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PART I

CHAPTER 1
INTRODUCING THE PHENOMENON OF KNOWLEDGE
INTEGRATION
Highly specialised individuals, who are normally located in different departments throughout an
organisation, are sometimes gathered together in project teams to provide focused product development effort
during a limited period of time. The establishment of such a cross-functional product development team is
relatively easy, as it requires little more than the negotiation of personnel resources with departmental
managers. The real challenge of the team is to “access the breadth and depth of functional knowledge
pertinent to the product and to integrate that knowledge” (Grant, 1996a:368).
This first chapter will set the background of this dissertation about knowledge integration in product
development projects. First, the importance of knowledge integration to successful product development will
be highlighted. Thereafter, the phenomenon of knowledge integration – the problems associated with it and
the mechanisms by which it can be realised – will be explored and discussed. In the end of the chapter, a
research agenda will be proposed.

Knowledge integration in product development projects –
important but difficult
Product development requires a wide range of highly specialised knowledge, which is
found in individuals located in different departments throughout an organisation, to be
integrated. It has been suggested that it is the degree of integration of dispersed and
distributed knowledge that helps explain differences in the product development
performance of different firms and that it is the effectiveness of a firm’s knowledge
integration that distinguishes it from its competitors (Carlile and Rebentisch, 2003;
Hoopes, 2001). Recent studies have also shown a positive relation between the use of
communication-intensive, preferably face-to-face-based, integration mechanisms and
superior product development performance (Hoopes, 2001; Hoopes and Postrel, 1999).
Although it is highly important, knowledge integration in product development projects is
difficult to achieve as such projects incorporate individuals whose knowledge is both
specialised and differentiated – and it appears as if knowledge differentiation is at the
heart of the problem of knowledge integration. With differentiated knowledge follows
differences in attitude and behaviour, as well as differences in cognitive and emotional
orientation (Lawrence and Lorsch, 1967). It is expected that knowledge differentiation
results in “communication impasses and potential for conflict among judgements” and
that “the possibility of mutual understanding, of succeeding in decoding the messages, of
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utilizing the knowledge of others, decreases…” with increased knowledge differentiation
(Grandori, 2001:390).
Von Meier (1999) has investigated how differentiated knowledge constitutes a challenge
to technological innovation. She found that individuals who represent different
occupational cultures use “different mental models and cognitive representations of
technology that are adapted to their particular work contexts” (von Meier, 1999:101).
These different mental models and cognitive representations incorporated different goals
which were related to the individual’s own performance and rewards, competing interests
and conflicting values and judgements which gave rise to conflicting evaluation of
technological innovation. Moreover, von Meier (1999) suggests that mental models and
cognitive representations have an impact upon how individuals understand technical
systems, define problems and generate solutions and she concludes that “the root of the
differences lies not in fact, but in representation” (von Meier, 1999:109).
Dougherty (1992) studied barriers to knowledge integration in a product development
setting and came to the conclusion that individuals representing different knowledge
domains live in different thought worlds. Different thought worlds comprise different
funds of knowledge and different systems of meaning, which suggests that individuals
living in different thought worlds not only know different things but also interpret the
same thing in different ways. Each thought world is internally consistent and rational, but
different thought worlds yield different perspectives and answers to what aspects of the
product development task are important and how the collective effort should be
undertaken. Thought worlds have a tendency to make people focus on their own
particular area of expertise and not take notice of or understand the part played by their
fellow team members in the collective task.
Another difficulty associated with knowledge integration is related to the type of
knowledge which is to be integrated. Grant (1996a:379) suggests that “explicit knowledge
involves few problems of integration because of its inherent communicability” and
further, that “the most interesting and complex issues concern the integration of tacit
knowledge” as tacit knowledge must be “observed through its application and acquired
through practice”. Similar suggestions are put forward by Sabherwal and BecerraFernandez (2005) who suggest that the ease by which knowledge is integrated is
dependent upon whether the knowledge is context-specific, technology-specific or
context-and-technology specific and further, that different integration mechanisms
support the integration of different types of knowledge.
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Understanding the phenomenon of knowledge integration
The issue of knowledge integration has been explored and described in slightly different
terms by different authors. However, the essence of their reasoning is that knowledge
integration consists of linking distributed knowledge in a way which permits the access to,
and utilisation of, individuals’ specialised knowledge in undertaking a collective effort (see
e.g. Dougherty, 1992; Okhuysen and Eisenhardt, 2002).
Knowledge integration requires individuals involved in the product development effort to
solve problems within their own area of expertise without creating unsolvable problems
for their fellow team members. Hoopes and Postrel (1999:845) suggest that “the
marketing staff must realize, in developing a targeting strategy, when a technical weakness
of the product makes it a poor choice for some classes of customers; the product
engineers must realize, in developing detailed designs, when a tweak that cuts
manufacturing costs by 1% reduces customer willingness to pay for the product by 10%;
the designers must realize, in developing their design concept, when a more elegant
custom-made part drives up product cost by 10% but raises willingness to pay with only
1%; and specialists in one component of the product must realize when, in designing their
subsystem, they solve their own problems efficiently but create huge difficulties for their
colleagues assigned to different components”. As illustrated by the quotation above, a
central activity of knowledge integration is to identify and communicate uniquely held
information and move it from one location to another (Carlile and Rebentisch, 2003;
Okhuysen and Eisenhardt, 2002). But this is not simply an issue of identifying and then
assembling Lego blocks of different sizes and colours. When trying to integrate
knowledge, project members must overcome the barriers “to the flow and transfer of
knowledge arising from pre-existing divisions of practise among team members”
(Scarbrough et al., 2004). This is to say that they must be able to communicate in a
manner that is meaningful. Moreover, they must be able to create new knowledge.
Carlile and Rebentisch (2003:1182-1183) suggest that knowledge integration is also an
issue of creating new knowledge by combining knowledge from different sources and
changing available knowledge “to accommodate the creation of solutions across
specialised domains”. This suggests that knowledge integration requires the construction
of new knowledge by individuals relying on real-time experience, improvisation, flexibility
and iterative problem-solving as a response to the situation as it emerges and unfolds
(Engwall, 2003; Eisenhardt and Tabrizi, 1995). In this way, the outcome of knowledge
integration consists of “both the shared knowledge of individuals and the combined
knowledge that emerges from their interaction” (Okhuysen and Eisenhardt, 2002:371).
However, the outcome of knowledge integration is also dependent upon the way in which
the process is structured and from what perspective project members consider it;
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“…knowledge integration depends on how members know and integrate their
individually held knowledge […] the same knowledge can be ‘known’ in multiple ways.
[…] While the factual content of information is important to knowledge integration as
suggested by the ‘knowledge as resource’ view, the way in which that knowledge is
accessed and the point of view from which it is considered – in other words, the
‘knowledge as knowing’ view – also influences how individual knowledge is combined”
(Okhuysen and Eisenhardt, 2002:384).

How does knowledge integration in product development come about?
The typical means by which organisations work to enable knowledge integration in
product development, is the establishment of an interdisciplinary team consisting of
individuals who possess the knowledge needed to undertake the task. The establishment
of an interdisciplinary team is aimed at strengthening “the cooperative ties between
groups that may have differing immediate interests […] facilitate the logistics multiple
groups need to coordinate the process of product development [and] can increase the
extent to which different departments understand each other’s technical constraints”
(Hoopes, 2001:382). It has also been suggested that the establishment of an
interdisciplinary product development team facilitates knowledge integration by providing
possibilities for system-wide solutions to technical problems (Iansiti, 1995). However, one
of the most commonly referred to rationales for the establishment of an interdisciplinary
project team appears to be the increased possibilities for communication and interaction
which, it is suggested, facilitate knowledge integration.
The importance of direct and extensive communication between members representing
different functions is underlined in Allen (1977), who shows that co-location is an
efficient way of promoting communication among engineers. The need for close
interaction is also clearly spelled out in literature on concurrent engineering (Eisenhardt
and Tabrizi, 1995) and in the “rugby approach”, in which “the product development
process emerges from the constant interaction of a multidisciplinary team whose
members work together from start to finish” (Nonaka and Takeuchi, 1995:242).
Furthermore, as discussed by Nonaka and Takeuchi (1995:11), such product development
interaction is also important in converting individual tacit knowledge to explicit
knowledge, “allowing it to be shared with others in the company”. Shared knowledge,
including shared understanding and meaning, is further suggested as essential for
knowledge integration and successful product development performance (e.g. Huang and
Newell, 2003).
Taking a look at literature on knowledge integration at the organisational level, there are
some authors who express a contrasting view. For example, Grant (1996a:381) suggests
that communication should be held at a minimum for knowledge integration to be
6

efficient; “organization structures need to be designed with a view to organizing activities
such as to reduce the extent and intensity of communication needed to achieve
knowledge integration”. He is supported by other researchers on the subject. While
Eisenberg (1990) points to the danger of too much communication and shared
knowledge and meaning, Weick and Roberts (1993) and Lindkvist (2005) suggest that
knowledge integration is enabled by well-connected individual knowledge bases rather
than by shared knowledge and understanding.
Taking a look at the more general literature on teams, it is often suggested that to have a
high-performing team, its members should cooperate closely. In a high-performing team,
members are “equally committed to a common purpose, goals and a working approach
for which they hold themselves mutually accountable” but also “deeply committed to one
another’s personal growth and success” (Katzenbach and Smith, 1993:92). The image of
product development and team work promoted in this literature is thus one which
emphasises that good performance results from clearly specified goals, knowledge
sharing, and the reliance on a tightly knit and more or less constantly interacting team. In
the vast (and normative) literature on project management, it is emphasised that great care
should be taken to clearly specify goals, that those involved should engage extensively in
planning, create a well-specified schedule and a clear work breakdown structure and so
forth (see e.g. Lock, 1996; Cooper, 1993). However, many authors have criticised this
literature for being overly rationalistic and argued that it tends to neglect the uncertainties
and political processes that prevail in product development projects (see e.g. Lindkvist
and Söderlund, 2002; Lundin and Söderholm, 1995).

Contingency approaches to knowledge integration in product
development projects
As suggested in much of the literature quoted above, knowledge sharing and transfer
constitutes an important component of knowledge integration. Therefore, it is not
surprising that much work on knowledge integration in product development projects has
emphasised the importance of interaction and communication to establish shared
knowledge, meaning and understanding. Carlile and Rebentisch (2003:1182) suggest
however, that current frameworks of knowledge integration “have difficulty in adequately
scaling from the most simple to the most complex cases of knowledge integration. In
situations where the underlying context for knowledge integration is stable, shared
language and methods will probably develop between groups […] over repeated
interactions that allow from straightforward communications. […] But these situations are
not representative of the types of challenges that even modest-sized firms face in their
knowledge integration activities. Many organizations face competitive environments
where novelty is high and the nature of the product or service creates many depen7

dencies and differences. These situations are more challenging…”. The amount of
novelty that is introduced between knowledge storage and retrieval along with the amount
of dependence between sources of knowledge should therefore be taken into
consideration when knowledge integration in product development projects is studied,
Carlile and Rebentisch, (2003) suggest.
However, while contingency approaches have been rather common when the unit of
analysis is that of the organisation (e.g. Lawrence and Lorsch, 1967; Burns and Stalker,
1970), they have been less so in studies on knowledge integration in product development
projects and in more general project management literature. For example, Shenhar et al.
(2005:8) suggest that “one of the most common myths in the discipline of project
management is the assumption that all projects are the same…” and further, that
contingencies such as complexity, novelty, pace and technology (low, medium, high,
super-high tech) are relevant dimensions to take into account. Taking a look at literature
on knowledge integration at the firm level, Zollo and Winter (2002) suggest that task
frequency, task heterogeneity and causal ambiguity have impact on knowledge integration.
Grandori (2001) focuses on features of the relation between knowledge nodes when
suggesting that the degree of knowledge differentiation, knowledge complexity and the
level of conflict among interests and judgements have an impact on knowledge
integration.

The concept of knowledge integration
The emphasis on the need for communication and shared knowledge which is to be
found in much product development literature is reflected in Huang and Newell’s
(2003:167) definition of knowledge integration as “an ongoing collective process of
constructing, articulating and redefining shared beliefs through the social interaction of
organizational members”. Adopting such a perspective, knowledge integration has
occurred when the individuals involved have established a certain amount of common
knowledge. Common knowledge is defined as “the common understanding of a subject
area shared by organizational members who engage in communication” (Huang and
Newell, 2003:169). According to such a perspective, successful knowledge integration is a
matter of achieving a certain degree of similarity between specialised knowledge bases and
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a certain degree of similarity in perspective1. This means that Huang and Newell’s (2003)
concept of knowledge integration is not tied to the process of undertaking co-ordinated
collective action that is aimed at an outcome other than that of sharing knowledge and
beliefs. Rather, it is a collective process valued on its own merits.
Grant (1996b:114) emphasises that the transfer of knowledge such that the individuals
involved in the collective action know the same thing is not an efficient way of achieving
knowledge integration; “If Grant and Spender wish to write a joint paper together,
efficiency is maximized not by Grant learning everything that Spender knows (and vice
versa), but by establishing a mode of interaction such that Grant’s knowledge of
economics is integrated with Spender’s knowledge of philosophy, psychology and
technology, while minimizing the time spent transferring knowledge between them”. If
one adopts a perspective on knowledge integration in line with the one suggested by
Grant, it must be recognised that the concept of knowledge integration goes beyond that
of shared knowledge and meaning. When taking such a perspective, it can still be
acknowledged that some amount of knowledge transfer and joint creation of knowledge
may be important and necessary components of knowledge integration in that such
processes can constitute a necessary basis for knowledge integration to occur.
There are also authors who suggest that the sharing of knowledge, meaning and
understanding is obstructive to collective action (c.f. Eisenberg, 1990)2. Okhuysen and
Eisenhardt (2002:283) are among those who argue that “…knowledge sharing and
integration are distinct processes, with different antecedents and outcomes, not different
components of the same process”. Weick and Roberts (1993) argue along the same line
and suggest that knowledge integration in collective action is not a result of shared
knowledge and meaning but that it occurs from well-connected individual knowledge
bases and individuals acting with heed when envisaging the social system of which their
actions are parts. Heed is to be understood as “dispositions to act with attentiveness,
alertness and care” (Weick and Roberts, 1993:374) Knowledge integration requires the

1

If we accept the premise as stated by Dougherty (1992) that a knowledge basis is comprised of a certain fund of

knowledge and a certain system of meaning, then the shared knowledge basis should incorporate not only
similarity of knowledge but also similar perspectives, e.g. shared meanings and interpretations.
2

Eisenberg (1990:160) stresses “coordination of action over the alignment of cognitions, mutual respect over

agreement, trust over empathy, diversity over homogeneity, loose over tight coupling, and strategic
communication over unrestricted candor”.
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establishment of a mode of interaction that enables “a pattern of heedful interrelations of
actions […] where actors in the system construct their actions (contributions),
understanding that the system consists of connected actions by themselves and others
(representation), and interrelate their actions within the system (subordination)” (Weick
and Roberts, 1993:357). When adopting such a perspective, knowledge integration and
the successful undertaking of a collective action is not tied to knowledge sharing, but to
the ways in which different knowledge bases are integrated as part of the actions that
make up the system.

Conception of knowledge integration in this study
Based on the discussion presented above, I suggest that a concept of knowledge
integration should go beyond that of knowledge sharing and the establishment of shared
meaning and understanding. Knowledge sharing and the joint creation of new knowledge3
are potentially important processes to knowledge integration but do not necessarily have
to be important in a specific project. I rather believe that the extent to which knowledge
sharing, shared understanding and the joint creation of new (potentially shared)
knowledge is necessary, is contingent upon the situation and therefore suggest a broader
concept and definition of knowledge integration. For the purposes of this dissertation I
define knowledge integration as the processes of goal-oriented interrelating with the purpose of
benefiting from knowledge complementarities existing between individuals with differentiated knowledge
bases.
There are several reasons why I define knowledge integration in the terms suggested
above. It highlights the goal-oriented nature of product development projects; that they
are initiated to fulfil a specific target in terms of functionalities, costs and time. It
highlights the idea that such goal-oriented activities require project members to
understand that they are part of an interrelated system of actors and activities which have
to be kept in mind when conducting project work. Furthermore, it highlights knowledge
complementarities and synergies rather than knowledge similarities – while not excluding
knowledge similarities as potentially important for knowledge integration.
The above definition allows for the exploration of various knowledge integration
mechanisms and acknowledges that such mechanisms can vary depending on the project
setting. I consider a mechanism as a ‘driving force’, working in favour of knowledge

3

Not necessarily shared between those individuals having contributed to its creation.
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integration – an enabler of knowledge integration4. While efforts aimed at knowledge
sharing can constitute such a mechanism, other examples collected from the study of
knowledge integration at the level of the organisation include communication networks,
knowledge integrators, communities of practice, teams (Grandori, 2001), rules, directives,
routines, group problem solving, decision making (Grant, 1996b) tacit experience
accumulation, articulation and codification (Zollo and Winter, 2002).

