

responsible for adjustn1ent.

As a consequence of making operators responsible for quality, the size of the
quality control department can be reduced (Schonberger, 1986). Ensuring
quality from the beginning means the size of the adjustment and repair areas can
be reduced (Krafcik, 1988b).

2.3.2 A Higher Degree of Process Control

One "goal of the work with quality is to achieve a higher degree of process
capability and control (Wheelwright and Bowen, 1996). ,Instead of inspecting
the manufactured parts, the manufacturing process is kept under control.
Keeping the process under control is achieved through knowledge of how
process parameters al1d their interactiol1 affect the characteristics of the product
(Hayes et aI., 1988). The aim is to use this knowledge to achieve consistency
between products n1anufactured in repeated runs of the process. A tool in this
work is statistical process control (Garvin, 1988), which facilitates both gaining
new insights and communicating the insights (Hayes et aI., 1988).

2.3.3 Autonomous Inspection

Devices for autonomous inspection or poka yoke are tools for the achievement
of fault-free products (Monden, 1983). Poka yoke are inexpensive devices for
ensuring defects and mistakes do not occur in the manufacturing process. The
devices ensure the process stops, for instance if a part is wrongly asserrtbled or
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if an operator forgets to pack a brochure in a box. Poka yoke can also be used to
ens'ure the right part is fed to the operator assembling multiple products. The
use of poka yoke is a n1eans of conducting inspection of all units
(Shingo, 1981). The power ofpoka yoke is their versatility; they can be used by
anyone who understands the cause of a defect. However, the tools are most
appropriat~ in situations involving repetitive work (Robinson and
Schroeder, 1990).

The essence of both poka yoke and the achievement of a higher degree of
process control, is that through discovering errors that can lead to defects,
defects can be preve11ted from occurring (Oakland, 1993). Preventing defects
from occurring contrasts with an inspection orientation, where the aim is to
determine whether or not a batch of products is correct through sampling a
percentage of products and testing them. An inspection orientati011 is reactive
and does 110t assure quality (Robinson and Schroeder, 1990). An inspection
orientation is more like writing out a death certificate after the patient has
already died, instead of treating the illness while the patient is still alive.

2.4 Pull Instead of Push
In a lean production system, material is scheduled through pull instead of push.
Scheduling in a push system starts with a forecast to determine an aggregate
plan. The aggregate plan contains information on what to manufacture at
different stages of the manufacturing process. A master schedule and more
detailed schedules then control the manufacture of the forecasted number of
parts at all stages of the manufacturing process (Aquilano and Chase, 1991).
Parts are in a push system manufactured whether they are needed or not. In this
sense, material and parts are "pushed" through the factory.

The pull principle of scheduling n1aterial stands in stark contrast to push
scheduling. The starting point for manufacture in a pull system is not a forecast
but a customer order (Karmarkar, 1989). The customer order goes to final
assembly, who orders parts from the preceding manufacturing process. This
manufacturing process orders parts from its preceding process, and so on. The
customer order is in this manner passed backwards through the manufacturing
process. Passing the order backwards means nothing is produced which has not
been ordered.

A prerequisite for pull scheduling is to reduce batch sizes (Schonberger, 1982a).
Through reducing batch sizes, flexibility to match production to demand is
increased, since it is possible to switch between different parts more often
without penalty in terms of cost or time. A second prerequisite for pull
scheduling is fault-free parts. As batch sizes are reduced towards the ultimate
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goal of one, the effects of faulty parts become increasingly severe. If parts need
to be reworked or scrapped, pull scheduling is not possible.

A pull schedulillg system in its most extreme form will provide each operation
in the manufacturing process with the right part, in the right quantity, at exactly
the right point in time (Shingo, 1981). This is the just-in-time principle of
material control. The ultimate goal ofjust-in-time is that every operation should
be provided with one part at a time, exactly when needed. The ideal of
piece-for-piece processing is seldom attailled, but is an objective to be pursued
(Schonberger, 1982b).

Push and pull scheduling are not nlutually exclusive (Karmarkar, 1989). Since
pull scheduling requires small batch sizes and short manufacturing lead times, it
may take time for a company to move towards pull scheduling in the whole
manufacturing process. During tIle adoption of lean productiol1 there will be an
operation in the material flow where pull scheduling meets push scheduling.
Prior to this operation, material is scheduled via a push systenl. After the
operation, a pull system is used for scheduling material. The adoption of lean
production meallS the point at whicll pull meets push is nloved backwards in the
material flow, until material is procured from suppliers on a pull basis.

2.5 Multifunctional Teams
The workforce makes an important contribution in a lean production system
(Monden, 1983). The view of the workforce is different fronl the traditional
view, rooted in scientific management. A basic tenet in scientific management
is that management should assume responsibility for how the operator performs
the job (Taylor, 1911). In lean production, investments are instead made in the
problem-solving skills of the operators and their attention is focused on those
problems they are in the best position to solve (Wheelwright, 1985). Releasing
the operators' potential is done through multifunctional teams.

2.5.1 Increasing Use of Teamwork

The use of teamwork is widespread in lean production (Krafcik, 1988b). Teams
are often organised around cell-based parts of the material flow. Each team is
responsible for performing all tasks in this part of the material flow (Hyer and
Wemmerlov, 1984). However, it is not necessary to organise work in a
manufacturing cell to have teamwork. It is possible to have teamwork along a
driven production line. The layout dimension is not to be confused with the
work organisation (Karlsson, 1996).
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2.5.2 Developing the Flexibility of the Employees

The teams are manned by multifunctional operators (Monden, 1983). Il1stead of
performing only a linlited number of tasks, operators are able to perform several
tasks in the team (Krafcik, 1988b). Operators are rotated between different tasks
in the team several times per day (Monden, 1983). Achieving the goal of
multifunctional operators has rather obvious demands on the amount of training
operators require (Schonberger, 1986).

The development of multifunctional operators also calls for broad job
specifications. Broad job specifications allow for the usage of fewer operators,
since it is possible to shift operators to different jobs in line with the need of any
given moment (Cusumano, 1988). Shifting operators to different jobs increases
the flexibility and reduces the vulnerability of the manufacturing system.

Broader job specifications require appropriate payment forms (Symons and
Jacobs, 1995). An individually oriented piece-rate system is likely to be
inappropriate in a lean production environment (Karlsson and Ahlstrom, 1995).
There is a need for a payment system congruent with lean production practices.

2.5.3 Increasing the Number of Tasks the
Team Is Responsible For

Operators are made responsible for a number of indirect tasks. Job-related
responsibilities are broad, going beyond the responsibility for a certain output
and the cost of that output (Wheelwright, 1981). The teams are responsible for
the regulation, organisation, and control of their jobs and the conditions
imm~diately surrounding the jobs (Sexton, 1994).

Tasks such as machine maintenance and quality assurance are examples of tasks
integrated in the multifunctional team's responsibilities. Other tasks that are
candidates for integration are procurement and material handling and control.
The practice of integrating indirect tas'ks changes the tasks of, for instance,
production planners, schedulers, and manufacturing engineers (Hyer and
Wemmerlov, 1984). The number of indirect employees can also be reduced,
since support functions are no longer necessary to the same extent
(Schonberger, 1986).

2.6 Decentralised Responsibilities
The essence of decentralised responsibilities is that the multifunctional teams
are held responsible for supervisory tasks. Depending on the size of the
organisation, there may still be hierarchical levels between the team and the
production nlanager. However, in a lean production system responsibility and
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authority are consistently pushed down to the lowest levels of the organisation
(Hayes et aI., 1988). The number of hierarchical levels in the organisation can
as a consequence be reduced (Gunn, 1987).

One way in which supervisory tasks are transferred to the teams is through team
leaders. Team leaders take on the supervisory roles of advisers, coaches, and
providers of support, as opposed to the more traditional roles of bosses,
disciplinarians, and givers of specific assignments (Hayes et aI., 1988). Team
leadership is in its most elaborate form rotated among employees especially
trained for the task.

2.7 Vertical Information Systems
Vertical information systems are simple information systems relying on direct
infornlation flows to the relevant decision makers (Cole, 1985). A high amount
of business information about performance and environment is distributed to all
employees (Cole et aI., 1993). Training is therefore necessary to ensure
employees understand the information being provided.

One reason information is provided is for the multifunctional teams to perform
according to the company's goals (Flynn et aI., 1989). Independent problem
solving also requires that each employee has an awareness of operating
objectives. This awareness reduces the need for managers to micromanage the
manufacturing process (Leonard-Barton, 1992). Making employees aware of
operating objectives requires an information system that is real-time, problem
identifying, and problem solving orientated (Wheelwright, 1985).

Providing operators with timely information allows for immediate feedback and
rapid corrective action (Cole, 1985). Contrast this to a situation where decisions
have to pass up through the organisation hierarchy and then down again, before
corrective action can take place. Combined with systenls taking top-level
information down the organisation, there is also a need for systems taking
infornlation up through the organisation hierarchy (Hayes et aI., 1988).
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2.8 Continuous Improvement
The final lean production principle is Continuous improvement. The
manufacturing system is constantly improved; perfection is the only goal
(Hayes, 1981). After the Elimination of waste, Continuous improvement is the
most fundamental principle of lean production. The constallt striving for
perfection has its own word in Japanese - kaizen - a term used as an overriding
concept of Japanese manufacturing management (Imai, 1986). Continuous
improvement is here applied in a more restricted sense and refers to the ongoing
improvement involving operators (Wheelwright, 1985).

Involving operators in the improvement of the manufacturing process can be
done in many forms (Hart et aI., 1996). The most structured form of
involvement is quality circles, where operators gather in groups to come up with
suggestions on how to solve quality problems and make possible improvements
to the manufacturing process (Cole, 1980b). Prior to participating in quality
circles, operators need training in problem solving techniques and related
nlatters (Cole, 1980a).

2.9 The Multiple Roles of the Lean Production Framework
Having defined the lean production framework, let me briefly describe the use
of the framework in the present study. The lean production framework fulfils
multiple roles. The framework first of all describes the content of the change
Office Machines went through. When undertaking their efforts to improve
nlanufacturing performance, managers at Office Machines used the framework
as a guide to their actions and activities.

The lean production framework was also used as a conceptual guide during data
collection. A conceptual guide was necessary to avoid getting overwhelmed by
data (Miles, 1979). As a conceptual guide, the framework is not to be confused
with pre-formulated theoretical propositions (Eisenhardt, 1989). The framework
acted more like a telescope, pointed towards the organisation to direct my
attention towards certain aspects of tile organisation (Berg, 1974).

The framework was finally used during the analysis of data. The ratiollale for
this choice being that tIle purpose of the study was to determine sequences of
lean production principles. The framework thus served to focus the iIlquiry.
Recall that a framework 'explains, either graphically or in a narrative form, the
nlain dimensions to be studied' (Miles and Hubernlan, 1984, p. 28). Describing
how the collection and analysis of data from the adoption process took place, is
the task I tUTIl to next.

4-.Ahlstrom





CHAPTER 3
Collecting and Analysing Data

from the Adoption Process

People who write about methodology often forget that it is a matter of
strategy, not of morals. There are neither good nor bad methods but
only methods that are more or less effective under particular
circumstances. (Homans, 1949, p. 330)

In describing the circumstances of and the way in which the present
study was conducted, method and methodology are differentiated
(Berg, 1981). Method is the way in which data are collected.
Methodology is the set of basic principles of inquiry. There is an
intimate litlk between method and methodology, since the choice of
method implies a view of the studied situation (Morgan, 1983b).
Methodology is also linked to the research design.

3.1 Research Design
The present study utilises the clinical methodology, whose principal
characteristic is that the researcher participates in and studies organisational
change from within the organisation. The aim is to contribute both to the
advancen1~nt of knowledge and to the practical concerns of orgal1isations:

I use the term clinical organization research to denote research aimed at
simultaneously solving organizational problems and acquiring increased
knowledge about the way organizations function. (Stymne, 1970, p. 25)

The model for the clinical methodology is taken from clinical medicine. An
active working relationship is sought with the organisation on its day-to-day
problems. In this relationship, the researcher accepts a fully professional role
with responsibility for helping in solving probleJ?s that arise (Jaques, 1951).

31
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3.1.1 Reasons for Choosing the Clinical Methodology

The first rationale for the choice of the clinical methodology was the problem of
access. Since organisations have a need to keep their inner functioning hidden
from competitors, observers are often excluded. Observers may also get in the
way or organisation members do not want to share personal conflicts, stress, and
setbacks (Sofer, 1961).

Gaining access to an organisation is likely to be more of a problem the longer
the study of the organisation is. The researcher who wishes to conduct a
longitudinal field study faces a problem of access which is not to be
underestinlated (Van de Ven, 1993; Leol1ard-Barton, 1990). Clinical research
offers a possibility to overcome the problem of access, since the organisation
receives something in return for allowing the researcher access. Clinical
research can therefore give access to situations from which researchers would
otherwise have been barred (Sofer, 1961).

A second rationale for choosing the clinical methodology was the benefit of
access to data not usually available for research (Stymne, 1970). One reason for
the access to data is the psychological contract, the set of unspoken expectations
operating between the researcher and members of the organisation
(Schein, 1987). Since the members of the organisation have a reason for having
the researcher present, they are less likely to conceal data. By participating in
the orgal1isation and interacting with people for an extended period of time, the
researcher can get close to the organisation (Sofer, 1961). Being close to data
enhances the possibility of discovering the forces most crucial to the inquiry,
which provides a fertile basis for generating theory (Miller and Friesen, 1982).

The choice of the clinical methodology was finally governed by the desire to
study the adoption process as it unfolded. Analysing processes on the basis of
retrospective research is problematic, since it is difficult to determine cause and
effect from reconstructed events (Clark and Ford, 1970; Leonard-Barton, 1990).
Reinterpreting things from a new perspective, an interviewee cannot always
give an aCCllrate account of the past (Becker and Geer, 1957). It is therefore best
to study processes in real-time (Van de Ven, 1993).

3.1.2 Studying the Adoption Process at Office Machines

The present study is based on real-time observations of the adoption process at
Office Machines. The observations span a period of two and a half years, with
130 days of participation in the daily activities of the company. Office
Machines is not the company's real name, but is used for reasons of anonymity.
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A necessary prerequisite for choosing Office MachiIles is that the company was
adopting lean production. The collaboration leading to the study began with the
company's commitment to adopting lean production. The lean production
framework, as defined in Chapter Two, was presented by my thesis supervisor
at a seminar attended by Office Machines's managing director. The managing
director saw the similarities between the framework and tIle changes planned at
the company and proposed a collaboration.

The collaboration meant that Office Machines would provide us with the
opportunity to study the process of adopting lean production in real-tinle, in
exchange for our support in the adoption process. As a result of the
collaboration, Office Machines decided to adopt the lean production framework.
The adoption decision concerned the entire framework, but the main focus in
the present study is the manufacturing function.

There are several reasons why Office Machines was a suitable research object.
Due to reasons of time constraints, only one case could be chosen for the study.
It therefore made sense to choose a case where the adoption process was likely
to be transparently observable (Eisenhardt, 1989). Office Machines's structure
at the outset of the study provided an opportunity to study a radical
reorganisation:

• Manufacturing was functionally organised, with assembly carried out
on a production line.

• Transportation was frequent within and between the company's two
sites.

• Manufacturing lead times were long and inventory high.

• Internal cost of quality was high.

• The work organisation contained supervisors and preparatory workers,
with each employee performing only one job.

• Management style had historically been authoritarian. Employees were
not expected to act on their own initiative.

It also deserves to be mentioned that researchers often face limited possibilities
for strategic choice (Berg, 1981). Research opportunities are not abundant and if
one is given the possibility to conduct a study of this type, one must seize the
opportunity (Czarniawska-Joerges, 1992). The amount of advance planning and
consideration on the appropriateness of the research object are often limited:

The subjects of the investigation were there and I had to decide whether or not to
take the opportunity. (Stymne, 1970, p. 11)
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3.1.3 The Nature of the Collaboration Agreement
With Office Machines

Under the agreenlent between the researchers and the company, we would be
given access to the adoption process in return for providing input from research
to the process. Our role as researchers would be twofold:

1) As the more junior researcher, I would participate in the daily activities
of the projects that were part of the adoption of lean production. I was
therefore appointed secretary for these projects.

2) My thesis supervisor would visit the company approximately one day
per month, to give various forms of input to the adoption process, often
in the form of seminars.

The collaboration with Offtce Machines conlmenced at the end of January 1993
and finished in August 1995. The initial agreement was for us to study the
adoption process for one year. During that time, I would be at the company on a
part-time basis. The contract was extended, although the intensity of tIle
contacts with the company slowed down. The main reason for slowing down the
intensity was that the pace of the adoption process was slowing down. During
the second year, I spent every third week at the company. In the final six
months of the study, I spellt every fourth week there.

Apart from my spending time at the company, there were numerous contacts
over the phone throughout the whole study period. I was also in contact with
managers in other arenas. Although the collaboration came to an end during the
sunlmer of 1995, my contacts with the company continued llntil it was
necessary to close off data collection for the purpose of writing this thesis.
Since the summer of 1995, data collection has taken place on three occasions.

In an ideal world one would like to study an adoption process throughollt its
entire life, from beginning to end (Van de Ven and Poole, 1990). However, it
needs to be remembered tl1at lean production has no well-defined end point
(Hayes and Pisano, 1994). I decided to end the study in August 1995, when all
major physical and organisational changes had taken place.

3.2 Implications of the Research Design
As all methodologies, clinical research has strellgths and weaknesses. This
section discusses the weaknesses and their effects on the collected data. Perhaps
the major implication of the research design, the feasibility of generalising from
a single case, will be addressed at the end of the chapter.
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3.2.1 The Effects of the Researcher

A clinical researcher will, by the nature of the methodology, affect the studied
organisation. However, all forms of inquiry into organisations entail
intervention. Just by askillg people questions, we (hopefully) start to make them
think, possibly about things they had not thought of before (Schein, 1987). Even
within physics, tllere is Heisenberg's uncertainty principle, which means that
scientific research involves an interaction between the scientist and the object of
observation (Morgan, 1983a). The interaction between the observer and the
observed is compounded in organisational inquiry: 'in the organizational
context, the quest for objectivity, in the sense of freedom from influence by the
researcll process, is probably hopeless' (Schon, 1983, p. 127).

A more appropriate kind of objectivity has to do with the researcher's
awareness of his or her effect on others (Schon, 1983). As a clinical researcher,
you need to be aware of what you do in the organisation and how this is
received. Such an awareness is 'the best remedy against self-confirming
hypotheses and irresponsible interventions' (Czamiawska-Joerges, 1992). The
researcher must also attempt to assess the nature and extent of his or her effect
on the studied phenomena (Sofer, 1961).

Assessing the effects of interventions is facilitated by the in-depth nature of the
access achieved in clinical research. The familiarity I gained with Office
Machines helped me assess the effects of our interventions and facilitated
discussions with those at the company regarding our effects. The assessment of
researcher influence was also facilitated through the use of two researchers,
with slightly different roles in the adoption process. As the more passive
rese~rcher I had opportunities to assess the effects of the more active
researcher's interventions. These effects were in the analysis treated as if
generated by any person coming from within or outside the company.

The risk of affecting the studied phenomena should not be overestimated.
Perhaps an equally valid risk is that the clinical researcher is affe9ted by the
intention to help the organisation. The intention to study tIle adoption of lean
production may have prevented us from seeing that the company was doing
something other than that. The franlework can over-influence the interpretation
of the facts. Chapter Four, therefore, contains a description of the actions taken
in the adoption of lean production and the resultant performance changes. The
description helps make clear for the reader that the change Office Machilles
went through was in line with lean production principles.
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3.2.2 Balancing the Scientific and the Clinical Aspects

The clinical methodology entails a balancing act between the scientific and the
practical aspects of the collaboration. The balancing act concerns our interest to
study the adoption process and the company's interest to receive support in the
adoption process. The following was done to help me in this balancing act:

• The dual expectations were made explicit in tIle contract between the
researchers and the company (Rapoport, 1970).

• T4e researcll design gave me the possibility to assume a more scholarly
role in between the periods I spent at the company.

• I used my leisllre time to type up the field notes (Rapoport, 1970).

• Both the company and the researchers were interested in the adoption
process. The company was interested in keeping the adoption process as
smooth as possible and my interest was tIle issues that arose in the
process.

3.2.3 A Managerial View on the Changes

A managerial perspective was taken in the study of the process of adopting lean
production at Office Machines. A managerial perspective was relevant since the
research question in one respect concerned how the process of adopting lean
production could b,e nlanaged (Van de Ven, 1993). A guiding principle for field
work is that the researcher's account of the studied scelle should build on
infornlation provided by the most knowledgeable members of that scene
(Van Maanen, 1979). The potelltial problem of aligning oneself with the
management of an organisation, with subsequent effects on data (Barley, 1990),
is with the managerial perspective in mind not to be exaggerated.

Taking a managerial perspective is not to ignore the views of those on the
receiving end of the changes. Data were collected at different levels of
management, among shop floor employees, alld through discussions with union
officials. Access to the higher levels of the organisation gives the clinical
researcher a chance to assess the impact of high-level decisions on a lower level
(Schein, 1987). A researcher who only gains access to the lower levels of the
organisation has to infer decisions taken higher up in the organisation.
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3.3 Collecting Data from the Adoption Process
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3.3.1 Three Different Ways of Collecting Data

Different ways of collecting data were utilised, to overcome the weakness of
one method with the strength of another: participant observation, interviews,
and doc·uments. The bulk of the data was collected through participant
observation, which is nicely captured in the following:

The participant observer gathers data by participating in the daily life of the group
or organization he studies. He watches people he is studying to see what situations
they ordinarily meet and how they behave in them. He enters into conversations
with some or all of the participants in these situations and discovers their
interpretations of the events he has observed. (Becker, 1958, p. 652)

Benefits of and Roles in Participant Observation

Participant observation allows the researcller to record action as it occurs,
without relying on the willingness or ability of respondents to describe their
actions (Scott, 1965). Participant observation also gives the researcher a
possibility to learn the language of the group under study (Becker and
Geer, 1957), wllich is helpful ill reading the cues that are an important part of
communication (Czarniawska-Joerges, 1992).

To judge the value of the observations one needs to know one's status in the
observed organisation (Becker, 1958). Having spent only a Sllort tinle at Office
Machines, I received the informal status of an employee and was no longer
regarded as "the researcher from the big city". The rapport gained through being
seen as an employee was valuable, since information was not withheld from me
for being an outsider. The employee status is likely to have increased the quality
of the observations I made.

The role a participant observer can take in the field can be seen as positions on a
continuum (Schwartz and Schwartz, 1955). At one end of the continuum is the
passive observer and at the other end the active observer. The passive
participant observer attempts not to interact with organisation nlembers. Passive
participant observation may therefore exclude the researcher from some arenas,
for being an outsider. Staying passive is also increasingly difficult the longer
you stay in the field, even with the intention not to get actively involved
(Schwartz and Schwartz, 1955).

The active participant observer uses hinlself or herself as the principal
instrument of observation and interpretation (Sanday, 1979). Participating
actively in the organisation, the researcher builds an ever-growing fund of
impressions which give an extensive base for interpretation and analysis
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(Becker and Geer, 1957). By sharing the perspectives of the subject group., the
researcher can use his or her own feelings and attitudes as clues in interpreting
the behaviour of those observed (Scott, 1965). The researcher's experiences of
the situation can also be used in the analysis (Smircich, 1983).

The participant observation used in the present study lies towards the active end
of the continuum, a consequence of the clinical methodology. However, my role
as a participant observer shifted; being more or less active depending on the
circumstances. As a secretary in the projects concerned with the adoption of
lean production, I participated in meetings. I was passive in these meetings until
I had learnt more about the company and its enlployees. When I did voice my
views on different subjects, I meticulously noted what I said and any observable
effects in my field notes. Part of the more active participation was thus to take
notes of the nature of my participation and the effects it had on those at the
company. These notes were considered in the analysis.

Participant Observation at Office Machines

Data were collected through participant observation in many locations and
instances. Most important were the meetings I participated in, which were an
economical way of gaining access to data. Just by spending time at the company
I was also able to collect data that proved useful for the analysis. Conversations
were overheard, non-verbal cues were read, and who spoke to whom, about
what, could be observed.

The bulk of data was collected during interaction with managers in the
manufacturing function. But my interaction was not restricted to manufacturing
managers. I was involved in a broad range of activities:

• I participated in meetings in product development projects,
procurenlent, and distribution.

• I was involved in strategic discussions at the top management level and
had regular conversations with union officials and shop floor
employees.

This range of activities gave nle an opportunity to observe the process of
adopting lean production in its organisational context, a premise of the study.

Participant observation requires diaries (Czarniawska-Joerges, 1992). The
participant observer needs to, as accurately as possible, note what is observed
(Van Maanen, 1979). Good notes provide full or complete explanations. Good
notes describe and explain the context of a conlment or event and identify all
actors (Martin and Turner, 1986).
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I used pen and paper to take field notes, which were transcribed using a word
processor. The workload of transcribing the field notes must not be
underestimated: it takes almost as much time for a researcher to type notes as
the original contact (Miles, 1979). The need for transcribing notes as quickly as
possible after the observation is perhaps self-evident. Despite this need, the
transcription was at times not done immediately. There was always a fear of
llaving overlooked 'important social dynamics' (Barley, 1990, p.240). To
overcome this fear, emphasis was put on data collection. As nlore data were
collected, the easier it was to become late with transcription (Miles, 1979).
However, the overwhelming part of the field notes were transcribed within two
days of the initial contact. Most often transcription took place the same day.

The more covert observations could not be noted down using pen and paper. I
could not jeopardise the rapport I had achieved by constantly taking notes of
what people said. Instead, I tried to memorise the most important points of what
the subject(s) said and write them down as quickly as I could. Writing down
observations was facilitated by having my own office at the company, to which
I could retreat when llecessary. I also experienced my skill in memorising
observations increased over time, as I was forced to practise the skill of
observing without taking llotes (Barley, 1990).

Interviews

Interviews were to some extent used as a data collectioll nlethod. The interviews
were informal, bordering on conversations, which were part of the process of
observation (Zelditch, 1962). By engaging in conversations with organisation
members it was possible to gain a deeper understanding of the adoption process.
During interaction with people at various organisational levels, I probed for
what they felt of their current situation and the changes tllat were taking place.

On some occasions, the conversations were more formalised and more like
informant interviews. The illterviews were primarily used to collect data from
the periods I was not present at the company, including the time before the
study began. The interviews were also valuable in finding explanations to
observed behaviour. The informants used for interviews can be seen as
"surrogate observers": persons who were in a situation which enabled them to
observe significant events (Scott, 1965). Most often, I used managers wllich had
knowledge of the areas I was interested in.

The nlajor reason for not conducting more formalised interviews was that I felt
it would interrupt the rapport I had achieved. Being seen as an employee, rather
than as a researcher, was of importance for the quality of tIle data obtained. This
rapport would have been threatened by more formalised interviews.
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The rapport was also the reason I chose not to use a tape recorder during data
collection. The risk of missing something had to be weighed against the
advantage of not disturbing too much. There is also a more pragmatic side to the
choice of pen and paper. Transcribing tape recordings of 130 days of interaction
is an awesome task, wllich I would have had to do myself.

Documents

A final source of data was docunlents. The danger with documents is that they
cannot always be taken at face value (Scott, 1965). Documents may not contain
enough information to be of any real value or be biased in the sense they do not
reflect what was said in a meeting. Documents are also subject to the dangers of
selective survival (Pettigrew, 1990). Documents were used mostly to keep track
of events taking place before the study began and during the periods I was not
present at the company. The content of the documents was cross-checked with
informant interviews whenever possible.

3.3.2 Focusing Data Collection on Critical Incidents
in the Process of Adopting Lean Production

Collecting data requires the formulation of what to look for. Before going into
the field a qualitative researcher needs a framework. Without a research focus it
is easy to become overwhelmed by the volume of data (Eisenhardt, 1989). The
lean production framework had an important role in data collectioll. With the
framework in mind, I directed nlY attention towards the adoption process: the
order and sequence of events as the organisation adopted lean production.

The research questioll was used to further focus data collection. Spending a
significant amount of time in the field compounded the need for having linlited
the range of behaviour to observe (Turner, 1981). Observation needed to be
systematic, selecting particular aspects of behaviour as a consequence of the
research question (Scott, 1965).

My interest during data collection was the issues that arose in the process of
adopting lean production. The lean production framework served as the basis
for defining issues. Issues were, however, not directly observable. Issues are
conceptual constructs, which are indicated by empirically observable incidents
(Van de Ven and Poole, 1990). Data collection thus focused on incidents.

The starting point for data collection was the critical incident technique, where
an incident is defined as: 'any observable human activity that is sufficiently
complete in itself to permit inferences and predictions to be made about the
person performing the act' (Flanagan, 1954, p. 327). Three modifications of this
definition were made:
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• Speech acts were included in the definition of acts. Acts are not
confined to something being done, acts also refer to somethil1g being
said.

• Incidents included non-acts. This is in line with Leonard-Barton (1990)
who found it necessary to inquire 'about critical individuals' lack of

· action as well as about their overt actions' (p. 258).

• Non-observable hunlan activity was included in the definition of critical
incidents. There may have been issues managers were aware of and
therefore able to circumvent. There was a risk of missing these issues if
I focused solely on observable incidents. Part of data collection was
therefore to query managers for the issues facing them.

During the collection of data, incidents were considered critical when they
indicated issues that either facilitated or impeded the process of adopting lean
production. Recall that incidents indicate issues. With the process view of
manufacturing improvement taken in the present study, the factors influencing
the success and failure of the adoption process are of essence (Voss, 1988).
Issues that facilitated or impeded the process of adopting lean production were
therefore crucial for the inquiry.

To judge whether incidents indicated issues that facilitated or impeded the
adoption process, I used the lean production framework as a starting point.
Incidents that either facilitated or impeded the work of adopting lean production
practices were of interest. These incidents were termed "critical incidents" and
were 'effective or in-effective with respect to attaining the general aims of the
activity' (Flanagan, 1954, p. 338). When looking for the critical illcidents two
major types of questions were used:

1) For the observable incidents, I asked myself: "d~es it affect the
adoption of lean production? If it does, then how?" The observable
incidents comprised both acts (something which was done) and remarks
(something which was said).

2) When searching for the covert incidents I asked myself: "if something
should be done, why isn't it?"

These two questions cover most of the decision rules used for observing critical
incidents. To the decision rules were added some "subjective judgements"
(Van de Ven and Poole, 1990). Some personal judgements were necessary to
decide whether an incident was to be classified as critical or not. Thus, it is not
possible to give an exact account of the types of incidents that were noted down.
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3.3.3

Having observed a critical incident, I noted down the relevant information
concerning the incident as quickly as possible. For most of the observations I
noted down as much as I could of what the subject(s) said. Following the advice
ofVan de Yen and Poole (1990), I also made sure to note the following:

• The type of action or behaviour that occurred.

• Type of incident (did the incident affect the adoption process positively
or negatively)?

• The names of the actors involved in the incident.

• Time and place for the incident.

• Circumstances surrounding the incident.

Although data collection focused on critical incidents in the adoption process,
otller types of data were collected. Two exanlples here are the context of the
adoption process and the history of the company and particularly the lean
production project. This information was necessary for gaining an
understanding of the adoption process.

The lean production framework and the decision rules behind the observation of
critical incidents served as conceptual guides during data collection. The guides
are, to emphasise, not to be taken for pre-formulated theoretical propositions,
which may bias and linlit the findings (Eisenhardt, 1989). The conceptual
guides were more like telescopes, pointed towards the organisation to direct my
attelltion towards some aspects of the organisation (Berg, 1974).

Risks Associated With the Chosen
Data Collection Methods

All methods have strengths and weaknesses. Given the purpose of the present
study, the strengths of the chosen methods are considered to outweigh the
weaknesses. The weaknesses still need to be taken seriously. Constantly looking
for the weaknesses, exploring their ramifications, and trying to correct them was
part of the research process (Schwartz and Schwartz, 1955).

Participant observation involves the danger of "going native". The participant
observer who has gone native gets totally immersed in the studied organisation
and loses the perspective necessary for a researcher. Losing the perspective
means the researcher finds little that requires explanation (Scott, 1965). One
way of dealing with this risk is to temporarily withd~aw from the field.

To help me avoid going native, the study was designed to let me withdraw
regularly from the field back to the academic environment. I came back to the
academic environment every other week at the outset of the study, but as time
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progressed, the periods in the field were less frequent. During the periods in the
academic environment I read literature, took courses, wrote up field notes, and
discussed with colleagues. These activities raised the level of abstraction on
what had been observed while in the field, which helped me avoid the risk of
losing my perspective.

The risk of going native was also reduced by my remaining cognisant of being a
researcher, which I believe prevented me from getting totally absorbed in Office
Machines. I noticed a large difference between being in an organisation as a
researcher, compared with working in an organisation, as I previously did. The
difference between working in and studying an organisation is large enough for
me to withhold that the risk of going native is not to be overstated.

Participant observation is also associated with emotional difficulties. These
kinds of problems accompany all methods, but are especially salient when
researchers use themselves as research tools in longitudinal participant
observation· (Barley, 1990). Meeting your respondents day after day is more
difficult than making a few visits or using the telephone. Conducting a
longitudinal field study is like moving into a new culture with accompanying
feelings of alienation (Czarniawska-Joerges, 1993).

Apart from affecting the researcher, the emotional difficulties associated with
participant observation may have effects on the data that are collected. If you
work long enough in one place, you tend to become involved with the observed
emotional life (Schwartz and Schwartz, 1955). One negative effect this
involvemel1t could have is that the researcher finds that his or her concern with
protecting and developing good relations with people in the organisation
interferes with the collection of data (Scott, 1965). As far as possible, I
attempted to avoid letting a concern over protecting relations interfere with the
collection of data. However, the clinical role meant my interaction focused on
managers within the manufacturing function.

3.4 Analysing Data from the Adoption Process
Analysing qualitative data is a cllallenging task (Huberman and Miles, 1983).
The challenge is to order and analyse an overwhelming amount of descriptive
data (Barley, 1990). For some, the result is 'death by data asphyxiation - the
slo.w and inexorable sinking into the swimming pool which started so cool, clear
and inviting and now has become a clinging mass of maple syrup'
(Pettigrew, 1990, p. 281).
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The central difficulty in analysing qualitative data is that methods are not well
formulated (Miles, 1979). Methods for analysis are particularly lacking for
researchers interested in processes of change in organisations. Researchers
undertaking process studies have therefore been forced to develop their own
nlethods through trial and error (Van de Ven and I-Iuber, 1990).

Part of the analysis is going on when data are still being collected
(Becker, 1958; Barley, 1990). While collecting data, one needs to write down
whatever impressions occur; to react to rather than to sift out what may seem
important (Eisenhardt, 1989). When noting down my own impressions I was
careful to let them stand out in the field notes, so impressions were not mixed
with observations. The analysis process described below concerns the activities
undertaken when the field work was completed.

3.4.1 Reading the Collected Material and Writing
a Narrative of the Adoption Process

In the first stage of the analysis, I read through all the collected material to gain
familiarity with it. I read the material with an open mind, trying not to single out
different aspects of it for further elaboration. Having read the material several
times, it was typed up as a narrative in one document. Having all the collected
material as one document gave me a better grasp of the adoption process before
starting the more detailed analysis: 'we first need a story that narrates the
sequence of events' (Van de Ven and Huber, 1990, p. 214).

The narrative was basically a compilation of all field notes and documents,
sorted in chronological order. The narrative included all events in tIle process of
adopting lean production, transcribed as closely from the original sources as
possible. The field notes were most often in computer format and were just
copied. From documents were extracted the parts of relevance for understanding
the process of adopting lean production. Whatever interpretation I made of the
material was kept out of the narrative and was added as comments. The
narrative contained in total 600 pages of dense text.

3.4.2 Dividing the Narrative in Incidents for Further Analysis

In the second stage of the analysis, the narrative exposing the process of
adopting lean production was divided. The divisioll was nlade to arrive at the
basic element of information - the datum. The datum was used as a building
block in the analysis. A datum was defined as (Van de Ven and Poole, 1990):
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1) A bracketed string of words capturing the basic elements of
information,

2) about a discrete incident in the process of adopting lean production,

3) that happened on a specific date, which was

4) entered as a unique record in a qualitative data file, and

5) was subsequently coded and classified as an indicator of an issue.

The datum will henceforth be termed "incident". An incident is related to but
not restricted to a critical incident. The reason being that data collection, to
emphasise, was focused on critical incidents, but not restricted to these
incidents. Incidents are not equal to critical incidents also since the narrative
contained a compilation of field notes, which contained relevant background
infornlation on an observed critical incident.

When defining the incidents, the basic material I used was the experiences of
the actors involved in the adoption process, expressed through their language:

The social science researcher is interested in understanding, explaining and
influencing social states, social events and social action. But none of these overt
things can ever be understood or make sense unless they are related to the internal,
subjective reality pictures of the people involved on the social scene.
~onnann, 1980,p. 18)

When dividing the narrative in incidents, I read the narrative a number of tinles.
Each time I experienced a transition in meaning in the narrative, I marked the
place and continued to read until I experienced the next transition, and so on
(Giorgi, 1994). An incident is therefore not necessarily equal to one sentence in
the narrative. The nunlber of sentences could vary and it was the basic meaning
of the incident that was of interest.

The outcome of this stage of the analysis was a series of incidents still
expressed as closely as possible to the way they had been observed. My
intention was to capture the experience of the individuals involved in the
adoption process. However, the incidents were still created by the attitude and
activity of the researcher (Giorgi, 1994).

3.4.3 Coding and Entering Incidents in a Database

The incidents were coded and entered in a database. Using a database gave me
an opportllnity to keep track of all incidents in an efficient manner. The
incidents were described fully enough to avoid the need for backtracking to the
notes to recall details (Martin and Turner, 1986). Each incident was coded along
at least two of three dimensions: lean production principle, activity, and issue.

5-Ahlstrom
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The principles of lean production were used as a first coding device. The reason
for coding incidents with lean production principles was my interest to study
sequences of lean production principles in the adoption process. All incidents
were coded as belonging to a lean production principle. To the principles were
added a code for the overall level of the lean production project: "Whole
project". Although affecting the adoption process, all incidents could not be
referred to a lean production principle. For example, an important part of the
adoption process was discussions on and changes made to the managenlent
accounting system. These discussions and changes affected the adoption
process but were not related to a lean production principle.

Each incident was then coded with activity and issue. Before explaining the two
terms, it is necessary to point to the nature of the codes:

A code is an abbreviation or synlbol applied to a segment of words [---] in order to
classify the words. Codes are categories. [---] They are retrieval and organizing
devices. (Miles and Huberman, 1984, p. 56)

Issues are the main interest in the present study. A code for activities was
introduced to reduce the complexity of the analysis task. When the narrative had
been divided in incidents, the database contained 3,200 incidents. A starting
point for reducing this complexity was to construct data categories around the
activities associated with the adoption of lean production (Dawson, 1994).

On Activities

Activities are here used in a sense similar to the terminology of traditional
project planning literature. An activity is something that consumes time and
resources (Aqllilano and Chase, 1991). When building a house, for example,
one activity is to lay a foundation. Activities are in one sense 'action in a setting
of more major duration - days, weeks, months - constituting significant
elements of people's involvements' (Miles and Huberman, 1984, p. 57).

A number of activities are necessary to adopt lean production. The nature of the
activities is not possible to define beforehand: 'it is impossible to provide a
definitive list of tasks, activities and decisions associated with the management
of change' (Dawson, 1994, p.36). Although the lean production framework
points to the nature of the activities associated with the adoptiol1, the empirical
data was used to define activities. Note also the following:

• A managerial perspective was taken when defining activities. I only
devised codes for activities consciously initiated by management.

• A relatively coarse-grained definition of activities was made. A more
detailed definition would have counteracted the purpose of introducing
a code for activities, which was to reduce complexity.
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A total of twenty-four activities were defined. Two exanlples illustrate how
activities were contrived of. The examples are citations from the database,
where individuals' nanles have been disguised. The first incident refers to the
activity of creating a new payment system. This activity was part of the creation
ofnlultifunctional teams. The activity was termed "payment system":

Roger said that not much had happened in the payment project, except that Andy
and Bob had been in contact with a company which had a good payment system.
They would contact this company.

The second incident illustrates an activity termed "team leaders", which was
part of the decentralisation of responsibilities. The activity refers to the
developnlent of team leaders for the multifunctional teams:

Robert will summon a meeting on team leaders as soon as possible. There is a
growing needfor team leaders. Questions which need to be addressed are the size
ofthe teams, demands on the team leaders, and the kind oftraining they need

Note here that incidents indicate activities, which means that activities existed
between the observations of incidents. An activity did not stop just because
there were no observations on it.

On Issues

Incidents were also coded with codes for issues. Concerning the usage of the
term "issues" during the analysis, it needs to be emphasised that issues can
relate both to threats and opporttlnities (Ansoff, 1980). At the same time,
managers are likely to be more sensitive to issue characteristics associated with
threats, than to those associated with opportunities (Jackson and Dutton, 1988).
Recall also the following three characteristics of issues:

1) Issues refer to events and trends (Dutton and Dukerich, 1991).

2) Issues can emerge from the organisation's external or internal
environment (Dutton and Ottensmeyer, 1987).

3) Issues are seen by managers as having a (potential) significant impact
on the adoption process (Dutton et aI., 1983).

In devising codes for issues, the starting point was the experiences of the
individuals - what actors perceived as being important - expressed through their
language. The terms individuals used comprised the fundamental material and
the coding task was that of meaningfully abstracting from this material
(Normann, 1980). Note that issues were indicated by recurring incidents. The
following citation illustrates how codes for issues were devised:

I feel in my whole body how cumbersome it is to work with quality. A production
manager at Electrolux said that they also received a lot ofpaperwork from the
quality department, which they had to deal with in manufacturing.



48 SEQUENCES IN THE PROCESS OF ADOPTING LEAN PRODUCTION

This incident was labelled "paperwork". The incident indicates a recurring
issue: the quality management system created a lot of paperwork, which
affected the adoption of lean production negatively. Table 3.1 summarises the
terminology that was used in the analysis.

Table 3.1

Term

Critical
incidents

111cidents

Activities

Issues

Summary ofAnalysis Terminology

Definition

Data collection focused on but was not restricted to critical
incidents, defined as acts that either facilitated or impeded
the process of adopting lean production

The basic element of information used in the analysis, defined
through a repeated reading and division of the field notes

Using the data as a starting point, codes for activities were
assigned to each incident, referring to by management consciously
initiated activities to adopt lean production

Codes for issues were devised by abstracting from the actors'
language, thus reflecting the actors' experiences

The definition of the codes used for the coding process was kept in a separate
database. Using the database facilitated going back to the codes' definition
when necessary. The database also made it possible for me to modify the
definition to take into account new information. The database finally enabled
me to search for all incidents with a certain code, should I want to see how the
code was used. In total, eighty-three different issues were defined. A brief
explal1ation of the codes used for the issues is found in the Appendix.

3.4.4 Coding Incidents With Codes for Principles,
Activities, and Issues

To include the full meaning of an incident, each incident could be coded on
more than one dimension (Van de Yen and Poole, 1990), see Figure 3.1. To the
left in Figure 3.1 are the three codes used for coding incidents. The black
horizontal arrows indicate which codes were mandatory. The white horizontal
arrows indicate where codes were optional.
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Activity
Action consciously

initiated by management to
adopt lean production

Issue
Development or trend seen by

managers as ~ositively or
negatively affecting the

adoption of lean production

Incident........--..----.....

Figure 3.1 Relationship between Incidents and Codes for Lean Production Principles,
Activities, and Issues

Figure 3.1 illustrates the following characteristics of how the codes were used:

• Each incident indicated at least one lean production principle and
activity, but could be coded as indicating more than one of either.

• An incident could be coded as indicating up to three different issues,
although an incident did not necessarily indicate an issue at all.

Not illustrated in the figure, but of relevance here, is that incidents indicating
more than one principle, activity, or issue were, when possible, separated in
several incidents. This separation was made to reduce complexity.

3.4.5 Searching for Incidents Indicating Recurring Issues

With all incidents properly coded, the next stage of the analysis was to
systematically group the incidents together. This grouping was accomplished
through sorting the incidents in various ways, reading, and re-coding them. This
process nleant that I switched between the whole and the parts; between a string
of incidents and an individual incident. The rationale for switching between the
whole and the parts was that coding an incident was easier when each incident
was seen in relation to other incidents.

A tool in this stage of the analysis was print-outs of all the incidents
appropriately sorted. Three different rounds were conducted to group incidents.
In the first and second round, the primary sorting key was date, followed by
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lean production principle and activity. In the third round the primary sorting key
was the lean production principle the incident indicated, followed by activity
and date. Each round shared two characteristics: it involved a search for
incidents indicating recurring issues and an elimination of those incidents that
did not indicate recurring issues.

The assumption was that what may have seemed important during data
collection, was not necessarily important in the retrospective analysis: 'time
itself sets a fran1e of reference tl1at directly affects our perceptions of change'
(Van de Ven, 1993, p. 318). The retrospective analysis is to be trusted more
than the initial assessment of an incident's importance. One needs the whole
picture to be able to relate the details to it. Not all incidents had a significant
effect, especially those related to individuals with only ephemeral roles in the
adoption process (Leonard-Barton, 1990). However, the analysis did combine
the retrospective assessment of an incident's importance with the judgement on
criticality made during data collection.

It is also necessary to point out that all incidents kept in the analysis up to this
stage were not indicating issues in the process of adopting lean production.
Some incidents, for example, related to the history of the company, other
incidents indicated attitudes and beliefs of managers. Incidents such as these did
not relate directly to the adoption process, although useful in the analysis so far.

The outcome of the three rounds of sorting and re-coding incidents was that a
number of incidents were excluded from further analysis, such as those
indicating only activities and not issues. These incidents were excluded since
the research interest was the issues that arose in the adoption process. Excluding
incidents from analysis was done technically through a code in the database.
The actual incidents were still kept for reference.

3.4.6 Using Incident Charts to Arrive at the Important Issues

Having exposed the incidents indicating recurring issues in the adoption
process, the next stage of the analysis was to arrive at the important issues in the
adoption process. As a help in this work, I used graphical techniques. The
rationale for this way of working is indicated by the old adage: "a picture says
more than a thousand words". After the three rounds of sorting and re-coding,
there were nearly 2,000 incidents left. No matter how these were sorted, it was
easy to get lost in detail if only text was used.

Lists of incidents were therefore converted to graphical displays. The displays
consisted of a timeline with an "X" marking each incident. The timelines were
produced for each lean production principle. The displays were useful as a
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starting point for assessing the importance of different issues. The graphical
displays gave an overview of the adoption process. The displays were combined
with print-outs of incidents and the database of incidents.

It was not only a matter of assessing the importance of an issue and excluding
incidents based on simple counting. Both the graphical displays and print-ollts
of the incidellts were used in arriving at important issues. This procedure was
chosen to avoid a potential bias by only using the nunlber of incidents as a
measure of the importance of an issue. All tools were also complemented by the
insights I gained during the field work.

As a result of this stage of the analysis, incidents were re-coded and issues were
merged. Other issues proved to be ullimportant relative to others. For instance,
an issue indicated by two incidents, observed two years apart, was less
important than an issue indicated by tell observations within a matter of months.
Incidents were consequently excluded from further analysis and complexity
could be reduced. The use of the graphical techniques for assessing important
issues was carried out twice. The database contained as a result around 1,900
incidents. These incidellts were used to graphically display the patterns of
issues, which were the basis for tIle further analysis.

3.4.7 The Analysis Funnel

The analysis process described so far is sunlmarised in the form of an analysis
funnel, in Figure 3.2. The funnel illustrates the way in which I arrived at the
important issues in the process of adopting lean productioll at Office Machines.
The important issues were the base for displaying and analysing patterns of
issues, a task to which I will return in Chapter Five. Recall from the purpose of
the study that the patterns of issues are the basis for the inquiry into the
sequences of lean production principles.

The main idea the analysis funnel conveys is the existence of a number of filters
between the process of adopting lean production at Office Machines and the
patterns of issues. Note in particular the following:

• The initial screening of potential observable phenonlena was made by
the research question. The research question helped focus my attention
towards a limited range of activities and events.

• Data collection focused on critical incidents in the adoption process,
limiting the range of observable behaviour further. The olltcome here
being critical incidents in the form of field notes.
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• Data collection focused on but was not restricted to critical incidents.
Documents were also used as a source of data. There was therefore a
need to select the activities and events from the adoption process. These
activities and events were typed up as a narrative.

• The fourth filter was my reading and dividing the narrative in incidents.

• The incidents were coded and entered in a database. The codes were
assigned by abstracting the actors' language.

• Through using the database, the incidents were sorted and printed in
various ways. This procedure helped me sorting out incidents
indicating important issues. The patterns of issues were then displayed
in graphical form for further analysis.

Range ofobservable phenomena
in the studied organisation

Research question

Collecting data

Selecting activities
and events from the

adoption process

Dividing narrative
in incidents

Coding and entering
incidents in database

Sorting out incidents
indicating important issues

The process ofad;opting
lean productIon

Incidents in
graphical form

Figure 3.2 The Analysis Funnel

The filters add up to a funnelling effect, which means that at each stage in the
analysis process, the original adoption process was condensed. The aim is that I,
through this analysis process, would arrive at credible findings.



COLLECTING AND ANALYSING DATA FROM THE ADOPTION PROCESS 53

3.5 Judging the Credibility of the Analysis
The value of research findings must be seen in relation to the way in which they
were derived (Berg, 1981). The researcher's task is to convince the reader the
findings are reasonable, drawn from material which has been processed by
methods which can be explicitly described. To judge the credibility of the
analysis we first need to discuss the qualitative nature of the inquiry.

3.5.1 Qualitative Versus Quantitative Research:
A Difference of Approach

Qualitative research is normally contrasted to quantitative research based on
whicl1 techniques have been used for data collection and analysis. Proponents of
quantitative research, in this technique-based view, stress the importance of
reliability, validity, and accurate measurement before research outcomes can
contribute to knowledge (Daft, 1983). Objectivity is another concept celebrated
by quantitative researchers (Kirk and. Miller, 1986).

However, distinguishing qualitative from quantitative research, based on which
techniques are used for data collection and analysis, cannot absorb the diversity
of uses to which the qualitative label applies (Van Maanen, 1983). Qualitative
researchers are interested in the meaning, rather than the measurement, of
organisational phenomena (Daft, 1983). Qualitative research is best seen as an
approach rather than a set of techniques (Morgan and Smircich, 1980). Nothing
excludes the qualitative researcher fron1 using data collection and analysis
techniques considered "quantitative", such as statistical techniques (Daft, 1983).

The standards used for judging quantitative studies are, on the other hand,
inappropriate for qualitative studies (Agar, 1986). This does not mean that no
standards are applicable to qualitative research; qualitative research is not less
scientific than quantitative research (Silvern1an, 1993). The description of
reliability and validity ordinarily provided by quantitative researchers needs to
be modified to fit qualitative research (Kirk and Miller, 1986). A qualitative
approach requires the reader to be able to make judgements about components
of the research process leading to the final product (Strauss and Corbin, 1990).
Qualitative researcl1 is scientific in that the collection and reporting of data are
done systematically, with care and discipline (Smircich, 1983).

3.5.2 Reliability

Reliability for a quantitative researcher means that if another researcher
replicates a study, the same results would be obtained (Yin, 1989). For a
qualitative researcher, reliability translates to demands on the research process:
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'reliability depends essentially on explicitly described observational
procedures' (Kirk and Miller, 1986, p. 41). Two aspects of data collection are
particularly relevant: making the observations and writing up field notes.

Making the Observations

While collecting data, one needs to pay continual and careful attention to the
details of one's adventures in the field (Van Maanen, 1979). There is first of all
a need to separate first and second-order concepts. First-order concepts are the
facts of the investigation and second-order concepts are the theories the
researcher uses to organise and explain tIle facts. During data collection, I was
careful not to mix the observations with my own interpretation, through using
different typefaces in the field notes. During the analysis, the interpretation of
incidents was,kept away from the actual observations through being elltered in a
separate field of the database.

During the field work there is also a need to pay COllstant attention to the
distinction between observational and presentational data (Van Maanen, 1979).
Observational data refer to observed activity. Presentational data concern those
appearances informants strive to maintain or enhance. Making the separatioll
between the two types of data is an analytic task, although the line separating
the two types is not al,ways distinct. Longitudinal observation facilitates tIle task
of separating observational data from presentational data, since people will find
it difficult to monitor their behaviour for a long period of time (Barley, 1990).
Through spending a significant anl0unt of time in the field, and participating in
daily interaction, I also gained knowledge of how to read the cues that are part
of communication (Czamiawska-Joerges, 1992). Reading these cues helped me
separate observational from presentational data.

A final detail to pay attention while in the field, is whether informants speak the
truth as they know it (Van Maanell, 1979). There may be different reasons why
false information is given. Informants may want to nlislead the researcher. A
benefit of clinical research is that informants are less likely to conceal the truth
since the researcher is there to help (Argyris, 1968). Infomlants may, on the
other hand, themselves be misled or wrong about their own matters. The
researcher therefore needs to rely on tIle information provided by the most
knowledgeable members of the organisation (Van Maanen, 1979). These
informants were in the present study judged to come from the managerial level.

Writing up Field Notes

The reliability of qualitative research is increased through proper field notes
(Kirk and Miller, 1986). There is a need to 'conduct research as if someone
were always looking over your slloulder' (Yin, 1989, p.45). Information on
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how and in what contexts field notes were recorded is needed
(Silverman, 1993). Apart fronl the observation, I added information on when tIle
observation was made, in what forum, and which actors were present.

Field notes must conform to two requirenlents (Kirk and Miller, 1986). First,
they must be legible and chronologically ordered. This requirement was met
through typing up all field notes and dating them. Second, field notes must
differentiate between what people said and the researcher's interpretation
(although the field notes do intrinsically involve the observer). This
differentiation, to repeat, was done using different typefaces in the field notes.

3.5.3 Validity

Validity for the quantitative researcher is whether the instrument measures what
it is supposed to measure (Emory and Cooper, 1991). The choice of research
design was in the present study a way of increasing the validity of the research.
Through the research design, I was able to follow an adoption process in
real-time. Making real-time observations increases the validity of a study
compared with retrospective research (Leonard-Barton, 1990). Within the
research design, one way of increasing validity is to transcribe the field notes as
quickly as possible (Schwartz and Schwartz, 1955), wllich was my aim in the
present study.

Qualitative research can be validated by triangulation: using nlultiple methods
and sources of data (Silverman, 1993). Although the present study primarily
rests on participant observation for the identification of issues, two other
methods were used: informal interviews and documents. To achieve
triangulation of data, quantitative measures of performance olltcomes were used
to verify that a lean production system was actually developed.

The choice of the lean production framework for data collection and analysis
has implications for validity. For the qualitative observation, the issue of
validity is to a certain degree a question of whether or not the researcher is
calling what is measured by the right name (Kirk and Miller, 1986). My
intention to study the adoption of lean production may have prevented me from
seeing developments outside the areas specified by the framework. The
framework can thus over-influence the interpretation of the facts.

Although being aware the framework could have limited my view, several
measures were taken to avoid this risk. The fanliliarity I gained with the
company helped me ascertain developments not part of the framework. My
interaction with employees at different levels of the company, fronl managing
director to operators and union officials, further enabled me to observe
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developments at the company. The developments were all considered if and
when they affected the process of adopting lean production. This is why a code
for the lean production project as a whole was necessary during tIle coding
procedure.

The coding process has implications for validity. A premise of the present study
was the importance of relating the coding procedure to the internal reality
pictures of tIle actors in the adoption process (Normann, 1980). What th'e actors
perceived as important, as expressed through their language, was used as a basis
for devising codes for issues. The coding task was that of nleaningfully
abstracting from actors' language. Categories developed after data collection are
less likely to be biased by the researcher's own fantasies, since the categories
emerge from and remain closer to the data (Barley, 1990).

There is a relationship between participant observation and the coding
procedure which helps increase validity. The participant observer has tested
partial analyses for a period of time (Glaser and Strauss, 1967). During data
collection, the researcher acts on tentative conclusions based on his or her
current understandiIlg of the situation. If this understanding is invalid, the
researcher will sooner or later find out about it (Kirk and Miller, 1986).

Validity call be increased by feeding back the findings of the study to the
subjects of the research and see whether it provides them with a meaningful
explanation (Berg, 1981). The findings have been fed back to the relevant
managers at Office Machines. The findings do, according to them, meaningfully
portray the adoption process as they saw it.

Related to respondent validation is whether the research results can be
communicated to and understood by other people (Normann, 1980). Are the
findings understandable to individuals who have some familiarity with the
phenomena under study (Turner, 1983)? Colleagues with an interest in and
experience of the adoption of lean production have read the results of the study
and found them understandable.

To complement these more traditional ways of validating qualitative research,
simple counting procedures were used (Silverman, 1993). Counting enables
researchers to remove nagging doubts about the accuracy of their impressions
about the data. Counting took place at several stages of the, analysis. Incidents
were, for instance, counted to arrive at the important issues, to be retained for
further analysis.
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3.5.4 Generalisation

The methods of gelleralising to a larger population are a way of increasing the
validity of a study's findings. The ability to generalise has widely been
considered a barrier for case studies (Yin, 1989). The problem of generalisation
is particularly difficult for single case studies (Berg, 1981). Single case studies
call obviously not be generalised in the statistical sense. Statistical
generalisation is, however, not the aim.

The ability to generalise is related to the way in which corroboration takes place
(Spencer and Dale, 1979). Quantitative studies rely on nlultiplicative
corroboration; a multiplication of evidence (Pepper, 1942). Qualitative studies,
on the other hand, rely on a structtlre of evidence; structural corroboration
(Spencer and Dale, 1979). The persuasive force in structural corroboration
comes from assembling a mass of evidence converging on the same point
(Pepper, 1942).

An example illustrates the difference between the two methods of
corroboration. Suppose I want to find out if a cllair is strong enough to hold my
weight. I can ask several people of my approximate weight to sit on the chair,
one at a time. If the chair holds these people, it should be strong enough to hold
my weight. The problem has been solved through multiplicative corroboration.

Another way of solving the problem of the cllair's strength, is by examining tIle
relevant facts about the chair. What kind of material is it made of? Are the
chair's legs thick enough? How is the chair joined together? Have the makers of
the chair got a reputation for makhlg solid chairs? Putting all this evidence
together, it is possible to conclude whether the chair is strong enough to hold
my weight. This process of giving evidence is structural corroboration.