Proposing a research agenda
There is a need for further empirical studies to advance our understanding of knowledge
integration in product development projects. Grant (1996a:384) suggests that “much
remains to be done at both the empirical and theoretical level, especially in relation to
understanding the organizational processes through which knowledge is integrated”. He is
echoed by Becker (2001) who suggests that the issue of knowledge integration in settings
where specialised knowledge is distributed has not yet been sufficiently explored.
While literature on product development projects has investigated knowledge integration
as a variable which has an impact on project performance (e.g. Hoopes, 2001; Hoopes
and Postrel, 1999) or has identified difficulties of communication associated with deeply
specialised knowledge bases in contexts where knowledge integration is needed (e.g. von
Meier, 1999; Dougherty, 1992), these studies have not focused on identifying and
discussing the mechanisms involved in knowledge integration at the project level. The
identification and discussion of knowledge integration mechanisms have been guided by
authors who have an interest in understanding knowledge integration at the firm level
(e.g. Zollo and Winter, 2002; Grandori, 2001). It has been suggested, however, that
permanent settings face other circumstances than a temporary product development
project (Lindkvist, 2005; Shenhar, 2001; Prencipe and Tell, 2001). Therefore, in product
development projects, we can expect knowledge integration to be enabled by other
integration mechanisms than it is in more permanent organisational settings.
In literature on knowledge integration in product development projects, the question of
how knowledge integration is enabled in different types of project settings has not
received much attention. There is rather a tendency to treat all projects as similar and
equal – something which has implications for our understanding of knowledge integration
during different circumstances and in different settings. For example Carlile and

4

A mechanism is a “means of transmitting and modifying motion in a machine or an assembly of mechanical

parts” according to the Concise Encyclopedia.
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Rebentisch (2003:1182) suggest that our “current frameworks of knowledge transfer and
integration do not apply with equal explanatory power to both simple and complex
knowledge integration tasks”. Eisenhardt and Tabrizi (1995) and Shenhar et al. (2005) are
also among those authors asking for more contingency-oriented approaches in studies of
knowledge integration in product development projects.
Against the background of this discussion, the purpose of this dissertation is to explore what
mechanisms of knowledge integration that are suitable in different project settings.
When a phenomenon is poorly understood as detailed, empirical, studies are lacking and
the purpose is set to explore such a phenomenon, a qualitative case study approach which
allows for the contribution of detailed descriptions is favoured (c.f. Merriam, 1988) and
therefore, I have chosen such an approach.

Mechanisms, processes and settings – a short comment
The focus of this thesis is to explore what mechanisms of knowledge integration are
suitable in different project settings. A mechanism, as it has been suggested, is regarded as
an enabler of knowledge integration – defined as the processes of goal-oriented interrelating
with the purpose of benefiting from knowledge complementarities existing between
individuals with differentiated knowledge bases. According to the “Concise Oxford
English Dictionary”, a process is “a series of actions or steps toward achieving a particular
end” – the end in this case being to take benefit of knowledge complementarities. I
consider a setting to be constituted by a number of interrelated contingencies5. There are a
number of reasons as to why I have chosen to focus on settings rather than e.g. types of
projects or separate contingencies.
Former studies have distinguished between different types of projects or tasks, often bipolar distinctions such as e.g. radical and incremental. However, Shenhar (2001:397)
suggests that projects “exhibit a richer variation than can be captured by a simple
dichotomy”. In other (often quantitative studies) the impact of a specific contingency on
how a project is organised and managed has been the focus (e.g. Eisenhardt and Tabrizi,
1995). However, in a qualitative case study, the primary interest is not to isolate a specific
contingency to test its relevance and impact but to understand a phenomenon as a ‘whole’
(Ragin, 1987). Therefore, in this dissertation, the focus is on two different settings and I

5

Setting is “the time, place and circumstances in which something occurs or develops” and it is presented as a

synonym to a context which means “the interrelated conditions in which something exists or occurs”
(Encyclopaedia Britannica Online).
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have considered a project setting to be constituted by a number of interrelated
contingencies – of which no one is distinguished from the other and the impact of which
has not been tested independently.
In short, my working model is that a number of different contingencies, making up a
setting, influences which mechanisms are suitable and feasible to enable the process of
knowledge integration. This line of reasoning is summarised in figure 1.1.

Setting

Suitable
Mechanisms

Processes of
knowledge
integrationC
integration

ontingencies
Contingencies

Figure 1.1. Relating some key concepts of this dissertation - a working model.

Introducing the empirical studies
This dissertation is based on two empirical case studies of product development projects
– the Stacker project and the Turbine project6. The Stacker project was a development
project that was set the task to develop a new stacker – a kind of warehouse truck – while
the Turbine project was aimed at the development of a new steam turbine with increased
efficiency. Both projects were considered to be successful development projects by those
involved. The sales of the stacker developed exceeds the most optimistic sales scenario
and the technical solution finally chosen for the steam turbine is now to be implemented
on a number of existing steam turbines to further increase their operating range and
efficiency.
The Stacker project was conducted at ProLift. ProLift is engaged in the manufacturing
and development of warehouse trucks, and is one of the leading actors of the industry
worldwide. At the time of the study, ProLift’s sales approximated SEK12.3 billion7 and
the company had about 8000 employees in more than 70 countries. The study was
undertaken at ProLift’s head-quarters in Sweden and is based on observations of 16
meetings and 13 interviews. At ProLift, development activities are performed in module
projects and product development projects. Module projects concern the development of

6

These are fictive names. I also use fictive names for the companies.

7

Corresponding to approximately US$1.7 billion (counted to the price of a dollar in December 2006).
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new components, sub-systems and parts, based on leading edge technology, while
product development projects like the Stacker project are clearly a matter of incremental
innovation. This latter type of project typically involves a multitude of less radical
technical improvements and the complexities of adaptation and integration of a large
number of sub-technologies, manufacturing, marketing considerations and so forth.
Product development projects are of recurrent nature, with the average project lasting for
approximately one year.
The Turbine project was conducted at PowerCo. PowerCo is engaged in several different
industries and is one of the leading actors worldwide within the power generation
equipment business segment. At the time of the study, PowerCo’s sales approximated
€21.4 billion8 and the company had 110,000 employees in more than 70 countries. The
study was undertaken at the R&D department at PowerCo’s Swiss headquarters. The
study is inspired by ethnography as I was co-located with the project team during a period
of one year. During this time, I attended 32 project meetings, conducted 15 interviews
and took part in a number of informal meetings and information sessions and
innumerable informal talks. At PowerCo, an important distinction is that between retrofit
projects and product development projects. Retrofit projects are recurrent as they are
initiated when customers want to exchange a part of an already existing power plant and
are aimed at ensuring that interfacing systems operate in as smooth a manner as possible
with the original turbine, without any need to modify the existing systems – something
which requires modifications and adaptations of the turbine. Product development
projects like the Turbine project on the other hand, involve radical development, aimed at
increased efficiency, building on the latest technology. Such projects are infrequent and
have a duration of several years.

8

Corresponding to approximately US$27.9 billion (counted to the price of a dollar in December 2006).
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Reader’s guide
Part I

Part II

Part III

Part IV

Chapter

Content

1. Introducing the phenomenon of
knowledge integration

Introduction

2. Identifying mechanisms and
contingencies of knowledge integration

Theoretical starting-point

3. Studying knowledge integration in
product development projects

Methodology

4. Working with development at ProLift

Empirical chapter - overview

5. The development of a new stacker

Empirical chapter – case description

6. Knowledge integration in the Stacker
project

Analysis

7. Working with development at PowerCo

Empirical chapter - overview

8. The development of a new steam turbine

Empirical chapter – case description

9. Knowledge integration in the Turbine
project

Analysis

10. Knowledge integration in product
development projects

Cross-case comparison, final discussion
and conclusions

Table 1.1. Structure of the dissertation.

This doctoral thesis is divided into four parts (see table 1.1. above). The first part
comprises chapters one, two and three. In chapter one, I discuss the importance of
knowledge integration in product development projects, introduce a concept of
knowledge integration and define the purpose of the study. Chapter two, which should be
conceived of as my theoretical starting-point, incorporates a presentation of different
integration mechanisms and contingencies which have impact on the process of
knowledge integration. The third chapter incorporates my methodological considerations
and a description of the specific research design which was used in each of the two
empirical studies that form the basis of this dissertation.
Part two, which incorporates chapters four, five and six, relates to the Stacker case. In
chapter four, a description of the way in which product development projects are
generally managed at ProLift is given. In chapter five, a description of the product
development process such as it emerged in the specific case studied is given. Chapter six,
comprises the analysis of the Stacker case. Part three, consisting of chapters seven, eight
and nine, follows the same structure but is related to the Turbine case. Part three and four
are primarily of empirical character and can be read as self-contained.
Part four consists of chapter ten which is the final chapter of this dissertation. In chapter
ten, I compare my cases in an effort to elaborate a model of knowledge integration in
product development projects. I also relate this model to two different types of project
settings.
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CHAPTER 2
IDENTIFYING MECHANISMS AND CONTINGENCIES OF
KNOWLEDGE INTEGRATION
The purpose of this chapter is to identify and discuss different contingencies which could have impact on the
process of knowledge integration as well as different knowledge integration mechanisms which can be used
for knowledge integration. The chapter should be conceived of as my theoretical point of departure. The
first part of the chapter is concerned with the classical works on integration by Lawrence and Lorsch
(1967), Thompson (1967) and Perrow (1970) respectively. The second part is then devoted to more
recent works with a specific interest in knowledge integration such as of Grant (1996a; 1996b),
Grandori (2001) and Zollo and Winter (2002) are discussed.

Classical contingency theories on integration
Lawrence and Lorsch (1967), Thompson (1967) and Perrow (1970) were all concerned
with the issue of how to achieve integration between different organisational tasks and
departments under various circumstances. Thus, all of them favoured a contingency
approach on integration. While none of them was concerned with the particular
phenomenon of knowledge integration, I consider it important to pay attention to their
concepts and models. Before presenting their frameworks however, I will briefly present
how Lawrence and Lorsch (1967) defined differentiation and integration and how they
conceived of the need for both differentiation and integration.

The need for both differentiation and integration
Differentiation, according to Lawrence and Lorsch (1967) is not primarily an issue of
departmental segmentation and specialised knowledge but rather an issue of differences in
attitudes and behaviour which result from varying education and experience as well as
from the nature of the specific task that the individual (or department) is set to
accomplish. These differences in attitude and behaviour regard different goal, time and
interpersonal orientations and are accentuated by variations in the formality of structure
which results from differences in the nature of the task. Against this background,
differentiation is defined as “the difference in cognitive and emotional orientation among
managers in different functional departments” (Lawrence and Lorsch, 1967:11).
According to Lawrence and Lorsch (1967), differentiation will cause conflicts and
difficulties to agree on integrated programs of action, in other words, it will render
integration between tasks and departments difficult. Integration is defined as “the quality
of the state of collaboration that exists among departments that are required to achieve
unity of effort by the demands of the environment” (Lawrence and Lorsch, 1967:11).
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Lawrence and Lorsch (1967) made the observation that the most successful companies
were the ones which had been able to achieve efficient integration despite differences in
attitudes and behaviours, i.e. despite a high degree of differentiation, and criticised other
theorists for being so concerned with the issue of collaboration and integration that they
forgot the need for differentiation. They were echoed by Perrow (1970:179) who
commented on the need for differentiation, with reference to Lawrence and Lorsch
(1967), that “rather than to reduce the difference, we saw from one study that it was
advantageous to maximize it; the appropriate techniques are used to help them work
together”. In the view of these authors, the higher the level of differentiation, the greater
the need for effective integration mechanisms.

Integration as conflict resolution and decision making
Lawrence and Lorsch (1967) did not consider each organisation to be equally
differentiated, nor did they search for the one best way to achieve integration. Instead,
they were interested in trying to understand what factors triggered differentiation and the
use of various integration mechanisms9. Furthermore, they wanted to explore under what
circumstances each one of the integration mechanisms was the most effective – they
aimed at contributing a contingency theory of differentiation and integration. Their
argument was that different characteristics of the environment and the task affected the
degree of differentiation required, the degree of integration needed and the way in which
integration was most effectively achieved. Since the focus of this thesis is primarily that of
understanding integration, I will attend too those aspects of Lawrence and Lorsch’s
(1967) theory which are related to integration.
According to Lawrence and Lorsch (1967:58) integration is an issue of decision making
and conflict resolution with the aim to “…reach interdepartmental decisions that would
constitute commitments from each department to carry out part of a coordinated action
plan, reaching these decisions invariably involved the resolution of conflict among
departments. The desired end was a joint decision, but the means to achieve it was the
resolution of conflict”.

9

Lawrence and Lorsch (1967) discuss the “means” or “devices” by which integration is achieved. However, in

order to have a more coherent framework, I have chosen to refer to these “means” and “devices”, i.e. managerial
hierarchy, integrating committees, integrators, routine control and scheduling and individual managers outside
official channels, as mechanisms of integration.
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Environmental factors had a decisive influence on how and by whom, effective
integration could be achieved. Lawrence and Lorsch (1967) proposed that integration
could be achieved by means of managerial hierarchy, integrating committees or
integrators, routine control and scheduling, and individual managers outside official
channels. In addition to these integration mechanisms, interpersonal skills were of vital
importance in achieving integration due to conflicting interests. Lawrence and Lorsch
(1967) suggested that when uncertainty10 and complexity was high, integration was best
achieved when the lower and middle echelons of management were involved in decision
making. In those organisations which were capable of effective integration in uncertain
environments, “a rather complex network of cross-functional teams or committees had
been formally established to provide a setting for these managers to carry out joint
decision making…” (Lawrence and Lorsch, 1967:57). Furthermore, those who were
effective integrators in such environments had developed “approximately equidistant
time, goal and interpersonal orientations” (Lawrence and Lorsch, 1967:59), had gained
high influence based on their competence, and were rewarded for conflict resolution.
Lawrence and Lorsch (1967:82) concluded that “…the evidence indicates that the high
differentiation plus effective conflict resolution leads to high integration”. Differentiation
in relatively stable and certain environments however, was comparably low and therefore
the propensity for conflict was also lower. In these environments integration was an issue
of effective decision making rather than effective conflict resolution. According to
Lawrence and Lorsch (1967) integration in stable and certain environments was more
effectively achieved by relying upon upper management for decision making if these
decisions were effectively implemented through the managerial hierarchy.

Integration as dictated by environment and technology
Thompson (1967) was concerned with the issue of concerted action in complex
organisations and more precisely he wanted to understand the patterned variations in
organisational action that resulted from problems posed by different technologies and
environments – he wanted to elaborate a contingency model of organisational action.
Thompson (1967) proposed that the environment and technology constituted an
organisation’s primary sources of uncertainty. Uncertainty, Thompson (1967) suggested,
stemmed from a lack of understanding concerning cause and effect relationships, the fact
that the outcome of organisational actions was dependent upon the actions undertaken by

10

Uncertainty incorporated a lack of clarity of information about the market and scientific knowledge,

uncertainty of cause-effect relationships and long time span of definitive feedback.
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other elements of the environment and the interdependence between different
organisational units.
Thompson (1967) identified three different types of interdependence between
organisational parts - pooled, sequential and reciprocal interdependence – and suggested
that they result in different ways of coordinating action among the interdependent units.
Pooled interdependence exists when “each part renders a discrete contribution to the
whole and each is supported by the whole” (Thompson, 1967:54), which means that
unless each unit contributes adequately, the whole may be jeopardised. When pooled
interdependence prevails, coordination is achieved by standardisation which allows for
routines and rules to be applied. It is expected that such rules and routines will channel
the action of each interdependent part so that it is compatible with the actions undertaken
by other actors of the system. Standardisation and coordination by means of rules and
routines require the situation to be stable and repetitive so that appropriate rules and
routines can be adequately matched to a particular situation.
Sequential interdependence prevails in situations when the “direct interdependence can be
pinpointed between them, and the order of that interdependence can be specified”
(Thompson, 1967:54). This kind of situations allows for a priori planning and scheduling.
While coordination by means of rules and routines calls for stable situations, coordination
by plan is appropriate in more dynamic situations since it can be adjusted according to the
circumstances of time and place. Reciprocal interdependence is the third type of
interdependence and prevails when the actions of each actor involved must be adjusted to
the actions of other units and individuals involved. Thompson (1967:55) suggested that
“under conditions of reciprocal interdependence, each unit involved is penetrated by the
other. There is, of course, a pooled aspect to this, and there is also a serial aspect […] but
the distinguishing aspect is the reciprocity of the interdependence, with each unit posing
contingency for the other”. Thus, reciprocal interdependence incorporates the other types
of interdependence and results in rather complex situations in which coordination can
only be handled by means of mutual adjustment. Mutual adjustment “involves the
transmission of new information during the process of action” and is used in highly
“unpredictable and variable” situations (Thompson, 1967:56). Moreover, since mutual
adjustment is the most expensive coordination mechanism and the cost increases with the
number of individuals who are involved in the action calling for it, Thompson (1967)
predicts that in cases when mutual adjustment is used to coordinate action, groups should
be held small. In Thompson’s reasoning, the level of uncertainty is related to the degree
of knowledge about cause and effect relationships and the degree of task variability. When
knowledge about cause and effect is lacking and/or variability is high, the task to be
undertaken is unpredictable and vice versa. This means that coordination by means of
rules and routines is suitable in situations when cause and effect relationships are well20