Using structural corroboration to generalise from a single case can be done by
comparing the findings with something outside the study (Berg, 1981). The
general value of the findings will increase if they can be supported by
observations from other organisations or from other theoretical frameworks.
The findings on sequences of lean production principles in the empirical case
will be compared with theory in two stages. First, operations management
theory is, in Chapter Seven, used to seek explanations for the observed
sequences. Second, the findings are in Chapter Eight compared with studies
addressing the problem of sequences of improvement initiatives in
mallufacturing.

When discussing generalisation, one needs to bear in mind that gelleralisation
from case studies takes place towards theory, not towards samples and universes
(Yin, 1989). The value of in-depth single case studies lies in their capability to
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be used for developing and refining concepts and frameworks, which can be
generalised (Pettigrew, 1985). Results of in-depth studies of single
organisations can also be cumulative (Miller and Mintzberg, 1983). Therefore, I
heartily agree with Simon (1991), a pioneer of research on organisations:

If we are concerned about the imprecision of case studies as research data, we can
console ourselves by noting that a man named Darwin was able to write a very
persuasive (perhaps even correct) book on the origin of species on the basis of a
study of the Galapagos Islands and a few other cases. (p. 128)

Apart from theoretical generalisation, there is a more practical side to the issue
of generalisation. I am interested in arriving at conclusions with potential
practical applicability. When generalising from single cases to the practical
arena, it is the receivers of the information that must determine whether or not it
applies to their own situation (Kennedy, 1979). Although one may be a bit
unaccustomed to the notion of leaving generalisation up to the practitioner, it is
not an uncommon occurrence in other fields, such as law and clinical medicine.

3.6 Presenting the Data
The final challenge for the qualitative researcher, is to present the huge amount
of rich data that have been collected, so that the presentation provides evidence
for the conclusions (Huberman and Miles, 1983). To facilitate the reader in
understanding the conclusions, the patterns of issues are displayed graphically
in Chapter Five. Graphs can offer a means to survey the whole corpus of data
ordinarily lost in qualitative research. Instead of taking the researcher's word
for it, the reader has a chance to gain a sense of the data (Silverman, 1993).

The graphs are, throughout the study, complemented with illustrations from the
huge amount of rich qualitative data. The illustrations are given in the form of
excerpts from the database of incidents. The main purpose of the excerpts is to
introduce to the reader parts of my own learning process, in reaching the
conclusions, to facilitate the reader's learning process (Normann, 1980). The
use of shorter excerpts was chosen in favour of a lengthy narrative of the
adoption process, since a narrative was judged not to add enough value to the
reader's understanding.

My attempt to provide evidence for the conclusions rests finally on a
description of the content of the adoption process. In the description I focus on
the actions taken to adopt lean production at Office Machines. The description
is intended to give the reader an understanding of the adoption process. The
reader can therefore judge the nature of the change undertaken by Office
Machines. It is to this description we now tum.



CHAPTER 4
Adopting Lean Production

at Office Machines

This chapter introduces the empirical case in more detail. The content
of the change Office Machines went through is described. By
describing the actions taken to adopt lean production, the reader can
gain an understanding of the adoption process. This understanding
enables the reader to judge the similarity between Office Machines's
change and the principles of lean production. First, however, a
presentation of the company.

4.1 Office Machines - Market Changes
Office Machines is a medium-sized manufacturing company and is one of the
larger in its industry, with an export share of ninety-three percent. Exports
traditionally took place through distributors, who were granted exclusivity for
one coul1try. The exclusivity agreements changed and a couple of distributors
per country were used. The distribution structure changed again, in the late
1980s, as sales subsidiaries were established in European markets.

The late 1980s and the beginning of the 1990s also saw changes in the way
products were sold. Larger retail companies were being formed, who wanted to
buy directly from the manufacturer and skip layers in the distribution chain. The
retail companies were formed both in the United States and later in Europe,
where companies formed across national boundaries.

The implication of the market changes for manufacturing was the need to
deliver in small batches, on a short notice. Deliveries to distriblltors had
traditionally taken place in large batches, with a minimum lead time of six to
eight weeks. Starting in the early 1990s, customers were demanding shorter lead
times, down to five days. Delivery reliability was also becoming emphasised.

59
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4.2 Manufacturing Organisation Prior to
the Adoption of Lean Production

Office Machines's manufacturing activities are based in Sweden and are split
between two sites. The main site has a total of 300 employees. The second
manufacturing site has about one hundred employees and is located sixty
kilometres from the main site. The organisation of the nlanufacturing activities
prior to the decision to adopt lean production was rather traditional.

4.2.1 Manufacturing Process

In the early 1990s, Office Machines's product range consisted of around
seventy products selling in about 700 variants. Many products were
manufactured in large volllmes. The largest sellers sold up to 600,000 units per
year, whereas the average volumes ranged between 20,000 and 40,000 units per
year. Regardless of volllme, the products were manufactured in the same
process, see Figure 4.1.

Lead time
10 - 14 weeks

Lead time
3 - 4 weeks

Figure 4.1 Material Flow and Stages in the Manufacturing Process
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Figure 4.1 contains the main stages in the manufacturing process and the
generic material flow between these stages. The following stages exist:

• Stamping - parts are stamped out from raw material.

• Bending - stamped parts are bent to different shapes in press machines
using pick and place units to automatically pick the parts.

• Heat treatment - parts are heat treated, a sub-contracted operation.

• Welding - parts are welded together to form sub-assemblies.

• Surface finishing - parts are painted or coated in chrome and nickel.

• Assembly - parts manufactured in-house and externally procured parts
are assembled. The bulk of assembly operations are manual, although a
few products are assembled automatically.

Due to the long set-up times in the stamping and bending operations,
manufacturing took place in large batches. A typical batch in stamping and
bending consisted of enough parts for at least two months' consumption in final
assenlbly. In other stages of the manufacturing process, batch sizes
corresponded to between two weeks' and one month's consumption in final
asserrlbly. As a consequence of the large batch sizes, work-in-progress was kept
at several places in the nlanufacturing process, indicated in Figure 4.1.

Parts manufacturing and procurement took place against a monthly forecast,
made by the planning department in collaboration with sales. Assembly took
place against a mixture of actual customer orders and the forecast.
Manufacturing orders were issued every fortnight through the MRP system. All
assembled products, whether assembled at the main site or at the sister site,
were transported to the finished goods stock located at the main site. Typical
lead times in tIle manufacturing process are indicated in Figllre 4.1. Customers
often ordered a mixture of different products and four days were allowed for
packing and shipping. Sales lead times varied between six and eight weeks.
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Figure 4.2 Main Site Factory Layout
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The manufacturing process was functionally organised. Figure 4.2
schematically illustrates the layout of the main site, which consisted of two
adjacent facilities. The functional organisation led to a number of internal
transports. The number of transports was increased because the company had
two sites. The company's second manufacturing site was also functionally
organised and contained assembly and certain parts manufacturing operations.
The site had for historical reasons come to specialise in certain operations in the
manufacturing process. Parts could as a result be transported several times
between the two sites before ending up in a product.

4.2.2 Quality Assurance

Office Machines enjoyed a good reputation in the market for the quality of their
products. This standard of quality was costly to achieve, since much rework was
done internally before the product was shipped. A certain percentage for rework
had come to be included in the standard times for operations.

As a consequence of ISO 9002 certification in December 1991, quality
awareness training was given to operators. A system of operator self-inspection
had been started in the spring of 1991, but was complicated by blueprints that
were not up-to-date. The measurements given on the blueprints were therefore
not obeyed. Operators in parts manufacturing had experience and knowledge of
the products which allowed them to adjust machines and tools for parts to fit
with each other. Employees in final assembly were equipped with a rubber
hammer to "fit" parts together.

Quality was inspected in the products. A system of final inspection was in place
and one operation in assembly was to test the product. A sample of completed
products were also reviewed once per month. The review corresponded to
quality from the customer's point of view and fingerprints on a product were
classified as a quality problem. The quality review did not function well as a
tool for increasing product quality. If a large percentage of defects was found,
operators only said: "now she has been fussy again" (referring to the person
responsible for the quality review). Explicit action to find the cause of the
defects was rarely undertaken.

4.2.3 Work Organisation

There was a maximum of three layers between the operators and the production
director, as seen in Figure 4.3. Operators were not organised in teams., but
sporadic rotation between different tasks took place in some parts of the
organisation. Assenlbly activities were organised along production lines and
each operator performed only a fraction of the work that was put in the product.
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Figure 4.3 Previous Organisation Structure in Manufacturing

Operators were individually remunerated through a piece-rate system and
formal training was minimal at shop floor level. A new employee was
introduced to the job infornlally. It was more or less the task of the colleagues
to train the new employee in the relevant jobs. A new employee was expected to
perform his or her job after a few days, although not at full speed initially.

Operator suggestions were elicited on an individual basis through a suggestion
scheme. There was little promotion of the scheme and the committee
responsible for evaluating suggestions met once every six nl0nths. A total of
around thirty suggestions came in per year. Up to three quarters of all
suggestions received a monetary reward, but always with a delay.

4.3 Adopting Lean Production at Office Machines
The changes of concern in the present study have their roots in early 1990,
when both the managing director and the production director were replaced. The
change of directors was a consequence of the recession Office Machines had
suffered through in the late 1980s. Part of the new directors' mandate upon
arrival was therefore to achieve change.
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4.3.1 The Project for Changing Manufacturing

When analysing the existing manufacturing organisation, the new production
director concluded that improvements could be made. Particularly the following
led the production director to the conclusion that change was needed:

• The structure and organisation of manufacturing led to problems of
lengthy transports, high quality costs, high stock and work-in-progress,
and long manufacturing and delivery lead times.

• Changes in the market led to an increase in the importance of delivering
in small batches, on short notice.

• There was a need to increase cost efficiency, since the company had just
suffered through a recession.

• It was envisioned that hiring would be a bottleneck in the futllre.
Particularly the younger generation were not keen on working in
industry. The work had to be made more appealing to employees.

The new production director had experience from changing manufacturing. In
the late 1970s he had participated in the creation of manufacturing cells at a
large defence contractor. Prior to his arrival at Office Machines, he had worked
seven years at a manufacturing company, which had initiated changes similar to
lean productiol1. It was therefore natural for the production director to draw on
his previous experiences, when changing manufacturing at Office Machines.

The attempts to change manufacturing started with informal discussions with
manufacturing managers. The discussions were initially not that fruitful. Ideas
on implementing manufacturing cells had been brought up by the previous
production director. These ideas had been abandoned, since the resistance in the
organisation was considered too great. The manufacturing organisation still
consisted of the same managers. It therefore took a certain amount of selling his
ideas for the new production director.

Gradually the ideas for change were accepted and in mid-1991 a tentative
project plan for the change was written. The project to change manufacturing
started in 1992 and was initially dominated by preparatory work. In February
1992, a project group was formed consisting of the production director,
production managers, supervisors, operators, and union officials. One of the
first tasks for the project group was to write an application to a government
funding agency which sponsored changes within industry.

While waiting for the application to be accepted, information on the coming
changes was given to all employees in March and August 1992. A just-in-time
game was also conducted with all en1ployees to give them a more hands-on
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experience of the benefits of reduced batch sizes. When the application to the
funding agency was accepted in October 1992, planning of the changes was
intensified. The plans were disturbed around Christmas 1992, by a large order
the company received.

In November 1992, the managing director attended a seminar where the lean
production framework of Chapter Two was presented. The managing director
saw the similarities between the framework and the work the company had
begun and proposed a collaboration with the researchers. The collaboration
began in January 1993, with a seminar on lean production at the company. At
this seminar, the lean production framework was presented to management
representatives from all functions. The managing director and production
director here officially stated the company's intention to work with the adoption
of the lean production framework, as defined in Chapter Two.

Having adopted the lean production framework as a unifying guide for the
conling changes at the company, managers at Office Machines used the
framework to guide their actions. For the context of interest in the present study,
the lean production framework was used as a guide to changing the
manufacturing organisation. However, the framework only helped management
postulate what should be done to change manufacturing. The framework did not
postulate the order in which changes should be made.

4.3.2 Eliminating Waste in the Manufacturing Process

A main part of the adoption of lean production was to eliminate waste through
cellular manufacturing. The manufactllring cells were created around families of
similar products and contained both parts manufacturing and asserrlbly. The
only operations left outside the cells were stamping, surface finishing, and
hardening. The creation of manufacturing cells took place through pilot
projects.

Two manufacturing cells were created at the nlain site in April 1993. Due to the
functional layout of the manufacturing process, the creation of nlanufacturing
cells required physical relocation of tasks between and within the company's
two sites. The relocation of tasks was also a preparation for the creation of
manufacturing cells in the whole operation. Thus, even though only two
manufacturing cells were created, more products were transferred between the
two sites in April 1993.

The nature of the assembly task was also changed in April 1993, when assembly
became organised in "rotation assembly". Each operator assembled a complete
product. Operators stored the products on a cart when moving between
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assembly stations to perform different assembly operations. TIle operator and
the products thus rotated between assembly operations, hence the term "rotation
asserrlbly". The cllange meant the assembly task was enlarged.

Both of the newly created manufacturing cells featured rotation assembly of the
products. Rotation assenlbly was also introduced on other products as a
preparation for the creation of manufacturing cells. The changes taking place in
April 1993 resulted in a large share of operators being faced with new tasks
overnight. In the sister site, for instance, forty operators were given new tasks.

The two manufacttlring cells that were created as a pilot project were intended
to poiIlt out the direction in which the whole manufacturing operation should
move. The layout of the cells facilitated a smooth material flow between the
different machines. The intention was to physically connect machines and have
operators manning more than one machine. Storage of material took place
within the cells to facilitate material movenlent and control.

In September 1993, a project to analyse the pilot cells was started. The aim was
to use the experience gained to determine possible improvements of the cells.
The analysis of the cells led to a split of the largest cell in two, to simplify
material flow and to avoid clashes in machines. The physical separation of
equipmellt to create the two cells took place in February 1994. The analysis of
the cells also led to the installation of machines permanently set up to produce
certain parts in one of the cells, starting in early 1994 and finishing in May.

A decision in the company's board was necessary to create manufacturing cells
in the whole operation. Planning the manufacturing cells began in September
1993. One part of the plan was out-sourcing circuit boards, which the company
manufactured from components. A decision to out-source the circuit boards was
taken in October 1994 and the first delivery took place in April 1995.

February - June
Creation of manufacturing

cells in the whole operation,
in total fourteen cells

April
Establishment of
rotation assembly

April
Relocatin~

manufacturm~

tasks between sItes

February
Split of largest

manufacturing cell
in two

April
Out-sourcing of
circuit boards

Figure 4.4 Major Actions to Eliminate Waste in the Manufacturing Process
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Despite the early start of planning the second round of manufacturing cells, the
relocation started in February 1995 and took place in stages. Fourteen cells were
physically in place by June 1995. The major actions to eliminate waste in the
manufacturing process are summarised in Figure 4.4.

4.3.3 Achieving Pull Instead of Push

When changing to pull scheduling, efforts were concentrated on the pilot
nlanufacturing cells. In June 1993, the planning department noticed that the
batch sizes in the MRP system were not obeyed. Operators used lower batch
sizes than the planning department intended. The batch sizes were therefore
lowered in the MRP system to fit reality better.

In August 1993, an alteration of product structure trees started being discussed,
see Figure 4.5. Each product had two different product structure trees, with
corresponding part numbers in the MRP system: one structure before and one
after the welding operation. The same batch size was used within each section
of the manufacturing process with the same product structure tree. Altering the
-product structure trees involved moving the point at which there was two
different trees from the bending to the stamping operation.

Product structure one

Product structure trees prior to alteration

Product
structure two

IStamping H Bending H Welding I

Product structure trees after alteration

Product Product structure two
structure one

IStamping H Bending H Welding

Batch size one Batch size
two

Batch size
one

Batch size two

Figure 4.5 Alteration ofProduct Structure Trees

The alteration of product structure trees was initiated ill September 1993 on
products in the largest manufacturing cell. The primary consequence of the
alteration was that batch sizes in stamping did no longer decide which batch
sizes were used in the remainder of the parts manufacturing process. The batch
sizes in the bending and welding operations could therefore be reduced.

In conjunction with altering the product structure trees, parts were divided in
two different categories with their value as a guide:

1) The first category was the more valuable parts, to be controlled
manually by operators.

2) The second category was the less valuable parts, to be controlled via a
re-order point system, whether manufactured in-house or procured.
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The second change to the MRP system was initiated in October 1993, as
operations within the manufacturing cells were made to one planning point, for
which capacity planning was performed and to which jobs were released.
Operations in the manufacturing cells had previously been separate identities in
the MRP system. Moving to one planning point simplified production planning
and control.

The changes discussed so far nleant that batch sizes could be reduced to stage
one in Table 4.1. The table illustrates batch sizes in different operations for a
higll volume product (around 600,000 products sold per year). From May 1994,
parts manufacturing within the cells took place against customer order and the
move to stage two in Table 4.1 had been made. This effectively meant that pull
scheduling took place on all manufacturing operations except stamping.

Table 4.1 Changes in Batch Sizes.for a High Volume Product

Starting point
Stage one
Stage two

Stamping

60,000
60,000
60,000

Bending 1

60,000
10,000
3,000

Bending 2

60,000
10,000
3,000

Welding

10,000
10,000
3,000

The next change to production control in the manufacturing cells started in
March 1995, when a system simplifying material control was drafted. The new
system was implemented in May. Visibility was increased through the use of
kanban cards to control the movements of the more valuable parts. Re-order
points utilising the MRP system were used for cheaper parts. This system was
also used in the manufacturing cells created around the summer of 1995. The
major actions to achieve pull instead of push are summarised in Figure 4.6.

June October March- May
Lowering batch sizes Manufacturing cells ~stem for material control
in MRP system for made to one eve]oped and installed in
manufacturing cells planning point pilot manufacturing cells

. I ~ /' I I I I I I I ......
I I I I I I I I I I ~

1993 1994 1995

September
Altering product

structure trees in the
manufacturing cells

May
Manufacture against

customer order in
manufacturing cells

Figure 4.6 Major Actions to Achieve Pull Instead ofPush
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4.3.4 Installing a System for Zero Defects

An important motivation for the work with quality was an audit by a large
customer in March 1992. The customer's interest in Office Machines's quality
management system came through a new product that was being developed in
collaboratiol1 between Office Machines and the customer. As a part of their
supplier approval process, the customer audited Office Machines's quality
management system and fOtlnd it unsatisfactory. The customer therefore
presented Office Machines with a list of systems and activities that had to be in
place for Office Machines to become their supplier. The list was an extended
version of ISO 9001, where the ISO standards made up about twenty-five
percent of the customer's demands.

To meet the custon1er's demands, a team was put together to work with quality
as a part of the lean production project. The work of in1plementing the items on
the list presented by the custon1er began in March 1993. The work concerned
the following main items:

• Revision of blueprints - updating blueprints to correspond with reality
to restore operators' confidence in the blueprints.

• Production engineering - creating of work instructions to ensure the
right methods and equipment were used in the manufacturing process.

• Process improvements - securing a manufacturing process that
guaranteed all parts were conforming to specification. Accomplished
through for instance statistical process control, capability studies, and
systen1atic problem solving.

• Training - operator training was essential to succeed with the
installation of a quality management system.

Office Machines started to implement the items on the action list in the pilot
manufacturing cells. Quality training started in March 1993. The training
totalled forty hours, divided in basic quality training, product knowledge,
reading blueprints, measurement techniques, and statistical n1ethods.

A particular item on the action list was the installation of a system for corrective
action. The intention was to systematically follow up each departure from
specifications. The system for corrective action was installed in the pilot
manufacturing cells in April 1993. The customer audited Office Machines's
progress on the action list in May 1993 and demanded that the system for
corrective action was installed in the whole operation. The system was installed
and started to be used in November 1993. Meanwhile the following major
actions were takel1 as a part of the work with the quality management system:
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• A systenl for tracing parts was installed in May 1993. Parts were clearly
labelled to facilitate tracing them in the manufacturing process.

• A computerised system for statistical process control was installed in
June 1993 and was used by sixty operators in August. Attribute charts
were simultaneously introduced in the assembly operations.

• Revision of blueprints was initiated early in the quality project, but it
was not until November 1993 the work was completed for the products
within the pilot manufacturing cells.

Around eighty percent of the action list had been addressed by November 1993
and the new routines had become part of the daily operation. The quality project
was therefore disbanded. This does not mean that efforts to improve quality
were abandoned, only that management did not have to devote the same amount
of effort and resources to the work with quality. The appropriate routines were
also brought into the new manufacturing cells as they were created. The major
actions to install a system for zero defects are sunlmarised in Figure 4.7.

April- May
Systems for corrective

action and tracing
parts installed

March
Work with quality
started as a project

June
SPC and attribute

charts installed

November
Quality project

disbandea

March
Quality training

started

May
Customer audit

necessitated cor­
rective action

in whole operation

Figure 4.7 Major Actions to Install a Systemfor Zero Defects

4.3.5 Creating Multifunctional Teams

An important part of Office Machines's change was the creation of
multifunctional teams. Creating teams required a substantial investment in
training, starting in late 1992, when all operators went through a one-day course
in group dynamics. Further training was carried out, with emphasis on those
part of the pilot nlanufacturing cells. Each operator received a total of
sixty-eight hours of formal training in different areas, see Table 4.2. Thousands
of hours 11ad been spent on training by August 1993.
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Table 4.2 Elements ofOperator Trai~ing

71

• Group dynamics
• Basic quality
• Statistical methods
• Measurement techniques

• Product knowledge
• Blueprint reading
• MRP system

The first multifunctional teams were created together with the pilot
manufacturing cells, in April 1993. The teams were made responsible for the
manufacture of conlplete products in the manufacturing cells. Two teams were
created through a procedure where management and the union together decided
which employees were to be part of the teams. This procedllre was chosen to get
teams made up of employees with different age, sex, and attitude towards the
change. The largest team contained thirty people, with no more than fifteen
present at anyone tinle. The second team contained fifteen people.

Apart from the manufacture of products, the newly created multifunctional
teams were also nlade responsible for a set of indirect tasks. The areas to which
these tasks belonged are displayed in Table 4.3. With the creation of
manllfactllring cells and multifunctional teams, the number ofjob classifications
was decreased from twenty-one to seven.

Table 4.3 Areas ofResponsibility Integrated in the Multifunctional Teams

• Planning
• Quality
• Purchasing
• Production engineering

• Human resources
• Maintenance
• Tool service and repair

Apart from the multifunctional teams in the manufacturing cells, teanlwork was
introduced in other areas of the manufacturing process as well. Organisational
changes at Olle of the assembly areas in January 1993, meant that operators were
made responsible for indirect tasks. Teamwork was introduced with the creation
of rotation assembly in April 1993.

A multifunctional team was also created at the stamping department. A
customer-supplier relationship was established between stamping and other
areas of the manufacturing process. The stamping team was made responsible
for tasks surrounding the stamping operation, such as material handling and
maintenance. The creation of a multifunctional team started in January 1994,
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but was not finished until spring 1995. As the creation of manufacturing cells in
the whole operation took place around the sumnler of 1995, multifunctional
teams were created. Before this change, most operators had received both
theoretical and practical training.

Early in the lean production project, it was clear the planned multifunctional
teams needed a new payment system. The existing piece-rate system was no
longer considered suitable. The work of creating a new payment systenl was an
integral part of tIle creation of multiulnctional teams. The task was to design a
payment system promoting performance under the new manufacturing strategy.

TIle first change to the payment system took place in April 1993. Piece-rates
were abandoned for operators working in the manufacturing cells and for
operators working with rotation assembly. The operators instead received a
salary and the work of finding a new paynlent system continued. All agreement
between management and the union regarding the new payment system was
reached ill October 1993. The paynlent system consisted of two parts:

1) The size of the fixed part depended on the individual's achievements
and was related to the employee's abilities.

2) The size of the bonus depended on the team's achievements in the areas
of productivity, quality, and delivery precision.

The system was introduced in November 1993. The complete system was
introduced only for the teams in the manufacturing cells. Teams working with
rotation assembly were only assigned the payment system's bonus part. The
intermediate stage was necessary since the organisation of the teams was not
fully developed until manufacturing cells had been created. The major actions
to create multifunctional teams are summarised in Figure 4.8.

April
Piece-rates
removed

Late 1992 - August November February - June

Course in ~roufl Thousands of New payment Multifunctional teams
dynamics or a I hours spent system Introduced created in new

operators on training

/,
manufacturing cells

I / I I I I I I. ...
I I I I 1\ I I I I I ~

1993 1994 1995

April January
Creation of two multi- Initiation of the
functional teams and creation of
teamwork in assembly stamping team

Figure 4.8 Major Actions to Create Multifunctional Teams
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4.3.6 Decentralising Responsibilities

Supervisory tasks were integrated in the multifunctional teams. Changes to the
work organisation started in January 1993, when one supervisor at the main site
was transferred to a new job within the company. The preparatory worker in the
same department was transferred to the operator level in January 1993. The
remaining preparatory workers in the department were in April 1993 transferred
to the newly created multifunctional teams.

The intention was to replace the supervisors with team leaders, a task to be
rotated among suitably trained team members. However, llntil operators willing
and able to take on the team leader task had been found and training started,
contact persons were appointed in the multifunctional teams. The contact
persons depended on the former supervisors and the production manager for
support.

Team leader training was started in September 1993, for operators in the pilot
manufacturing cells. Twelve operators went through the first round of training.
Although not all of the operators receiving training were suitable as team
leaders, training was carried out to increase competence. Team leaders assumed
responsibility for managing the teams in the manufactllring cells from
November 1993. Team leaders were responsible for a number of tasks, a
selection of which are displayed in Table 4.4.

Table 4.4 Tasks to Be Inco~porated in the Team Leader's Responsibility

Supervisory tasks
• Capacity planning
• Handling absence and presence
• Manage the team and assign tasks

Planning
• Registration of production orders
• Responsible for deliveries
• Responsible for updating MRP

system

Purchasing
• Registration of purchase orders
• Contacts with suppliers

Production engineering
• Initiate problem solving
• Continuous improvement

Quality
• Responsible for ensuring quality

routines are followed
• Responsible for quality reports
• Responsible for quality issues

externally

Human resources
• Recruitment decisions
• Creation of training plans
• Rehabilitation issues

Indirect service tasks
• Participate in preventive tool and

machine n1aintenance
• Plan preventive tool and machine

maintenance in the team
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Until the team leaders had the appropriate competence to manage all tasks, they
assumed responsibility gradually. The team leaders were responsible for all
tasks in April 1994. During the transition period, responsibility for the tasks was
split between the team leaders, the production manager, and the planning
department. The following mechanisms were also used to support the team
leaders during the transition:

• A weekly meeting between team leaders and the production manager
responsible for the teams, to discuss the coming week's issues.

• Relocation of the production manager to an office close to the
manufacturing cells in March 1994.

A second part of the team leader training started in February 1994 and
continued until May. Since five team leaders left the company in the spring of
1994, a new roul1d of team leader training was started in August 1994. To
prepare for the creation of the new manufacturing cells, further batches of team
leader training was started in October 1994 and February 1995.

In p.arallel to training team leaders and transferring responsibilities to them, a
number of organisational changes were made. The supervisor at the stamping
department was transferred from his position in January 1994, as were the three
supervisors at the sister site. All four were given new jobs within the company.

Production
director

Multifunctional teams

Figure 4.9 Resulting Manufacturing Organisation

With the organisatiol1al changes taking place as a consequence of the creation
of manufacturing cells around the summer of 1995, the resulting manufacturing
organisation had the structure shown in Figure 4.9. The major actions to
decentralise responsibilities are summarised in Figure 4.10.
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Figure 4.10 Major Actions to Decentralise Responsibilities

4.3.7 Creating Vertical Information Systems

As a support to the multifunctional teams in their work of manufacturing
products, vertical information systems were installed. The systems primarily
consisted of performance information relevant for the teams. Discussion on the
systems started immediately prior to the relocation in April 1993. The
discussion focused on the multifunctional teams created at that time.

Although the discussion on vertical information systems intensified after the
creation of manufacturing cells in April 1993, no immediate action was taken to
create the systems. It was not until October 1993, the relevant performance
information was properly displayed on notice boards in the pilot manufacturing
cells. The notice boards were copied as manufacturing cells were created in the
whole operation around the summer of 1995.

4.3.8 Starting the Continuous Improvement Initiative

A continuous improvement initiative was launched in January 1995, with half a
day of training for the three multifunctional teams in the pilot manufacturing
cells. Each multifunctional team was divided in several continuous
improvement teams. Each team consisted of between five and seven employees
and llad a team leader, a role which circulated among team members every two
months. The teams met for a specified length of time once every fortnight. The
ideas for improvements the teams came up with were owned by the teams. Each
idea suggesting a solution to a problem was instantly rewarded with a lottery
ticket. The further treatment of the suggestions is shown in Figure 4.11.
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Departments supporting
implementation of
suggestions:
• Production engineering
• Product development
• Tool room

Figure 4.11 Organisation ofthe Continuous Improvement Initiative

All suggestions were sent to a committee, which met at least once per fortnight
and contained the team leaders from the continuous improvement teams, the
production director, a production manager, and representatives from production
engineering and marketing. The committee's task was to decide what action was
necessary as a consequence of a suggestion. Support from various departments
may be needed to implement the suggested changes, but most often it was the
operators who implemented the changes.

All suggestions of a certain quality were sent to the existing suggestion scheme
committee to follow its reward procedure. The committee met once per
fortnight, as opposed to once per six months. To further help improve response
times, it was decided that as a general rule, teams should not have to wait more
than two weeks before receiving feedback 011 a suggestion.

4.4 Changes in Operational Performance Measures
Important for any company adopting lean production are the resultant
performance changes. This section illustrates changes in operational
performance measures at Office Machines. When adopting lean production one
needs to understand that improvements in performance measures require tin1e to
show up (Schroeder and Robinson, 1991). To take due account of these delays,
the range of performance data extends beyond the scope of the study and goes
from 1992 to 1996. The data are summarised per quarter and the first quarter of
1992 is chosen as a baseline comparison.

4.4.1 Delivery Precision

Delivery precision is measured as the percentage of orders delivered on tin1e
from manufacturing. As measured by Office Machines, "on time" refers to
promised shipping date, not when the products actually arrived at the customer.
Delivery precision in this form has, due to the availability of data, only been
possible to measure from the second quarter of 1993, see Figure 4.12.
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Figure 4.12 Delivery Precision

Figure 4.12 shows that delivery precision improved after the introduction of
manufacturing cells in the second quarter of 1993, although there was a decline
in performance during the third quarter of 1994. Note also that around half of
the occasions when deliveries were delayed in ~1996 were caused by one
supplier. This indicates the bottleneck for achieving on-time deliveries had
moved from internal operations towards suppliers.

4.4.2 Lead Times

The data on delivery precision need to be seen against the background of
shrinking lead times. As a consequence of the changes, both manufacturing and
sales lead times shrunk, see Table 4.5. The adoption of lean production had a
dramatic effect on manufacturing lead times, which shrunk to around six
percent of their value prior to the changes. Sales lead times were cut in half, but
sales lead tin1es are also subject to the way in which sales and distribution
works.

Table 4.5 Lead Times

Average manufacturing lead time

Average sales lead time

7-Ahlstrom

Prior to change

17 weeks

6 - 8 weeks

After change

1 week

2 - 4 weeks
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4.4.3 Quality

Two measures have been used to reflect quality performance. The first measure
is quality scores from the product review, a measure which corresponds to
quality from the customer's point of view. A sample of products is inspected
each month and scored based on the frequency and type of defects found. The
scores are then divided between the number of inspected products. A score of
zero indicates the products are fault-free. The scores are found in Figure 4.13,
where scores have been converted to a percentage, based on the score of the first
quarter of 1992. Figure 4.13 reveals the quality scores declined following the
adoption of lean production.
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Figure 4.13 Quality Scores

The second measure used to reflect quality performance are statistics for scrap
and rework. These statistics reflect the success of achieving conformance
quality. Both scrap and rework are measured in terms of standard costs, see
Figure 4.14, where values are given as a percentage of the first quarter of 1992.

Figure 4.14 is slightly puzzling, since it shows how scrap and rework increased
over a period. According to managers at Office Machines, the major reason for
the increase was that there were many newly hired employees around mid-1994
to late 1995. It took these employees a while to get accustomed to the quality
managenlent systenl, which resulted in higher than normal scrap and rework
levels. As the employees got accustomed to the quality management system,
scrap and rework decreased.
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Figure 4.14 Scrap and Rework

4.4.4 Inventory

Two different measures of inventory have been used. First work-in-progress,
measured as the average value of work-in-progress for each quarter. The values
of work-in-progress are in Figure 4.15 given as a percentage of the first quarter
of 1992. Figure 4.15 reveals that work-in-progress was cut to less than half of
its original value by the end of 1996.
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Figure 4.15 Work-in-Progress
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The second measure of inventory, stock turns, is measured as cost of sales per
quarter divided by total inventory value at the end of the quarter. Two separate
calculations were made: stock turns including and excluding raw material.
Newly developed products contained more externally procured parts than
normal. The externally procured parts are procured from the Far East and are
relatively expensive, compared witll the raw nlaterial used for other products.

The values for stock turns, in Figure 4.16, have been given as a percentage of
the first quarter of 1992. By the end of 1996, stock turns including raw material
were 1.8 times that of the first quarter of 1992. One reason for the relatively
small increase in total stock turns is the newly developed products. Stock turns
excluding raw material show another picture: at the end of 1996, stock turns
were almost 2.4 times of the value of the first quarter of 1992.

250%
- - - Including raw material
--Excluding raw material

220%

190%

160%

130%

100%

70% +--I---+-+--+---+-I---+--+---I-+-............-+---I--.....p.......,I--..............--1

9201 9203 9301 9303 9401 9403 9501 9503 9601 9603

Figure 4.16 Stock Turns

4.4.5 Productivity

Productivity at Office Machines is measured as the number of direct hours spent
in manufacturing relative to the standard ntlmber of hours. The outcome of this
measure is displayed in Figure 4.17. There are no data available for the third
and fourth quarter of 1995, since productivity was not measured during the
physical changes to the manufacturing process around the summer of 1995. As
seen in Figure 4.17, productivity declined as the organisation was changed in
April 1993. Productivity only started to reach its previous level towards the end
of 1996. There were several reasons behind the decline in productivity. One
reason is the inappropriate way productivity is measured, considering the
changes taking place within manufacturing.
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Figure 4.17 Productivity

To compensate for the problem of measuring productivity, a second measure
was calculated: value of produced goods per hour consumed in manufacturing
(see also Roos, 1990). The basis of this measure is the standard cost of
manufactured products. The cost of manufactured products is then divided by
the total number of hours consumed in manufacturing, including both direct and
indirect time. The distinction between direct and indirect time is blurred by the
inclusion of indirect tasks in the multifunctional teams. The value of produced
goods per hour consumed in manufacturing is found in Figure 4.18.
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Figure 4.18 Value ofManufactured Products Per Hour Consumed in Manufacturing
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Figure 4.18 reveals a different picture than the productivity measure and shows
that the value of manufactured products increased over time. A contributing
factor to the increase is that the adoption of lean production had by mid-1995
resulted in the transfer of twelve previously indirect employees to positions on
the shop floor, where they participated in the adding ofvalue to the products.



CHAPTERS

Patterns of Issues in the
Adoption Process

A nun1ber of issues arose in the process of adopting lean production at
Office Machines. The patterns of issues are of interest in the present
study, since they indicate the sequence in which management devoted
effort and resources to the lean production principles. We have in
Chapter Three seen how I arrived at the important issues, which are
the basis for the analysis. As a first step in the analysis, the patterns of
issues are in this chapter examined for major influences.

5.1 Analysing the Patterns of Issues
in the Adoption Process

Before proceeding with the analysis of the patterns of issues, I need to remind
the reader of a few points, to facilitate understanding the analysis. First, the
purpose of the study was in Chapt~r One stated as: "detern1ine sequences of
lean production principles through an examination of the patterns of issues in
the adoption process". Issues indicate the amount of management effort and
resources that were devoted to the adoption of lean production. Issues also
indicate the sequence in which principles were adopted.

Second, in Chapter Three it was stated that issues were indicated by incidents.
The patterns of issues are made operational as, and can only be displayed as,
patterns of incidents. Furthermore, only incidents indicating important issues
were included for further analysis. Incidents that only indicated activities
associated with the adoption of lean production were not included. Neither were
incidents indicating insignificant issues included for further analysis.

83
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Third, recall from Chapter Three the following details of how incidents that
were kept for further analysis were coded:

• Each incident indicated at least one lean production principle, but could
be coded as indicating more than one principle.

• An incident could be coded as indicating up to three different issues.

Finally, the content of the issues is not of interest at this stage of the analysis. It
is the patterns in which the issues arose that is of interest.

The first tool used to analyse the patterns of issues was graphical displays of the
number of issues as a function of time. The issues were displayed for each lean
production principle, including the overall level of the lean production project
(denoted "Whole project"). Although affecting the adoption process, all
incidents could not be referred to a lean production principle.

The display of the number of issues as a function of time was made through
sorting the coded incidents on each leal1 production principle. Incidents
indicating more than one issue were separated and treated as more than one
incidel1t. Two consideratiol1s were made when displaying the patterns of issues:

1) A monthly interval was chosen for the time dimension. A monthly
interval provided the n10st meaningful interpretation of the patterns. A
monthly interval also corresponded to the average frequel1cy of
meetings and other activities at the company (see also Garud and
Van de Yen, 1992). I did experiment with various intervals for the tin1e
dimension. Quarterly intervals aggregated away changes, whereas
weekly intervals provided too much detail.

2) I only included the study period in the analysis. Documents indicated a
few issues before the start of the study, in February 1993. These issues
proved to be insignificant relative to observations n1ade after the study
had started. I also excluded July from further analysis. July is a holiday
month in Sweden and most companies have little or no activity dllring
July, as does Office Machines.

The patterns of issues can be found in Figure 5.1 to Figure 5.8. The figures
display the number of issues as a function of time for each lean production
principle, since the purpose of the study is to determine sequences of the
principles. Figure 5.1 to Figure 5.8 reveal that the patterns of issues were
episodic: periods of frequent observations of issues were followed by periods of
less frequency and vice versa.
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Figure 5.2 Pattern ofIssues in Decentralised Responsibilities
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Figure 5.3 Pattern ofIssues in Elimination ofwaste
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Figure 5.4 Pattern ofIssues in Multifunctional Teams
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Figure 5.5 Pattern ofIssues in Pull Instead ofPush
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Figure 5.6 Pattern ofIssues in Vertical Information Systems
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Figure 5. 7 Pattern ofIssues in Zero Defects
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Figure 5.8 Pattern ofIssues in Whole Project
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Spearman's rank correlation coefficient, or Spearman's Rho, was the second
tool used for analysing the patterns of issues. Contrary to a common dichotomy,
taking a qualitative approach does not preclude the use of quantitative tools for
the analysis (Silverman, 1993). Quantitative analytical tools can particularly be
used to find regularities that may be hidden in the material (Berg, 1981).
Spearman's Rho was thus a means of finding hidden information in the data,
information which only made sense when related to the overall interpretation.
Recall that by using a qualitative approach, I an1 interested in the n1eaning
rather than the measurement of organisational phenomena (Daft, 1983).

Spearman's Rho involves calculating the correlation between two bi-variate
populations. The underlying hypothesis being investigated is whether there is a
relationship between two populations. A relationship would here imply that the
patterns of issues in two principles were moving up and down at the same time.
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The reason for choosing Spearman's Rho is that the method does not rely on the
assumptions underlying traditional correlation coefficients (Daniel, 1990).

Spearman's Rho was in the main used to test whether two different patterns of
issues were correlated. The underlying null hypothesis is that the two patterns
were mutually independent. The tests were all single-sided, which means that
the null hypothesis was tested against the alternatives that the patterns were
either positively or negatively correlated. The single-sided test was used since it
was possible beforehand to specify the direction of the expected relationship,
either through the insights I gained during the field work or the graphs
displaying patterns of issues. I chose at all times a cut-off point of a = 0.05.

5.2 Influences on the Patterns of Issues

5.2.1 The Influence of Researcher Presence
on the Patterns of Issues

When testing for nlajor influences on the patterns of issues in Figure 5.1 to
Figure 5.8, my presence at Office Machines may be one influence. My presence
at Office Machines varied over the course of the study. Towards the end of the
study, I did not spend as much time at the company as I initially did. The
number of days per month I spent at tIle company are fOUlld in Figure 5.9.
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Figure 5.9 Days Per Month Present at Office Machines

It is plausible to expect that during the months I was at the company more often,
I observed a high number of incidents, and vice versa. To test whether this
expectation had any grounds, Spearman's Rho was used to test for the existence
of correlation between tIle patterns of issues and the amount of time I spent at
the company. The results of the tests are found in Table 5.1.
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Table 5.1 Correlation between my Presence and Patterns ofIssues

Principle a (n=28)

89

Continuous improvement
Decentralised responsibilities
Elimination ofwaste
Multifunctional teams
Pull instead of push
Vertical information systems
Zero defects
Whole project
Adoption process <

0.316
0.683
0.686
0.645
0.535
0.339
0.546
0.760
0.797

0.0005
0.0005
0.0005
0.0025
0.05
0.0025
0.0005
0.0005

Table 5.1 contains the values of Spearman's Rho (rs) and the equivalent critical

values (a), when below the chosen cut-off point. Both Spearman's Rho and the
critical values are given for each lean production principle, including Whole
project. To the principles was added "Adoption process", which is the sum of
issues in all lean production principles including Whole project. The table
reveals that all but one principle (Continuous improvement) was significantly
correlated to my presence. Adoption process was also significantly correlated to
my presence. The results of the tests imply that we cannot rule out that my
presence at the company was related to the patterns of issues.

Apart from the influence of my presence at Office Machines on the patterns of
issues, the influence of the second researcher's presence needs to be discussed.
My thesis supervisor visited Office Machines on average approximately one
'day per month. The purpose of his visits was to give various forms of input to
the adoption process, in meetings and through seminars.

As a consequence of our clinical role, the input was dictated by the needs of the
company. My supervisor's input also concerned a wider range of areas than the
adoption process in manufacturing. One example of input is seminars on the
lean production framework for managers, supervisors, and operators. A second
example is facilitation of discussions at top management level to formulate
manufacturing and product development strategies. However, most often the
inpllt took place in the form of meetings with top managers.

A series of tests were carried out to determine the correlation between the
number of days per month my supervisor spent at Office Machines and patterns
of issues. A total of seventeen days were spent at Office Machines in 1993 and
1994. In 1995, the visits concerned activities outside the lean production project
al1d are not of interest here. The results of the tests are found in Table 5.2.
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Table 5.2 Correlation between Second Researcher's Presence and Patterns ofIssues

Principle

Continuous improvement
Decentralised responsibilities
Elimination ofwaste
Multifunctional teams
Pull instead ofpush
Vertical information systems
Zero defects
Whole project
Adoption process

0.239
0.484
0.257
0.260
0.207
0.031
0.129
0.306
0.327

a (n=28)

0.005

0.05

The results in Table 5.2 reveal that the second researcher's presence was
significantly related only to Decentralised responsibilities and Adoption
process. The results are encouraging since they imply that the second
researcher's presence was not related to the patterns of issues to any greater
extent. The implications of the relationship between both researchers' presence
and patterns of issues can now be considered.

Note first that based on the relative sizes of the correlation coefficients we
cannot conclude that the presence of the researchers explains more or less of the
patterns of issues than any other factor. It is difficult to interpret the exact
measure of strength that Spearman's Rho is estimating (Daniel, 1990). The
question then is whether the results of the tests present any major problems for
interpreting the patterns of issues? I argue that they do not, although the results
do caution me when interpreting certain aspects of the patterns. The premises of
this argument are explored below.

The nature of the clinical methodology implies that the researchers' presence
nlay be related to the patterns of issues. The clinical metllodology meant that we
as researchers were at the company to provide input to the adoption process.
The input was provided through participation in discussions and theoretical
contributions in seminar form. Effectively our clinical role at times meant we
triggered discussions. As the production director put it in August 1993:

It is refreshing to have someone from outside ofthe company coming with a torch,
urging us to take action; someone who says that it is a narrow path we are
walking, but that there is a light at the end ofthe tunnel.

Although our presence triggered discussions, it did not necessarily decide what
issues were discussed and particularly not when they were discussed. As a
clinical researcher, the importance does not lie in deciding what is discussed,
but in providing support in solving the problems the organisation is
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experiencing (Jaques, 1951). In our clinical role, we had no preconceived notion
of the sequence in which principles should be implemented, wllich we imposed
on the compal1Y. It was the problems the company experienced in their adoption
of lean production that stinlulated our input. Thus, although we may have
contributed to the content of the issues that were discussed, our effect 011 the
timing of the issues was less evident.

The unclear effect of our presence on the timing of issues is particularly
relevant since I am interested in sequences of lean production principles in the
adoption process. This means that although my presence was related to the
patterns of issues, nlY presence was not necessarily related to the sequences of
principles. Such a statement is supported by the lack of a significant correlation
between the pattern of issues in Continuous improvement and my presence at
Office Machines.

The causality between my presence and patterns of issues is not straightforward:
instead of causing issues, my presence nlay have been caused by issues. A
contributing factor to my presence shifting over time was that there was less
action in the adoption process and consequently less need for me to be present
at the company. Conversely, when there was much activity in the lean
production project, I spent more time at the company. Meetings were also
scheduled for the periods I was at the company.

The reversal of the causal relationship between my presence and patterns of
issues is supported by the few significant relationships between the second
researcher's presence and patterns of issues. The second researcher took a more
active role in the adoption process, but his presence was still only significantly
correlated to the patterns of issues in one principle and the sunl of all issues. My
role in the adoption process, on the other hand, was to be more of an observer.
The high number of significant relationships between my presence and patterns
of issues can thus be caused by me recording issues, rather than affecting them.

The research design - the study of the adoption process in real-time ­
contributed to the relationship between my presel1ce and patterns of issues. Had
I investigated the adoption process in retrospect, the relationship between my
presence and patterns of issues would not have occurred. I still believe the
benefits gained from the chosen research design outweigh this disadvantage.

Finally, there is a lack of nlethods for studying processes (Van de Ven and
Huber, 1990). The lack of methods means that invention was necessary, which
means that pitfalls were inevitable. In another case it may be possible to control
for the correlation between presence and patterns of issues.
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I did experiment with adjusting the patterns of issues with my presence at the
company, but this adjustment had a ntlmber of drawbacks. The adjustment made­
it more difficult to relate the patterns of issues to the field notes and the insights
I gained during the field work. Tests also indicated that the relationships
between my presence and patterns of issues renlained, despite the adjustment.
The relationships also remained if incidents were aggregated quarterly, instead
ofmonthly. The aggregatioll also compoullded the difficulties of interpretation.

5.2.2 The Influence of Season on the Patterns of Issues

The patterns of issues in Figure 5.1 to Figure 5.8 seenl at first glance consistent
in that they go up and down at approximately the same time of the year. This
may indicate a seasonal effect on the patterns of issues. Through the design of
the study, I had access to two full years of observations. Each principle was
therefore divided in two periods to test for the influence of season: (a) February
1993 to January 1994, and (b) February 1994 to January 1995.

Spearman's Rho was used to perform a series of tests to investigate the patterns
of issues for allY seasonal effects. The patterns of issues in the two periods
would be correlated for each principle if there was a seasonal effect. The results
of the tests are found in Table 5.3, whicll contains values of Spearman's Rho
and the equivalent critical value.

Table 5.3 The Influence ofSeason on the Patterns ofIssues

Principle

Continuous improvement
Decentralised responsibilities
Elimination of waste
Multifunctional teams
Pull instead of push
Vertical information systems
Zero defects
Whole project
Adoption process

0.268
0.411

-0.0568
0.207
0.684
0.407

-0.257
0.625
0.291

a (n=ll)

0.025

0.025

Table 5.3 illustrates there are two principles where we cannot rule out the
possibility there were seasonal effects on the patterns of issues: Pull instead of
push and Whole project. The sum of the issues for all principles, that is
Adoption process, did not exhibit a season-dependent pattern. The results are
encouraging, since they imply that taken as a whole there must be other thillgS
besides a seasonal effect that influenced the patterns of issues.
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5.3 Three Periods in the Adoption Process
The major drivers of the adoption process were arrived at using the insights I
gained during the field work as a starting point. The adoption process was
dominated by different themes at different points in time. Often there was one
issue or set of issues that dominated what was taking place within the company
and affected the activities in the process of adopting lean production. The issues
that donlinated the adoption process at different times led to the division of the
adoption process in three periods, all with quite different character.

5.3.1 Period One: F_ebruary 1993 to January 1994 - First Phase
of Project Execution and Focus on Productivity

The issue that received most attention in the initial phase of the adoption
process was productivity. Productivity is measured as the number of direct
hours spent in manufacturing relative to the standard number of hours.
Although this measure may in itself be inappropriate, to emphasise, it was
widely used within the company. Figure 5.10 shows the monthly outcome on
the productivity measure, from February 1993 to January 1994.
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Figure 5.10 Productivity Outcome, February 1993 to January 1994

Productivity declined quite drastically after the organisational changes in April
1993. The productivity decline had major consequences for the lean production
project and led to a number of initiatives to rectify the situation. The
productivity decline was on the agenda of most meetings and also led to
discussions on the appropriateness of the changes in the company's board. The
productivity decline jeopardised the adoption of lean production and was even
given its own name within the company: "the managing director's anguish".

8-Ahlstrom
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Figure 5.11 Productivity Issue, February 1993 to January 1994

As time progressed and productivity started to increase, attention to the
productivity outcome faded. Attention instead shifted to other performance
measures, such as work-in-progress, quality, and lead times. Productivity was
no longer at the top of meeting agendas and the situation stabilised, as
expressed by the managing director in January 1994:

There is no reason to have regular meetings in the top management team on the
lean production project. The situation has stabilised andproductivity increased

As an indication of the amount of effort and resources management devoted to
productivity, Figure 5.11 shows the number of incidents indicating the
productivity issue, from February 1993 to January 1994. Incidents were coded
with "productivity" when productivity caused turbulence in the lean production
project and when there were discussions concerning how to meaSllre it.

18

Figure 5.11 reveals that most of the incidents indicating the productivity issue
were observed in the period up to November 1993. The figure supports the
notion that productivity was important in the early phase of the adoptiol1
process. From February 1994, discussions on productivity had nowhere near the
same impact as up to January 1994. The discussions seldom led to any
particular actions. It was more the nature of the productivity measure that was
questioned.

Spearman's Rho was used to test the insights gained during the field work. The
test was whether the productivity outcome was correlated with the patterns of
issues. Productivity was first adjusted, since for a given month it was the
productivity outcome of the previous month that was discussed. The
performance measurement system at Office Machines did not permit calculation
of productivity until halfway through the following month.
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Table 5.4 Productivity Outcome and Patterns ofIssues, February 1993 to January 1994

95

Principle

Continuous improvement
Decentralised responsibilities
Elimination of waste
Multifunctional teams
Pull instead of push
Vertical information systen1s
Zero defects
Whole project
Adoption process

-0.280
-0.717
-0.716
-0.675
-0.866
-0.840
-0.659
-0.756
-0.766

a (n=ll)

0.01
0.01
0.025
0.001
0.0025
0.025
0.005
0.005

The first series of tests concerned the period February 1993 to January 1994,
when productivity mattered most. The results of the tests, in Table 5.4, reveal
that the patterns of issues in seven lean production principles were significantly
correlated with the productivity outcome. The directiol1 of the relationships
indicate that when productivity was low, activity in the lean production project
was high. The results support the insights gained during the field work:
productivity dominated the actions taken within the lean production project in
the first period of the adoption process.

The insights gained during the field work also indicated that productivity did
from February 1994 no longer have a major impact on the adoption process. A
second series of tests were carried out to test wl1ether productivity was
correlated with the patterns of issues for the period February 1994 to June 1995.
If the insights were correct, productivity should not be related to the patterns of
issues during this period. The results of the tests are exhibited in Table 5.5.

Table 5.5 Productivity Outcome and Patterns ofIssues, February 1994 to June 1995

Principle

Continuous improvement
Decentralised responsibilities
Elimination ofwaste
Multifunctional teams
Pull instead of push
Vertical information systems
Zero defects
Whole project
Adoption process

0.0897
0.240
0.599
0.266

-0.111
0.0897
0.419
0.159
0.379

a (n=16)

0.01
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The results reveal that only one principle - Elimination of waste - was
significantly correlated with the productivity outcome. The positive sign of the
correlation coefficient implies that when productivity went up so did the
number of incidents in the principle. This result is contrary to what was
expected.

The results of the two tests taken together support the insights gained during the
field work. Up to January 1994, the productivity outcome influenced what was
taking place in the lean production project. After January 1994, productivity
was no longer a major influence on the adoption of lean production.

5.3.2 Period Two: February 1994 to September 1994 -
Halt in the Adoption of Lean Production

With productivity having lost its influence, the second period of the adoption
process was influenced by the work a large customer imposed on Office
Machines. The workload effectively halted the adoption of lean production. A
project team was formed in February 1994 for the work of meeting the
customer's demands. Due to the importance of the customer to Office
Machines, the project was led by the managing director. In February 1994, the
company's board postponed a decision to continue the lean production project,
since all resources were needed to meet the large customer's demands.

The customer exerted a high degree of pressure on both manufacturing and
product development. The activities associated with meeting the pressures
influenced the lean production project. There was no time left for working with
the adoption of lean production. This is illustrated by the following citation,
taken from a conversation with the production director in August 1994:

Key at the moment is the [project involving the large customer]. We have no time
for anything else. The project is tough, but we are subjected to tough demands.

In October 1994, the production director made a number of statements which
indicated the worst pressures were over for 11im. Between February and
September 1994, the adoption process was thus influenced by the project
involving the large customer.

The insight gained during the field work was tested using Spearman's Rho. As
an approximation of the pressure exerted by the project involving the large
customer, I used the number of hours spent on manufacturing the product the
project concerned, see Figllre 5.12. The reason for this choice is that the number
of hours spent in manufacturing reflected the l1eed for management effort and
reSOtlrCes, since the manufacture concerned pilot runs.
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Figure 5.12 Hours Spent in Manufacturing between February and September 1994

The results of the tests are found in Table 5.6. The following patterns of issues
were significantly related to the nunlber of hours spent in manufacturing:
Elimination of waste, Zero defects, and Adoption process (the sum of all
issues). The relationships were all negative, implying that when the number of
hours spent in manufacturing was high, the nunlber of issues in the lean
production project was low. The results support the existence of period two.

Table 5.6 Correlation between Hours Spent in Manufacturing and Patterns ofIssu~s

Principle

Continuous improvement
Decentralised responsibilities
Elimination ofwaste
Multifunctional teams
Pull instead of push
Vertical information systems
Zero defects
Whole project
Adoption process

rs

-0.0982
-0.100
-0.918
-0.500
0.214
0.509

-0.759
-0.0893
-0.795

a (n=7)

0.01

0.05

0.025

The significant correlation between Adoption process and the number of hours
is particularly important. This indicates there was a relationship between the
project involving the large customer and the lean production project. The
significant correlation between Elimination of waste and the number of hours is
also important. Elimination of waste is a key lean production principle, which
required attention, since manufacturing cells were to be created in the whole
operation. The negative correlation indicates that no action was taken in the
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principle Elimination of waste, due to the pressures of the project involving the
large customer. The correlation between Zero defects and the number of hours
spent is less important, since the quality project was not a major concern during
the second period of the adoption process.

5.3.3 Period Three: October 1994 to August 1995 - Second Phase
of Project Execution and System Changes

Unlike period one and two, the third period of the adoption process had no
major issue that dominated the adoption process. The third period was
characterised by three action-triggering events, which were not possible to
quantify in the sanle manner as were the causes of the first two periods.

The main reason for the break between period two and three was that the project
involving the large customer was no longer a major concern for the production
director. In October 1994, he re-started the lean production project on a larger
scale with a memo to all concerned. The memo's opening sentence was:

The [lean production} project has now been at a standstill for eight months and
needs a're-start, since [the project involving the large customer} has stabilised.

A second driver of the adoption process in period three was the relocation and
creation of manllfacturing cells in the whole operation. Since the preSSllre from
the large customer was less intense, planning of the second relocation was
started on a large scale in the third period. The relocation meant a creation of
manufacturing cells in the whole operation.

A third driver of the adoption process was a meeting between representatives
fronl nlanufacturing and administration in March 1995. The meeting was called
to discuss a new way of controlling material and measuring the performance of
the manufacturing cells. The nleeting was one of the first occasions
manufacturing and administration sat down on a mutual basis to discuss the
actions needed to drive the change. Said the production director in April 1995:

We have been active in the [lean production} project during the last month. Lately
myselfand the administrative director have been driving the changes.

The outcome of the meeting in March 1995 was a series of actions to install a
new system for material control in the manufacturing cells and change the
management accounting system.

From this short summary of major events in period three, it follows there was
no issue that dominated the adoption process. It was the need to take action in
itself that was inlportant in period three. The lean production project needed to
be continued and so it was. Thus, the three periods in the adoption process were
rather different in character and are distinguished in the further analysis.



CHAPTER 6
Relationships between Lean

Production Principles

Although the aim of the present study is to determine sequences of
lean production principles in the adoption process, determining
relationships between the principles is a crucial step to reach the aim.
Sequences are the order in whicl1 the various principles were adopted,
where the order underlines the relationships between principles
(Filippini et aI., 1998). We can expect relationships between the lean
production principles, since manufacturing capabilities are built
cumulatively (Ferdows and De Meyer, 1990).

6.1 Relationships between Principles in the Three Periods
The inquiry into the relationships between lean production principles took place
through an examination of the patterns of issues in the adoption process. The
examination took place for the three periods of the adoption process, since they
were all different in character. When using Spearman's Rho to examine the
patterns of issues for relationships between principles, the content of the issues
was not important. It is the patterns in which the issues arose that was
inlportant. When seeking explanations for why relationships occurred, on the
other hand, the content of the issues was important. The results from the tests
were interpreted using the insights gained during the field work. Inferences
were drawn on the reasons why there was a relationship between principles. The
inferences are illustrated by excerpts from the database of incidents.

99
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6.1.1 Period One: Productivity Centred Relationships

Period one was first examined for the existence of relationships between lean
production principles, using Spearman's Rho. The results of the tests are
displayed in Table 6.1, which contains values of Spearnlan's Rho (above the
diagonal) and the corresponding critical values (below the diagonal), when

equivalent to or less than the chosen cut-off point of a = 0.05. Such a value
indicates the patterns of issues in two principles were correlated.