known and the task is invariable. Coordination by plan is relevant in situations when
cause and effect relations are well known but tasks vary. Finally, coordination by mutual
adjustment is reserved for those situations when knowledge of cause and effect is lacking
(or minimal) and task variability is high.
In Thompson’s (1967) framework, each coordination mechanism was related to the
amount of communication and decision making required to its execution. Thompson
(1967:56) proposed that “standardization requires less frequent decision making and a
smaller volume of communication during a specific period of operations than does
planning, and planning calls for less decision and communication activity than does
mutual adjustment”. Thus, in cases when the organisation relies on mutual adjustment,
communication and decision making concerning the actions to take is an important
activity. In these situations, however, not only does the knowledge of cause and effect
relationships pose problems to efficient coordination, but so does project members’
different preferences regarding possible action outcomes. Thus, this is the way in which
differentiation, and the risk for conflicts, but also the aspect and importance of decision
making for achieving coordination by mutual adjustment, is integrated in Thompson’s
framework.
When preferences are the same (and clear) but cause and effect relationships are
uncertain, the risk of conflicts can be expected to be low and therefore Thompson (1967)
proposed the judgemental strategy of decision making was the appropriate one. When on
the other hand, preferences differ, while cause and effect relationships are well known,
the propensity for conflict is expected to be relatively high, and to agree on a coordinated
action, the individuals involved in decision making must find a compromise. Finally, in
situations when uncertainty is high on both dimensions, an inspirational strategy for
decision making is called for. More generally, Thompson (1967) hypothesised that the
propensity for conflict increases the higher the degree of interdependence among the
units or individuals involved – in effect, the degree of interdependence is the highest in
situations of reciprocal interdependence, thus in situations calling for mutual adjustment.
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Integration through planning and feedback
Perrow (1970:49) proposed a contingency theory based on differences in task structures,
arguing that “organizations differ in their tasks, and thus in the way they are run”. He
made a distinction between routine and non-routine tasks and the degree to which they
are analyzable. Routine tasks, Perrow (1970:76) suggested, offer little variety and little
uncertainty about the methods to apply, which means that they are analyzable; “there are
known ways of solving it, and little reflection or judgement is required after one has some
experience with it”. Non-routine tasks, on the other hand, are those which vary from time
to time and therefore induce uncertainty about the methods and techniques to apply.
According to Perrow (1970:76) non-routine tasks call for “unanalyzable search
procedures” which means that “the individual must rely upon a residue of something we
do not understand at all well – experience, judgement, knack, wisdom, intuition”.
When tasks are routine, interdependence among different organisational groups11 is low
and to the extent that such interdependencies exist, they are handled by means of formal
plans or centralised decision making. In the same way, coordination within groups is
handled by plans and programmed actions. However, non-routine tasks can not be
handled by the same kind of bureaucratic structure due to the difficulties in predicting and
analyzing the tasks beforehand. When tasks are non-routine, groups must rely upon each
other to solve them, and thus the interdependence of groups becomes high and the
knowledge of individuals lower down the hierarchy becomes important in the decision
making process. Therefore, coordination, within and between groups, is achieved through
decentralised decision making, mutual adjustment and feedback according to Perrow
(1970).
However, Perrow (1970) suggested, routine and non-routine tasks only constitute ends at
a continuum and we can expect to find tasks that are simultaneously characterised by
great variety and little uncertainty, i.e. engineering tasks which result in a certain type of
analyzable problems. We can also expect to find tasks of little variety and high uncertainty
(craft), i.e. a specific type of unanalyzable problems. In both of these situations, the
interdependence between groups is expected to be low and coordination can be achieved
through a combination of formal plans and feedback. With respect to engineering tasks,
Perrow (1970:82) suggested that: “…coordination is achieved through the feedback of
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When discussing the interdependence among different groups, Perrow (1970) is primarily referring to groups

at different hierarchical levels and not necessarily to different functional groups.
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information for problem solving. But on the shop floor, discretion and power are –
should be – minimal. Planning is the basis of coordination here, and there is little
interdependence between the two levels12 – designs are sent down and executed”.
However, when tasks are of little variety but still characterised by uncertainty (craft) about
the methods to use, “it is the supervisory level which has discretion and high power and
coordinates through feedback”, while middle managers coordinate work by formal plans,
scheduling the work to be undertaken by the craftsmen at the shop floor.

A synthesis and comparison of the classics
Lawrence and Lorsch (1967), Thompson (1967) and Perrow (1970) presented their lines
of reasoning in somewhat different terms, but they had much in common. Most
obviously, they all contributed a contingency theory of organisational action with a
specific focus on efficient integration between the tasks of different departments under
various circumstances. Lawrence and Lorsch (1967) and Thompson (1967) both
identified the importance of conflict resolution and decision making as central to
integration under circumstances of high task uncertainty and/or high degree of
differentiation. However, while Lawrence and Lorsch (1967) discussed conflict resolution
and decision making along with strategies to deal with them, Thompson (1967) discussed
them only briefly. Moreover, Thompson (1967) and Perrow (1970), despite their different
levels of analysis (the organisation and task respectively), identified the same integration
mechanisms. Add to this that there is an almost complete consensus between the authors
when it comes to the contingencies identified as having major impact on the ways in
which efficient integration can be achieved (see table 2.1. below).
Lawrence and Lorsch (1967) were more focused on the processes involved in integration
than the mechanisms used for integration, and those integration mechanisms which can
be derived from their discussion are, with the exception of control and scheduling, simply
referring to those individuals who take care of conflict resolution and decision making, i.e.
individuals in the managerial hierarchy, integrators or integrating committees and
individual managers outside official channels. None of these integration mechanisms were
identified by Thompson (1967) or Perrow (1970). Instead, Thompson and Perrow, who
focused on integration mechanisms, identified rules, routines, plans, mutual adjustment
and feedback as particular integration mechanisms. In addition, Thompson (1967)

12

Middle and lower management levels consist of departmental managers or engineers and production

supervisors respectively.
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recognised scheduling as a separate mechanism to be used when sequential
interdependence prevails. With regard to the choice of integration mechanisms under
various circumstances, all the above-mentioned authors suggested that in situations when
uncertainty and/or complexity is high, integration has to be achieved by individuals lower
down the hierarchy, relying on more communication-intensive mechanisms.
As I suggested, when it comes to contingencies having impact on integration, there was
almost complete consensus between the above-mentioned authors. They all identified and
discussed uncertainty as the primary factor influencing integration. Moreover, the concept
of uncertainty was defined in similar terms in all three studies where a lack of
understanding of cause and effect relationships between actions taken and their outcomes
was at the core of it. Another concept which was touched upon in all three studies was
that of interdependencies. Task interdependencies (though not discussed in terms of
contingencies) were fundamental to Lawrence and Lorsch’s (1967) contingency model in
that interdependencies necessitate integration; without interdependencies between
departments there would be no need for integration. In Thompson’s (1967) framework,
different types of interdependencies were identified as having extensive impact on the
integration mechanisms used and they were also made part of Thompson’s concept of
uncertainty. However, Perrow (1970) did not treat interdependencies as a contingency but
assumed that interdependencies prevailed in situations of high uncertainty and high
variety only, i.e. in situations when tasks were non-routine and integration has to be
achieved by means of mutual adjustment.
Complexity was identified by Lawrence and Lorsch (1967) and Thompson (1967) as a
major contingency, but they did not define or more thoroughly discuss it. In more general
terms however, Lawrence and Lorsch (1967) discussed complexity as a characteristic of
particular markets while Thompson (1967) identified it as a characteristic of the
technology employed by the organisation. Finally, variability or variety was identified as an
important contingency by Thompson (1967) and Perrow (1970) respectively. While they
did not define the concept in more precise terms, Thompson (1967) assumed that
variability influenced the extent to which a task was predictable and thus the choice of
integration mechanism. A similar line of reasoning was presented by Perrow (1970) who
also defined the concept as the number of exceptions to which the individual taking care
of a particular type of tasks was exposed.
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Processes
central to
integration
Conflict
resolution
Decision making
Integration
mechanisms
Hierarchy
Integrators
Individual
managers
Control and
scheduling
Rules
Routines
Plans
Mutual
adjustment
Contingencies
Uncertainty

Complexity

Lawrence and Lorsch
(1967)

Thompson (1967)

X

X

X

X

X
X
X
X

Uncertainty stems from a
lack of clarity of
information about the
market and scientific
knowledge, uncertainty of
cause-effect relationships
and long time span of
feed-back.
Not defined but treated as
an aspect of the market
which influences the
decision making process.

Variability/task
variety
Interdependencies

Perrow (1970)

Interdependencies are
identified as part of the
problem of integration.
Without interdependencies
there would be no need for
integration.

X
X
X
X
X

X
X
X
X (feed-back)

Uncertainty stems from a
lack of understanding
concerning cause-effect
relationships and as a
consequence of
contingencies that prevail
due to task
interdependence.
Not defined but
identified as a
characteristic of the
technology used and
more generally as an
aspect of the situation.

Uncertainty about the
methods to apply.
Tasks incorporating
uncertainty are nonroutine tasks.

Identified and treated as
a term related to the
number of exceptions.

Defined in terms of the
number of exceptions
to which the individual
is exposed.
Perrow (1970)
suggests that when
tasks are non-routine,
groups/individuals
become
interdependent.

The type of
interdependence is
identified as a factor
having major impact on
integration.

Table 2.1. Summarising the comparison of the classics.

A comment on integration, processes, mechanisms and contingencies
Integration is a concept of central importance in this dissertation and therefore deserves a
comment. Lawrence and Lorsch (1967:11) defined the concept of integration as “the
quality of the state of collaboration that exists among departments that are required to
achieve unity of effort by the demands of the environment”. However, Lawrence and
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Lorsch (1967) used the concept in multiple ways. First, they used it to denote the
phenomenon of interest according to the definition presented above. Second, it was used
to refer to the processes and mechanisms involved in achieving this state of affair13. This
interchangeable way of using the concept makes the line of reasoning unclear and the
concept less precise. While the concept is useful when thinking about what integration is,
i.e. the phenomenon of integration, the fact that the concept was also used to refer to
processes and mechanisms involved makes the identification of these processes and
mechanisms more difficult and does not necessarily contribute to a better and more
elaborate understanding of how integration can be achieved. Moreover, Lawrence and
Lorsch’s (1967) argument was obscured as a result of the concepts of integration,
coordination and collaboration being collapsed and used interchangeably to denote the
same phenomenon.
The concept of integration was not the only one to be underspecified (or obscured by the
way it was used). While the processes of conflict resolution and decision making were
thoroughly investigated and described along with the strategies to deal with them under
different circumstances by Lawrence and Lorsch (1967) and Thompson (1967)
respectively, none of the above-mentioned studies discussed in much detail how each
mechanism contributes to integration. This also holds true for some of the contingencies
identified. Uncertainty was a contingency identified and defined in all of the abovementioned studies. Moreover, it was defined in similar terms by all authors and the way in
which uncertainty influenced the use of different integration mechanisms was also
discussed. This was also the case of task variability, which was identified and discussed by
Thompson (1967) and Perrow (1970). Complexity also stood out as central in two of the
above-mentioned studies. The way complexity influences the use of integration
mechanisms was discussed by Lawrence and Lorsch (1967) and Thompson (1967)
respectively. However, the concept belongs to those that were underspecified and neither
the sources, nor the components of complexity were clearly stated.

Adding knowledge to integration
Lawrence and Lorsch (1967), Thompson (1967) and Perrow (1970) were all concerned
with the issue of how to achieve integration between the tasks of different departments

13

“While we will be using the term ‘integration’ primarily to refer to this state of interdepartmental relations, we

will also, for convenience, use it to describe both the process by which this state is achieved and the
organizational devices used to achieve it” (Lawrence and Lorsch, 1967:11).
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under different circumstances and consequently, their concepts and models are related to
task integration at the aggregate level of the organisation. As opposed to these authors, I
am concerned with the issue of knowledge integration in product development projects,
i.e. at the aggregate level of the project group. Considering the level of analysis
(organisation vs. group) and the fact that I am concerned with knowledge integration
rather than task integration, there are reasons to believe that the process of integration
and the mechanisms involved in it differ from the suggestions of the above-mentioned
authors. But does it make a difference to discuss in terms of knowledge integration rather
than task integration? What additional aspects does the concept of knowledge add to that
of integration and to our understanding of integration in product development projects?
In a product development project, specific skills and knowledge are needed to undertake
each task and there is a specialist responsible for accomplishing each task. Since the tasks
are interdependent, the specialists responsible for the tasks also become interdependent
upon each other. In order to deal with these interdependencies, it has been argued that
project members must communicate with each other (e.g. Hoopes and Postrel, 1999;
Huang and Newell, 2003). However, it has also been suggested that communication
between specialists from different knowledge domains is difficult and that
misunderstandings and misinterpretations prevail (c.f. von Meier, 1999; Dougherty, 1992).
Therefore, several authors with an interest in knowledge integration have also emphasised
the importance of creating common knowledge and shared beliefs (Grant, 1996a; Huang
and Newell, 2003). While communication impasses which result from differences in
knowledge tend to be neglected by authors who focus on task integration, many authors
whose primary interest is in knowledge integration suggest that communication-intensive
mechanisms are the principal means by which knowledge integration is supported (e.g.
Huang and Newell, 2003; Nonaka and Takeuchi, 1995). However, due to their emphasis
on such mechanisms, these authors fail to recognise that other integration mechanisms
could sometimes be applicable for knowledge integration.
In my view, adding knowledge to the concept of integration allows for the identification
of communication problems which are due to differences in knowledge, but it might also
enable an elaborated and refined understanding of the use of different integration
mechanisms under different circumstances. Several authors have argued that the nature of
knowledge influences the process of knowledge integration. Based on the suggestion that
“we can know more than we can tell” (Polanyi, 1966:4), several authors have
distinguished between tacit and explicit knowledge to suggest that explicit knowledge is
more easily transferred and therefore more easily integrated than explicit knowledge (e.g.
Grant, 1996b). Other authors have made other distinctions, e.g. that between know-how
and know-what (Brown and Duguid, 1998) to make a similar argument, in this case that
know-what is more easily transferred and integrated than know-how. Sabherwal and
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Becerra-Fernandez (2005) suggested that the ease by which knowledge integration can be
achieved is dependent upon whether the knowledge which has to be transferred and
integrated is context-specific knowledge, technology-specific knowledge or context-andtechnology-specific knowledge. In this way, the nature of knowledge yields an additional
aspect to be taken into account; the nature of knowledge becomes a contingency on equal
terms such as certainty/uncertainty, complexity, variability, type of technical interdependence and so forth. In this way, adding knowledge to the concept of integration
offers new possibilities for analysis and a refined understanding of knowledge integration
during different circumstances.

Grant on knowledge integration
According to Grant (1996a:380) efficiency of knowledge integration prevails to “the
extent to which the capability accesses and utilizes the specialist knowledge held by
individual organizational members”. Furthermore, the nature of knowledge to be
integrated, i.e. whether it is tacit or explicit, has implications on the efficiency of
knowledge integration (Grant, 1996a; Grant, 1996b). Even if efficient knowledge
integration is not achieved by means of transferring knowledge to the extent that each
individual involved in the collective action knows the same things, it requires that
knowledge can be effectively communicated between individuals – that knowledge is
transferable at least to a certain extent. Explicit knowledge, which is distinguished by its
communicability, poses little problems of integration; “explicit knowledge is revealed by
its communication. This ease of communication is its fundamental property” (Grant,
1996b:111). However, tacit knowledge can “only be observed through its application and
acquired through practice” (Grant, 1996b:111) and the integration of tacit knowledge is
therefore suggested to be more difficult and less efficient. The primary reason for this is
that any attempt to convert tacit knowledge into explicit knowledge which can be
communicated involves substantial knowledge loss.
Grant (1996a) identifies three factors that are important in determining the efficiency by
which knowledge integration can be achieved; the level of common knowledge, the
frequency and variability of task performance and structure. Common knowledge, results
in some minimal amount of common understanding for one another’s knowledge
domains, and therefore enables individuals to share and integrate aspects of knowledge
that are not common between them; ”if two people have identical knowledge there is no
gain from integration – yet, if the individuals have entirely separate knowledge bases, then
integration cannot occur beyond the most primitive level” (Grant, 1996b:116). The
frequency and variability of task performance is the second factor having impact on the
efficiency of knowledge integration. Grant’s (1996a) argument is that the more frequently
a particular integration mechanism is executed, and the less variable the response required
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by environmental circumstances, the more efficient is knowledge integration likely to be.
Finally, Grant (1996a) suggests that to acquire efficiency in knowledge integration, the
structure should be designed in a way so that the extent and intensity of communication
needed for knowledge integration can be held at a minimum.
Grant (1996b) identifies four mechanisms enabling the integration of individuals’
specialised knowledge. These are rules and directives, sequencing, routines and group
problem solving and decision making. Rules and directives comprise forms of
standardised information and communication, including e.g. plans and schedules, which
regulate the interaction between individuals whose knowledge must be integrated. When
pooled interdependence prevails, rules and directives “provide a means by which tacit
knowledge can be converted into readily comprehensible explicit knowledge” (Grant,
1996b:115). Sequencing also enables efficient knowledge integration while minimising
communication between the individuals whose knowledge is to be integrated.
While both rules and directives and sequencing require the transformation of tacit
knowledge into explicit form (or builds on already existing explicit knowledge) to be
communicated, routines provide “a mechanism for coordination which is not dependent
upon the need for communication of knowledge in explicit form” (Grant, 1996a:379).
Routines consist of patterns of behaviour which are executed in an automatic fashion as a
response to a particular stimulus. Thus routines can be executed without the reliance on
verbal communication. Rules and directives, sequencing and routines are mechanisms
which fit quite neatly into Thompson’s interdependence framework. Grant (1996b)
however, identifies a fourth type of interdependence, i.e. team interdependence and adds
a fourth mechanism which by its name appears to be particularly well suited to knowledge
integration at the group level, i.e. group problem solving and decision making. Group
problem solving and decision making is a mechanism which rely on intensive interaction
and communication between the individuals whose knowledge is to be integrated and is
suggested to be saved for unusual, complex and important tasks due to the high costs
associated with transformation of tacit knowledge so that it can be communicated and
with reaching consensus in decision making (Grant, 1996b).
Grant (1996b) suggests that efficient knowledge integration requires a certain amount of
common knowledge. Common knowledge is comprised of a common language (e.g. a
shared vocabulary) and other forms of symbolic communication (e.g. familiarity with the
same computer software), commonality of specialised knowledge, shared meaning (e.g.
common cognitive schema and frameworks) and recognition of individual knowledge
domains. According to Grant (1996b), different forms of common knowledge have
different roles to accomplish in knowledge integration. While it should be clear that a
common language is a prerequisite for verbal communication, common forms of
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symbolic interaction and commonality of specialised knowledge contribute to enhance the
efficiency and intensity of verbal communication. Therefore, these three forms of
common knowledge are indispensable when integrating knowledge by means of those
integration mechanisms which rely on communication, i.e. rules and directives,
sequencing, mutual adjustment and group problem solving and decision making. Shared
meanings and recognition of knowledge domains is important when using integration
mechanisms which do not rely on verbal communication but which are interactionintensive. Shared meanings enable the individuals whose knowledge must be integrated to
indwell into each other’s experiences and build common understanding without verbal
communication.
In summary, Grant takes his point of departure in the distinction between tacit and
explicit knowledge to discuss the possible knowledge integration mechanisms available,
i.e. rules and directives, sequencing, routines and group problem solving and decision
making. Grant also argues that a certain amount of common knowledge is indispensable
for efficient knowledge integration and that different types of common knowledge play
different roles in knowledge integration, depending on whether the mechanisms used are
based on verbal communication or not.