Table 6.1 Relationships between Lean !roduction Principles in Period One

rs

CI VI ZD WP

CI 0.491 0.198 0.355
DR 0.772 0.912 0.878
EW 0.0005 0.764 0.930 0.845
MF 0.0005 0.799 0.898 0.791
PP 0.01 0.807 0.773 0.743
VI 0.005 0.725 0.782
ZD 0.0005 0.780
WP 0.001

a (n=11)

Table 6.1 reveals a number of principles were related in period one: twenty-one
of the twenty-eight possible correlation coefficients were significant. Most
often, the critical values were much less than the chosen cut-off point.

The insights gained during the field work indicated that the relationships arose
due to the productivity decline, which governed much of the action in the
period. The causes of the decline were frequently discussed and a number of
actions were taken to improve productivity. Both the causes of the productivity
decline and the actions taken as a consequence of the decline are seen from the
point of view of managers at the company, whether the causes were real or not.
Part of the productivity decline was probably not real, to emphasise, but instead
arose due to the way productivity was measured.

Causes of the Productiv'ity Decline

Whatever caused the productivity decline was frequently discussed.
Managemel1t attributed the decline to several causes, related to different lean
production principles. The most important causes are summarised for the
relevant lean production principles in Table 6.2.
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Table 6.2 Causes ofthe Productivity Decline
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• Elimination ofwaste - relocation
and creation of manufacturing cells

• Pull instead ofpush - material con­
trol problems

• Multifunctional teams - integration
of tasks and removal ofpiece-rates

• Decentralised responsibilities ­
removal of supervisors

• Zero defects - installation of a
quality management system

The first cause of the productivity decline was the changes in April 1993, as a
consequence of the eliminatjon of waste. Products were relocated between the
company's two sites and two manufacturing cells were created. The changes
meant that many employees were given new products to work witll. Due to the
learning curve effect, the tasks took longer to complete than previously.

The operators in the nlanufacturing cells were also struggling with material
control, which contributed to the productivity decline. The aim was to move
towards pull scheduling with the creation of manufacturing cells. Moving
towards pull scheduling was difficult for two reasons. One difficulty was the
large batches the stamping department continued to supply to the manufacturing
cells. The second difficulty was that a lot of time was spent looking for material,
since all parts affiliated with the manufacturing cells could not be stored in the
vicinity of the cells. There was not enough room for storage, since too much
material was left from before the relocation.

The multifunctional teanls, created in April 1993, were another cause of the
productivity decline. Both direct and indirect tasks were included in the teams.
Although the rotation of operators between direct tasks was slow, the number of
new tasks tIle operators were faced with created problenls. Theoretical training
had been given on the indirect tasks, but it was necessary to practice tIle skills.
The indirect tasks therefore illitially took more time to carry out. Said the
managing director in a conversation in June 1993:

A lot of the lower productivity is because there are many new routines in the
multifunctional teams.

Another cause of the productivity decline, according the analysis made by
managers, was the change in payment. Piece-rates were removed for all
operators and replaced by a salary in April 1993. Productivity was seen as
suffering, since operators did not feel the same urge to work at a fast pace as
prior to the change in payment. Neither were lower level managers accustomed
to the situation of not having piece-rates to motivate their subordinates. The
mallaging director considered the paynlent system particularly important, as
expressed at a meeting in August 1993:
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I have personally asked twenty-five to thirty persons and almost all were
convinced the lower productivity was because we have abandoned piece-rates.
Even the former human resource manager was ofthat opinion.

The removal of supervisors further aggravated the productivity decline.
Comnlented the production director in August 1993:

In the assembly department we lack a payment system to motivate the operators.
The supervisors have also been removed Taken together this means it is tempting
for the operators to take the easy way out.

The final cause of the productivity decline was the installation of a quality
management system. The new routines imposed by the quality management
system necessitated extensive training of operators. The novelty of the tasks
meant they were not carried out at full speed initially. An internal survey among
operators 011 the causes of the productivity decline had "quality problems" on
top. There were also several accounts of how much tinle was added since
operators had to measure and keep track of data. The operators were concerned
over whether to "produce or measure". Commented an operator from one of the
lnanllfacturing cells in June 1993:

The work with quality can take up to one or two hours at the moment, which
affects productivity.

An estimate made in the stamping department was that fifteen percent could be
added to tIle standard times for the work with quality. No formal estimates were,
however, made as to how much time was really added due to the demal1ds of tIle
quality management system.

Actions Taken As a Consequence of the Productivity Decline

A large part of the actions taken in period one were, directly or indirectly, a
consequence of the need to raise productivity. The nlore important actions are
sllmmarised for the relevant lean production principles in Table 6.3.

Table 6.3 Actions Taken As a Consequence ofthe Productivity Decline

• Elimination ofwaste - project to
analyse manufacturing cells

• Pull instead ofpush - alteration of
product structure trees

• Whole project - top management
meetings and board postpones
decision to continue the lean
production project

• Decentralised responsibilities ­
developnlent ofteanlleaders

• Multifunctional teams - new
payment system and change in
productivity measure

• Vertical information systems ­
performance information and
workplace meetings in cells
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To continue the elimination of waste, a snlall project team was inaugurated in
September 1993 to analyse the manufacturing cells. The team's task was to find
solutions to problems that prevented those working in the manufacturing cells
from performing their tasks efficiently. As a part of the a11alysis of the
manufacturing cells, the product structure trees were altered to facilitate
material control and to allow the reduction of batch sizes.

A second series of meetings was started at the top management level.
Participants at the nleeting were the managing director, productio11 director,
administrative director, product development director, and quality manager. The
ma11aging director explained the purpose of tIle meeting in August 1993:

The reason for this meeting is the consequences of the large changes that have
taken place within manufacturing. This is not a decision meeting, but a way for
the top management team to be informed and support the project in its progress.
Perhaps we can also add some ideas on how to proceed in certain areas. It is still
the project management who are responsible for the operative work.

The top management meeting discussed a number of issues. An important issue
was the decision in tIle company's board 011 whetller or not to continue the lean
production project. At the end of September 1993, the board decided to
postpone tIle decision l111til the beginning of 1994. A major contributing factor
to postponing the decision was the productivity decline.

A frequently discussed issue dllring the top management meeting was the
decentralisation of responsibilities to the multifunctional teams in the
manufacturing cells. A particularly controversial issue was the pace at which
responsibility should be decentralised to the team leaders. Team leaders were
trained in September 1993 and were from November 1993 made responsible for
managing the nlultifunctional teams in the manufacturing cells.

The multifunctional teams were themselves subject to actions as a consequence
of the productivity decline. The payment system was changed to incorporate a
bonus based on the team's perfornlance. The productivity nleasure was also
changed, to account for the indirect tasks that had been transferred to the
multifunctional teanlS. To the standard time was added a percentage to reflect
the indirect tasks.

Vertical information systems for the nlultifunctional teams were finally created.
First, notice boards with performance information. The aim of the boards was to
raise productivity. The rationale being the belief that if operators found out their
performance, it would be easier for them to take action to improve the
performance. Said the production director in June 1993:

It is important that we post the productivity figures in the teams, since no one
wants to see a curve that is pointing downwards.
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Second, the vertical "information systems included workplace meetings. The
nleetings started in the pilot nlanufacturing cells in August 1993. The meetings
sometimes gave rise to ambivalent feelings among operators, since having
nleetings was not considered logical ifproductivity was low.

6.1.2 Period Two: Halt in the Adoption of Lean Production

A second series of tests were conducted to examine the patterns of issues in
period two for relationships between principles. The results of the tests are
displayed in Table 6.4, which contains values of both Spearman's Rho (above
the diagonal) and the corresponding critical values (below the diagonal). The
results in Table 6.4 indicate only one significant relationship: Multifunctional
teams was related to Decentralised responsibilities.

Table 6.4 Relationships between Lean Production Principles in Period Two

rs

CI MF VI ZD WP

CI -0.054 -0.143 0.098
DR 0.745 -0.090 0.064
EW 0.464 0.541 0.073
MF 0.05 0.134 0.196
PP 0.098 -0.393
VI nla nla
ZD -0.295
WP

a (n=7)

Note: n/a = test cannot be performed, due to an excessive number of ties.

The insights gained during the field work revealed that the major reason for the
relative lack of relationships was the halt in the execution of the lean production
project. Due to the work with the large customer, there were hardly any
resources left for working with the lean production project. The company's
board had also put a lid on the execution of the lean production project, until the
project regarding the large customer had been secured. What issues did arise in
period two were more a result of previous actions to adopt lean production, than
a conscious and concerted effort in period two. The lack of concerted effort is
illustrated by the activities in the lean production project and the issues that
arose, sunlmarised for the relevant lean production principles in Table 6.5.
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Table 6.5 Activities and Issues in Period Two
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• Whole project - lack of action
• Elimination ofwaste - no actions

to create cells in whole operation
• Pull instead ofpush - product

structure trees altered, nlanufac­
ture against customer order

• Decentralised responsibilities ­
people lost their position and loss
of team leaders a problem

• Multifunctional teams - problem make
operators rotate between tasks and to
move between payment systems

• Vertical information systems - worked
well and no issues arose

• Continuous improvement - delayed
• Zero defects - quality management

system accepted by key actors and
issues almost ceased

At an overall level of the leal1 production project, a major issue was the lack of
action. Contrib'uting to the lack of action in period two was a lack of production
engineers to work with the necessary changes. Another frequently discussed
issue was that the managing director did not trust the data from the management
accounting system. Discussions on possible ways of changing the management
accounting system started, but no changes were made in period two.

Neither was any action taken to create manufacturing cells in the whole
operation. The company's board did 110t allow the lean production project to
continue llntil the project involving the large customer had been secured.
Planning the creation of manufacturing cells did, however, take place on a small
scale. In the pilot manufacturing cells, permanently set up machines were
installed in one cell, an outcome of the al1alysis of the cells made in period one.

To achieve pull scheduling, product structure trees were altered, also a
consequence of the analysis of the cells made in period one. Following the
introduction of permanently set up machines, manufacture against customer
order commenced in the manufacturing cells. Manufacturing against custonler
order, instead of a plan, led to issues of material control being discussed. Since
the inventory buffers that used to exist had been lowered, the multifunctional
teams needed a system to help them control material.

Concerning the organisational changes, the enlpllasis at the start of period two
was on removing supervisors as a consequence of the changes in period one.
Several persons were demoted to other jobs within the company. TIle
organIsational changes demanded management effort and resources, since
certain changes nleant a loss of status for the people concerned. Fllrther
problems were caused by a loss of team leaders, as those initially trained for the
task for personal reasons left the company.
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The creation of multifunctional teams met with difficulties in period two. It was
difficult to make operators rotate between different tasks in the manufacturing
cells. Actions to promote rotation were discussed, but no progress was nlade. A
second difficulty was the payment system, introduced in period one, which
caused turbulence in the begimling of period two" The transition from the old to
the new system was particularly discussed. A large spread in wages arose in the
piece-rate system. The average salary in tIle llew payment system ended up
between the two extremes. Some employees therefore saw a gradual decrease of
their salary in the new payment system, which caused heated discussions.

The vertical information systems created in period one were, however, working
well, and discussions on the systems ceased in period two. Action was, on the
other hand, taken in March 1994 to plan a continuous inlprovement illitiative.
The planned start was, however, postponed due to the work with the project
involving the large customer.

The work with and discussions on the quality management system almost
ceased in period two. The quality project was no longer perceived as a
necessary part of the lean production project, since the quality management
system was working in the day-to-day operation and was also starting to be
accepted by key actors.

The short presentation of the major activities and issues in period two illustrates
that few attempts were made to take the adoption of lean productioll forward.
The issues that arose in period two were more a result of actions to adopt lean
production in period one, rather than a conscious and concerted effort in period
two. Consider in particular the following:

• Actions to eliminate waste and to achieve pull scheduling were minor
chal1ges. The changes related to the permanently set up machines,
which were part of the agenda of period one, although their installation
was delayed to period two.

• Planning the second phase of the lean production project was started,
bllt no actions were taken.

• The significant relationship in period two, between Multifunctional
teams and Decentralised responsibilities, was due to issues resulting
from actions taken to adopt leall production in period one.

Despite the lack of action in period two, there were positive indications that the
changes were starting to be accepted in the company. In April 1994, the
managing director conducted information rounds with all employees. The
reason formally stated as celebrating tIle best monthly tllmover ever plus the
end of "the managing director's anguish" (productivity was on the increase). In
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June 1994, the union commented that the change was being accepted among a
majority of employees. The managing director similarly commented 011 the
production director's increased confidence:

What I notice is that when we have external visitors, the production director is
much more confident on what we are doing. People often leave us thinking about
doing the same thing as we are. This was not the feeling they had one year ago.

6.1.3 Period Three: Management Driven Relationships

A final series of tests were conducted to examine the patterns of issues in period
three for relationships between lean production principles. The results of the
tests are found in Table 6.6, which contains values of both Spearman's Rho
(above the diagonal) and the corresponding critical values (below the diagonal).
Table 6.6 reveals that a number of principles were related to each other, with
twelve of the twenty-eight possible correlation coefficients being significant.

Table 6.6 Relationships between Lean Production Principles in Period Three

rs

CI VI ZD WP

CI -0.050 0.493 0.597
DR 0.225 -0.169 0.517
EW 0.437 0.254 0.804
MF 0.626 0.193 0.862
pp 0.025 0.05 0.504 0.156 0.793
VI 0.043 0.316
ZD 0.215
WP 0.05 0.005 0.001 0.01

a (n=10)

The insights gained during the field work indicated that there was no single
reason for the relationships in period three of the adoption process. The third
period was instead characterised by three action-triggering events, initiated by
management, which were the reasons behind the relationships in Table 6.6:

1) The re-start of the lean production project in October 1994.

2) The meeting in March 1995 between manufacturing and administration
to discuss a new way of controlling material and measuring the
performance of the manufacturiI1g cells.

3) The planning of the second relocation and creation of manufacturing
cells in the whole operation.
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The three events that drove the adoption process occurred at the overall level of
the lean production project. The three events led to a number of activities and
issues in the adoption process. The re-start of the lean production project, first
of all, led to management devoting effort and resources on the following:

• Creating a multifunctional team at the stamping department, including
training operators in the MRP and quality management systems.

• Finding payment systenls for the planned multifunctional teams.

• Measuring and displaying productivity in the multifunctional teams.

The second driver of the adoption process, the nleeting between manufacturing
and administration, led to management devoting effort and resources on the
management accollnting system. A new system for material COl1trol was also
drafted and subsequently implenlented. The meeting finally led to issues in the
principle Zero defects. The quality management system was seen as a potential
impediment to the l1ew material control system.

The third driver of the adoption process, the work of planning the second
relocation, particularly affected the principles Elinlination of waste and
Multifunctional teams. One issue in the creation of manufacturing cells was
layouts. Layouts were particularly aCllte at the sister site, since the original plan
was flawed, due to the strength of the floor not permitting heavy machines to
stand on it. Relocation of machines and equipmel1t started in February 1995.
The relocation was finalised around the summer of 1995. Much advance
planning had been made and the relocation did not cause any major
disturbances, despite being larger than the relocation in April 1993.

The work of planning the second phase of the lean production project also led to
a number of issues concerniI1g the multiftu1ctional teanlS. The selectiol1 of
operators to the new teams was discussed and various solutions to the problem
of selection were sought. The task of encouraging employees to rotate among
tasks within the teams was addressed through training. The work of planning
the second relocation, finally, led to discussions on the vertical information
systems to be used in the nlanufacturing cells.

Parallel to the three major action drivers in period three, other actions took
place to adopt lean production. The cause of the issues in the principle
Continuous improvement was the launch of the initiative, in January 1995. A
second training round was carried out in March 1995. On both of these
occasions, a number of issues arose.

The major concern in decentralising responsibilities was the development of
team leaders. A loss of team leaders in period two created problems and there
was a need to train team leaders. There was also a need to train team leaders for
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the new multifunctional teams. Training was as a consequence started in
October 1994 and February 1995. The different activities and issues in period
three are summarised in Table 6.7 for the relevant lean production principles.

Table 6. 7 Activities and Issues in Period Three

• Continuous improvement - initiative
launched

• Decentralised responsibilities - train­
ing and appointnlent of team leaders
for new multifunctional teams

• Elimination ofwaste - second reloca­
tion and creation of manufacturing
cells in whole operation

• Multifunctional teams - teams created
in the whole operation

• Pull instead ofpush - material
control system

• Vertical information systems ­
installed in manufacturing cells

• Whole project - action taken to
drive lean production project for­
ward

• Zero defects - quality manage­
ment system impeding material
control system

6.2 Relationships in the Adoption Process
From the above analysis emerges the conclusion that it was in period one and
three the adoption of lean production was carried forward in a conscious and
concerted manner. Only period one and three are therefore of interest in the
further analysis. The analysis presented so far also indicates that when lean
production was adopted, the number of relationships between different
principles increased. It is now possible to draw conclusions on sequences of
lean production principles in the adoption process. First, however, a more
in-depth discussion on the nature of the relationships is necessary. Why were
tIle principles related to each other? Spearman's Rho only indicates the
existence of relationships, not why they occurred.

6.2.1 Interpreting the Nature of Relationships between Principles

The proposition here is that the relationships occurred since the nature of the
adoption process necessitated different principles being discussed
simultaneously. An alternative explanation may be that the relationships
occurred due to the researchers' presence at the company, as discussed in
Chapter Five. An objection against this explanation is that the nature of the
relationships shifts between the three periods. This would not occur if our
presence influenced the relationships.

9-Ahlstrom
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The necessity to discuss different lean production principles simultaneously
does not imply that different principles were affecting each other directly at all
times. Actions in one prh1ciple did not necessarily have a direct effect on
another principle.

There were, however, a number of incidents where two principles were
mentioned in conjunction, as part of the same issue. This is illustrated by a
discussion in April 1993, concerning the system for corrective action, part of
the new quality managen1ent system:

Jeff thought that Victor hadproblems with the system for corrective action and he
also wondered who would be responsible for corrective action after the
organisational change. Rodney meant there must be a hierarchy and a routine for
decisions in quality issues. Since there are no team leaders there is a risk issues
will end up between chairs.

The citation illustrates how activities in the principle Decentralised
responsibilities were seen to affect the work in the principle Zero defects. The
quality management system may not work properly since the supervisors had
been removed, but not yet been replaced by team leaders.

Relationships between principles were, to emphasise, in most cases not a result
of the principles being directly dependel1t on each other. The relationships were
instead a result of the principles being necessary to discuss simultaneously, due
to the nature of the adoption process. A few examples illustrate:

• Factors contributing to the productivity decline in period one were
discussed simultaneously. The relocation in April 1993 was comprised
of actions in a number of principles. The actions were all perceived as
contributing to the productivity decline and no single cause of the
decline could be singled out.

• Actions to raise productivity were taken in several principles
simultaneously. Since the productivity decline threatened the lean
production project, all available resources were devoted to improving
the situation.

• To continue the creation of manufactllring cells in the whole operation,
it was necessary to simultaneously discuss the creation of
multifunctional teams. The plan for creating manufactllring cells also
led to the installation of vertical inforn1ation systems and training of
team leaders.

• The creation of a new system to control material and measure the
performance of the manufacturing cells (Whole project) had
consequences for the work with material control (Pull instead of push).
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6.2.2 Comparing Relationships in Period One and Three

The relationships in period one and three can now be compared with each other,
to serve as the fOllndation for the further analysis, see Table 6.8.

• When two principles were significantly related to each other in period
one, there is an "X" to the left in the cell where the two principles meet
in Table 6.8. Vertical information systems was, for instance,
significantly related to Zero defects in period one.

• Conversely, when two principles were related to each other in period
three, there is an "X" to the right in the cell where the two principles
meet in Table 6.8. Continuous improvement was, for instance,
significantly related to Elimination of waste in period three.

Table 6.8 Comparing Relationships in Period One and Three

CI DR EW MF PP VI ZD WP

CI
DR
EW'
MF
PP
VI
ZD
WP

Table 6.8 can be used to make observations on the sequence of principles in the
adoption process. The observations serve as the basis for the remainder of the
analysis. The observations will therefore be explained briefly here and
expanded upon in the remainder of the chapter.

• Table 6.8 can first of all be examined for instances where two principles
were correlated in both period one and three. Nine of these instances are
found and 11ave been highlighted in the table. A closer examination
reveals that only three principles were mutually related to each other in
both periods: Elimination of waste, Multifunctional teams, and Pull
instead of Push. These three form a set of core principles that were
related to each other throughout the whole adoption process.

• The only principles related to Wllole project in both periods were the
core principles. This further indicates the importance of the core
principles in the adoption process, since the label "Whole project" was
used for issues at the overall level of the lean production project.
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• Decentralised responsibilities was related to the three core principles
and Whole project in period one. In period three, Decentralised
responsibilities was only related to Elimination of waste and Pull
instead ofpush.

• Zero defects was related to other lean production principles only in
period one.

• Continuous improvement was not related to any other lean production
principle in period one, but to Elimination of waste,- Pull instead of
push, and Whole Project in period three.

• Vertical information systems was related to most other lean production
principles in period one, but only to Multifunctional teams in period
three.

The reasons behind the observations on sequences will be examined in more
detail in the remainder of the chapter. The focus in this examination is on why
the observations on sequences were made. The content of the issues that arose
in the adoption process is here important and the insights gained during the field
work are used to seek explanations for the observations on sequences of lean
production principles in Table 6.8.

6.3 A Core of Mutually Related Principles
Three lean production principles were related to each other throughout the
whole adoption process: Elimination of waste, Multifunctional teams, and Pull
instead of push. The three principles formed a set of core principles. The
importance of the core principles was indicated by their relationship to issues at
the overall level of the lean production project throughout the adoption process.
Why did these relationships occur?

6.3.1 Simultaneous Peaks for the Core Principles
and Whole Project

If we examine the patterns of issues for the three core principles and Whole
project in Chapter Five, we find that all four patterns peak simultaneously three
times. The three peaks hold a key to why there was a core of principles
requiring management effort and resources throughout the adoption process.
The content of the issues that arose during the three peaks facilitates the
interpretation of why the relationships between the core principles and Wl10le
project occurred.
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First Simultaneous Peak - October and November 1993

The patterns of issues in the core principles and Whole project peaked
simultaneously for the first time in October" and November 1993. The major
reason for the first peak was the productivity decline. The productivity decline
was indeed an issue of importance at the overall level of the lean production
project: one fifth of all the observed incidents during period one concerned
productivity. The productivity decline led to a number of activities.

One activity as a consequence of the productivity decline, was the analysis of
the manufacturing cells. The analysis led to a number of issues in the principle
Elin1ination of waste. Around one fifth of all incidents in Elimination of waste
were, in fact, observed during the first peak.

The productivity decline and the analysis of the manufacturing cells were also
related to the principle Pull instead of pusl1. Too much material was left over
from before the cells were created and the multifunctional teams spent time
searchh1g for n1aterial, which contributed to the productivity decline. The need
to structllre the material flow was urgent during the first peak and was the task
of the project team responsible for analysing the manufacturing cells.

An activity at the overall level of the lean production project following the
productivity decline, was the start of meetings in the top management team to
discuss the lean production project. The discussions peaked in October and
November 1993. One issue that recllrred during the meetings was the need to
create a multifunctional team at the stamping departmel1t. A contributing factor
to the problems with material control in the manufacturing cells was that the
stamping depal1ment produced large batches. The creation of a multifunctional
team was suggested as a way of influencing operators at the stamping
department to reduce set-up times and produce in smaller batches.

The need to raise productivity, domh1ant among issues in Whole project, was
also related to the payment system. The analysis made by managers indicated
the ren10val of piece-rates affected productivity. Work of finding a new
payment system was therefore prioritised and this work culminated during the
first peak in patterns of issues in the principle Multifunctional teams. A new
payment system was also introduced in November 1993.

Second Simultaneous Peak - October 1994

The major reason for the second simultaneous peak in patterns of issues in the
core principles and Whole project, was the re-start of the lean production
project. The reason the production director took action was that the lean
production project had come to a halt and needed a revitalisation. The re-start of
the lean production project led to a number of activities and issues:
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• The re-start led to management devoting effort and resources on the
second relocation and creation of manufacturing cells and
multifllnctional teams in the whole operation.

• Tl1e re-start brought attention to the creation of a multifunctional team
at the stamping department, an issue which had been dormant for some
time.

• The re-start resulted in a need to find new payment systems for the new
multifunctional teams. In discussions concerning the payment systems,
the appropriateness of the way productivity was measured was
questioned.

The problem of measuring productivity was also an issue at the overall level of
the lean production project. The uncertainty surrounding the management
accounting system was a dominant issue during the second peak in Whole
project, illustrated by the following conversation with the managing director:

If the figures are compared, one finds that payment costs are 2.6 percent above
budget, when we have produced much more than that. We have at the same time
produced to stock. We have not been given the figures for productivity yet, but
sometimes I wonder how productivity is measured.

The second peak finally contained frequent discussions on material control in
the manufacturing cells, as part of the work in the principle Pull instead of push.
Following the introduction of manufacture and assembly of products against
customer order, the need to structure the material flow became crucial. Several
ideas on a system for material control were discussed, among others a
kanban-based system, but no action was taken.

Third Simultaneous Peak - March 1995

The third and final simultaneous peak in the patterns of issues in the core
principles and Whole project, was first of all due to the work of planning the
second relocation and creating manufacturing cells in the whole operation. The
planning activities were driven by the need to progress the adoption of lean
production. The activities particularly affected the principles Elimination of
waste and Multifunctional teams:

• The creation of layouts for the manufacturing cells was a recurring
issue duriI1g the third peak in the principle Elimination of waste.

• The selection and training of employees for the new multifunctional
teams was often discussed during the third peak in the principle
Multifunctional teams. A new payment system for the teams was
another recurring issue.
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The third simultaneous peak was also driven by the meeting where
representatives from manufacturing and adnlinistration sat down to discuss a
new way of controlling material and measuring the performanc,e of the
manufacturing cells. A number of issues arose during this meeting, particularly
in the principle Pull instead of push. The meeting triggered the activity of
fillding a new system for material control in the mallufacturing cells.

The examination of the three peaks, to summarise, reveals reasons why the core
principles were related to each other and to the overall level of the lean
production project. Further support for the relationships is found in Figure 6.1.
The figure contains the cumulative percentage of issues as a function of time for
each principle. The values for the three core principles and Whole project have
been highlighted.
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Figure 6.1 A Core ofLean Production Principles Related to Whole Project

Figure 6.1 reveals that the movements of the core principles and Whole project
were closely related throughout the adoption process. Particularly revealing are
the four highlighted graphs considered in relation to the other four. The figure
further illustrates tIle notion that there existed a set of core principles, related to
each other throughout the whole process of adopting lean production.
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6.3.2 Direct Relationships between the Core Principles

Further support for the existence of a set of core principles can be found if we
examine the distribution of incidents indicating a direct relationship between
principles. There were a number of incidents where two principles were
n1entioned in conjunction, as part of the same issue. The incidents indicated that
two principles were affecting each other directly. A total of sixty-one such
il1cidents were observed in the first and third period of the adoption process.
The distribution of these incidents is found in Table 6.9.

Table 6.9 illustrates that there are in total twenty-eight possible relationships
between lean production principles. These relationships are represented by the
cells where two principles meet. The total number of observed incidents
indicating a direct relationship between principles are given in the appropriate
cell. Since the examination here concerns the core principles and their
relationship to Whole project, only six relationships in Table 6.9 are of interest.
These relationships have been highlighted: (a) the three relationships between
the core principles, and (b) the three relationships between the core principles
and Whole project.

Table 6.9 Distribution ofIncidents Indicating a Direct Relationship between Principles

CI DR EW MF pp VI WP ZD
CI
DR
EW
MF
PP
VI
ZD
WP

The six relationships of interest illustrate the existence of the core principles. If
a set of core principles did not exist, we would expect that each of the
twenty-eight possible relationships had the same likelihood of being represented
by an incident. That is, we would expect the number of incidents being equally
divided between the differel1t cells in Table 6.9. The likelihood is, however,
higher that an incident indicating a direct relationship between principles refers
to the core principles, see Table 6.10.
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Table 6.10 Likelihood ofObserving an Incident Indicating a Set ofCore Principles
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Total nunlber of incidents
Expected share based on three relationships (3 out of 28 possible)
N"umber of incidents part of the core (percel1t)
Expected share based on six relationships (6 out of28 possible)
Number of incidents part of the core and Whole project (percent)

61
11%

20 (33%)
21%

34 (56%)

Th~ existence of the core can be deduced using Table 6.10. Ifwe did not expect
to find a set of ,?ore principles, a total of eleven percent of the incidents would
be observed in the cells in Table 6.9 containing the relationships between the
three core principles. Since the share of observed incidents in the three cells is
thirty-three percent, the existence of a set of core principles is Sllpported.

We find further support for the existence of a set of core principles if we take
into consideration the three cells in Table 6.9 indicating a relationship between
the core principles and Whole project. If we did not expect a set of core
principles, a total of twenty-one percent of the incidents would be observed in
the six cells in Table 6.9. Since the share of observed incidents in the six cells is
fifty-six percent, the existence of a set of core principles is supported.

6.4 Two Components in Decentralised Responsibilities
The principle Decentralised responsibilities was related to the core principles
al1d Whole project in period one. In period three, Decel1tralised responsibilities
was only related to Elimination of waste and Pull instead of push. These
observations can best be understood if Decentralised responsibilities is divided
in two separate principles: Delayering and Team leaders.

6.4.1 Dividing Decentralised Responsibilities
in Two Components

Recall from Chapter Three that incidents were coded for activities, using the
data as a starting point. Four different activities were defined within the
principle Decentralised responsibilities:

1) Organisation hierarchy - removal of layers in the organisation.

2) Relocation - the relocation of a production manager's office to the shop
floor, to support the multifunctional teams in assuming responsibilities.

3) Responsibilities - the actual transfer of responsibilities to the teams.

4) Team leaders - the development ofteanlleaders for the teanlS.
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The first three activities were related to the delayering of the organisation.
Delayering refers to the removal of organisational layers and the cOl1sequences
of transferring responsibilities to the teams. The patterns of issues for the two
components of Decentralised responsibilities are displayed in Figure 6.2.
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Figure 6.2 Two Components ofthe Principle Decentralised Responsibilities

Figure 6.2 reveals a difference in timing between Delayering and Team leaders.
Issues in Delayering arose mostly in the beginning of the adoption process,
whereas issues in Tean1leaders arose throughout the whole adoption process.

6.4.2 Delayering the Organisation in the Beginning
of the Adoption Process

Spearman's Rho was used to examine the timing of issues in Delayering. Tests
were conducted regardiI1g the relationships between Delayering and the other
lean production principles in period one and three, see Table 6.11, which
contains values of Spearman's Rho and the corresponding critical values.

Table 6.11 Relationships between Delayering and Other Lean Production Principles

Principle
Period One

rs a (n=ll)

Period Three

rs a (n=10)

Continuous improvement
Elimination of waste
Multifunctional teams
Pull instead of push
Vertical information systems
Zero defects
Whole project

0.380
0.870
0.775
0.693
0.673
0.793
0.866

0.001
0.005
0.025
0.025
0.005
0.001

0.237
0.398
0.113
0.354
0.183

-0.391
0.018
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The results ill Table 6.11 support the notion that Delayering required
management effort and resources in the beginning of the adoption process. In
period one, all principles but Continuous inlprovement were significantly
related to Delayering. In period three, none of the other principles were
significantly related to Delayering.

Delayering was related to the three core principles and Whole project in period
one. As with the core principles and Whole project, the pattern of issues in
Delayering also peaked in October and November 1993, see Figure 6.2. The
most important issues in October and November 1993 were consequences of the
removal of supervisors and the transfer of their responsibilities to the
multifunctional teams. Both managers and team members expressed a need for
management to support the trallsfer of responsibilities. After a conversation
with representatives from the multifunctional teams in the manufacturing cells,
in October 1993, the production director said:

I had a two hour long discussion with the representatives and the conclusion was
that the teams felt they needed someone who managed the operation, since they
were used to having someone who managed them.

The uncertainty the multifunctional teams experiellced, and the resulting
difficulty in transferring responsibilities to the teams, triggered several
discussions at top managemellt level. A controversial issue was the pace with
which responsibility should be transferred to the teams. The administrative
director emphasised a relatively quick pace, for example in November 1993:

I think it is important to define what we mean by transferring responsibility to the
teams. When is the production manager to be relocated to the shop floor? When is
the responsibility for quality control to be transferred? All this needs to be
communicated and carried out as soon as possible.

The production director and other nlanagers emphasised the need for a gradual
transfer of responsibilities to the teams. One type of support added during the
transition was the relocation of the manager responsible for the manufacturing
cells, fronl his office two floors and one hundred metres away from the
manufacturing cells, to an office adjacent to the cells.

6.4.3 Developing Team Leaders throughout
the Adoption Process

Figure 6.2 suggested that issues ill Team leaders arose throughout the whole
adoption process. Spearman's Rho was used to test for relationships between
Team leaders and the other lean production principles in period one and three.
The results of the tests are found in Table 6.12.
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Table 6.12 Relationships between Team Leaders and Other Lean Production Principles

Period One Period Three
Principle rs a (n=ll) rs a (n=lO)

Continuous improvement 0.066 0.176
Elimination ofwaste 0.770 0.005 0.623 0.05
Multifunctional teams 0.934 0.0005 0.685 0.025
Pull instead of push 0.582 0.05 0.540
Vertical information systen1s 0.698 0.025 0.357
Zero defects 0.791 0.005 0.028
Whole project 0.730 0.01 0.701 0.025

Table 6.12 supports the notion that management devoted effort and reSOllrces to
Team leaders throughout the whole adoption process. In period one, all
principles but Continuous improvement were significantly related to Team
leaders. In period three, Team leaders was significantly related to Elimination of
waste, Multifunctional tean1s, and Whole project.

Team leaders was related to the core principles and Whole project in period one.
The pattern of issues in 'Team leaders also peaked in October and November
1993, see Figure 6.2. The issues that arose during the peak were in particular
related to the start of the second phase of the team leader training, but also to
the transfer of responsibilities to the multifunctional tean1S. The transfer of
responsibilities had to take place gradually, since the team leaders did not have
the proper competence. Said the production director in Noven1ber 1993:

The team leaders are in place in the manufacturing cells, but do not yet have the
competence needed to work fully within all areas. Quite a lot remains on the
training ofteam leaders, a number ofdays per person.

Team leaders was, on the other hand, not quite related to the core principles in
period three: the relationship with Pull instead of push was not significant. An
examination of Figure 6.2 reveals that the pattern of issues in Team leaders had
a first peak in October 1994 and a second in April 1995, although the latter only
contained a few incidents. Both peaks related to the planning of the second
relocation and creation of manufacturing cells in the whole operation.

The most important issue in October 1994 concerned the positive feedback from
the team leader training. Training raised competence and decreased scepticism
towards the lean production project. The training was primarily for those who
were to be team leaders in the new multifunctional teams. The peak in April
1995 also concerned the training of team leaders for coming teams, although the
number of observed incidents were few. With this in n1ind, the relationships in
period three can be interpreted:
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• Planning the second relocation and creation of manufacturing cells was
part of the re-start of the lean production project in October 1994. Team
leaders was therefore related to the core principles and Whole project.

• The meeting between manufacturing and administration, in March
1995, did not affect Team leaders. Therefore, the relationship between
Team leaders and Pull instead ofpush was not significant.

The conclusion regarding the split between Delayering and Team leaders, and
their different emphasis in the adoption process, is supported by Figure 6.3. The
figure contains the cumulative percentage of issues as a function of time for
each principle. Decentralised responsibilities has been split in its two
components, which have been highlighted. Figure 6.3 reveals that Delayering
required management effort and resources in the beginning of the adoption
process, wl1ereas Team leaders required management effort and resources
throughout the whole adoption process.
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Figure 6.3 Delayering and Team leaders: Different Emphasis in the Adoption Process

6.5 Further Relationships in the Adoption Process
Whel1 the relationships between lean production principles in period one and
three of the adoption process were examined in Table 6.8, observations were
made on the principles Zero defects, Continuous improvement, and Vertical
information systems. The three principles exhibited different relationships to
other lean production prh1ciples. The task of tl1is sectiol1 is to examine why the
observations were made.
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6.5.1 Installing a System for Zero Defects in the
Beginning of the Adoption Process

An insight gained during the field work was that issues in Zero defects arose
relatively early in the adoption process. This is also the conclusion that can be
drawn from Table 6.8. Zero defects was related to all other lean production
principles in period one. In period three, Zero defects was not related to any of
the other principles. These relationships support the notion that issues in Zero
defects arose in the beginning of the adoption process.

Further support for the notion is found if we examine Figure 6.4, which contains
the cumulative percentage of issues as a function of time for each principle. The
values for Zero defects have been highlighted. Figure 6.4 illustrates how issues
in Zero defects, almost throughout the whole adoption process, proceeded the
other lean production principles.
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Figure 6.4 Issues in Zero Defects Arose in the Beginning ofthe Adoption Process

There are several reasons why issues in Zero d.efects arose in the beginning of
the adoption process. A new quality managen1ent system was seen as in1portant
to implement from the start of the lean production project. A number of actions
were needed in order to restore operators' confidence in the quality
management system and to decentralise the work with quality to operators. The
quality management system received additional focus early in the adoption
process due to the influence of the large customer. Faced with the c·ustomer's
demands, the work of installing the quality management system was
emphasised early in the adoption process.
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There is little doubt the large customer influenced the work with quality.
Initiatives to improve quality had comnlenced prior to tIle start of the lean
production project, but the efforts were intensified after the large customer
audited Office Machines's quality management system. The amount of efforts
put in the installation of the quality management system was subsequently
higher than if the customer had not existed.

It is unfortunately not possible to assess the nature of the work with the quality
nlanagement system without the customer's influence. Observations indicate the
quality management system would still have received attention without the
customer's influence. Without the customer, however, other approaches would
have been used instead of the formalised approaches the customer demanded.

Important here is not the amount but the timing of efforts devoted to the quality
management system. It is plausible nlanagenlent would have devoted effort and
resources to the work with quality mostly in the beginning of the adoption
process, even without the large custonler's influence. Consider the following:

• The status of quality control prior to the start of the lean production
project necessitated a new quality management system to enable
decentralisation of quality control to operators.

• The amount of management effort and resources devoted to the work
with the quality management system diminislled over time, even when
the work concerned the customer's substantial action list.

From December 1993, tIle work with the quality management system was no
longer a part of the lean production project. Said the quality manager on the
final meeting ill the quality project:

Perhaps we are to terminate the quality project, since the remaining work is more
a part ofthe day-to-day activities? My estimate is that up to eighty percent ofall
items on the action list are a part of the normal operation and therefore there is
no reason to discuss them in a separate project.

Since the quality routines were to the most part installed and had also started to
work in the day-to-day operation, there was no longer a need for separate
meetings on the subject of quality.

6.5.2 Starting the Continuous Improvement Initiative
Late in the Adoption Process

The continuous improvement initiative was started in January 1995. As a
consequence, issues in Continuous improvement arose towards the end of the
adoption process. Table 6.8 supports this observation. Continuous improvement
was in period one not related to any of the other lean production principles,
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which is noteworthy, since all other principles were related to each other in
period one. Continuous improvement was in period three significantly related to
Elimination of waste, Pull instead of push, and Wll0le Project. These
relationships refer to core principles.

The relatively few significant relationships between Continuous improvemellt
and other lean production principles in period three, can be explained by
Continuous improvement not being related to the drivers of the adoption
process in period three. Recall tllat the third period of the adoption process was
characterised by three action-triggering ev.ents. The events were initiated by
management to drive the adoption of lean production. The work with the
continuous improvement initiative was not a part of the three events, but took
place in parallel to them.

Further support for the notion that issues in Continuous improvement arose
towards the end of the adoptioll process is found ill Figure 6.5. The figure
cOlltains the cumulative percentage of issues as a function of time for each
principle. The values for Continuous improvement 11ave been higillighted.
Figure 6.5 illustrates how issues in Continuous improvement trails the other
lean production principles, almost throughout the whole adoption process.
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Figure 6.5 Issues in Continuous Improvement Arose towards the End ofthe Adoption
Process

There were several reasons why the continuous improvement initiative was
started late in the adoption process. The planning of the initiative was first of all
delayed since the production director and a key manager were occupied with the
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project involving the large customer. The start-up of the initiative was delayed
from November 1994 to January 1995, due to the production pressure
experienced by operators in the manufacturing cells.

The major reason the continuous improvement initiative was started late was
that operators were not considered to have the requisite skills earlier on. Before
operators could function well in continuous inlprovement teams, they needed
experience from working in multifunctional teams, preferably in nlanufacturing
cells. Said the production director in January 1995, to those initially trained:

You now have a broad overview that makes it easier for you to come up with
improvement suggestions, compared with before when you were only working with
one operation in the manufacturingprocess.

By having worked with different tasks in a nlanufacturing cell, the operators
were judged to have gained an understanding of a much larger part of the
manufacturing process than previously. Understanding a larger part of the
manufacturing process made it easier for operators to improve the process.

6.5.3 Vertical Information Systems - Supporting the
Teams throughout the Adoption Process

Table 6.8, finally, revealed that Vertical information systems was related to all
other lean production principles in period one, but only to Multifunctional
teanlS in period three. The reason Vertical information systems was related to
all other principles in period one was the productivity decline. The vertical
information systems were a part of the actions taken to raise productivity. The
multifunctional teams needed performance information to perform their jobs
more efficiently, thus contributing to raised productivity

Once installed, the information systems worked well and did not cause any
more issues. The majority of issues in Vertical information systems therefore
arose in the beginning of the adoption process. The timing of the issues can be
seen in Figure 6.6. The figure contains the cumulative percentage of issues as a
function of time for each principle, with the values for Vertical information
systems highlighted. Figure 6.6 illustrates how the cumulative percentage of
issues in Vertical information systems proceeded the other lean production
principles in period one; up to January 1994.

However, Vertical information systems was related to Multifunctional teams in
period three. The reason for this relationship was the need to equip the planned
multifunctional teams with infornlation systems. The illformation systems were
from February 1995 an integral part of the creation of multifunctional teanlS for
the second roul1d of nlanufacturing cells. The teams also needed information to
function properly.

10-Ahlstrom
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Figure 6.6 Timing ofIssues in Vertical Information Systems

6.6 Sequences in the Adoption Process
The analysis of the empirical case can now be sumnlarised. The focus in the
present study are sequences of lean production principles in the adoption
process. The findings of the analysis can in this respect be grouped according to
when management devoted effort and resources to different principles. Four
different groups can be distinguished:

1) Zero defects and Delayering required management effort and resources
in the beginning of the adoption process.

2) There was a core of principles that required nlanagement effort and
resources throughout the whole adoption process: Elimination of waste,
Multifunctional teams, and Pull instead of push.

3) Team leaders and Vertical information systems required management
effort and resources throughout the whole adoption process, but the two
principles were not related to the core principles at all times.

4) Continuous improvement required management effort and resources
towards the end of the adoption process.

The empirical findings are the basis for the synthesis, where the task is to
examine the findings in the light of operations management theory, witll tIle aim
of discovering why the sequences occurred.



CHAPTER 7
Interdependence in the

Adoption Process

The analysis of the empirical case revealed sequences of lean
production principles in the adoption process. The task in this chapter
is to explain why the sequences occurred. Explanations are sought
through comparing the findings with operations management
literature. By using existing literature, the plausibility of the empirical
findings is enhanced. First, however, a note on the feasibility of
drawing general conclusions from a single case.

7.1 Management Action Versus the Inherent
Logic of the Adoption Process

A relevant question when synthesising the empirical findings is whether the
sequences were governed by management action or by tpe inherent logic of the
adoption process. The question has implications for the feasibility of drawing
general conclusions and essentially regards the opportunities management have
to affect the sequences. Particularly relevant is the plan for the adoption of lean
production in the empirical case. The role of the project plan in determining
sequences of lean production principles, varies with the role of management
action:

1) Ifwe acknowledge management to have large opportunities to affect the
sequences, the project plan in the en1pirical case would to a large extent
be responsible for the findings on sequences.

2) If we accept that the sequences of lean production principles were
governed by the inherent logic of the adoption process, the role of the
project plan is diminished.

127
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The project plan in the empirical case needs to be seen against the decision to
adopt lean production. Office Machines decided to adopt lean production for
several reasons:

• The company had sllffered through a recession, which led to the arrival
of a new production director with a mandate for change.

• The structure and organisation of manufacturing led to problems of
long transports, 11igh cost of quality, high stock alld work-in-progress,
and long manufacturing and delivery lead times.

• Changes in the market resulted in a pressure on delivery lead times alld
small lot deliveries.

• The company faced increasing difficulties ill hiring new employees.

Following the decision to adopt lean production, the plan was to adopt different
lean production principles simultaneously. TIle simultaneous adoption of
several principles can be expected, considering the importance of not adopting
individual principles in isolation (Voss and Robinson, 1987). Given the
systemic nature of lean production one could even argue, at least before the
actual adoption, that a prerequisite for successful adoption is to work with
several principles sinlultaneously.

The way in which the project plan was executed in the empirical case is related
to the question of the source of the observed sequellces. Office Machilles
adopted lean production through pilot projects. The use of pilot projects
strengthened the opportunity to observe the sequences illherent in the adoption
process. The use of pilot projects meant there was no predetermined sequence in
which the principles were adopted. Management instead devoted effort and
resources to issues as they arose. Regardless of tIle role we acknowledge
managers to affect the sequences, the adoption of lean production through pilot
projects is a strength for the generality of the observed sequences.

The use of pilot projects for tIle types of changes in question is also widespread.
Pilot projects serve as experiments and imply a lesser degree of initial
commitment, which means individuals will more readily accept a change
(Leonard-Barton, 1988). The literature contains several examples of companies
who have used pilot projects, for instance: Northern Telecom Electronics in
Ottawa, Canada (Pouraghabagher and Young, 1991), Thorn Lighting in
Spennymoor, the United Kingdom (Hickman, 1996), and Hewlett-Packard in
Vancouver, Canada (Hayes et aI., 1988).

The viewpoint taken in the present study is that the sequences of principles were
governed by a combination of management action and the inherent logic of the
adoption process. The viewpoint has been reinforced by the insights gained



INTERDEPENDENCE IN THE ADOPTION PROCESS 129

during the field work. Management devoted effort and resources to issues as
they arose (eyert and March, 1992). Since management effort and resources
were limited, only a certain number of issues could be addressed at once. There
was therefore a need to sequence the adoption of lean production.

The viewpoint that the sequences were governed by a combination of
management action and the inherent logic of the adoption process, has
implications for the feasibility of drawing general conclusions from the
empirical case. The viewpoint implies the empirical findings have a value
outside the case in which they were derived. Comparing the findings with
literature further increases the generality of the findings (Berg, 1981). Please
observe that this comparison emphasises the plausibility of the sequences in the
empirical case. To conclude the observed sequences are applicable to all
situations, is quite premature. Recall that generalisation from case studies takes
place towards theory, not towards samples and universes (Yin, 1989).

7.2 Interdependence
When examining the plausibility of the empirical findings on sequences of lean
production principles in the adoption process, the concept of "iI1terdependence"
is useful. Thompson (1967) was an early writer on the subject of
interdependence in organisations. Thompson identified three types of
interdependence, which are illustrated in Figure 7.1 :

1) Pooled interdependence - each part of the organisation renders a
contribution to the whole, but is independent from each other.

2) Sequential interdependence - one part of the organisation is dependent
on another part for input.

3) Reciprocal interdependence - the output of one part of the organisation
becomes input for the other part and vice versa.

(1) Pooled
interdependence

(2) Sequential
interdependence

(3) Reciprocal
interdependence

Figure 7.1 Three Types ofInterdependence
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The concept of interdependence is applied to the different lean production
principles in the adoption process. The concept is used to distinguish the four
groups of principles that were found in the analysis of the empirical case. Each
group exhibited different characteristics, in terms of when management devoted
effort and resources to the principles.

7.3 Sequential Interdependence - Requiring Management
Effort and Resources Early in the Adoption Process

If the concept of interdependence is applied to Zero defects and Delayering, the
two principles are best characterised by sequential interdependence. The
analogy implies that the other lean production principles were dependent on
Zero defects and Delayering in the adoption process. Management effort and
resources needed to be devoted to Zero defects and Delayering early in the
adoption process.

Please note that the concept of sequential interdependence, as used here, does
not exclude Zero defects and Delayering from being dependent on the other lean
production principles. The sequential interdependence needs to be seen over the
life of the adoption process. That is, if a process perspective is taken, the
sequential interdependence reveals that Zero defects and Delayering reqllire
management effort and resources early in the adoption process.

7.3.1 Installing a System for Zero Defects

The notion that Zero defects requires management effort and resources early in
the adoption process is supported by the sandcone model (Ferdows and
De Meyer, 1990). To develop lasting improvements in manufacturing, the
model suggests managers need to devote effort and resources to quality first.
Then, while efforts 011 quality in1proven1ent continue and expand, managen1ent
can devote effort on other capabilities. Two things need to be observed about
the sandcone model.

First, the sandcone model refers to the manufacturing system's capabilities, not
how these capabilities are built (Ferdows and De Meyer, 1990). Tl1e specific
actions a company can take to improve the capabilities may be chosen from a
wide range of alternatives. Office Machines's approach to improving quality is
thus only one out of several. Whatever approach is chosen, efforts to in1prove
quality need to be put in early in the adoption process. Office Machines's
efforts to improve quality began before the start of the lean production project
and concerned ISO 9002 certification, quality awareness training, and a system
of operator self-inspection.
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A second point about the sandcone model is that efforts to improve quality
continue even when management effort and resources are devoted to other
capabilities. Improvement initiatives are often aimed at a hybrid of capabilities
(Ferdows and De Meyer, 1990). As a specific example, Ferdows and De Meyer
mention: "giving workers more planning responsibility", which they clainl
inlproves both quality and dependability. Another example of an initiative
improving a hybrid of capabilities is cellular manufacturing. The ability to
easier trace parts to their origin facilitates assigning accountability for quality to
cell operators (Hyer and Wemmerlov, 1984).

Management effort and resources were in the empirical case devoted to the
installation of a quality nlanagement system early in the adoption process.
Efforts to improve quality did not diminish as the system was in place. Other
activities, such as the creation of nla1?-ufacturing cells and multifunctional teams,
contributed to the improvement of quality. Would we like support for the 110tion
that manufacturing cells and multifunctional teams improve quality, we have
only to consult the extensive literature on total quality management (for a
summary see Hackman and Wageman, 1995).

The sandcone model has been tested by Noble (1995), who found support for
the model through an extensive analysis of plant-level data in three countries.
The findings of Oliver and colleagues (1994) also support the notion of the
importance of basing manufacturing improvement on quality: significant
relationships were found between performance in lean production terms and
items concerning process discipline and control.

The quality literature, finally, points to why quality requires management effort
and resources early in the adoption process. Achieving consistently high quality
requires a high degree of control over the manufacturing process. The control
over the manllfacturing process is the driver of subsequent improvements
(Corbett and Van Wassenhove, 1993). A lean production system will not work
properly without the elimination of scrap and rework (Hall, 1983). The work of
achieving zero defects needs to be started as early as possible (Shingo, 1981).

7.3.2 Delayering the Organisation

The importance of delayering the organisation early in the adoption process can
be understood if we look at the effects of delayering. Delayering improves
conlmunication and co-ordination. Through removing layers in the organisation,
responsibility for day-to-day manufacturing decisions is transferred to the
teams. Transferring responsibilities to the multifunctional teams is important in
a lean production system, due to the gradual removal of inventories.
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Decentralising responsibilities counters the effects of reduced inventory. One of
the functions fulfilled by inventory is to separate parts of the manufacturing
process from each other (Hill, 1995). If one nlachine breaks down, the following
operations can still work on products from stock. Inventory prevents variability
in one operation from having an inlpact on other operati9ns. If inventory cannot
be used for handling variability, alternative actions are needed to avoid
disruptions. One action is more effective communication and co-ordination
mechanisms between the various parts of the manufacturing process (Duimering
and Safayeni, 1991).

Delayering also speeds up decision processes (Flynn et al. 1989). Since a
manufacturing systenl working with low inventories lies close to customer
demand, changes in demand translates to a need to chal1ge schedules rapidly.
Rapid schedule changes require decisions being made and implemented rapidly
and frequently. Delayering enables decisions to be made at the lower levels of
the organisation, where relevant information on demand, production scheduling,
and resource acquisition exists. If decisions were made higher up in the
organisation, time would be lost sending the relevant information up the
hierarchy. Tinle would also be lost waiting for the decisions to be
communicated down, before they could be implemented.

Delayering, finally, increases operator participation in the manufacturing
process (1m and Lee, 1989), which is essential in lean production. One aspect of
operator participation is that teams act upon the problems they identify. Apart
from improving the manufacturing system, operator participation is likely to
have a nlotivating effect. The motivation and commitment gained is a
foundation for further improvements of the manufacturing system (Roos, 1990).

Delayering is, with these effects in mind, part of the foundation for subsequent
improvenlent of the manufacturing system. Due to the nature of a delayering
exercise, being more of a one-off action rather than a continuous enterprise, we
can expect that the delayering of the organisation requires management effort
and resources early in the adoption process. Flat organisation hierarchies are a
prerequisite for lean production (Storhagen, 1993).

7.4 A Core of Reciprocally Interdependent Principles
The analysis of the empirical case revealed three core principles which were
related to each other throughout the adoption pro~ess: Elimination of waste,
Multifunctional teams, and Pull instead of push. The core principles were not
only related to each other, but also to issues at the overall level of the lean
production project. The suggestion here is that these findings are due to
reciprocal interdependence between the core principles in the adoption process.
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7.4.1 Reciprocal Interdependence in the Empirical Case

The reciprocal interdependence in the empirical case can be illustrated in a
PERT network. Figure 7.2 displays issues arising in conjunction with tl1e
productivity decline in 1993. Since the PERT network is used as an analogy,
son1e room for interpretation of the terminology has been n1ade:

• Events (the circles) illustrate either problems or their proposed
solutions.

• Arrows indicate relationships between problems and solutiol1s, which
were indicated by the issues that arose in the adoption process.

April May June August September October November

Whole project

Elimination of waste

Multifunctional teams

Pull instead of push

Figure 7.2 Issues in Conjunction With the Productivity Decline in 1993

The issues displayed in Figure 7.2 are only a selection, selected to illustrate the
reciprocal interdependence between the three core principles. The display has
been simplified for presentational purposes. The relationships were not always
as straightforward as they are portrayed. The time scale has been chosen to
illustrate the timing of issues, keeping in mind that issues were discussed
through periods of time. The relationships between issues arising in conjunction
with the productivity decline are expanded upon in Table 7.1.

Table 7.1 Relationships between Issues in Conjunction With the Productivity Decline

Events

1) Relocation and creation of two
manufacturing cells

2) Creation of multifunctional teams
for the manufacturing cells and
piece-rates replaced with salary

3) Problems with material control a)

4) Inflexible working hours of opera- b)
tors created problems

Relationships between events

Material could not be stored within cells, due to
space limitations

Decreasing lead times in manufacturing cells
required flexibility in allocating operators
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Table 7.1 Continued

Events

5) Productivity decline caused discus- c)
sion at various levels of the organi-
sation

d)

e)

6) Need for top management meeting t)
on the lean production project

7) Pressure on finding a new payment g)
system

h)

8) Positive results needed in the manu- i)
facturing cells to continue the lean
production project j)

Relationships between events

Creation of cells and relocation of products
made tasks take longer to complete than previ­
ously

New tasks given to the tean1S and payment
change contributed to the productivity decline

Problems with n1aterial controlled to unneces­
sary transports to and from a temporary storage

Turbulence around the productivity decline was
the reason the meeting was inaugurated

Top management meeting emphasised the need
for a motivating element in the payment system

Productivity decline exacerbated the pressure
on finding a new payment system

Inauguration of a team to analyse manufactu­
ring cells

Analysis of n1anufacturing cells stalled since a
production manager was busy creating the new
payment system

9) Long set-up times in stamping

10) Need to train multifunctional teams

11) Problems with material control in
manufacturing cells persist

12) Work with creating team at the
stamping department

13) Proposal to alter product structure
trees

14) Proposal to use permanently set up
machines in one manufacturing cell

k) Batch sizes in stamping contribute to problems
with material control

1) Problems with material control affected by the
skills of the multifunctional teams

m) Suggestion to create team at stamping depart­
ment and establish internal customer relation­
ships to cells

n) A team at the stamping department was an issue
at the top management meeting

0) Altering product structure trees increased the
n1anufacturing cells' performance

p) It was necessary to alter product structure trees
before changing layout to incorporate new
machines

q) Installing permanently set up machines was a
way of increasing the n1anufacturing cells'
performance
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Figure 7.2 and the acconlpanying Table 7.1 illustrate that, on the basis of the
issues that arose, the three core principles were reciprocally interdependent in
the adoption process. This does not mean the individual relationships in
Figure 7.2 are reciprocal. The core principles were reciprocally interdependent
when the time dinlension is added; it is the adoption process that is the focus of
the study. Consider the following examples:

• Elimination of waste was reciprocally interdependent to
Multifunctional teams through relationships (b) and (j). The creation of
manufacturing cells led to a decrease in lead time which meant that
operators' working hours needed to be flexible. Conversely, the
analysis of the manufacturing cells was stalled since a production
manager was busy with the work of creating a new payment system.

• Elimination ofwaste was reciprocally interdependent to Pull instead of
push through relationships (a) and (P). Due to space limitations in the
manufacturing cells, material could initially not be stored within the
cells and material control problems therefore arose. The proposal to use
permanelltly set up machines was, on the other halld, stalled due to a
need to alter product structure trees before changing the layout.

• Multifunctional teams was reciprocally interdependent to Pull instead
ofpush through relationships (I) and (m). The problems with material
control in the manufacturing cells were affected by the skills of the
multifunctional teams. The batch sizes in the stamping operation also
contribllted to the problems with material control. One soilltion was to
form a nlultifunctional team at the stamping department and establish
internal customer relationships to the manufacturing cells.

7.4.2 Reciprocal Interdependence in the Literature

An examination of operations management literature reveals the close links
which exist betweell the core prillciples, explaining WIlY the principles were
reciprocally interdependent. In the Toyota production system, the relationship
between Elimination of waste and Multifunctional teams is exemplified by the
concept shojinka - the increase of productivity through adjusting and scheduling
human resources (Monden, 1983). Two factors are crucial for realising
shojinka:

1) Proper design of the machine layout, preferably in a V-form, to
facilitate increasing and decreasing the number of jobs each operator is
responsible for.