Integrated frameworks of knowledge integration
Grant (1996a; 1996b) contributes to our understanding of knowledge integration in
several ways as he not only identifies mechanisms by which knowledge can be integrated
but also discuss the scope and efficiency of knowledge integration. Furthermore, he
identifies common knowledge, task frequency, variability and structure as contingencies
impacting on knowledge integration. However, Grant does not propose any integrated
framework of knowledge integration where the influence of these contingencies on the
use of the mechanisms which he has identified is discussed. In the final sections of this
chapter, I will therefore explore the contingency frameworks proposed by Zollo and
Winter (2002) and Grandori (2001).

The influence of task characteristics on knowledge integration
Zollo and Winter (2002) distinguish three different task characteristics which influence
the choice of what learning mechanism to rely upon for knowledge integration; task
frequency, task heterogeneity and causal ambiguity. Task frequency refers to how often a
task is executed during a specific period of time. Zollo and Winter (2002) suggest that in
situations when task frequency is high, routines constitute the most efficient means to
achieve knowledge integration. Routines are executed as a semi-automatic response to a
particular situation and they “reflect experiential wisdom in that they are the outcome of
trial and error learning and the selection and retention of past behaviors” (Zollo and
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Winter, 2002:341, citing Gavetti and Levinthal, 2000:113), which is to say that they are
generated by tacit experience accumulation.
Explanations as to why the reliance on routines and tacit experience accumulation
constitute an efficient way to achieve knowledge integration when task frequency is high
are given by coordination costs and individual memory. From a cost-economising
perspective, routines constitute efficient knowledge integration mechanisms as they are
based on tacit knowledge, i.e. when routines are applied, knowledge must not be made
explicit as part of costly face-to-face encounters. Moreover, “…the more frequent the
event is, the higher the likelihood that individuals will have retained their impressions as
to what worked and what didn’t work in the previous experiences” (Zollo and Winter,
2002:347).
While task frequency has to do with individuals’ ability to remember past experiences,
task heterogeneity directs attention to the relevance of past experiences to the task
currently at hand. Task heterogeneity refers to “the variance in the characteristics of the
task as it presents itself in different occurrences” and requests individuals to “make
inferences as to the applicability of lessons learned in the context of past experiences to
the task presently at hand” (Zollo and Winter, 2002:347-348). When task heterogeneity is
low, i.e. when former experience is found to be relevant and applicable to the present
task, individuals can act from the basis of routines/tacit experience accumulation.
However, in cases when task heterogeneity is high, correct inferences about former
experiences and their action outcomes are more difficult to make and therefore, more
deliberate cognitive efforts must be applied to uncover “the interdependence between the
dimension(s) of heterogeneity and the action-performance relationships” (Zollo and
Winter, 2002:348). Thus, Zollo and Winter (2002) suggest that articulation and/or
codification be relied upon when task heterogeneity is high. Articulation is a “deliberate
process through which individuals and groups figure out what works and what doesn’t in
the execution of a certain organizational task” as part of encounters where “individuals
express their opinions and beliefs, engage in constructive confrontations and challenge
each other’s viewpoints” (Zollo and Winter, 2002:341). Codification involves an even
higher cognitive effort as “individuals codify their understandings of the performance
implications of internal routines in written tools, such as manuals, blueprints,
spreadsheets, decision support systems, project management software etc.” (Zollo and
Winter, 2002:342).
Causal ambiguity refers to “the degree of clarity in the causal relationships between the
decisions or actions taken and the performance outcomes obtained” (Zollo and Winter,
2002:348) and it stems from the number and degree of interdependence between subtasks
and from the degree of simultaneity among these subtasks. When causal ambiguity is low,
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tacit experience accumulation, and thus routines, serves the purpose of knowledge
integration most efficiently. When causal ambiguity is high, it is more efficient to rely on
articulation and codification, since those processes can help resolve some (though not all)
of the ambiguity; “By sharing their individual experiences and comparing their opinions
with those of their colleagues, organization members can achieve an improved level of
understanding of the causal mechanisms intervening between the actions required to
execute a certain task and the performance outcome produced” (Zollo and Winter,
2002:342).
The argument proposed by Zollo and Winter (2002) is summarised in table 2.2. below. In
situations when the features of high task frequency, low task heterogeneity and low causal
ambiguity are combined, tacit experience accumulation and routines constitute the most
efficient means to achieve knowledge integration. However, situations combining low
task frequency with high task heterogeneity and causal ambiguity, call for the reliance on
knowledge articulation and/or codification to achieve efficient knowledge integration.
Task frequency
Task heterogeneity
Causal ambiguity
Most efficient knowledge
integration mechanism

High
Low
Low
Routines / tacit experience
accumulation

Low
High
High
Knowledge articulation/
codification

Table 2.2. Summarising Zollo and Winter’s (2002) framework.

The influence of knowledge features between knowledge nodes
Grandori (2001) takes a somewhat different point of departure than Zollo and Winter
(2002) when she discusses the feasibility of various knowledge integration mechanisms in
different situations. Grandori suggests that for knowledge to be integrated, it must flow
between “knowledge nodes” and thus, that features of the relation between knowledge
nodes influence the cognitive feasibility of different integration mechanisms; “Knowledge
differentiation, knowledge complexity and the degree of conflict between objectives can
be hypothesized as features of the relation between knowledge nodes influencing the
feasibility of governance mechanisms” (Grandori, 2001:390).
Knowledge differentiation exists to the extent that individuals have different technical
specialities and cognitive orientations and include differences in “languages, in the
perception of relevant information, in the theories and practices used and in the
categories of results pursued” and “is expected to generate communication impasses and potential
for conflict among judgements. As it increases, the possibility of mutual understanding, of
succeeding in decoding the messages, of utilizing the knowledge of others decreases”
(Grandori, 2001:390, emphasis in original). As a consequence of high knowledge
differentiation, a number of integration mechanisms, such as direct and unassisted
communication, communities of practice and hierarchy, cognitively fail “in the sense of
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[becoming] a logical, technical and cognitive ‘impossibility’” (Grandori, 2001:389).
Instead, teams, knowledge integrators (i.e. individuals with intermediate profiles) or the
transfer of correct actions and solutions has to be relied upon.
The second feature of the relation between knowledge nodes which influences the
feasibility of integration mechanisms is knowledge complexity. Knowledge complexity is
composed by two components; computational complexity and epistemic complexity.
According to Grandori (2001:391-392), “computational complexity refers to the number
of elements and symbols, and of the possible connection between them” and renders “the
storage and transfer or sharing of such knowledge difficult without support to the limited,
computational ability of the mind”. As a result of high computational complexity,
informal communication, without the support of information-processing tools or
formalised language, and the use of a centralised decision-making system, fail.
The second component of knowledge complexity, epistemic complexity is closely related
to the concept of tacit knowledge. Grandori (2001:392) suggests that the tacit component
of knowledge not only makes it difficult to communicate but also renders the
construction of “valid explanations and causal models of action” more difficult since tacit
knowledge can only be observed in action and not “deciphered in its components even by
one who employs it”. This means, that to integrate knowledge when epistemic complexity
prevails, individuals must rely on a community of practice; “The only mechanism that
does not cognitively fail in governing the flow of tacit knowledge between different
subjects is the mutual observation of the subjects in action, a ‘community of practice’”
(Grandori, 2001:392).
As the third and final feature of the relation between knowledge nodes having impact on
what knowledge integration mechanism to use, Grandori (2001:391) mentions conflict of
interests or judgements, arguing that while a conflict of judgement can be resolved by
argumentation, “no amount of rational confrontation can solve a conflict in interest”.
This implies that in case the relation between knowledge nodes is characterised by a high
degree of conflict in interest, direct, unassisted communication, communities of practice
and teams alike tend to fail as a way of achieving knowledge integration.
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Figure 2.1. Coupling possible and superior governance-mechanisms with salient antecedent combinations.
(From Grandori, 2001:393).

To summarise the discussion; in simple situations, i.e. in situations combining low
knowledge differentiation with no knowledge complexity and no conflicts of interests,
any knowledge integration mechanism is cognitively feasible and the choice of which one
to apply is guided by cost considerations only. When computational complexity is added
to the simple situation (still a situation of low complexity), communication backed by
“infrastructures to support timely exchanges of many informational elements” (Grandori,
2001:393) is a viable means to achieve knowledge integration. However, adding
knowledge differentiation too, individuals involved are not able to access knowledge
without assistance and thus integrators or the transfer of ready solutions in the form of
rules or directives, are needed. Adding yet another feature in the form of conflict between
interests, “hierarchy, rules and procedures as well as priced exchange are applicable to
provide incentives and controls as to enable the desirable knowledge-transfer to occur”
(Grandori, 2001:393). Now, combining epistemic complexity with a low degree of
knowledge differentiation and conflict, communities of practice constitute a viable
integration mechanism. However, the reliance on communities of practice presupposes
the existence of shared understandings and repertoires (Lindkvist, 2005) and is therefore
not possible in situations when high knowledge differentiation prevails. Thus when
knowledge differentiation is high and combined with high epistemic complexity “smallersized, team-like coordination, with limited knowledge-exchange but co-application of
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differentiated-competences for a common task, is possible in achieving ‘integration’”
(Grandori, 2001:394). Finally, in the most complex situations, featuring high knowledge
differentiation, epistemic complexity and conflicts of interest, property rights sharing is
suggested to be the only viable mechanism for knowledge integration (see figure 2.1.
above).

A comparison of frameworks
While Zollo and Winter (2002) take the task as the point of departure to identify task
characteristics that have impact on the choice of what knowledge integration mechanism
to rely upon, Grandori (2001) takes her in the knowledge flow between knowledge nodes.
This is to say that they identify different antecedents and contingencies having an impact
on what constitute an efficient and/or feasible use of a number of different knowledge
integration mechanisms. While Zollo and Winter (2002) identify task frequency, task
heterogeneity and causal ambiguity, Grandori (2001) identify knowledge differentiation,
knowledge complexity and conflicts in interests. Thus, at a first glance there might seem
to be no common points of reference between the frameworks, but I suggest that they
meet in the concepts of causal ambiguity and knowledge complexity – concepts which I
consider to be partly overlapping.
Zollo and Winter (2002:348) define causal ambiguity to be “the degree of clarity in the
causal relationship between the decisions or actions taken and the performance outcome
obtained” and further argue that the number of subtasks, their degree of interdependence
and their simultaneity are decisive of the degree of causal ambiguity. Grandori (2001)
offers no formal definition of knowledge complexity but suggests that it is a concept
which consists of two components; computational complexity and epistemic complexity.
Computational complexity refers to “the number of elements and symbols, and of the
possible connections between them” (Grandori, 2001:391). In both concepts the number
of subtasks/elements and the interdependence between them are identified as the root
causes of ambiguity and complexity. I therefore consider these two concepts to be
overlapping. However, the second component of knowledge complexity – epistemic
complexity – adds an aspect to complexity which is not explicitly captured by the concept
of causal ambiguity; that of the ‘tacitness’ of knowledge “deriving from the difference
between knowing and communicating” (Grandori, 2001:392). The notion of tacitness is
the reason why I find Grandori’s (2001) distinction between computational and epistemic
complexity an important one as it underlines that difficulties associated with the
construction of valid and reliable knowledge can also be a consequence of ‘tacitness’ and
does not have to be a result of the number, interdependence and simultaneity of different
subtasks and elements.
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Grandori’s (2001) focus on knowledge flows leads her to discuss the application of
various integration mechanisms in terms of their cognitive feasibility. However, she also
recognises the cost efficiency of various mechanisms as a second important criterion
which is coming into play when choosing among various integration mechanisms that are
all cognitively feasible. The cognitive feasibility of using a particular knowledge integration
mechanism is dependent upon the extent to which knowledge differentiation and
knowledge complexity prevail14. When knowledge is differentiated to a considerable
extent, unassisted communication is not possible since individuals will not be able to
understand each other. In situations of epistemic complexity, individuals find it difficult
(almost impossible!) to “construct valid and reliable knowledge” (Grandori, 2001:392) and
to observe and diagnose cause-effect relations. The notion of cognitive feasibility is not
identified in the framework proposed by Zollo and Winter (2002).
While both Grandori (2001) and Zollo and Winter (2002) recognise the need to
economise on integration costs, their respective line of reasoning differ quite substantially.
For Grandori (2001) the choice of mechanism is a question of identifying the mechanisms
that are available at a given point in time, and evaluate them according to their cost of
application. This leads to her suggestion that integration mechanisms such as rules,
directives and codified IT-systems are low-cost mechanisms as they require little or no
expensive face-to-face communication. The same line of reasoning is also presented by
Grant (1996a; 1996b). This way of considering costs, however, differs from the way in
which costs are considered in Zollo and Winter’s (2002) framework. With their learningoriented approach to knowledge integration, Zollo and Winter (2002) contribute a novel
perspective on the issue as they emphasise the learning benefits that are associated with
the use of various mechanisms within a multi-period setting. Their line of reasoning
means, for example, that codification is not a generic recipe in settings of low ambiguity,
and that the value of codification should be judged in relation to the learning that occurs
in the codification process. “This learning-oriented appraisal runs counter to the logic of
codification that now dominates both theory and practice. Ordinarily, a bank would
copiously codify its branch operations (how to open an account, execute a wire transfer,
etc.) and a manufacturer would do the same with its standard operating procedures, but

14

When discussing the impact of conflicts between interests, Grandori (2001:391) discusses the cognitive

feasibility of various integration mechanisms, not in terms of failing mechanisms, but in terms of being more or
less feasible; “…the degree of conflict between interests is another major predictor of ‘feasible’ rather than
‘failing’ coordination mechanisms” (emphasis in original).
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neither would typically be prepared to do so when it comes to managing a reengineering
process or the acquisition of a company. This is the natural result of a habit of thinking
that the costs of codification activities are justified only by their outputs, and not by the
learning benefits of the codification process itself” (Zollo and Winter, 2002:349). Based
on these two, and somewhat different, lines of reasoning, it can be suggested that in
situations when several different integration mechanisms are cognitively feasible, which
one to use can be considered in terms of its comparative costs with respect to both its
application and the learning benefits and costs which accrue, not at a given point in time,
but over a period of time.

Summing up
This chapter took off in a presentation, comparison and discussion of the works on
integration performed by Lawrence and Lorsch (1967), Thompson (1967) and Perrow
(1970). From these studies, a number of different contingencies having impact on
integration, along with different integration mechanisms, were identified. As it was
suggested, uncertainty stood out as one of the most important contingencies, together
with technical interdependencies, complexity and variability. Among the integration
mechanisms identified were control and scheduling, rules, routines, plans and mutual
adjustments – some of which were also identified and discussed by Grant (1996a; 1996b)
who had a particular and explicit interest to understand knowledge integration. While
some of the integration mechanisms discussed by Grant (1996a;1996b) were identical to
those proposed by the ‘classics’, Grant added group problem solving and decision making
as a mechanism to consider when team interdependence exists. Furthermore, Grant
(1996a) discussed the influence of common knowledge, tacit knowledge, task frequency,
variability and structure on the efficiency of knowledge integration. However, the
importance of task frequency and variability had been hinted at by Thompson (1967) and
Perrow (1970) as part of their discussion of task variety/variability.
As a theoretical starting point, I considered the ‘classics’ and Grant (1996a; 1996b)
important to consider as they helped me to identify contingencies and mechanisms which
can prove useful and important to understand knowledge integration. However, while the
‘classics’ contributed an integrated framework to understand integration they neglected
the impact of knowledge and the issue of knowledge integration, Grant was interested in
knowledge integration but presented no integrated framework of knowledge integration
in the sense of more systematically linking various contingencies to the use of specific
knowledge integration mechanisms. Zollo and Winter (2002) and Grandori (2001)
however, contributed a more integrated framework on knowledge integration as they
discussed the impact of a number of different contingencies on the use of various
knowledge integration mechanisms, taking into consideration the costs of using a
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particular mechanism (Zollo and Winter, 2002) and the cognitive feasibility of using a
specific mechanism (Grandori, 2001).
To classify the settings of the Stacker and Turbine cases respectively, I will make use of
the frameworks proposed by Zollo and Winter (2002) and Grandori (2001). There are
several reasons to this. First, these frameworks explicitly link a number of different
contingencies to the use of various knowledge integration mechanisms. Second, both
Zollo and Winter (2002) and Grandori (2001) have build on the work of Grant and the
‘classics’, which is to say that the contingencies and mechanisms proposed in these earlier
studies on integration will not get lost. For example, they have adopted the contingencies
identified by Lawrence and Lorsch (1967), Thompson (1967) and Perrow (1970)
respectively, but adapted these to fit into a context of knowledge integration talking in
terms of task frequency, task heterogeneity, causal ambiguity and computational and
epistemic complexity.
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CHAPTER 3
STUDYING KNOWLEDGE INTEGRATION IN PRODUCT
DEVELOPMENT PROJECTS
In the first section of this chapter, I discuss some overall methodological issues which relate to both studies
presented in this thesis and which all reflect the fact that I have taken a qualitative approach to research.
In the next two sections, I describe and discuss the research design of the Stacker and Turbine studies
respectively. In the final section, I discuss the interpretation and comparison of the two studies and how the
cases have been “written up”.