2) Versatile and well-trained operators able to perfornl several jobs.
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The concept of shojinka indicates itlterdependence between the layout and tIle
multifunctional teams in a lean production system. For lean production to
function properly, changes in factory layout are needed (Harber et aI., 1990). An
empirical example is Rohnl and Haas in Kentucky, the United States: when the
company introduced multifilnctional teams, the manufacturing facility needed
reorganisation (Gupta and Ash, 1994).

The itlterdependence between Elimination of waste and Multifunctional teams
can also be found in the group technology literature. The basic philosophy of
group technology is to identify parts mallufactured in similar ways, to facilitate
manufacturing them as a group (Huq, 1992). The most advanced application of
group technology is cellular manufacturing, which often requires changes to the
factory layout. Features of the cellular approach are the capacity for wider task
variety and the need for higher skill levels. There is also an opportunity for
teamwork and for operators to focus on the manufacturing process from raw
material to finished part (Hyer and Wemmerlov, 1984).

A multifunctional team working in a manufacturing cell is also a vehicle for
eliminating waste in the manufacturing process. Through working in a
nlanufacturing cell, operators increase their knowledge and overview of a
well-defined part of the manufacturing process. This knowledge, combined with
training in several jobs, increases the possibility of observing and eliminating
waste (Robinson and Schroeder, 1992).

The relationship between multifunctional teams and the layout is finally
indicated by the finding of Oliver and colleagues (1994). The authors found that
the use of multifunctional t~anls did not distinguish high-perfornling
manufacturing plants from lower performing plants. However, there was no
evidence that the high perfornlers did not use teams, it was simply the case that
the lower performing plants also used multifunctional teams. Given reciprocal
interdependence between layout and teams; having only nlultifunctional teams
is not enough, the layout needs to be changed.

The reciprocal interdependence between Elimination of waste and Pull instead
of push is rather straightforward. A prerequisite for moving towards pull
scheduling is a reduction in batch sizes (Scll0nberger, 1982a). A reduction of
batch sizes is feasible through the creation of manufacturing cells around
family-like products (Ryer and Wemnlerlov, 1984).

The reciprocal interdependence between Multifunctional teams and Pull instead
of push is illustrated by the relationsllip between the multifunctional team and
production control in a manufacturing cell. Managers can simplify production
control by considering the cell as one planning point, for which capacity
planning is performed and to which jobs are released. However, it is the task of
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the multifunctional team to balance the load in the cell (Hyer and
Wemmerlov, 1984). The task of balancing the load is part of the previously
indirect responsibilities which are transferred to the multifunctional team.

The reciprocal interdependence between the three core principles, fil1ally, is
illustrated by one of the key elements in Voss and Robinson's (1987)
conceptualisation ofjust-in-time: 'organisation in modules or cells' (p. 52). The
argument is that factories are organised in cells and each cell is totally
responsible for its own production. Within the cell, the workforce is trained to
work as a team. Activities normally considered as staff functions, such as
scheduling and maintenance, are transferred to the team.

7.5 Supporting Principles and Pooled Interdependence
Two principles were in the empirical case related to the three core principles, to
various degrees: Tean1 leaders and Vertical information systems. Both required
management effort and resources throughout the whole adoption process, btlt in
a different way than the three core principles. Team leaders and Vertical
information systems can be seen as sUpportiI1g the core in the adoption process.

The supporting principles, it is argued here, exhibit elements of pooled
interdependence in the adoption process. Recall that pooled interdependence
exists when each part is independent from each other, but renders a cOl1tribution
to the whole. The parts are here represented by Team leaders and Vertical
information systems. The whole is represented by the other lean production
principles and partictLlarly the core principles.

In the empirical case, the two supporting principles particularly provided
support to the principle Multifunctional teams, part of the core principles.
However, the two supporting principles were not related to each other directly.
The only relationship -between the two principles was due to their separate roles
in the productivity decline. The pooled interdependence in the empirical case is
further exemplified below. The reader should bear in n1ind that the examples
illustrate instances where the issues that arose in the supporting principles
affected the adoption process. The issues were discussed through periods of
time and not necessarily only at the specified points in time.

The first example of how the team leaders affected the adoption process relates
to the loss of team leaders. For various personal reasons, a number of those
initially trained for the team leader task left the company during the spring of
1994. In October 1994, the loss of team leaders created material control
problems in the manufacturing cells. The multifunctional teams therefore
needed assistance with controlling the material.
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To alleviate the loss of team leaders, training of new tean1leaders was started in
October 1994. The training had several positive outcomes, which illustrate
pooled interdependence. The scepticism certain operators exhibited towards the
lean production project was reduced through the training, with positive effects
on the adoption process. Team leader training also helped neutralise the
negative influence ex-supervisors had over the multifunctional teams.

The final example of how the team leaders affected the adoption process refers
to the issues arising in conjunction with the productivity decline. A particularly
controversial issue was the pace with which responsibilities could be transferred
to the tean1S. Tean1 leaders did not initially l1ave the proper competence to
assume full responsibility for managing the multifunctional teams.

The vertical information systems particularly affected the adoption process
through the relationship to the productivity decline. To raise productivity, the
multifunctional teams needed information systems. These systems, as well as
the development of team leaders, were from February 1995 an integral part of
the creation of multifunctional teams for the new manufactllring cells. The
teams needed information and team leaders to function properly.

Turning now to the literature, the aim is to discover what other authors have
found regarding the relationship between the two supporting principles al1d the
other lean production principles. Oliver and colleagues (1994) found that team
leaders had a pivotal role for manufacturing performance. In l1igh-performing
plants, the team leader had significantly more responsibilities than in
low-performing plants. This finding indicated that the contribution of the team
leader in the high-performing plants was a crucial factor for performance.

Vertical information systen1s are a contributing factor to Japanese
n1anufacturing companies' success of involving en1ployees in n1anufacturing
improvement (Cole et aI., 1993). A high amount of business information is
distributed to employees, who receive training to understand the information.
Japanese managers then empower employees to act on the information. By
providing this framework, in which employees are considered part of the
improvement process, fear of changing existing routines is reduced.

Vertical information systems are related to a lean work organisation. Providing
n1ultifunctional tean1S with information on performance in relation to targets
improves the performance of the teams (Flynn et aI., 1989). The information
systems are also related to the decentralisation of responsibilities. The
information systems are tailored to identify problems and provide raw material
for problen1 solving. The information systems therefore operate less as tools of
distrust and providers of criteria for distributing rewards and punishment, which
is common in organisations with several n1anagement levels (Cole, 1985).
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7.6 Sequential Interdependence - towards
Continuous Improvement

The analysis of the empirical case finally revealed that Continuous
improvement required management effort and resources at the end of the
adoption process. The argunlent here is that this finding indicates sequential
interdependence: before being started, Continuous improvement benefited from
other lean production principles being in place.

There were two major reasons why the continuous improvenlent initiative was
started late in the empirical case. The first reason was the disturbance caused by
the project involving the large customer, which resulted in a lack of time to
work with the initiative. The late start of the continuous improvement initiative
is an example where lack of resources required the responsible managers to
choose between various lean production principles. In making this choice,
managers found it necessary to delay the continuous improvement initiative.

The second reason the continuous improvement initiative was started late, was
that prior to being in a continuous improvement team, operators needed
experience from working in a multifunctional team in a manufacturing cell.
Working in a multifunctional team gave operators an overview of the
manufacturing process, which made it easier for them to improve the process.
This indicates sequential interdependence between Continuous improvement
and the other lean production principles.

Please note that by arguing for sequential interdependence, I do not imply
Continuous inlprovenlent needs to be late in the adoption process. The
argument being there is sequential interdependence between Continuous
improvement and the other lean production principles given the following:

1) The definition ofcontinuous improvement. Instead of using the term to
connote a philosophy, the term is in the present study used nlore in a
technique-based fashion.

2) The approach taken to changing the manufacturing system. Continuous
inlprovement is here seen as a part of the lean production framework
and not as a separate tool to improve manufacturing.

3) The manufacturing organisation prior to adopting lean production. The
manufacturing organisation in the empirical case required structural
changes being made to the manufacturing system.

The three considerations imply there are different strategies for continuous
improvement, which need to be kept in mind when the empirical findings are
compared with literature.

1
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Hart and colleagues (1996) define three different strategies for designing
systematic continuous improvement: organic improvement strategy, directed
project strategy, and directed wide strategy. As defined in the present study,
Continuous improvement lies close to the organic strategy, where continuous
improvement is a natural part of the multifunctional team's day-to-day work.

The three strategies for continuous improvement are a conscious design
decision, which require different platforms to build on. The platform required
for continuous improvement according to an organic strategy, supports the
notion of sequential interdependence between Continuous improvement and the
other lean production principles. The platform for an organic strategy has three
components (Hart et aI., 1996):

• An organisation with well-developed nlultifunctional teams, advanced
in terms of competence, flexibility, and ability to assume
responsibilities.

• Decentralised responsibilities, since the improvement needs to take
place towards the company's overall goals.

• The possibility for operators to span a large part of the manufacturing
process, for instance through organising work in manufacturing cells.

Other literature also supports the notion of sequential interdepelldence between
Continuous improvement and the other lean production principles. A reason
why Japanese manufacturing conlpanies have succeeded with the involvenlent
of their employees in quality improvement, is that the market is brought into the
orgallisation (Cole et aI., 1993). Japanese manufacturing companies heighten
the pressure for change the environment exerts on all parts of the organisation,
through for instance pull scheduling, multifunctional teams, and internal
customer supplier relationships between multifunctiollal teams. Tllat is, the
success of involving operators in continuous improvement is dependent on the
manufacturing organisation.

Increasing the number of perspectives from which the manufacturing process is
seen, facilitates improving the process (Robinson and Schroeder, 1992). One
way to force the adoption of different perspectives is through training operators
in several tasks and through job rotation in a multifunctional team. Increasing
the number of perspectives from which the manufacturing process is seen is also
acconlplished through organising work ill manufacturing cells. Operators
working in manufacturing cells are able to perceive more clearly the
significance of their activities, since they participate in the entire manufacturing
process or some sigllificant portion of it (Huber and Hyer, 1985).
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Considering the benefits of a platform on which a continuous improvement
initiative is built, the finding reported by Voss (1984) may be interpreted. In a
case study of a Japanese conlpany in the United Kingdom, Voss found that the
company did not use quality circles, with the justification that 'it was too early
to introduce them' (p.36). To achieve the full potential of continuous
improvement teams, the teams need to start after the prerequisite philosophy
and capabilities are firmly in place (Hayes et aI., 1988).

7.7 Interdependence in the Adoption Process
The aim of the comparison with literatllre was to find explanations to why the
sequences of lean production principles occurred in the empirical case. Utilising
the concept of interdependence as a framework, we have found support for the
four groups of findings from the analysis of the empirical case:

1) Zero defects and Delayering were sequentially interdependent to the
other lean production principles. Zero defects and Delayering required
management effort and resources early in the adoption process for other
principles to take full effect.

2) The three core principles: Elimination of waste, Multifunctional teams,
and Pull instead of push, exhibited reciprocal interdependence. The core
principles required management effort and resources, and were related
to each other, throughout the whole adoption process.

3) The core principles were supported by Teanl leaders and Vertical
information systems, which were related to the core principles, but not
to each other. Teanl leaders and Vertical information systems therefore
exhibited pooled interdependence in the adoption process.

4) Continuous improvement was sequentially interdependent to the other
lean production principles. A continuous inlprovement initiative,
relying on multifunctional teams to solve problems as a natural part of
their day-to-day work, benefited from a foundation to build on to
function properly.

With these findings in nlind, we now proceed to the study's final chapter, where
the findings are further synthesised through a comparison with existing studies
on sequences of improvement initiatives in manufacturing. The aim is to
determine the present study's contribution to existing knowledge.

II-Ahlstrom





CHAPTER 8
Sequence,s in the Process of

Adopting Lean Production

In the final chapter, the present study's findings are compared with
existing studies of sequences of improvement initiatives in
manufacturing. The comparison spells out the present study's
contribution to existing knowledge. The comparison also addresses
the issue of generalisation, since findings from single case studies can
be made more general through a comparison with existing theory
(Berg, 1981). By comparing the present study's findings with existing
knowledge, to emphasise, it is not argued that the sequences observed
in the present study are the only possible. Neither is the argument that
the sequences are preferable, considering the effects on operational
performance. Sequences of improvement initiatives in manufacturil1g
are likely to be influenced by a number of factors, which need to be
determined in future research.

8.1 Sequences of Improvement Initiatives
in Manufacturing

In the literature review made in Chapter One, three studies were found to deal
with the problem of interest in the present study - sequences of improvement
initiatives in manufacturing (Roos, 1990; Storhagen, 1993; Filippini et
aI., 1998). The conclusions of the three studies can be compared with the
findings of the present study. The aim of the comparison is to discover
sin1ilarities and differences, and try to ascertain the reasons for the differences.
The differences hold clues to the present study's contribution to existing
knowledge.

143
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8.1.1 Japanisation in Production Systems - A Comparison

In his study of Japanisation within British industry, Roos (1990) drew
conclusions regarding the sequence in which the initiatives in his total quality
management model should be implemented. The conclusions were presented in
the form of propositions. The four propositions of relevance for the present
study are the focus of the comparison.

Proposition One: Achievement of Total Quality Control

In order to accomplish a change in attitudes to quality and attain the content­
related attribute TQC, an initial implementation of operative techniques associated
with the central concepts of leadership profile and human relations is required.
(Roos, 1990,p.348)

In the context of the present study, what Roos terms "total quality control" is
best llnderstood as the lean production principle Zero defects. The operative
techniques are equivalent to what in the present study is termed "practices".
Each lean production principle consists of a set of practices: the actions taken,
the techniques implemented, and the changes made to the organisation.

To achieve a changed attitude to quality, it is according to Roos necessary to
implement operative techniques listed in Table 8.1. The table also indicates the
similarities between the operative techniques and the lean production principles.
As seen in Table 8.1, there are few sinlilarities between the operative techniques
and lean production principles. The similarities that exist refer to the delayering
of the organisation and in part to the creation of a multifunctional team.

The major reason for the many differences between the operative techniques
and the lean production principles, is that Roos's model contains the role of
management, which is not part of the lean production framework. Roos was
interested in Japanisation: organisational change that conforms to Japanese
management techniques (Giles and Starkey, 1988). Implicit in Japanisation
often lies the view that the management techniques are tied to cultural traits. A
grounding assumption in the present study, in contrast, is that lean production
does not require certain cultural traits (Krafcik, 1988b).

Roos's own conclusions to some extent confirm the assunlption that lean
production does not require certain cultural traits. Roos distinguishes two types
of Japanisation: "direct Japanisation" and "indirect Japanisation". The two types
of Japanisation refer to the implementation of Japanese manufacturing
management practices in the United Kingdom with or without the direct
involvement of Japanese managers. The patterns of changes differed between
the two types of Japanisation. To achieve a changed attitude to quality,
companies undergoing indirect Japanisation did not implenlent operative
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techniques associated with management profile as much as companies
undergoing direct Japanisation. That is, where Japanese managers were not
involved in the implementation of total quality management, the management
style was not changed. This conclusion indicates that lean production can be
adopted without adopting a Japanese management style.

Table 8.1 Operative Techniques Necessary for the Achievement ofTotal Quality Control

Operative techniques

Leadership Profile
1. Role • Person-related

• Listening and "bottom-up"
• Confidence in increased

responsibility
2. Management • Authority without title

• Delegated responsibility
• General order

3. Leadership • Decision by consensus
• Time for consideration and

gradual change
4. Training/ • Internal training/job rotation
experience • Not employed for specific job

Human Relations
• Lifetime employment
• Integration work/private life
• On-the-job training
• Common eating and parking

facilities
• Same working clothes for all

Lean production principles

Last itenl related to
Delayering

Second item related to
Delayering

Third item is related to
Multifunctional teams ­
the importance of
training to achieve
multifunctional operators

Despite the differences between the operative techniques and lean production
prillciples, there are similarities between Roos's first proposition and the present
study's findings. Most important is the emphasis on the work with quality early
in inlplementation, which is similar to the present study's finding on Zero
defects. Furthermore, Table 8.1 revealed similarities concerning Delayering.
According to Roos, organisational changes early in a Japanisation are carried
out with the aim of increasing operators' participation and commitment.
Increasing participation and commitment is accomplished through pushing
respol1sibility down the organisation hierarchy. Roos's conclusion is similar to
the finding in the present study: Delayering required management effort and
resources early in the adoption process.
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Proposition Two: Achievement of Just-in-Time

The time-related attribute lIT is obtained in the material flow when operative
techniques associated with the central concepts of simplicity and being visible and
belonging to group have been implemented. (Roos, 1990, p. 349)

Roos uses the term "just-in-time" to refer to the time-planning of material
supply: each reqllirenlent is provided in the right quantity at exactly the right
time. In order to achieve just-in-time, Roos asserts it is necessary to implement
operative techniques associated with the concepts "simplicity and being visible"
alld "belonging to group". The operative techniques are listed in Table 8.2,
where similarities with the lean production principles have been indicated.

Table 8.2 Operative Techniques Necessary for the Achievement ofJust-in-Time

Operative techniques Lean production principles

Simplicity
and visibility

Belonging to
group

• Painted stock
• Warning lamps
• Process stop when

problems arise
• Mininlal set up
• Unit flow
• Flow layout
• Compact material facade
• Wage by age and quali­

fication
• Suggestions
• Quality circles

Many items are related to
Elimination ofwaste and parti­
cularly the creation of manu­
facturing cells

"Unit flow" is related to Pull
instead of push

Refers to Multifunctional teams

Can be understood as Conti­
nuous improvement

The operative techniques in Table 8.2 exhibit several similarities with the lean
production principles. Particularly relevant is the close resemblance between the
operative techniques and the core principles which were identified in the present
study: Elimination of waste, Multifullctional teams, and Pull instead of push.
The only difference, compared with the core principles, is Roos's inclusion of
quality circles in "belonging to group". Quality circles are ill the present study
best understood as Continuous improvement.
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Proposition Three: Relationship between Total Quality Control
and Just-in-Time
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The time-related attribute lIT cannot be achieved in a material flow before the
content-related attribute of TQC has been secured. (Roos, 1990, p. 349)

The third proposition emphasises the importance of working with quality early
in in1plen1entation, which is consistent with the present study's finding. Further
interpretation of the proposition is accompanied with problen1s. The question is
whether or not the attribute of total quality control is attained at a discrete point
in time, which it is according to Roos. I do not share this view; I see the
attainment of total quality control as a continuous task. This difference in view
has implications for the interpretation of the fourth proposition.

Proposition Four: Implementation as Sequential Phases

The implementation of TQM can be described by means of a successive division
in to phases, which each represent a number of operative techniques, the number
of which increases as the phase develops. (Roos, 1990, p. 350)

The view of implementation as consisting of phases is different from the view
taken in the present study. The process view of implementation taken here
refutes the idea of distinct phases in the process, each of which contains work
with certaiI1 tecl1niques. Roos does, however, admit it is difficult to determine
the length of each phase and to find criteria for determining the end points of
each phase. The view taken in the present study is still different. Recall also that
the achievement of a production systen1 characterised by an absence of
unnecessary operations is a journey (Hayes and Pisano, 1994). The principles of
lean production point out the intended direction of this journey.

Conclusions of the Comparison

The comparison between Roos's conclusions and the present study's findings
reveals a number of similarities and differences. Consider first the following
similarities:

• Delayering the organisation takes place early in implementation and is
coupled with the introduction of a multifunctional team with team
leaders, to help elicit operators' participation and comn1itment.

• Work with quality takes place early in implementation. The work with
quality reqllires a changed attitude to quality. Changing attitudes to
quality is accomplished partly through the mechanisms supporting
operator commitment.

• Lean production's core principles resemble the operative techniques
necessary to attain a material flow characterised by just-in-time.
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A major difference betweel1 Roos's conclusions. and the present study's findings
regards the existence of distinct phases in the adoption process. Total quality
control, as conceived of by Roos, has to be in place before just-in-time. In the
present study, the work of attaining a material flow characterised by timely
deliveries required management effort and resources in parallel to the work with
quality. However, the work with quality required management effort and
resources mostly in the beginning of the adoption process.

The notion of phases makes it difficult to relate the findings on the three core
principles to Roos's conclusions. The core principles were in the present study
found to reqllire management effort and resources throughout the adoption
process. The core principles are according to Roos, on the contrary, only
applicable after the work with quality has been completed.

Finally, there may be a difference in the tin1ing of Continuous improvement.
Continuous improvement was in the present study found to require management
effort and resources late in the adoption process. Roos has quality circles as a
part of the operative techniques necessary to achieve just-in-time. However,
nothing is said regarding whether quality circles are started early or late
compared with the other operative techniques. Due to the lack of differel1tiation
betweel1 operative techniques, comparing the finding on Continuous
improvement is difficult. It is not clear whether the present study's finding on
Continuous improvement is supported or contradicted by Roos's conclusions.

8.1.2 Management and Flow Efficiency in Japan
and Sweden - A Comparison

The second study with which the presel1t study's findings are to be compared
was conducted by Storhagen (1993). The purpose of his study was to describe
and analyse the necessary conditions and possibilities for implementing the
logistics practices of Japanese con1panies in Swedish industry.

Classifying and Grouping Techniques Associated with Just-in-Time

A framework Storhagen used was a classification of the techniques he
associated with just-in-time in three different categories: process, structural, and
interaction factors. Through working with the techniques associated with the
three factors, companies can achieve results in various effect factors. The
process, structural, and interaction factors are equivalent to lean production
practices. Effect factors are equivalent to the performance of a lean production
system. A comparison between Storhagen's classification and the lean
production framework is made in Table 8.3 to Table 8.5, where the lean
production principles have been abridged.
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Table 8.3 Comparing Process Factors With the Lean Production Framework

Process factors - support continuous improvement, change, and development
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Teanlwork - small, self-governing
teams
Equal status
Physical closen~ss between employees
Timely decision making
Tailored measurement systems
Job rotation - worker flexibility
Simple and well developed informa­
tion systems
Visibility for all - clear, simple, and
timely information
Responsibilitiy for all individuals
Flat organisations and self-governing
teams
Encouragement of independent work
Consensus decisions

MF Carry out decisions that have been
made
Decisions just in time

EW Lifetime employment
Seniority system
Long-term visions and goals

MF Common language at the company
VI Belonging to group - with decentra- MF

lised reponsibilities DR
VI Active suggestion scheme - to achieve CI

continuous improvement
DR Never do anything half-heartedly
MF Direct channels from management into
DR the organisation
DR Payment system MF

Comprehensive training schemes MF

Table 8.3 reveals a high degree of similarity between the process factors and the
lean production principles. The majority of the similarities centre around
Multifunctional teams (MF) and Decentralised responsibilities (DR).
Decentralised responsibilities includes both Delayering and Team leaders,
although it is difficult to differentiate the two from each other. Vertical
information systems (VI) and Continuous inlprovement (CI) are also
represented among the process factors.

There are also a number of factors in Table 8.3 which have no eqllivalent in the
present study. These factors nl0st comnl0nly refer to managemellt style and
human resource management. Storhagen's interest is the implementation of
Japanese companies' logistics practices in Swedish industry. To succeed with
implementation, Storhagen finds it necessary for companies to change
management style and implement Japanese human resource management
practices. Seeing implementation as requiring a change in management style
and human resource management is similar to the views subsumed under tIle
banner "Japanisatioll". As pointed out earlier, I am not convinced changes in
management style and adoption of Japanese human resource management
practices are necessary to adopt lean production.
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Table 8.4 Comparing Structural Factors With the Lean Production Framework

Structural factors - alter the structural features ofthe manufacturing system

Kanban - pull system for material PP Meeting peaks through temporary
control labour
Production smoothening Meeting peaks through over-time
Set-up time reduction EW Everything correct from the beginning ZD
Snlaller batch sizes PP Clean and safe workplace
Automatic stop of production ZD Simple and tailored machines EW
Tailored layouts EW Increasing automation

The comparison in Table 8.4 reveals a high degree of sin1ilarity between the
structural factors and the lean production principles. The structural factors are
primarily similar to Elimination of waste (EW) and Pull instead of push (PP).
There is also one item referring to Zero defects (ZD).

The factors in Table 8.4 with no direct equivalent among the lean production
principles, mainly refer to how peaks and troughs in den1and are handled.
Handling peaks and troughs in demand is indeed necessary in a lean production
system, but the practices needed to accomplish this task are not included in the
framework used in the present study. The practices for handling demand are
likely to become pronounced at a later stage in the lean journey, when inventory
buffers have been reduced to such a degree that market uncertainty is brought
right into the manufacturing process.

The comparison between interaction factors and the lean production framework
is made in Table 8.5. The comparison reveals few similarities, which is due to
the difference in research focus. The focus in the present study is the
manufacturing function. The interaction factors mainly concern the principles of
lean procurement.

Table 8.5 Comparing Interaction Factors With the Lean Production Framework

Interaction factors - increase physical and organisational interaction along material flow

Customer in focus Scheduled transports
Geographical proximity Supplier development
Modularity and pre-assembly Quality certified suppliers
Customer order trigger production PP Holistic view - generalists versus

specialists
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Sequences in the Implementation of Just-in-Time Factors

Storhagen's major conclusion is that the different factors he associates with
just-in-time are interrelated and cannot be implemented in isolation. The
conclusions are summarised in a factor nlatrix, see Figure 8.1. The arrows inside
the factor matrix indicate that a company starts implementing the process
factors and then inlplements structural and/or interaction factors. The
implementation of structural and/or interaction factors does not mean the
process factors are abandoned. The process factors are supplemented with
structural and/or interaction factors. The result of this implementation sequence
will be a change in effect factors; the performance of the manufacturing system.

d
0

Interaction Effect.~

d factors factors
(])

·C
0

~
Process Structural0

~ factors factors
(])

Z

Orientation towards techniques and methods

Figure 8.1 The Factor Matrix (Source: Storhagen, 1993, p. 51)

Conclusions of the Comparison

Storhagen's conclusions have a number of similarities with the present study's
findings. At a general level, Storhagen concludes that the different factors are
interrelated and cannot be implemented in isolation. Storhagen also concludes
that the implementation does not consist of phases. The factors are instead
implemented in a cunlulative manner. These conclusions are consistent with the
present study's findings, which identified principles requiring management
effort and resources throughout the adoption process.

The findings on the core principles cannot unfortunately be directly compared
with Storhagen's conclusions. AccordiIlg to Storhagen, inlplementation starts
with tIle process factors and moves towards the structural factors. The structural
factors are similar to the core principles. Storhagen's conclusions therefore
iIldicates the core principles are 110t applicable early in the adoption process.

However, concluding that the core principles are not applicable throughout the
whole adoption process may be premature, since nothing is said about the
timing of the move from process to structural factors. Consider the following
two scenarios, which both would imply a high degree of similarity between
Storhagen's conclusions and the present study's findings on the core principles:
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1) The move from process factors towards structural factors takes place
relatively soon after inlplenlentation has begun.

2) The initial emphasis in implementation is on the process factors that
have no equivalent among the lean production principles, particularly
the factors which refer to nlanagement style and hllnlan resource
nlanagement.

A similarity between Storhagen's conclusions and the present study's findings
is the need for an early focus on decentralising responsibilities. Decentralisation
is part of Storhagen's process factors. In the present study, the amount of
management effort and resources devoted to Delayering declined as the
adoption process progressed. The gradual decline in effort and resources
devoted to Delayering can unfortunately not be compared with Storhagen's
conclusions.

A difference between the present study's findings and Storhagen's conclusions
concerns the timing of the work with quality. Quality is, according to
Storhagen, not a main concern initially, since quality is part of the structural
factors. Quality was in the present study found to require managenlent effort
and resources in the beginning of the adoption process. The difference
regarding quality may in part be due to the timing of the move from process to
structural factors, which is not made explicit by Storhagen.

A second difference between the two studies concerns the timing of Continuous
improvenlent. Interpreting the finding on Continuous improvement is, however,
made difficult by the difference in terminology. Storhagen has "an active
suggestion scheme" as a part of his process factors. The suggestion schenle is as
close as we come to Continuous improvement, as contrived of in the present
study. Storhagen's conclusions indicates that Continuous improvement is
important early in the adoption process, which is contrary to the finding of the
present study.

8.1.3 Sequences of Operational Improvement - A Comparison

In the third and final study with which the present study's findings can be
compared, a sllrvey-based approach was used to investigate sequences of
improvement initiatives (Filippini et aI, 1998). The use of surveys gives rise to
difficulties when comparing the findings. Despite these difficulties, the
survey-based approach has strengths of interest here. The use of surveys helps
put the present study's findings in perspective. Surveys permits the analysis of
sequences of improvement initiatives in many companies with different
contexts, to ascertain the influence of the context on the sequences. However, it
is prudent to keep the difficulties in translation in mind as we continue.
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Comparing Improvement Initiatives With Lean Production

The improvement initiatives and manufacturing contexts considered by
Filippini and colleagues are found in Table 8.6.