Taking a qualitative approach to research
Since knowledge integration in product development projects is an empirical
phenomenon of dynamic and ongoing character that can hardly be separated from the
setting in which it occurs, I have chosen a qualitative approach in order to capture and
understand it (c.f. Merriam, 1988). A qualitative approach is often defined, not in terms of
what it is, but in terms of what it is not, i.e. a qualitative approach is presented as the
opposite to a quantitative approach. As such, it is also an approach applied by those who
have a different conception of what constitute viable research methods and warranted
knowledge than those researchers applying a quantitative approach and quantitative
methods (c.f. Cassell and Symon, 1994; Merriam, 1988). Though inquirers with a
qualitative approach often use other methods than those who apply a quantitative one,
there is no agreed-upon definition of qualitative methods; “The label qualitative methods
has no precise meaning in any of the social sciences. It is at best an umbrella term
covering an array of interpretive techniques which seek to describe, decode, translate and
otherwise come to terms with the meaning, not the frequency, of certain more or less
naturally occurring phenomena in the social world” (van Maanen, 1979:520).
Cassell and Symon (1994) identify a number of characteristics that much qualitative
research have in common; they suggest that qualitative studies (1) are concerned with
interpretation rather than quantification, (2) emphasise subjectivity rather than objectivity
(3) are flexible in the process of conducting research (4) are oriented towards processes
rather than outcomes and (5) are concerned with the context and natural social setting of
the empirical phenomena under study. It will become evident throughout the remaining
parts of this chapter that these characteristics are representative of the studies presented
in this dissertation. First, I aim at contributing ‘thick’ descriptions of project work and rely
on project members’ accounts, not only to anchor my own interpretations, but also to
open up for alternative perspectives and interpretations. Second, I acknowledge, and
focus on, project members’ interpretations and subjective perspectives; in the case
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descriptions it will become obvious that my respondents have different conceptions of
and opinions about, product development work, and I have tried my best not to
downplay such differences since they are all important to my understanding of knowledge
integration in each respective setting. Third, due to the nature of the empirical
phenomenon under study and the character of the context in which the studies are
undertaken, it has been necessary to apply a flexible research design (see discussion
below). Fourth, for the purpose of this dissertation, I conceive of knowledge integration
as a process rather than an outcome. Fifth, I study the process of knowledge integration
in its natural setting where I am able to focus the situated character of interaction
(Silverman, 1993).
By means of a qualitative research design, my aim is to explore what mechanisms of
knowledge integration that are suitable in different project settings. Therefore I seek good
descriptions of the phenomenon. The knowledge produced from the studies presented
here is contextual since descriptions of the empirical phenomenon are rooted in specific
cases and settings and it is developed by interpretation. The aim of qualitative research is
not to generate theory of general applicability, but to help solve practical problems by
means of ‘language creation’ (Brunsson, 1982a). However, this does not mean that no
knowledge of more general interest is created by means of the qualitative approach
outlined here. On the contrary; “The knowledge form is more often one of insight rather
than truth. Such insights may be particularistic with regard to both time and place, even
though the emerging analytical frame is designed to aid in the deeper understanding of
other particular settings” (Alvesson and Deetz, 2000:30). Qualitative research and the
understanding, concepts and models produced as a result of it, promotes reflection when
readers apply them on their own experiences and when they compare their own
experiences with those that have been reconstructed in ‘thick’ and detailed case
descriptions.

Establishing trustworthiness in a qualitative study
Lincoln and Guba (1985) suggest that qualitative research should be evaluated according
to the credibility (internal validity), transferability (external validity), dependability
(reliability) and confirmability (objectivity) of its results. Results are credible when the
researcher can show that “he or she has represented [the “reality”] adequately, that is, that the
reconstructions (for the findings and interpretations are also constructions, it should
never be forgotten) that have been arrived at via the inquiry are credible to the constructors of
the original multiple realities” (Lincoln and Guba, 1985:296, emphasis in original). I have
strived for credibility by means of a prolonged engagement in fieldwork, persistent
observations, triangulation and member checking. The long period of fieldwork,
persistent observations and triangulation are beneficial ways of working with qualitative
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methods since they reduce the risk of being deceived by respondents. This approach
enabled me to check the consistency of my informants’ accounts and behaviours and to
identify characteristics and elements in the setting, and in specific situations, which
seemed to be relevant given my research interest. Referring to the advantages of
prolonged engagement in fieldwork, Waddington (1994:119) summarised them to the
point; “During my research, I was able to assess the consistency of people’s statements,
moods and behaviour at different times and in contrasting situations, eliminating the
possibility of being fooled by initial appearances. I was also in a position to witness
sudden or progressive changes in people’s definitions and emotions – something I could
never have appreciated had I used a more conventional, one-off method”. I built my
understanding of knowledge integration gradually and continuously discussed my
interpretations with my informants. Moreover, my informants have been invited to
discuss and comment on the empirical findings and conclusions, i.e. member checking.
The transferability of the results of a qualitative study must be judged by the potential
applier. This means that it is not the investigators’ “task to provide an index of
transferability; it is his or her responsibility to provide the data base that makes
transferability judgements possible on the part of potential appliers” (Lincoln and Guba,
1985:316, emphasis in original). I have aimed at giving a detailed description of each
setting and the influence of the setting on the process of knowledge integration have been
thoroughly discussed and constitute the very basis of my analyses, discussions and
conclusions.
Dependability is the third criteria by which to evaluate qualitative research and roughly
corresponds to the concept of reliability. Reliability claims are based on the assumption
that there is “something tangible and unchanging out there” (Lincoln and Guba,
1985:299). Moreover, such claims are based on the assumption that instruments used for
data collection are perfectly calibrated. This is not the case in a qualitative study. In a
longitudinal, real-time study like the one presented here, where the focus is on a process,
the empirical ‘reality’ does change and this is one of the reasons why a qualitative study has
been chosen in the first place. Therefore, the instrument is the remaining source of
unreliability. I am the instrument used to collect and interpret the empirical material and I
am not perfectly calibrated. However, as long as those who are the constructors of the
process and ‘reality’ that I have studied suggest that I have adequately represented their
experiences and interpretations, I as an instrument have been good enough. This is to say
that there is no dependability without credibility and thus, as long as I can show the
credibility of my study, there are reasons to believe in its dependability (c.f. Lincoln and
Guba, 1985).
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The final criteria by which to evaluate a qualitative study is that of confirmability, a
concept born out of objectivity in quantitative research. A criterion used to judge
objectivity in qualitative research is that of intersubjective agreement; if several individuals
experience the same thing, it is suggested to be objective, as opposed to something that is
experienced by only one individual which is considered to be subjective. One way to
account for confirmability which is suggested by Lincoln and Guba (1985) is to combine
methods, i.e. to rely on triangulation to see if a statement can be supported by several
sources. I have used triangulation in my studies since I have not only relied on a number
of different informants in each case, but also on several different methods; interviews,
observations and relevant documents.

Choosing my cases
In qualitative research, cases are not chosen for statistical reasons. Rather, cases are
chosen as they constitute interesting and relevant examples of the phenomenon of
interest (Merriam, 1988), or they are chosen for theoretical reasons, i.e. theoretical
sampling (Eisenhardt, 1989). I chose my specific cases because they appeared to be
relevant empirical examples of knowledge integration as project members of the Stacker
and Turbine projects respectively had no choice but to try to find ways of taking benefit
of the knowledge complementarities that existed between their differentiated knowledge
bases if they were to succeed in project work. Another decisive criterion was to find cases
where I was granted access over an extended period of time, something which is
suggested to be indispensable when studying a dynamic and ongoing process (Merriam,
1988). The Stacker project was chosen first and the Stacker study was finalised and
presented as part of my licentiate thesis before I took on the study of the Turbine project
(see Frohm, 2002).
With respect to theoretical sampling, Eisenhardt (1989:547) writes that “…it makes sense
to choose cases such as extreme situations and polar types in which the process of interest
is “transparently observable” and that “the goal of theoretical sampling is to choose cases
which are likely to replicate or extend the emergent theory”. While not knowing
beforehand whether the cases that I chose would lead to replication or extension of
previous findings and theories, (or perhaps contradict them), I was guided by the interest
to apply a contingency approach to knowledge integration and to explore the
phenomenon of knowledge integration in different project settings. Therefore, it was
important to me to find projects which were different with respect to e.g. their degree of
technical complexity, uniqueness and so forth. In this sense, I was looking for polar types,
though the particular dimensions on which the cases should be different were not clearly
specified. Having conducted the study of the Stacker case, which was interesting as it was
partly at odds with much existing literature on knowledge integration and project
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management (e.g. no attempts at knowledge sharing, project members were not colocated and the importance of individual routines was highlighted), I set out to look for a
project which was different. However, it is important to point out that I was not
searching for a case where the process of knowledge integration was necessarily different,
but for a project setting which differed from the one of the Stacker project. I made the
choice of the Turbine project based on informed guesses on what type of case a steam
turbine development project could constitute15. The project manager described it as a very
tricky, complex, uncertain project that involved different experts from different locations
throughout Europe. As it is suggested later in this dissertation, the setting of the Turbine
case differed from the one of the Stacker case to a considerable extent.

Capturing ongoing activities in natural settings
Observations are used to enable “the observer to study first-hand the day-to-day
experience and behaviour of subjects in particular situations” (Waddington, 1994:108).
However, the focus of observations is not on the individual or group being studied.
Instead, observations are process-oriented and observation is considered a privileged
method for collecting empirical material about organisational processes and for exploring
and generating concepts and models of such processes (Steyeart and Bouwen, 1994). In
my studies, I have been present to observe project meetings and, in the Turbine case, to
observe project members’ daily project work. By means of observations, I have been able
to study the dynamics of project work and project members’ interactions in different
situations. I have also been able to identify the relation between what project members
actually do and what they say that they do.
Observations have enabled me to notice the dynamics of project work, e.g. who is
interacting with whom? On what issue? In what way? and so forth, and thereby to
observe patterns of interaction in project work (e.g. that experienced and less experienced
project members are involved in different ways). However, not only social interactions
but also project members’ talk is an important part of what I have observed (or rather
what I have listened to during my observations). It has been suggested that observations
of project meetings and informal gatherings have a few characteristics in common with
interviews. Steyeart and Bouwen (1994:128) describe those similarities in the following
way; “…organizational members give their view on the subject of the meeting. So the

15

See Flyvbjerg (2006) for a discussion on the difficulty of classifying cases in advance of having conducted the

study.

43

natural mix of differences can be ‘caught’ there [at the meeting] as well. But the researcher
also comes in contact with the evolution of the different voices as they develop and
emerge in a living social context, expressing the construction and deconstruction of
shared meaning”. As indicated by the quotation however, the talk of meetings is different
from the talk of interviews; it is more dynamic and process-oriented. Moreover, it focuses
those issues that are considered of relevance then and there, by those who are genuinely
involved in the activity. As such, it complements interviews which, to the extent that they
are focused on processes at all, rather offer a snap-shot view and which may be highly
influenced by those issues that are brought up by the researcher.
Merriam (1988) distinguishes between structured and unstructured observations, of which
the latter focus an object of observation after a series of initial observations during which
the researcher has identified interesting topics to further explore. Silverman (1993) gives
the advice not to make categories for observations before entering the field since this will
deflect attention away from other interesting topics that may arise. Initially, I relied on
unstructured observations, i.e. I was present as an observer and tried to make sense of
what was going on, tape-recorded the meetings and took notes. When I had been present
for a few times, I started to search for “the circulating object”16 in order to identify
patterns in the interaction and discussions taking place at project meetings; what kind of
information was exchanged? Who was exchanging information with whom? Why? Those
patterns further functioned as a kind of tentative hypotheses and while some of them
were relevant for the whole project, others were more prominent during particular phases
of project work.
Observations as a means to collect empirical material have been criticised on the grounds
that the observer interacts with those individuals being subject to the observations and
therefore influences their behaviour. Certainly, the observer is not an invisible fly on the
wall but rather is in danger of becoming the observed. When I observed project meetings
I put my tape recorder in the middle of the table and sat down around it together with
project members. At one occasion, one of the project members hesitated to discuss a
topic that he had prepared. Referring to the delicacy of it, he asked the project manager
for permission to inform the group. Whether this was due to my presence, the fact that
the tape recorder was on the table or anything else, I am not sure. However, I offered to
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Bodö, in May 2001. I found his advice simple but incredible helpful in thinking about observations and when
starting to analysis my transcripts from observations.
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switch the tape recorder off and leave the room but was told by the project team that I
could stay and even keep the tape recorder on. At other occasions the recorder provoked
laughter when people became aware of it as an obstacle to push a pencil or folder over
the table. At still other occasions, it has served as an example to illustrate the discussion.
Thus, in a sense and to some degree, my presence has impact on project members’
behaviour. However, I believe that Waddington’s (1994:117) argument holds true; that
“…any exhibitionistic or unusual forms of behaviour excited by the researcher’s arrival
tend progressively to disappear the longer he or she remains part of the research setting”.
Since I remained part of the (daily) setting for a prolonged period of time, project
members would not even had been able to accomplish their mission if they had acted
differently due to my presence and I do not think that it has influenced their behaviour in
the long run17.
It has also been suggested that the observer is unreliable as an instrument for data
collection18. Once again, I rely on Guba and Lincoln (1985:213) when arguing that “in
situations where motives, attitudes, beliefs and values direct much, if not most of human
activity, the most sophisticated instrumentation we possess is still the careful observer –
the human being who can watch, see, listen…question, probe, and finally analyze and
organize [her] direct experience”. In an attempt to further catch those motives, attitudes,
beliefs and values, I have relied on the qualitative research interview.

The qualitative research interview
The qualitative research interview is particularly appropriate in exploratory studies where
the focus is on descriptions and explanations of the interviewee’s life-world and the
specific aim is that of grasping individuals’ perceptions and meanings of particular events
and phenomena. According to King (1994:14) “the goal of any qualitative research
interview is therefore to see the research topic from the perspective of the interviewee,
and to understand how and why he or she comes to have this particular perspective”. In
this study, interviews have been used to gather project members’ and project managers’
descriptions and perceptions with respect to project work in general and with respect to
the particular projects studied. I have asked project members to describe their
background and experiences of project work in general, their role in the project studied,
the way in which they conduct everyday project work, the way in which they work to
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solve problems and so forth (see appendix 1 for an interview guide). At interviews, I have
also asked project members to comment upon specific aspects or events of project work
which I have recognised at project meetings (e.g. the use of illustrations) or when walking
around the R&D department (e.g. the observation that project members interact in front
of a computer screen); what significance do project members attach to these aspects and
events? While observations were important since they enabled me to collect seemingly
relevant aspects of knowledge integration in product development projects which project
members could comment on, project members’ comments and interview accounts were
vital in building my understanding of what I observed and why.
The qualitative research interview is characterised by a low degree of structure and openended questions and it focuses specific situations and actions in the world of the
interviewee rather than abstractions and general opinions (King, 1994). As it has already
been suggested, I asked my respondents to describe different aspects of project work rather
than answering specific questions. Though I used an interview guide which consisted of
open-ended questions/themes that I intended to introduce during the interview, the
approach to ask for descriptions made it possible to avoid imposing theoretical concepts
and abstractions on my respondents. Instead, they could use their own words and take
aspects which I was not aware of into consideration. This occasioned me to modify the
interview guide, adding issues which had been pointed out as relevant by some
respondent and dropping others.
The qualitative research interview has been heavily criticised on the basis that it is unable
to capture respondents’ true perceptions, experiences, thoughts and so forth. Alvesson
(2003:14) delivers “a broad critique of the idea of using interviews as vehicles for tapping
people for knowledge of their social realities and/or their subjective worlds”. The
interview, he suggests, is a complex social event where the respondent is “not reporting
external events but producing situated accounts”, perhaps acts in self-interest to enhance
self-esteem or answers in what he or she perceives as the socially desirable way (Alvesson,
2003:17). Czarniawska (1999), on the other hand, wonders why a respondent would make
up another story than the authentic one only for the pleasure of the interviewer. I have
used interviews as a complement to observations of formal and informal encounters.
Thereby, I have been able to understand interview accounts in the light of those
perspectives and opinions that my respondents have expressed in other (naturaloccurring) situations that are of relevance to the phenomenon of interest. By means of
complementary observations, it has also been possible to handle those weaknesses of
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qualitative interviews that are summarised by Ryen (2004), i.e. the problems associated
with interviews’ individualistic, idealistic, intellectualist and de-contextualised character19.
Respondents acting in self-interest, promoting a political agenda and otherwise being
involved in impression management during an interview however, might well be acting
honestly. If that is the way in which those respondents normally act in everyday
organisational life, that type of acts impact the empirical phenomenon under study and
might therefore be relevant in order to understand knowledge integration in product
development projects.

The Stacker study
The study of the Stacker project was conducted at ProLift which is an international and
world-leading developer and manufacturer of warehouse trucks. The project studied was
set the task to develop a stacker which, among other things, involved the implementation
of a new drive system which had been developed in a module project20.

Collecting the empirical material
The empirical material of this study was collected continuously during the period of
March 2001 until April 2002, i.e. from the project’s entering into the development phase
until its completion. In order to better understand the background of the project and its
setting, I conducted two unstructured interviews with the project manager and the
director of the R&D department respectively. Thereafter, I decided to conduct the
empirical study in three different phases, focusing interchangeably on observations of
project meetings and interviews (see table 3.1. below). I built my understanding of
knowledge integration in the Stacker case by means of focusing interchangeably on
collecting empirical material and reflecting upon conceptual issues and thus grounded my

19

Individualistic in the sense that respondents tend to modify their answers when confronted with the same

question in front of the group, idealistic since it neglects the material and social situation of the respondent,
intellectualistic since tacit and emotional aspects of knowledge are not accounted for, de-contextualised since
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findings and conclusions by means of successive induction (c.f. Alvesson and Sköldberg,
2000).
The first phase of empirical work covered a period of three months, during which I
attended eight project meetings. In connection to each meeting, informal conversations
with a number of participants were carried out as a way of getting more insight into the
matters presented and to have their views spelled out in more detail. The project
members with whom I engaged in these conversations shifted from time to time. I
considered project meetings to be naturally occurring events of importance to knowledge
integration in product development projects and my focus during these meetings was on
identifying the character of project work as well as project members’ conversations and
interactions. During these meetings, I noticed that project members’ focus was on
aligning their experiences and images of project work rather than on planning, deciding or
solving problems.
During the second phase of empirical work, I conducted semi-structured interviews with
all twelve project members and the project manager. Questions centred on issues of cooperation and co-ordination of project work and each interview lasted on average 70
minutes. The interviews were conducted in Swedish, which was also the language used at
the project meetings. These interviews promoted much reflection as to the significance of
individual work and the role of goals and knowledge sharing in project work.
During the third phase, I wrote the case story and compared my findings to extant
theories. Along with this, I also conducted additional observations. These observations
enabled me to further reflect and elaborate on the empirical patterns that had been
identified as a result of the first phases and to test and refine my understanding and the
model of knowledge integration elaborated for the Stacker case (see Frohm, 2002; Enberg
et al. 2006). In total, sixteen meetings were attended. Thirteen out of these were regular
project meetings, one was a design control meeting, one was a meeting aimed at planning
the production verification and one was an ad hoc meeting aimed at dealing with a
problematic situation that had evolved21. As was the case during the first phase, informal
discussions were conducted with a number of participants to follow up in more detail on
issues presented and discussed at project meetings. In addition to interviews and access to
project meetings, I also had access to various documents regarding the stacker, the project
management manual and other written material upon request.
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48

I attended the last project meeting in April 2002 and after the collection of empirical
material had been finished I sent a draft of the written case story and analysis to the
project manager and the project team, inviting them to comment. There was no response
to this invitation on the part of project members. However, I arranged a meeting with the
project manager who had read the case and analysis to discuss my findings. In October
2002, I also presented my findings to the entire project team and top managers from the
R&D department. Judging from their positive comments about my work, I had succeeded
in attaining the kind of in-depth familiarity with the project and its setting which is a
qualitative mark of any case study (Dyer and Wilkins, 1991). This first study of knowledge
integration in a product development project highlighted the integrative capacity of
individuals’ experience and the stacker artefact, as well as the complementary role of
meetings and ad hoc problem-solving and resulted in an iterative model of know-ledge
integration.

Phase one

Phase two

Phase three

Collection of
empirical material
Observations of eight
project meetings.
Informal
conversations.
Interviews with the
project manager and
project members.
Observations of eight
project meetings.
Informal
conversations.

Conceptual issues
The character of
project meetings,
conversations and
interaction.
The notion of
teamwork, the role of
shared goals and
knowledge sharing.
Development of an
iterative model to
explain knowledge
integration in the
Stacker case.

Approximate time
period
March 2001-June 2001

Summer 2001

September 2001October 2002
Last project meeting
was attended in April
2002.

Table 3.1. Summarising the three phases of the Stacker study.

Reflecting upon the research design
The prolonged period of fieldwork enabled me to gradually build my understanding of
project work and to continuously return to project members with more relevant and wellinformed questions and examples on which they could comment. Furthermore, it offered
the possibility to continuously check my understanding and interpretations of project
work with those being involved. The possibility to pose more relevant and initiated
questions was the reason why I decided to start the collection of empirical material by two
conversational interviews (Kunda, 1992) and the observation of project meetings, rather
than with interviewing project members. This was also the rationale behind my decision
to divide the collection of empirical material into three different phases, each one adding
to my (pre)-understanding of project work. The prolonged period of fieldwork also
offered the advantage that project members got used to my presence; I was not ‘that-
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academic-who-showed-up-at-a-separate-occasion-only-to-pose-a-few-questions’ and then
disappeared without further notice. Instead, I gained their confidence; they picked me up
at the reception desk, offered me to join for lunch after the meeting, invited me to project
meetings where the project manager22 was not present and so forth, and I experienced
that they were willing to share their information, experience and opinions with me.
In summary, the Stacker study consists of observations, interviews and informal
conversations with project members. This research design gave me access to naturally
occurring events of importance to knowledge integration in product development
projects. I found the reliance on observations and interviews fruitful; the use of
observations enabled me to avoid the sole reliance on project members’ accounts of
project work, while interviews informed my understanding of what was going on at
project meetings. However, as pointed out by Czarniawska (1998), organising happens all
the time and at several places simultaneously. Obviously, this is a tricky problem to solve.
In the Stacker study, I relied on project members’ accounts about what happened as part
of everyday project work; this was something that I was not there to observe.
Furthermore, I relied on project members’ and managers’ accounts when it comes to the
setting in which project work took place. I have no reasons to believe that the project
members and managers were not trustworthy, however, I did find that it would be helpful
and improve my understanding if I was able to follow project work ‘from within’, i.e. to
follow everyday project work more closely and to get first-hand experience of the setting
of product development work. I got this opportunity when studying the Turbine project.

The Turbine study
The Turbine study was undertaken at PowerCo, a company involved in several industries
and one of the leading actors worldwide within the segment of power generation
equipment. The project that I studied during my one-year stay at PowerCo was set the
task to develop a new low pressure steam turbine with higher efficiency to lower cost
than its predecessors.

Inspired by ethnography
Ethnographic studies involve a longer period of fieldwork during which the researcher
aspires to get close to the group being studied, relies on observations of naturally-
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occurring events as well as interviews and other material, e.g. documents or artefacts
(Garsten, 2003; Alvesson and Deetz, 2000). According to this conception of ethnography,
the Stacker study might well be classified as ethnography (at least, it is an ethnographically
inspired study), however, there is an important distinction between the Stacker and the
Turbine study, which I argue, makes the latter qualify as ethnography while the former
does not; when conducting the fieldwork of the Turbine study, I was co-located with the
project team during the entire period of one year. This enabled me not only to be present
at and observe project meetings but also to observe the situated character of everyday
project work (Silverman, 1993). I was also able to get first-hand experience of the
organisational context in which project work took place since I was free to be present, not
only at those activities which were directly related to project work, but also at internal
information sessions23. Moreover, as a member of mailing lists, I got access to useful
information and I could access the intranet and a number of shared databases, which I
screened regularly in order to collect useful information on e.g. product development and
project policies. Taking the complex and uncertain nature of project work into
consideration, I consider this extended access particularly helpful in order to gain in-depth
understanding of the Turbine project.
The ethnographic approach allowed me to gradually advance in my aspirations to get
close to my informants, something which is not without importance in a context where
“distrust” and “suspiciousness” are claimed to be distinguishing characteristics. During
the first months of fieldwork, I felt clearly that the project managers, and managers at the
R&D department, were not satisfied with my presence. At one occasion, I got an e-mail
from the manager of the R&D department where he asked me not to bother project
member with, what he considered to be, irrelevant questions. However, at that occasion, I
was defended by the project managers, who had accepted my presence, and who, after I
had finished my study, admitted that they would be able to make use of the report that I
had written in order to improve future project work. In the beginning of the study
however, I had to struggle for access to project meetings, despite the formal access that I
had been granted by the manager of the R&D department at the request of one of the
project managers with whom I had negotiated for access. It really was a big mess and
when it comes to project members, who clearly stated that they were tired of “all these
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consultants running back and forth”, I felt clearly that I did not conform to the standard;
I was not male, I was not an engineer, I was not employed at PowerCo and so forth. All
that I wished for during these first months of empirical work was for them to hope that I
was but “a harmless idiot who brings certain advantages” (Czarniawska-Joerges, 1992,
citing Barley, 1983).
My early misfortunes were frustrating at the time, and they accentuate the problem of
getting deep access, as compared to formal access. However, I am convinced that in a
context like the one characterising the Turbine case, I would not have been given the kind
of deep access that I eventually got if I had not been co-located with project members
during an extended period of time and gradually gained their confidence. With regard to
this discussion it is important to add that project members eventually became aware of
me as a ‘colleague’ in that they asked me to join them for lunch or a coffee break, invited
me to their Christmas party (I even got a gift!) and shared their concerns with respect to
project work with me. It eventually happened that project members searched me in order
to share a piece of information or to make a comment about something that had
happened at the project meeting. I let one of my key informants, Lukas, get the final word
on these issues;
I realised that you are different when I read through this interview and I’m
happy to…I think this can be something. Not like the consultants that we have
had. Usually, the consultants that we have, they are… like… swimming in
another sea.

Collecting the empirical material
My first days of fieldwork, in the beginning of July 2002, turned out promising. I
informally met with the project manager, Dominik, at two different occasions and he
informed me about the Turbine project, about the rationale behind its initiation, its
targets, budget and planning. He further informed me about project management
procedures, policies relating to product development work and the specific set-up of the
Turbine project. He also handed over the Development Projects Guidelines and a
detailed PowerPoint presentation of the Turbine project where much of what he had told
me was summarised. After the second meeting with Dominik, I was introduced to the
project members. Thus, it started out pretty good.
I intended to employ a research design similar to the one I had used for the Stacker study,
i.e. to initially focus my efforts at gaining some general understanding of project work and
its setting by means of conversational interviews with the project manager and the
observation of project meetings and daily project work before I turned to interviews. Of
course, I wished to take off immediately. Instead, I was called to a third meeting with
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Dominik and Urs, the second project manager (I was surprised to find out that there were
two of them!) and group leader of the aero group. This meeting took on another
character than the two first ones. At first, I had to inform Urs about my research interest
and the reasons to my presence as “an independent observer of project work” as he
suggested. Having the defence of my licentiate thesis fresh in mind, I found his questions
far trickier than those of my opponent; I felt that Urs was not fond of me being around.
However, we eventually got along quite well together. Thereafter, the project managers
informed me that the Turbine project was temporarily postponed as STECO (the steering
committee) had given priority to another project which needed personnel resources.
Thus, there was no project for me to study at the time being. I followed an advice given
by Czarniawska-Joerges (1992:113), concluding that; “The moral is to hold tightly to your
research values and make your methods flexible. Each situation and each organization
requires adaptation and scientific understanding. It is a pathetic enterprise to confront
them with stiff research principles…”. I had reasons to remember this at several occasion
during my time studying the Turbine project.
The Swiss summer was exceptionally warm and I could hardly stand being outside.
Instead, I spent it in front of my computer, searching the intranet for relevant
information; organisation charts, project management manuals, policies, procedures and
directives related to product development and project work. Furthermore, I accessed “the
o-drive”, i.e. a shared database where presentations, results and notes related to the
Turbine project were stored. I also browsed a database of newspaper articles where I
could learn more about PowerCo and its market situation. Thus, during the summer and
the beginning of the autumn 2002, I was able to build some understanding of the context
of project work and the way in which product development projects were managed at the
company.
End of August, I attended my first project meeting, a general progress meeting where
issues related to the Turbine project were discussed24. However, it took until October 16
before I was allowed to attend a weekly aero/MI meeting25. I was not allowed to record

24

At general process meetings, project members, together with project managers at different locations, were

supposed to participate and exchange information about the progress of project work. Several projects were
discussed during these sessions, including the Turbine project.
25

Aero/MI meetings involve project members representing aero and MI, project managers and sometimes

project members from other disciplines and individuals undertaking specific work packages. Such meetings were
held every week and were aimed at an up-date of project progress and a detailed planning of the week to come.
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the first four project meetings that I attended, but I took careful notes and immediately
afterwards, I returned to the desk to rewrite them, including my comments and
reflections. I continued to do so, even after I had been allowed to use my tape recorder
and by time, my notes also included comments and reflections that project members
shared with me in informal conversations. Even though I had gained access to weekly
project meetings after a period of frustrating struggle and finally was allowed to tape
record them, I never became trusted to use my tape recorder at any other meeting
(general progress meetings, LP- and concept reviews). Moreover, it turned out to be
difficult to get access to STECO-meetings at all and it was only after the project managers
had made repeated requests that I was granted access – but only at a single meeting, the
one taking place in February 2003. At that occasion I did not even ask for permission to
record but left the tape recorder at my desk and instead I discretely hold my note book in
the lap.
After I had been present as an observer at a general progress meeting, an LP-review
meeting and six weekly project meetings, I took on the first round of interviews in the
end of November. The structural arrangement of the Turbine project were complex and I
had a though time finding out who was formally assigned to the project and who was not
assigned but undertook “well-defined work packages” related to it. I decided to take it
step-wise, starting with those project members who had been present at weekly aero/MI
meetings. Those project members were easily identified and constituted the core of
project work at the time. Moreover, they already knew me from project meetings and
would hopefully be willing to share their experiences with me. This research design also
enabled me to find out about other actors of importance to project work. In total, I
conducted nine semi-structured interviews during this first round; seven interviews with
project members and one with each project manager. In average, each interview lasted for
approximately two hours. The interviews were conducted in English, which was also the
language used at project meetings26. Though I had suspected it before, it was during these
interviews that I learnt about the general feeling of “distrust” that existed between project
members representing different knowledge domains and between project members as a
group and management (including project managers). I also learnt more specifically about
the project tasks of different project members and the ways of working employed in the
project. Several project members not only answered my questions but also gave

26

It should be noted that no project member had English as his mother tongue.
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suggestions of further issues to discuss, and which I followed up on in subsequent
interviews.
After (and in parallel with) this first round of interviews followed an intense period of
project work, when I sometimes attended several project meetings a week, including an
LP- and concept review meeting and the STECO-meeting on February 11, 2003.
Beginning of February, I introduced the question of interviewing the rest of those who
were formally assigned to the project. Me, and Dominik (the project manager), who had
set out to help me make these project members realise “the importance of the study”, had
a hard time trying to convince them to sign up for a time. After a few reminders, six
project members, including Marcel27, agreed for an interview while two of them explained
their refusal by saying that they had not conducted any work relevant to the project and
therefore did not consider themselves to be part of it. I learnt from these interviews that
project members who were not involved in issues of aerodynamics or mechanical integrity
considered themselves “decoupled” from the project, were treated as “decoupled” and acted
differently with regard to the project than those project members being part of the core
team. However, I also learnt that organisational tenure (experience – lack of experience)
was important with respect to an individual’s role in the project and the way in which he
undertook project work.
Project work progressed and when I attended my last project meeting in the Turbine
project, June 24, 2003, the project had entered the detailed development phase. In total, I
attended 32 meetings with relevance to the Turbine project; 27 weekly aero/MI meetings,
two LP-reviews, one concept review, one general progress meeting and one STECOmeeting. In addition to this, I continued to attend internal information sessions, browse
the intranet and the “o-drive” and to discuss informally with project members, project
managers and others at the R&D department. I further continued to observe the everyday
work of project members and take notes on my observations28. Despite the fact that
Dominik made repeated requests at the manager of the R&D department and helped me
to select a number of STECO-members to interview (all of whom were located at the site,
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Marcel had replaced Nikolaus in the core team, end of January 2003.

28

The observations were pretty much the same during the whole year; I saw the same project members sitting

together, analysing results over and over again, those project members sitting alone in front of the computer
building a 3-D-model, running computations and so forth were also the same. Thus, these patterns could be
identified rather promptly and were further supported by project members and project managers.
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in order to facilitate access), I was not granted the permission to conduct such interviews.
I finished the collection of empirical material June 30, 2003.
Period of time
July 2002
August 2002
September 2002
October 2002
November 2002
December 2002
January 2003

February 2003
March 2003
April 2003
May 2003
June 2003

Number and type of
meetings
3 informal meetings
with project managers
1 general progress
meeting
4 aero/MI meetings, 1
LP-review meeting
4 aero/MI meetings
1 aero/MI meeting
2 aero/MI meetings, 1
concept review
meeting, 1 LP-review
meeting
3 aero/MI meetings, 1
STECO-meeting
1 aero/MI meeting
5 aero/MI meetings
3 aero/MI meetings
4 aero/MI meetings

Number of interviews

7 interviews
1 interview
1 interview

Other activities
Collection of
relevant
documents
and
attendance at
information
sessions.
Observation
of every-day
project work.
Informal
conversations.

6 interviews
Writing
of
company
report

Table 3.2. Summarising the collection of empirical materials in the Turbine study.

During spring 2003, I had accomplished a written report of the Turbine project that I
sent out to project members and project managers in June 2003. Only a few minutes after
the report had been distributed, I was contacted by a furious project member, who
regarded the report to be “crap” which had nothing with project work as he experienced
it to do. He was particularly upset about those sections that dealt with issues related to
“distrust”, “decoupledness”, and “the lack of information”, i.e. all sections which described
project work in negative terms. This project member had provided an image of project
work which stood in sharp contrast to the more congruent image that emerged when I
analysed the rest of my empirical material, including interviews with other project
members and project managers. When I returned to the project team in August 2003, to
discuss my report with them, he had calmed down and we (the team, one of my
supervisors and myself) had an interesting discussion about the ways in which project
work had been undertaken, about those things that had been positive and about those
that could be improved. I also received many positive comments about my report from
project members who found my approach and focus useful and who suggested that
thanks to my report, they had been able to see things from a new perspective and realise
how and why certain things tend to happen as they did. With respect to the technical
details in the empirical description of the Turbine case, it should be noted that it has been
read and commented on by people who work with steam turbine development and
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refurbishment. As I had to be more flexible in my approach in the Turbine study, I am
not able to identify specific phases of empirical work in the same manner as for the
Stacker study but I have tried to summarise the collection of empirical material in table
3.2. above.