Table 8.6 Initiatives and Manufacturing Contexts (Source: Filippini et a/., 1998)

Initiatives

• Design computerisation (CAD, CAE, CAPP,
CAD/CAD)

• Suppliers (reduction in the number of suppli­
ers and closer collaboration with suppliers)

• Just-in-time
• Flexible automation (direct or distribllted

numerical control, flexible manufacturing
systems, automatic stock systems, and cellular
manufacturing)

• Quality improvement
• Human resource management (enlployee

involvement and reduction of the number of
hierarchical levels)

• Manufacturing strategy

Manufacturing context

• Export (percentage of
plant sale exported)

• Length ofproduct life
cycle

• Variety (nunlber of end
products)

• Volume (annual produc­
tion volume of the main
product)

• Continuity (manufacturing
processes characterised as
continuous, repetitive/line
flow, large batch, small
batch, one of a kind)

The first difficulty in comparing the present study's findings with the
conclusions reached by Filippini and colleagues, relates to the fact the
improvement initiatives Filippini and colleagues consider go beyond those of
interest in the present study. Only three of the initiatives considered seem
similar to the lean production framework: just-in-time, quality, and human
resource nlanagement. Consider the following:

• The initiatives tllat lie outside the present study's scope are design
computerisation, manufacturing strategy, and suppliers.

• The initiative ternled "flexible automation" includes cellular
manufacturing, but also the adoption of manufacturing technology. As
conceived of ill the present study, cellular manufacturing is part of
Elimination of waste. However, since there is no way of separating
cellular manufacturing from the more technologically-oriented
initiatives, flexible automation cannot be considered.

The second difficulty in making comparisons is that the content of the
improvement initiatives is not defined by Filippini alld colleagues. The
companies returning the survey indicated when the initiatives on a
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predetemlined list were started. The use of self-reports means that when
translating the initiatives to the language of the present study, all we can do is
guess the content of the initiatives:

• Just-in-time can be interpreted in many ways. It seems prudent to
expect Elimination ofwaste to be a base in the content ofjust-in-time.

• Quality improvement is easier to interpret and can be seen as similar to
Zero defects.

• Human resource management has two components: employee
involvement and reduction of the number of hierarchical levels. Human
resource management can therefore be seen as similar to Decentralised
responsibilities and Multifunctional teams combined.

The final difficulty in comparing the present study's findings with the
conclusions of Filippini and colleagues, is the difference in level of detail,
provided by the difference in research design - survey versus clinical researcll.

Two Types of Lean Production Sequences

Filippini and colleagues draw conclusions on sequences of improvement
initiatives for the companies in their sample. Using the empirical material as a
starting point, four different types of sequences are identified. The sequences
are based on two dimensions, that together form a two-by-two matrix:

1) The number of initiatives undertaken. Based on how many of the
il1itiatives mentioned in Table 8.6 the conlpany 11ad inlplemented, two
groups were differentiated: full adopters and discriminators.

2) The order ofprecedence between initiatives. "Hard type" companies
implemented the more technologically-oriented initiatives prior to those
oriented more towards organisation and management. An example is
automation prior to changes in human resource management. "Soft
type" companies used the reverse sequence.

If we examine the four types of sequences defined by Filippini and colleagues,
bearing in mind that only three initiatives are reflected in the lean production
framework, we find that only two different sequences exist. The only
differentiating factor between the two sequences is the number of initiatives that
have been implemented: companies who adopted all the initiatives versus
companies who discriminated between the initiatives. The two types of
sequences are illustrated in Figure 8.2.
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Figure 8.2 Two Types ofLean Production Sequences (Based on Filippini et aI., 1998)

Figure 8.2 illustrates a number of themes, which will be developed. Please note
first that Filippini and colleagues only consider when initiatives were started,
not when initiatives were ended. This does not nlean, for instance, that quality is
in place before just-in-time. This view on end points is consistent with the view
taken in the present study. However, there is no way of knowing the size of the
gap in time between the various initiatives considered by Filippini and
colleagues.

Conclusions of the Comparison

A number of observations can be made if we compare Figure 8.2 with the
present study's findings. Consider first of all the following:

• Consistent with the present study, we find that quality comes early in
both lean production sequences.

• Human resource management takes place parallel to just-in-time in both
sequences, since there are no end points to the initiatives.

• The sequence for full adopters seems to lie quite close to the sequence
of lean production principles found in the present study: quality is
emphasised early together with the decentralisation of responsibilities
and development of multifunctional teams. Thereafter the work with
just-in-time is undertaken.

• Discriminators, on the other hand, seem to start working with quality
and then move on to just-in-tinle and human resources.

Thus, there are similarities between the present study's findings and the
conclusions of Filippini and colleagues. The most similar findings are the
emphasis on quality early in implementation and human resources in parallel to
just-in-time. It is unfortunately difficult to make a more detailed comparison,
due to the differences in research design and definitions.

On the other hand, comparing the effects of manufacturing context on the two
sequences is of interest here. The following conclusions can be drawn from
such a comparison:
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• Whether a company was a full adopter or a discriminator did not
depend on which industry sector the company operated in or the
volume, variety, and continuity of the plant.

• Country of origin differentiated the full adopters from the
discrinlinators. The Japanese plants in the study were nlainly full
adopters, the American plants more frequently discriminators, and the
Italian plants equally divided between the two groups.

These conclusions indicate that sequences of initiatives, translated to the lean
production framework, were rather robust. Of the different factors in the
manufacturing context in Table 8.6, the only factor which differentiated full
adopters from discriminators was country of origin. It is encouraging that the
Japanese companies were full adopters, which nleans their sequence lies closest
to the sequence identified in the present study. The conclusions on the effect of
manufacturing context indicate that the present study's findings may be
applicable outside the company in which they were derived.

8.2 The Present Study's Contribution
to Existing Knowledge

The comparison between the present study's findings and the existing studies of
sequences of improvement initiatives in manufacturing can now be taken one
step further. The task is to synthesise the comparison and arrive at tIle present
study's contribution to existing knowledge. In this respect, the differences
between the present study and the existing studies hold clues to the presellt
study's contribution to existing knowledge.

8.2.1 The Notion of Sequential Interdependence
Is Supported by Existing Studies

The present study found two lean production principles that required
managenlent effort and resources early in the adoption process: Zero defects
and Delayering. The two principles were sequentially interdependent to the
other lean production principles. These conclusions are supported by the
existing studies. There is support for the need to assure product quality early in
manufacturing improvement:

• The importance of working with quality early in implementation is
stressed both by Roos and by Filippini and colleagues.

• Storhagen, however, has the work with quality taking place later. How
much later is not possible to tell.
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The importance of delayering the organisation and decentralising
responsibilities early in implementation is supported by all three studies:

• Roos concluded that delayering the organisation helps elicit operators'
participation and commitment.

• Storhagen saw decentralisation as way of creating a platform for further
change and development.

• Filippil1i and colleagues found that the removal of organisational layers
took place early in manufacturing improvement, despite the company's
manufacturing context.

8.2.2 First Contribution: A Core of Reciprocally
Interdependent Principles

The present study found a set of core principles that required management effort
and resources throughout the whole adoption process: Elimination of waste,
Multifunctional teams, and Pull instead of push. The core principles were
mutually related throughout the whole adoption process and exhibited
characteristics of reciprocal interdependence. These conclusions constitute the
present study's first contribution to existing knowledge.

The content of the core principles closely resembles those techniques Roos see
as necessary to attain a material flow characterised by just-in-time. However,
the timing of the core principles is not consistent with Roos's conclusions. Roos
concludes that the work with just-in-time is possible only after the work with
quality. This indicates sequential interdependence in the adoption process.

The content of the core principles is reflected in Storhagen's structural factors,
but also in his process factors. Storhagen reconlmends a company to start
implement the process factors and continue building on the process factors
while implementing the structural factors. Although Storhagen says nothing
about the timing of the move from process to structural factors, the conclusion
indicates the core principles are not applicable at all times.

Filippini and colleagues, finally, have two initiatives taking place in parallel: (a)
hunlan resource management and (b) just-in-time. However, there may be a gap
in time between the two, but it is difficult to tell, given the research design.

The comparison reveals that existing studies indicate a sequential
interdependence between the core principles and the other lean production
principles. The sequential interdependence implies the core principles do not
require management effort and resources throughout the whole adoption
process. This is contrary to the present study's conclusions.

12-Ahlstrom



158 SEQUENCES IN THE PROCESS OF ADOPTING LEAN PRODUCTION

8.2.3 Second Contribution: Supporting Principles
and Pooled Interdependence

The present study found two lean production principles which supported the
core principles throughout the whole adoption process: Team leaders and
Vertical information systems. The two principles exhibited pooled
interdependence in the adoption process, particularly to the core principles.
Pooled interdependence implies the core principles depended on the supporting
principles, but the supporting principles were not related to each other. These
conclusions constitute the present study's second contribution to existing
knowledge.

The conclusions on the supporting principles are particularly difficult to relate
to the existing studies. The only study to provide some basis for comparison is
Storhagen's. The supporting principles are reflected in Storhagen's process
factors. TIle process factors are the base which a company should build on while
improving manufacturing. This base is important throughout implementation.
This conclusion is ill line with the conclusion of the present study. However,
due to the lack of differentiation between the various practices associated with
the process factors, it is difficult to make comparisons regarding the nlore exact
timing ofTeam leaders and Vertical information systems.

8.2.4 Third Contribution: Sequential Interdependence -
towards Continuous Improvement

The present study, finally, found sequential interdependence between
Continuous improvemellt and the other lean production principles. The
sequential interdependence implies Continuous improvement benefits from a
foundation to function properly. The foundation consists of multifunctional
teams with responsibilities decentralised to them, working with a broad
spectrum of tasks in the manufacturing process. This conclusion constitutes the
present study's third contribution to existing knowledge.

Two of the existing studies provide a basis for comparing the timing of
Continuous improvement:

• Quality circles are part of the operative techniques Roos see as
necessary to achieve just-in-time and are important towards the end of
implementation. Since the various operative techniques associated with
the achievement of just-in-time are not differentiated from each other,
difficulties in further interpretation arise. We do not know if quality
circles are started early or late relative to other operative tecllniques.
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• An active suggestion scheme is a part of Storhagen's process factors
and could be interpreted as being similar to Continuous improvement.
However, Storhagen see the suggestioll scheme as important early in
inlplementation, which runs contrary to the present study's conclusions.

The comparison with existing studies reveals that Continuous improvement is
subject to problems of definition. It is therefore, to emphasise, inlportant to keep
in mind the following:

1) The definition of continuous improvement is ill the present study
different from that often used. Illstead of using the term to connote a
philosophy, Continuous improvenlent is here used more in a
technique-based fashion.

2) Continuous improvement is in the presellt study seen as a part of the
lean production framework and not as a separate tool for manufacturhlg
improvement.

3) The manufacturing organisation prior to adopting lean productioll in the
empirical case required making structural challges to the manufacturing
process.

The implication of the three considerations is mainly that the term "continuous
improvement" may be used differently in the present study, compared with
existing studies. It is with these differences in mind one must see the present
study's contribution to existing knowledge of sequences of improvement
initiatives in manufacturing.

8.2.5 The Process View Lies behind the Contribution
to Existing Knowledge

Concluding the conlparison with existing studies, we find the present study has
contributed to existing knowledge of sequences of improvement initiatives in
manufacturing. The contention here is that the source of the present study's
contribution is the approach taken to the study of sequences. Before developing
this argument, however, it is necessary to discuss the difficulties in translating
improvement initiatives. The difficulties are related to the lack of consistent
terminology for characterising best practice in manufacturing management.

The present study utilises the term "lean production" to characterise best
practice in manufacturing management. The result of this definition of
improvenlent initiatives is that the sequences identified in the present study are
related to the lean production framework. Although being rather obvious, the
relationship between the identified sequences and the chosen framework has
implications for the comparison with existing studies.
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Since existing studies used different terms, translation was necessary. The
translation was difficult, particularly when definitions of improvement
initiatives was different or difficult to ascertain. The difficulties in translation
were conlpounded if we consider the differences in research design and the
obtained level of detail. A two and a half year longitudinal study in one
company produces a level of detail which cannot be matched by surveys or
short case studies.

The difference in research design is the source of the present study's
contribution to existing knowledge. The approach taken to the inquiry in the
present study was to see implementation as a process of adoption. The adoption
process was studied through longitudinal and real-time research. Existing
studies have either used surveys (Filippini et aI., 1998) or short case studies,
carried out at one point in tinle (Roos, 1990; Storhagen, 1993).

The difference in research design particularly helps us understand the present
study's contribution regarding the three core principles and the two supporting
principles. Both the core and the supporting principles were found to require
management effort and resources throughout the whole adoption process.
Translating the conclusions to the language of the existing studies, initiatives
similar to the core and supporting principles do in the existing studies not
require managenlent effort and resources throughout the whole adoption
process. The process is instead seen in either of two ways: (a) as consisting of
different phases with various content, or (b) as a cumulative move from one set
of initiatives to another.

With the process view of implementation taken in the present study, the idea of
distinct phases with various content in the adoption process is refuted. Seeing
the adoption process as consisting of a cumulative move fronl one set of
initiatives to another, is more in line with the present study's conclusions. The
cross-sectional research design of the existing studies unfortunately prevents the
drawing of conclusions of the same nature as those possible to draw using a
longitudinal and real-time research design. Indeed, the rationale for conducting
the present study was the lack of research studying the implementation process
through longitudinal and real-time research. With this in mind, the present study
is now sllmmarised.
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8.3 Sequences in the Process of Adopting
Lean Production

161

The present study set out to examine sequences of manufacturing improven1ent
initiatives. The background was the questioning of the traditional notion of
trade-offs between manufacturing capabilities. The basis for questioning the
notiol1 of trade-offs is certain Japanese companies' manufacturing management
practices (Voss, 1995b). The practices imply that manufacturing capabilities are
not the result of trade-offs, but are instead built cumulatively (Ferdows and
De Meyer, 1990). The sequence of the initiatives with which manufacturing
capabilities are built has, however, received scant attention in literature.

The studies addressing the problem of sequel1ces of Japanese manufactllring
management practices increase our knowledge of the subject, but share one
weakness - the studies do not take a process view of implementation. A process
view implies studying implementation through longitudit1al research, as
opposed to cross-sectional research (Kimberly, 1976). The present study was
designed to fill this gap in knowledge, by studying the process of adopting lean
productiol1 through longitudinal and real-time research.

The study's perhaps major contribution to existing knowledge is the finding that
the adoption of lean production requires management effort and resources being
devoted to different principles simultaneously. The present study separated
these principles in core and supporting principles. The need to devote
management effort and resources to a set of principles throughout the adoption
process, is supported by the suggested importance of not seeing individual
principles in isolation during in1plen1entation (Voss and Robinson, 1987). The
conciusion is also supported by the suggestion that every layer of
manufacturing capability requires continuous attention, to build lasting
improvements in manufacturing performance (Ferdows and De Meyer, 1990).

However, there are also sequences of lean production principles in the adoption
process. The present study confirmed the need to devote management effort and
resources early in the adoption process to the installation of a quality
management systen1 and to delayering the organisation. A quality management
system and a flat organisation hierarchy serve as foundations for subsequent
in1provement of manufacturing capabilities.

The present study also found that a continuous improven1ent initiative, where
multifunctional teams solve problems in a structured manner in their day-to-day
work, benefits from a foundation before being launched. The foundation
consists of well-developed multifunctional teams with indirect responsibilities
transferred to them. The tean1S work with a broad spectrum of tasks in the
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manufacturing process. The present study adds to the literature 011 sequences of
improvement initiatives in that continuous improvement is seet)., not as a
separate improvement tool, but as an integrated principle of lean production.

What do the present study's conclusions imply for the problem of managing the
adoption of lean production? An interest in the present study was to provide
conclusions with potential practical applicability. When generalising from
single cases to the practical arena, to emphasise, the receivers of the information
must determine whether or not it applies to their own situation
(Kennedy, 1979). What I can do is summarise the conclusions in a succinct and
clear manner. The present study set out to exanline the patterns of issues in the
adoption process, assuming issues were an indication of the effort and resources
management had to devote to different principles. In this light, the study's
conclusions can be expr~ssed in terms ofFigure 8.3.

Vertical information systems

Team leaders
Pull instead of push

Multifunctional teams
Elimination of waste

t
ero e ects

Delayering

Time spent adopting lean production

Figure 8.3 Sequences in the Process ofAdopting Lean Production

Figure 8.3 illustrates how management devoted effort and resources to different
lean production principles during the adoption process. The horizontal
dinlension represents the time the company spent adopting lean production and
the vertical dimension represents management effort and resources.
Manageme11t effort and resources were initially devoted to three parallel tasks:

1) Laying a foundation for subsequent improvement through delayering
the organisation and illstalling a system for achieving zero defects.

2) Working with a core of principles which meant an elimination of waste,
particularly through nlanufacturing cells, manned by multifunctional
teams which were working with a pull production scheduling system.

3) Ensuring the core principles were supported by vertical infornlation
systems and team leaders in the multifunctional teams.
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As the time spent adopting lean production progressed, Figure 8.3 illustrates
how management effort and resources continued to be devoted to the work with
the core and supporting prillciples. However, as the foundation, consisting of
zero defects and delayering, had been laid, management devoted effort and
resources to the launch of a continuous improvement initiative. The initiative
relied on multifunctional teams to solve problems in a structured manner during
their day-to-day work. To function properly, the initiative benefited from
well-developed multifunctional teams with responsibilities transferred to thenl,
working with a variety of tasks in the manufacturing process.

Finally, it needs to be pointed out that the height of the block representing
management effort and resources ill Figure 8.3 is not to be interpreted literally.
The height is a necessary sinlplification and the amount of management effort
and resources that could be devoted to the adoption of lean production shifted
over tinle. Neither is the limited size of the horizontal dimension to be
interpreted literally. Lean production does not have a defined end point, but
points out the direction in which a company should move.

8.4 Suggestions for Future Research
Where can research on sequellces of improvement initiatives in manufacturing
move? There are a number of directions which future research on the problem
can take. These directions can be seen against the background of the present
study's limitations and contributions. The comparison with operations
management literature suggested the present study's conclusions were plausible.
However, this is not to say the sequences of lean production principles found in
the study are the only plausible sequences. Many factors are likely to have
influenced the conclusions. These factors are related to tIle nature of the
empirical case.

First, it is likely the adoption process is affected by the state of existing
manufacturing management practices prior to the adoption of lean production.
The company in the present study provided an opportunity to study a rather
drastic reorganisation. It would be of interest to study the adoption process in
companies with other types of starting points, in terms of existing
manufacturing management practices.

Second, it is likely the adoption process is affected by the circumstances
surrounding the way in which adoption is planned and executed. The company
in the present study took a rather long-term approach to the adoption. A
company may be in a situation where time is of the essence. When there is an
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immediate threat to survival, the adoption process may look different. It would
be of interest to study the adoption process in companies with different
circumstances surrounding tIle adoption decision.

Third, it is likely the adoption process is affected by the nature of the
manufacturing process. The company in the present study manufactures
standard products in large volumes. The adoption process may look different in
companies in other industries, such as process industries. The adoption process
may also look different in companies with a different type of manufacturing
process, such as companies manufacturing a high variety of products in low
volumes. It would be of interest to study the adoption process ill con1panies
from different industries and with different manufacturing processes.

The present study's contriblltion to existing knowledge also points to areas for
future research. The present study's contribution to existing knowledge
particularly concerns the existence of a set of core and supporting principles
which require n1anagement effort and resources throughout the whole adoption
process. It would be of interest to determine the external validity of this
conclusion through conducting the same type of study in other companies and
industries.

A final task for future research is to identify factors affecting the 11ature of the
adoption process. This task calls for a study of adoption processes in more than
one company. The studies would ideally take place using a longitudinal and
real-time research design. One problem arises here; the demands on time to
carry out a number of longitudinal and real-tinle studies is overwhelming. One
solution to the problem of tin1e consumption may be to combine retrospective
and real-time research. Another solution may be to follow several cases
longitudinally, but with less detail than I did in the present study. I am certainly
110t the person to repeat the same type of study in several cases.



APPENDIX

List of Issues

The Appendix contains a list of the codes used to code incidents for
issues. The codes are given in the form of the label used for the issue
and a short description of the issue.

Action

Administration

Administrative
worry

Batch sizes

Blueprints

Board decision

Buffers

Used to code incidents where actors expressed a need for some­
thing being done. Refers more to the need to take action, rather
than what was actually done.

During certain periods of the adoption process, extra administrative
employees were added. This practice is contrary to lean production
principles and caused discussion in the adoption process.

Discussions often arose between those responsible for the lean
production project and the administrative function, whose main
concern was to minimise the impact of productivity losses.

The reduction of batch sizes in the manufacturing cells encoun­
tered several problems, which are indicated by this code.

Blueprints needed revision to enable for operators to carry out
quality inspection. The revision was a time consuming task, which
created problems in the adoption process.

The decision in the company's board was whether or not to
continue the adoption of lean production. Discussions on this
decision had impact on the adoption process.

Refers to the issue of whether or not to have inventory buffers,
either in the manufacturing process or when relocating tasks
between the company's two sites.
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Change master

Circuit boards

Comparability

Competence
lack

Complete
assembly

Computer
system

Co-operation

Daily orders

DFM

Energy lack

I External input I
Floor space

ApPENDIX

There were at times a lack of people who drove the adoption of
lean production forward. The code was also used in the positive
sense of the word, illustrating when the adoption of lean
production was driven by someone.

Whether or not circuit boards should be assembled from compo­
nents or be out-sourced was part of the discussions on the
manufacturing cells created around the summer of 1995.

Part of the discussions on the management accounting system.
Refers to a need for an ability to compare management accounting
data with historical values. The demands on comparability
impeded the efforts of finding a new system.

A lack of conlpetence in certain areas of the organisation at times
impeded the adoption of lean production.

In complete assembly, one operator assembles a complete product.
Whether or not to have complete assembly was often discussed
during the creation of nlanufacturing cells for one product fanli1y.

The computer system at times affected the adoption process nega­
tively, since it could not provide the necessary information.

Indicates co-operation problems between operators within a multi­
functional team or between different multifunctional teams.

The attempts to manufacture against customer orders in the manu­
facturing cells met with several problems, indicated by this code.

Design for manufacturability; the design of the products at times
affected attempts to make the manufacturing system leaner.

Managers at times indicated there was a lack of energy to make the
necessary changes. The reasons for this lack of energy may have
been different.

The code indicates input from external sources on how to solve
certain problems. Used when input was requested or received.

The aim was to have machines as close to each other as possible in
a manufacturing cell. This was often resisted, with reference to a
lack of space.
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Flow

Funding

Goal conflict

Group
initiatives

Group size

Indirect
employees

Information

Involvement

Kanban

Layout

I Machine need

Maintenance
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The issue of creating a manufacturing cell with an efficient mate­
rial flow. Often emphasised by the production director, although
with limited success at times.

Indicates the influence the agency funding parts of the lean pro­
duction project had on decisions and actions in the project.

Concerns the goal conflicts that arose, often between maintaining
quality and productivity. Refers to observations at all levels of the
organisation.

Having worked in multifunctional teams for a certain time, opera­
tors in the teams started to initiate changes to the manufacturing
process, which facilitated the adoption of lean production.

The size of the multifunctional teams in the nlanufacturing cells
caused problems in the adoption process.

Around the summer of 1993, indirect tasks had been transferred to
the multifunctional teams. It was, however, not possible to reduce
the number of indirect employees inlnlediately, which caused
problems in the adoption process.

The code was used for incidents indicating that information was
being discussed in the adoption process. Was used either when
infornlation was requested or when nlanagers had given
information to employees.

Indicates the involvement of employees in organisational changes,
which facilitated the changes.

Refers to the issue of whether or not to use a kanban-based system
for material control. Also used when the system was being created.

Used when the layout of the factory was an issue in the adoption
process.

Refers to issues arising in the work of estimating the need for
machines in the manufacturing cells.

The maintenance department played a role in the adoption process.
The code particularly indicates the attempts to stall physical layout
changes.
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Manning

Material control

Material
storage

Management
accounting

Management
involvement

Measurement
demand

MRPprimacy

Order situation

Overload

Pack material

Paperwork

ApPENDIX

Refers to a need for enlployees or situations where there were too
many employees. Was also used to indicate the selection of
employees for different tasks.

Refers to problems of nlaterial control in the manufacturing cells.
Was an issue for quite some time; before a system for material
control was devised.

The problem of storing material in the manufacturing cells was an
issue before batch sizes had been lowered.

Used for incidents indicating that the nlanagement accounting
system, including cost control and productivity measurement,
affected the adoption process.

Used when involvement by top managers in the adoption process
was requested. Also used to indicate when this involvement had
taken place.

Part of the discussions on the management accounting system. The
code was used to indicate different types of demands on the
management accounting system, which contributed to the delay in
devising a new system.

Refers to some managers' tendency to put the MRP system in the
first hand, which affected the adoption of lean production nega­
tively.

The order situation at times affected the adoption process, often in
an impeding way, since there was no time left for adopting lean
production.

Used for incidents where managers expressed they had too much
to do and lacked resources for working with the adoption of lean
production.

Refers to the problem of convincing suppliers of packaging mate­
rial to deliver in smaller batches.

The quality management system created"a lot of paperwork, which
needed to be dealt with in manufacturing. This disturbed the
adoption of lean production.
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Pause area

Payment

Payment
transition

PDMProject

PDSchism

IPermanent m/c I
Pile ofproblems

Pilot project

Planning

Positive
feedback

Production
engineering

Productivity
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Refers to the creation and appearance of the pause area in the
multifunctional teams, a recurring debate in the initial part of the
adoption process.

Indicates that the payment system affected the adoption process.

Many discussions were caused by the transition from the piece-rate
system, to a payment system based on the individual's competence
and the team's performance.

A project to create a product database management system to keep
track of documents associated with products, influenced the adop­
tion process negatively.

Indicates a schism between manufacturing and product develop­
ment, which affected the adoption of lean production. Also used
for other observations where the product development department
affected the lean production project's success.

Issues concerning the buying and installation of machines dedi­
cated to the manufacture of parts in one manufacturing cell.

The quality management system, once it was installed, created
more work than could be handled. This was due to the emphasis
on following up each deviation from specifications.

The use of pilot projects had both negative and positive conse­
quences. The code also refers to the transfer of learning from the
pilot projects.

Used when the work of planning the adoption process was
discussed.

Indicates a need to show positive outcomes of the adoption of lean
production and particularly the work with the pilot manufacturing
cells. Was also used when positive outcomes supplied new energy
to the adoption process.

Problems at times arose as a consequence of the way the produc­
tion engineering department was structured.

Used when the productivity outcome caused turbulence in the lean
production project and when there were questions concerning how
to measure productivity.
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Product
structure

Product
traceability

Quality
inspection

Quicksand

"Relationship"

Relocation

Reporting

Resistance

Resource lack I
Schedule slip

Service units

Set-up time
reduction

ApPENDIX

Issues associated with the attenlpts to alter the product structure
trees to simplify material flow and lower batch sizes.

The debates concerning the work of creating a system for tracing
products, demanded by the quality management system.

Refers to issues associated with the work of delegating the inspec­
tion task to operators.

Management experienced uncertainty over a period of time, since it
was difficult to know the effects of the adoption of lean production
on operational performance, due to the way the management
accounting system operated.

Is a "dummy" issue, used to relate lean production principles to
each other. The code was used when incidents indicated a direct
relationship between principles: when activities in different princi­
ples affected each other directly.

Refers to the issue of moving the production manager's office out
on the shop floor, which became an activity and was stalled
several tinles.

Multifunctional teams' execution of reporting tasks caused
problems, particularly keeping the MRP system up-to-date.

Indicates resistance to change. Used when managers themselves
indicated that the adoption of lean production was resisted.

When lack of action to adopt lean production was due to a lack of
resources.

Indicates that a previously agreed upon project schedule for vari­
ous reasons was changed. Also used for discussions on the sche­
dule's appropriateness.

Used when operations external to the manufacturing cells, such as
stamping and hardening, affected the adoption process, and par­
ticularly the elimination of waste.

Used for incidents when the need to reduce set-up times was nlen­
tioned and where attempts were undertaken to reduce set-up times.
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Simplicity

Sister site

Social
simulation

Stamping

Supervisors

Task balance

Task rotation

Technical
problems

Timing

TPM

Training

Trust

Uncertainty· I
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Indicates requests for simplified procedures, for instance in terms
of management accounting and vertical information systems.

Refers to the turbulence the company's smaller site caused in the
adoption process during the autumn of 1993, by not producing
efficiently enough.

A tool used for planning the manufacturing cells and to give
employees a view of the way of working within a cell. Had
positive effects on the adoption process.

Operators at the stamping department caused problems, since they
resisted the reduction of set-up times.

Used when ex-supervisors had an impact on the adoption process,
either positively or negatively.

The tasks to be divided between the company's two sites at tinles
caused discussion. The code refers to the, by some managers,
expressed need to balance the tasks between the sites.

The issue of making operators rotate among different tasks in the
multifunctional teams. Often referred to a lack of rotation, what­
ever the reason.

Used when technical problems with machines affected the adoption
process.

There were at times a need for timing various activities in the
adoption process to each other, for instance training and the usage
of the new skills.

Refers to the use of preventive maintenance and the issues
surrounding it.

Used when training of operators was needed or when training was
carried out.

Indicates a lack of trust between different interests in the adoption
process. The code was used when actors used the term or similar
terms in talking about problems.

Refers to uncertainties about how the future organisation would
look, which is related to fear and worry.
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Union

Visibility

Work
environment

Working hours

ApPENDIX

Used to indicate union involvement or influence in the adoption
process; either when the influence facilitated or impeded the adop­
tion process.

Indicates the quest for making the manufacturing process more
visible, to simplify for operators to manage the operation.

Refers to incidents indicating the adverse effects on the work envi­
ronment by the creation of manufacturing cells.

The lack of flexibility in operators' working hours was at times
brought up by management as an impediment in the adoption
process.
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