Back from the field
Merriam (1988:127) states that “analysis is the process of making sense out of one’s data”.
Thus, analysis has been an ongoing activity throughout my time at the field. For example,
I early on tried to identify events and objects that seemed to be of particular importance
and which I could ask project members to comment on. After some time in the field I
was also able to recognise empirical patterns and regularities which resulted in tentative
hypotheses that I followed up on. Analysis, however, became more intensive, after I had
finished the collection of empirical material and returned from the field. It was not until
after I had come back from the field that I wrote the case stories29, analysed each case
respectively and more systematically compared my two cases. In this last section of the
methodology chapter, I will present my considerations with respect to these endeavours.

Writing and analysing the cases
I came back from the field with a large set of empirical material consisting of transcripts
from meetings and interviews, fieldnotes, presentations, project management manuals and
more, not the least my own experiences of being part of the context that I had studied30.
Thus, I had to condense my findings and write them down in a way which made them
comprehensible to an outside reader. With respect to the Turbine case, I found this to be
particularly difficult. After one year of fieldwork I was overwhelmed by all empirical
material and I felt that if my readers were to understand this complex project, nothing
could be excluded (could I have been more wrong?!). However, writing my findings down
in a comprehensible way was only the first step. I also had to make a within-case analysis
of each case respectively to understand its dynamics. While not being able to tell exactly

29

The Stacker case was also presented in my licentiate thesis but has been restructured in order to facilitate

comparison of the two cases. In my licentiate thesis, the case story was organised according to three different
themes (the target, the team and learning) but in order better to capture the process of knowledge integration, I
decided to write the story chronologically.
30

This particularly holds true for the Turbine case, since I had been co-located with the project team for a whole

year.
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how either of these endeavours was accomplished, the aim of it was to become
“intimately familiar with each case” and to be able to see “unique patterns of each case to
emerge” (Eisenhardt, 1989:540) before undertaking the cross-case comparison. The
reader should keep in mind however that whatever strategy is used when writing or
analysing empirical findings, “there will always be an uncodifiable step that relies on the
insight and imagination of the researcher” (Langely, 1999:707).
To organise my empirical findings, I used a narrative strategy which “involves
construction of a detailed story from the raw data” (Langley, 1999:695). In a narrative,
events and actions are chronologically structured; actors involved in events and actions
are presented as to their roles and characters and are allowed to speak on their own terms,
and indicators of the context are presented (Pentland, 1999). In this dissertation, the case
stories are chronologically structured. However, the chronological order is bracketed by
project members’ comments with respect to a particular aspect of project work. When
writing the cases, I have strived for a detailed and thick description which includes
contextual features. To include contextual features have been important in two ways.
First, it is when gaining an understanding of the context that the reader will be able to
judge the transferability of results. Second, it is against the background as constrained by
rules, procedures and praxis that it is possible to grasp the meaning of what is said and
done (Bruner, 1990). Thus, to take an action or phrase out of its context would be to give
it another meaning. As Czarniawska (1998:4)(1998:4) suggests; “it is impossible to
understand human conduct by ignoring its intentions, and it is impossible to understand
human intentions by ignoring the settings in which they make sense”. To me, and with
respect to the individuals whom I have studied, this is a most ethical aspect of research
and therefore I have strived to describe the particular setting in which project work was
conducted in each case respectively.
The narrative strategy was primarily used to organise my empirical findings but offers
little of explanation or theory; “When relying on this [narrative] strategy alone, one may
too easily end up with an idiosyncratic story of marginal interest to those who were not
involved and a rather thin conceptual contribution” (Langley, 1999:697). Thus, I had to
move from these case descriptions to some kind of more theoretical understanding, i.e. I
had to analyse my cases. My empirical findings can be classified as process data (Van de
Ven and Poole, 2005; Langley, 1999). Process data are difficult to analyse as they (1) are
composed of stories about ‘who did what when and where’ (2) have a fluid character
which allows for several levels of analysis and (3) are complex and ambiguous in nature
(Langley, 1999). When conducting the analysis of each case respectively, I have been
guided by a strategy which resembles the synthetic one (Langley, 1999), in the sense that I
have taken the process as a whole to be the unit of analysis and tried to synthesise the
critical components and sub-processes of knowledge integration. This process of analysis
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has been inductive rather than deductive even though theory has been used as a kind of
template against which my findings have been contrasted; I have applied theory to gain
better understanding of my empirical findings, but I have not tested theory.

Comparing the cases
To fulfil the purpose of this dissertation, i.e. to explore what mechanisms of knowledge
integration that are suitable in different project settings, I had to compare my cases. The
cases have been compared both with respect to the process of knowledge integration and
how it emerged (e.g. the project members involved in different activities favouring
knowledge integration) and with respect to their respective settings. I listed both the
similarities and differences between the cases as it allowed me to find out both what
appeared to be case-specific and specific to the particular setting and what appeared to
apply across both cases and settings. Eisenhardt (1989:540) suggests that it is important
not only to specify the differences among cases but also similarities as “…the search for
similarity in a seemingly different pair [of cases] also can lead to more sophisticated
understanding”.
When comparing my cases, I regarded them as wholes, i.e. I viewed them as
configurations of parts and characteristics and I did not compare each part or
characteristic separately. This is a common technique according to Ragin (1987:13) who
writes that “when qualitatively oriented comparativists compare, they study how different
conditions or causes fit together in one setting and contrast that with how they fit
together in another setting […] they tend to analyze each observational entity as an
interpretable combination of parts – as a whole”. The reason for considering cases as
wholes is the important role played by the setting when trying to understand causation.
Ragin (1987:23-24) suggests that “human understanding of causation and of events in
general is fundamentally holistic. Parts are not viewed in isolation but in context of the
whole they form”. This is the reason why I have chosen to discuss in terms of whole
settings and not in terms of single contingencies’ effects on knowledge integration as will
be evident in chapters six, nine and ten – the analytical chapters. The next two chapters
however, will deal with a detailed empirical description of the Stacker case.

59

60

PART II

CHAPTER 4
WORKING WITH DEVELOPMENT AT PROLIFT
In this chapter, which is based on interviews, internal documentation and information collected form the
company’s website, I would like to introduce the reader into the world of warehouse trucks and the way in
which they are developed at ProLift. I will take off in a brief description of warehouse trucks before
introducing the question of how product development projects are managed. I will also describe the project
set-up of the particular project studied, the Stacker project, and present the individuals involved.

What is a warehouse truck?
Warehouse trucks, or forklifts, are used in warehouses and
industries for material handling, for example when loading
and unloading a lorry or when stacking at the highest
pigeon-hole. Depending on industry, there are different
demands that have to be met by the warehouse truck.
Some warehouse trucks operate under normal conditions,
others operate in cold climates, for example in coldstorage rooms and still others have to meet the special
requirements of more risky environments. For instance in Figure 4.1. A warehouse truck.
the chemical and petrochemical industries, warehouse trucks have to be protected against
the risk of ignition. Thus, warehouse trucks are used for a number of different purposes
and therefore have to support different lift heights, different loads, different transport
distances and different work intensities. Accordingly, there are different types of trucks,
hand pallet trucks, electric pallet trucks, electric stacker trucks, reach trucks, order picking
trucks, very narrow aisle trucks and counterbalance trucks of different kinds. Some
features of warehouse trucks are custom-made or optional and have to be taken into
consideration when developing the new machine, Moreover, safety standards and load
pallet standards differ between countries.
Broadly speaking, a stacker consists of chassis, forks, tripod, a rechargeable battery and a
driving system which has traditionally been made up by electrical cabling but which, in the
Stacker project, is underway to be replaced by software which monitors and control the
performance of the stacker. Developing a stacker (or any other type of warehouse truck)
calls for competencies in different fields, such as mechanics, electro-design, and software
programming. Issues related to the assemblage, manufacturing and serviceability are also
central and have to be considered, as are questions related to norms, standards and
quality.
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Managing development projects at ProLift
When this study was initiated during spring 2001, ProLift had recently undergone a major
organisational change, implementing a traditional functional structure, which would
support an increased focus on product development projects. Martin, the project manager
of the Stacker project, explains some of its implications;
As a result of our increased focus on product development, we have
revolutionised our management control systems. We have our Product
development handbook à la Ericsson as we use to say, which describes the
project process. That was the first thing we started working at when initiating
the new organisation. (Martin)
Even though it becomes evident to me throughout the conversation with Martin that
projects have become more formalised, I also realise that this formalisation and the
attempts to make the organisation more project-oriented, has just begun. At the moment,
the company is in a process of learning from experience, sharing experiences and
documenting them in order to improve their development efforts and for the first time in
the history of the company, there is a permanent group of project managers. Before,
project managers have shifted from one project to another and no-one was full-time
employed as a project manager. Today, there is a group of four project managers, located
at the R&D department, who are responsible for all projects run, thereby becoming more
professional in what they are doing.
Along with this changing way of considering product development come an increased
awareness of the difficulties which are often encountered when trying to be innovative as
part of every product development project, something which resulted in a distinction
between different types of development projects. Carl, who is the director of the R&D
department, explains;
Previously, we tried to finish each product development project in a way such
that it incorporated a technological leap. It seldom worked. Nowadays we have
changed that and we make a distinction between module projects and product
development projects. (Carl)
Module projects are more technologically advanced than product development projects
and aim at developing components, modules and parts to be integrated in different
families of warehouse trucks. In that sense, product development projects are less
innovative and aimed at integrating new technological solutions that have been developed
in module projects, making these solutions part of the product offerings.
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The idea is that when we are to develop a new warehouse truck we will just
take a look at the shelf and ask ourselves what parts are to be used. Then we
don’t have to spend valuable time elaborating on advanced technology. (Carl)

Project organisation
Development projects are decided upon by the European Product Council (EPC) which
considers market proposals coming from different parts of the organisation, often from
support units such as rental, service, parts and education, where employees work close to
customers and thereby get input for improvements. Thereafter, the project is integrated as
part of the development plan and the ProLift Product Council (PPC), which consists of
the director of ProLift products and the managing directors of the R&D, procurement
and logistics, quality, manufacturing, security, module systems and mechanical design
departments respectively, assumes responsibility for initiating the project.
When a project is initiated, the project manager has to make sure that he gets
the resources needed. […] When it comes to personnel resources, the project
manager negotiates with departmental managers and then there is a decision
made in the PPC after the project manager has presented his project
organisation and a contract signed by the departmental manager. The project
manager walks around, collecting a project team which he thinks is able to
make it. (Carl)
All project members have responsibilities at their respective departments and are never
contracted 100% to work in a certain project31. Carl points out that it is important to have
some slack in the case a person is needed for something else. However, an individual is
often contracted for several projects at a time. The same holds for the project managers
who are responsible for a number of projects at a given period of time.
Most personnel resources (approximately 70 per cent according to Martin) are collected
from the R&D department which comprises 76 employees in total and is placed in a cagelike building of glass in the middle of the factory where they are close to production and
assembly lines. This is considered important both by the managing director of the R&D
department and the project manager, as well as by many project members.

31

The exception is constituted by consultants that are hired for a particular project and pensioners who are

sometimes asked to contribute their experiences.
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When describing the process, we have emphasised the manufacturing and the
development process. These are the two main processes. All other processes
are supportive. (Carl)
The R&D department consists of different sub-units (see figure 4.2. below) of which new
mechanical design and module systems are the most important from a project perspective
since they contribute with most people to different projects. New design is responsible
for developing new products while module systems is handling more advanced
technology and is more engaged in module projects. However, there is no clear-cut
dividing line and you can find individuals from module systems working in a product
development project and the other way around. Projects are also manned from the other
sub-units, as an example, product quality and field support has a prominent role in the
Stacker project. Series and quality design and customization design, on the other hand, are
units which are seldom involved during the development process. Instead they have a
more prominent role once the manufacturing of the new machine starts. Marketing, IT,
procurement and logistics and manufacturing also contribute project members to product
development projects.
…we are looking for resources everywhere because it’s all about finding those
people having the right background and so on. (Martin)
R&D Department
Project
management

Assistant

New
mechanical
design

Series and
quality
design

Customization
design

Module
systems

Product quality
and field
support

Figure 4.2. Structure of the R&D department.

The project management manual
At ProLift, a project management manual has newly been introduced as a help to manage
product development projects. The manual defines project phases, along with the
activities to be undertaken, the expected outcomes of each phase and responsibilities of
different actors involved. There are also a number of checklists to consult for different
occasions. Even though this manual has been promoted throughout the organisation,
project members do not consider it to be of any significant importance and they suggest
that it does not affect their own doing.
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Product development projects at ProLift are divided into five distinct phases; preparation
phase, pre-study phase, development phase, pre-production phase and production phase.
The first two phases, preparation and pre-study, are aimed at describing the content and
consequences of the suggested project at a level detailed enough to evaluate its potential
and decide whether it is worth entering into the development phase or not. It normally
takes a few iterations back and forth before such a project specification can be presented
to the PPC. When the decision to enter the development phase has been taken, the
technical solutions, milestones, deadlines or the project budget as presented in the
specification, can not be altered without the permission of the PPC.
The development phase is probably the most intensive phase in the project for most
project members. The aim of this phase is to verify the design solution of the new
machine and to make sure that it will meet norms and standards as set by the project
specification. Project meetings are held regularly to assure that each member assumes
responsibility of his/her part and that milestones and deadlines will be met on time.
When the new warehouse truck meets all specifications and is approved bythe PPC, the
project enters the pre-production phase.
During the pre-production phase, the final design solution of all models and options
included in the new family is settled and a limited number of trucks are manufactured in
order to verify the manufacturing process. Thereafter the project is settled for
manufacturing and enters into the production phase. The newly developed warehouse
truck is from now on the responsibility of the sub-units series and quality design and
customization design, which continues to further develop the machine in accordance with
requirements from customers.

Organising the Stacker project
The Stacker project is a product development project aimed at integrating a new, fully
integrated drive system developed in a module project, as part of a new family of stackers.
The new stacker will be able to handle loads from 1000 up to 1600 kilos and lifting
heights up to 5.4 metres. There are many people involved in this project, those being
formally assigned as part of the project team being counted to thirteen, including the
project manager (see figures 4.3. and 4.4. below, and appendix 2 for a list of project
members). This is a rather big project if judging from the number of people involved.
Normally, there are not as many project members involved as in the Stacker
project. Instead you have sub-project leaders and then there are about five
people with whom I communicate and they in turn have their own meetings
with their respective group. The Stacker project is special in this respect. […] I
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want to be as up-dated as possible since the project has very tight deadlines.
(Martin)
The development of a new stacker calls for an interdisciplinary team and the project
group consists of individuals representing different departments and responsibilities. Each
project member assumes responsibility of a certain task related to his or her domain of
expertise. Some individuals are more involved in later phases of the project and are not
undertaking any project-related work at the moment. Still, Martin considers it important
that everybody shows up at meetings in order to take care of their interests, if only to save
time in the end of the project.

Project manager

Financing

Procurement

Planning

Technical
support and
field testing

Marketing

Manufacturing,
tripods and
chassis

Order and
administration

Manufacturing

Quality and
standards

Responsible for technical
requirements

Co-workers at each department, not formally assigned to the project.
Figure 4.3. The project set-up. (Based on conversations with Martin and project members ).

Project members normally distribute parts of the task to colleagues at their respective
department who are not formally assigned to the project. The responsible for technical
requirements and the project member coming from the planning department, are the only
ones supported by individuals who are formally assigned to the project and who are
frequent visitors of project meetings, i.e. design engineers and order structure builders
respectively. The project members representing the marketing department is also the
project manager of a related project where project members are preparing all documents
at the prospect of launching the new stacker. In addition to project members and their
colleagues who are also consulted in project-related matters of more general kind, there
are a number of “gurus” or “wise men” who are asked for advice by virtue of their
experience and tenure in the company – a few of them have already retired but are still
keen on contributing their experience.
Design engineer consultants and order structure builders are full-time assigned to the
project and are placed together in a small room at the R&D department. I can’t help to
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quote Tage on this when he says that “design engineers are always placed together in
super-human amounts in very small rooms. That’s the truth of the day and for some
reason, it has always been that way”. However, at ProLift, this is not normally the case.
Some individuals are full-time assigned to a project during a year and others are
involved in two or three projects at a time. That is the reason why we can’t
obey to the handbook and place them all together in a room and let them feel
fine together. (Carl)
Miriam
Hans
Electro-design
Located at the IT
department
Vocational training
Tenure: 25 years
Bengt
Manufacturing, tripods and
chassis
(sub-group at the
manufacturing department)
Internal courses
Tenure: 20 years

Torsten
Technical support and
field testing
(sub-group at the R&D
department)
Vocational training
Tenure: 30 years

Responsible for
technical requirements
R&D department
M. of Sc. in
engineering
Tenure: 2 years

Tage
Design engineer consultant
Located at the R&D
department
Vocational training

Martin

Tomas

Project manager
Located at the R&D
department
Internal courses
Tenure: 17 years

Manufacturing, walkie
(sub-group at the
manufacturing
department)
B. of Sc. in engineering
Tenure: 2 years

Albert

Inge
Marketing
No formal
Johan
education
Order and
Tenure: 30
administration
years
Secondary school
certificate
Tenure: 13 years

Anders
Design engineer consultant
Located at the
R&D department
B. of Sc. in engineering

Dan
Quality and standards
(sub-group at the R&D
department)
B. of Sc. in engineering
Tenure: 4 years

Order structure builder
Planning department
Co-located with Tage and
Anders
No formal education
Ingemar
Tenure: 40 years
Order structure
builder
Planning department
No formal education
Tenure: 17 years

Figure 4.4. The project team.

Martin is an autodidact when it comes to managing projects and says that he has a
“philosophy of projects”, emphasising that his way of managing projects has more to do
with coaching than control.
…it is the atmosphere around that I’m caring for. That everybody feels fine.
[…] Sure, I can discuss different ideas and give my opinions about things
but…I use to say that it is better they do something which feels alright […] I
always let project members work on their own […] because after all they are
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the ones building this new machine and who has to feel that they can decide
and leave their impression on the product. (Martin)
Whether for the purpose of coaching or control (or both), project meetings, involving all
formally assigned project members and aimed at a general up-date on project
undertakings, are scheduled every second Friday. In addition to these meetings, there are
design control meetings, aimed at a verification of design solutions, where design
engineers, the responsible for technical requirements and project members from
manufacturing, planning and quality and standards are present, when considered needed.
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CHAPTER 5
THE DEVELOPMENT OF A NEW STACKER
In this chapter, I will give a description of how project work proceeded in the Stacker case. I will focus on
some aspects and occasions of project work that appeared to be important for its outcome. Throughout the
chapter, quotations from meetings and interviews will be used interchangeably to illustrate interesting
aspects of project work and allow project members to comment upon these phenomena. An introduction of
each project members is given along with them commenting upon project work.

Let us kick off
Before describing the way project work advanced, I will describe and discuss some
aspects of project work which project members pointed out as important. These aspects
relate to the importance of project meetings, the feeling of being part of a team, the
individual character of project work and the importance of understanding the functioning
of a stacker.

An innovative company
A few months before becoming a PhD-candidate, some friends of mine organised a quiz
about ProLift at a seminar (to check if we had listened to their presentation or not I
would guess), where I won a booklet about the company which had been published to
celebrate their 50 year’s anniversary. When I looked through the book, it immediately
struck me that ProLift had been an innovative company. In the end of the 40ties, they
“revolutionised” warehouse trucks by introducing hydraulics to facilitate lifting and they
managed to establish the European standard of pallets which meant that they were also
able to standardise the width between the lifting forks. In the end of the 90ties, they
revolutionised the industry again when developing the integrated drive system based on
software which is to be introduced to the market as part of the Stacker project. Since the
start-up, the company has launched a new warehouse truck almost every year and now,
beginning of the 21st century, the company has a reputation of being innovative.
Even if sometimes described as a face-lift of an existing stacker since it has been decided
that an old platform will be used, the project is a demanding one. The first stacker will be
ready for delivery in less than a year and the deadline is tight. A cost target, to reduce
production cost by 5%, is also stated and the requested lifting height is described as being
“exceptional”. However, the company has also concluded that it lags behind when it
comes to the design of its warehouse trucks.
…we believe that we are not in line with the market when it comes to design
and such things. We are trying to give the machine a more rounded
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appearance. I mean, the customer should want to see, touch, try and so on.
[…] the stacker has to have an attractive appearance even if it’s only a working
tool. […] The target is to get a more rounded design. To increase the level of
technical sophistication since we have a new electronic drive system, but we are
not going to improve the performance or something, it will remain the same as
it is today. (Martin)
Thus, the project manager knows from the initial phases what the team that he has
collected is asked to accomplish. Now, he has to make sure that all project members are
aware of the target and “that everybody agrees to it” and therefore invites them to a kickoff, or a meeting of “brainstorming and yellow Post-it notes” as it is called at ProLift.
Last year a project manager here started this yellow-notes-thing to kick-off the
project. Of course we have done this kind of things before, but not in this
structured way. The whole project team met for a whole day to discuss what
critical activities there are to be dealt with; if there are any, just tell us! Back to
systematise these proposals and make a refined planning and then iterate it a
few times more. That was what he did this project manager, and then all the
others followed his example. (Carl)
The duration of the kick-off, an afternoon or a couple of days, depends on the complexity
of the project. In addition to project members, Martin invites experts from throughout
the organisation, letting them all share their experiences before starting to work.
Name:
Martin
Organisational affiliation:
R&D department, project manager.
Education and work experience:
“My education…Well, I’ve never been one of those who liked going to school. […] I got
employed here in 1984, started at the assembly line and then I’ve taken different internal courses.
I’ve been at the assembly line, instructor, foreman, production engineer and now I’m a project
manager. I know the manufacturing process quite well but for the last years, I’ve only been
working with development projects. But me becoming a project manager, that was just by chance.
It was an order you can say, and it went well and I like it quite a lot, to work with projects”.
About project work:
“It’s fun to start up new projects where you have common goals. Together, you create an image of
the target and agree on different checkpoints. I guess you’ve understood that I’m a very goaloriented person and I need these kinds of targets to work with. It’s fun when you’re setting the
targets together, in the group”.
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They are people who really have expert knowledge and they contribute their
experience. They are also participating in the brainstorming, even though of
course, we know the limits quite well. Still, there are things being said which we
can make use of. And then we use to draw a timeline and then we put up those
notes and they make up the activities. (Martin)

Joining the project
It is a morning, late March, when I attend my first project meeting which is held in the
company’s canteen where one is preparing for lunch. People arrive together in pairs or
groups, talking and laughing. They are all informally dressed in jeans and sweater. Before
opening the meeting, Martin introduces me to the project team and I say a few words
about what I am up to and why I find it interesting taking part in their meetings. I also
introduce my tape recorder, which immediately becomes an object of many jokes when
project members recognise it as an obstacle to push their papers back and forth over the
table. Actually, jokes are frequently recurring during the meeting and a good laughter
seems to be appreciated.
Martin takes the role of chairman, passing around the table. Short questions lead to quick
answers and a comment or two in order to check if one has understood correctly, often
followed by a note in the calendar or notebook. Martin listens carefully and uses the
pencil to make a remark, accomplished or not, in the margin of the schedule, which, the
story goes, he always carries with him. The atmosphere is positive and open. Project
members tell an anecdote as a way to share their experiences and give a piece of advice.
Dan tells about the tests that he has conducted, Torsten announces that he has sent the
first field testing machines to Germany, and Tage is done with the drawings of the boxes
for the battery. Most talk relates to this kind of information sharing and practical details
and much of it is directed forward in time. Perhaps it has to do with the tight deadline of
the project and a willingness to make sure that everybody is on track and informed about
what is coming next.
Martin informs the team that he has taken initiatives to save time wherever possible, and
though the project has just entered the development phase, his concerns are already at the
transition to the next one. Martin and Tomas from the manufacturing department have
had a meeting to discuss how to secure a smooth transition from development to
manufacturing. When informing about this, project members come up with one idea after
the other, telling stories from previous projects and the problems which they have
encountered when trying out different solutions to handle the transition. Tomas, who
knows how problematic it can be to start mass-producing a new product, has collected a
group of people working at the manufacturing and assembly lines to use as a reference
group in these matters. Martin concludes;
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It’s one thing sitting at one’s table designing the new machine and something
totally different to manufacture 20.000 units of it. (Martin)
When the meeting comes toward its end, Martin starts distributing tasks around the table,
asking project members to call for a number of different meetings; design control
meeting, service audit, electro-design meeting and a meeting where to discuss the
ergonomics of the new machine. It appears as if project meetings similar to the one I have
just attended play a central role in organising project work and that a general procedure
along with a checklist will guide project members when they go about it.
Martin: Tage, you’re responsible for inviting to a design control meeting.
Tage: When?
Martin: In week 18 I thought, but that is under condition we’re ready so it’s
worth doing it.
Tage: I have a small question about that… Are there any special procedures
that I’m supposed to follow?
Martin: Yeah, you’ll find it in the project management manual, there is a
checklist. (2001-03-29)
Name:
Tage
Organisational affiliation:
R&D department, design engineer consultant
Education and work experience:
Tage started to work in the 60ties, after a few years of vocational training. Most of his
commissions in recent years have had to do with mechanical design.
“ I was noticed from my previous work as a consultant when they decided to specialise in plastics,
so I took my computer and left. I’ve been on my own terms since then. Had a number of
commissions but was also without for some periods. Then they called from here last December
and wondered if I would like to come here to work. I came here, attended some courses and
bought a better computer”.
About project work:
“I like it. You are in contact with other people all the time. To sit alone in one’s cellar is nothing
that I believe in”.

What use do project members make of meetings?
Project meetings are of different kinds but most often it’s just a kind of reportgiving, status. It’s an instrument to control the project. To see if it follows the
plans and there are some decisions which can’t be made if the project manager
is not present. (Martin)
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“Up-dating”, “reporting”, “information”, “one-way communication” and “status-report”
are all words used to describe what happens at project meetings. Project members tend to
give the same description of project meetings as a means of control that Martin gives,
adding that most meetings are too time-consuming and involve a lot of people who has
more important things to do. Torsten sighs when he says that “they are very much on the
level of small pieces of metal, about design at a detailed level…”
On the other hand, project members emphasise that project meetings are indispensable.
Miriam suggests that without project meetings, team colleagues would never meet. Albert
says that they are good for knowing how far people are, to get ideas and for posing
questions and Inge means that they are good for “pushing each other forward”. Most
project members also mention that the project meeting is a place to get to know about
problems and that problems are probably the most frequently discussed topic when
sitting around the table in the conference room. I keep on asking, “…but what use do
you make of knowing all this?” Albert tries to explain;
[Project meetings] are good since then you hear how far other participants are
in their work and that could be fun to know and to know what they think
about things. And you can estimate the time and there are different problems
that you get to know, how they have handled, or how you are to solve them. If
there are any questions I can get an answer. […] I know who to ask if I have
questions…who, among the participants in the team that will be influenced.
Then I know from the beginning… I don’t have to ask who is working with
what. If you are present at the meeting then you know who is dealing with
what and then if I have problems I know who to search for. That’s the good
thing. That’s the use you can make of it and then you can solve the problems
faster. (Albert)
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Name:
Albert
Organisational affiliation:
Planning department, order structure builder
Education and work experience:
Albert has worked as a turner, instructor and foreman and after more than 40 years with ProLift,
he retired a few years ago but says that he still likes working so much that he can’t really stop and
therefore he is assigned to a project every now and then when there is a need for experienced
personnel.
“I guess that’s why they want me to help…I have a lot of experience. They don’t have to teach me
how to do it”.
About project work:
“I find it interesting because you’re working in a team and you help each other and you can
influence the work and you’re allowed to tell what you think. […] That’s what’s important in
project work, that you can agree about things. You can’t just mind your own business. I’m usually
very outspoken and I’m not hesitating to tell my opinion if there is something wrong”.

As far as I can understand from Albert’s statement, he is creating an image of project
work from the basis of the information which he collects at meetings, which helps him
taking relevant action, not only considering his own part but also taking into account the
situation encountered by fellow team members32. When Anders talks about his
experiences of project meetings, he also identifies the importance of being informed in
order to take relevant, sometimes corrective, action as a response to a problem
encountered elsewhere in the project.
It’s not much more than to know about the problem. And then if you do some
part that is related to that part…then you start thinking. Is it any idea to
continue before we have done further testing of something else? (Anders)
Other project members emphasise the importance of “talking ourselves together”, trying
to make sure that all project members are aware of and agree to the status of project
work. For example, Ingemar seems to mean that project meetings are important in order
to create a shared image of the project.

32

Albert is one of those project members coming back to this ability over and over again during our interview,

suggesting that having a more profound understanding of other project members’ situation and being prepared to
evaluate and accept solutions, not from the basis of what is optimal to yourself, but for the team as a whole, is
what project work is actually all about.
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…more people get to know what is going on. Now, everybody gets that
information and it happens that they interpret it differently but that will be
found out before the meeting is ended. I mean that everybody has made the
same interpretation of what is said. (Ingemar)
Name:
Ingemar
Organisational affiliation:
Planning department, order structure builder
Education and work experience:
Ingemar has worked with design solutions at a number of companies before coming to ProLift 17 years
ago and he has been involved in a number of product development projects before.
“We took care about providing material for manufacturing, building the structures and getting the
whole thing together. […] I haven’t done much design solutions in the last years but I have a lot of
experience from manufacturing and all that since I worked a lot together with them before.”
About project work:
“You have do to it in projects. […] I have been involved in projects more or less the whole time. They
have grown bigger, more people involved and it has become more organised than before. […] It has
been a mix, some were good projects and some were worse but they have become better throughout the
years. More order so to speak”.

It’s fun being part of a team
Beginning of April, I picked up the rented car with the university’s logotype to drive to
ProLift. When turning on the radio, there is a short statement from the company’s CEO,
due to its annual results of year 2000 being the best ever. Obviously he is optimistic about
the future and tells that the company is about to employ more people, primarily at the
manufacturing lines. Only a few years ago, the situation was different. The company laid
off and the small community where it is located was faced with increasing unemployment
rates and worries about its future. I announced my arrival at the reception desk where a
tag with my name has been prepared. I’m asked to sit down; “Martin is on his way”.
While waiting, I take a look in some of the advertising leaflets and annual reports that are
lying on the table. Since most project members pass by the reception on their way to the
meeting I join them, taking the chance for some small-talk. We are talking about the
project of course, but some of them are also sharing more personal thoughts, telling me
about their children or grand-children or what it takes to bike around the lake Vättern33. I

33

For those readers who don’t know, there is a yearly bike race around the lake Vättern, a distance of more than

300 kilometres.
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realise that this kind of small-talk, to many project members, signifies that they are part of
a team and that being part of a team is considered as a feeling which has certain
characteristics.
What I feel the most is that we are a team working. I didn’t feel that in [the
other project]. […] there was nothing of this familiarity or that you felt that
you were part of a team. […] Now I feel that you work together for something.
Nice atmosphere. Everybody supports each other; cheers each other and so
on. That’s what I believe is the biggest difference, that you’re working in a
team and it’s fun to work in a team. […] To get this feeling that I described in
the group, that’s very important. […] You get to know each other in a different
way. There is a more open atmosphere. You can discuss openly with each
other. The prestige is gone. (Torsten)
Name:
Torsten
Organisational affiliation:
Technical support and field testing
Education and work experience:
Torsten started at ProLift back in the 60ties, after a few years of vocational training.
“I started at the assembly line for some years and then I got a job at the planning department,
where I have spent most of my time at ProLift. […] I’ve worked as a planner for the assembling,
worked with support at the IT-department and so on. Then there were a few reorganisations, again
I ended up at the planning department, more reorganisations made me end up at manufacturing
[…] Back again to planning and then to where I am now, at the technical support and field testing
department. I take care of documentation with respect to the new machine, i.e. manuals of
different kinds, for drivers, service men, education. I am responsible for field testing of the new
machine, quality…making sure that we integrate experiences from the field, from our customers
when developing the new stacker.”
About project work:
Torsten has many bad experiences of project work but says that it has become a lot better in recent
years since the process is more structured. He also says that he likes the atmosphere of the
Stacker project since he feels that it is a team working.

Anders, Miriam, Tage, Tomas and Ingemar also talk about this feeling of belonging to a
team and say that they appreciate it. Tom suggests that in order to make project work
successful it is important to know each other in a way that you can “really understand
each other”. Judging from their accounts, it is all about a certain atmosphere which is nice
and friendly, making project members having confidence in each other. It is also a feeling
which makes them feel more motivated and committed to the project. It’s a feeling of
belonging. However, there is nothing in what they say that indicates working together in a
more strict sense of the word or being placed together as an important aspect of
belonging to a team. Actually, when talking about daily project work, project members
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hold on to a description of it as being individual to its character. You only meet your team
at project meetings; in between you work “at your own place”.
I have the impression that everyone works at his own place. You work a little
with everybody but most of all you’re working at your own place…and then
together with your own little group [in the department] and then you just go
down [to meetings] and give your report. (Johan)
When asking Johan whether he identifies with the project, he doesn’t hesitate when giving
his answer;
Everybody knows that he is part of the project, but that’s it. You keep on
going as usual because you know that this is only for a short period of time…
then it’s gone. (Johan)
Name:
Johan
Organisational affiliation:
Order and administration department
Education and work experience:
Johan came to ProLift back in 1988 and has worked with different things since then.
“…I worked one and a half years as a welder. Then I worked as an order administrator, took care
of loading and marking and a variety of other things. […] I took care of transports, bank
commissions and so on and now I’m at the export unit, taking care of export orders. I’ve been
there for one and a half years. […] I take care of companies and distributors all over the world.
Technical questions, terms of payment and delivery…”
About project work:
“I’ve never been involved in a big project before, but they have been smaller. This is much more
structured than the ones in which I’ve taken part before but…there is still a lot of things that are
unclear”.

Project work is individual and routine
I do find it interesting, actually somewhat perplexing, that project members who
appreciate being part of a team only talk about it as a feeling of belonging and not as a
way of actually working together. Even if they consider it an important part of successful
project work, they are also quick in telling me that they are working alone and that they
do not meet frequently at all. Therefore, I decided to ask them for a description of daily
project work and how they would characterise it, as well as about what they do in between
those project meetings, when I am not there to watch them. I am surprised when realising
that most project work is undertaken individually and described as routine.
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It doesn’t happen much [between project meetings]. Each one is doing his own
things. I don’t know anything about what others have in common with the
project manager or the one responsible for technical requirements. […] I never
see anything of other project members more than those that are close, i.e.
assembling and the one responsible for technical requirements. They are the
only ones who I’m in contact with, and design engineers. The other ones, I
don’t know anything about what they’re up to but of course I hope that they
are working with those things of which they’re responsible. (Bengt)
Name:
Bengt
Organisational affiliation:
Manufacturing, tripods and chassis
Education and work experience:
Bengt got employed in the beginning of the 80ies as a welder. After some 6-7 years at the
company he became an instructor, attended some training courses and ended up as a foreman at
the manufacturing lines. In the middle of the 90ties, he got a job as manufacturing engineer, where
he worked with improvements to facilitate the work at the manufacturing lines.
About project work:
“I have only been involved in a couple of projects. […] and I think that we’re only wasting time to
no use. It takes too much time. Things that could have been done in an hour…”

Bengt’s response is typical of most project members, whose answers signify the fact that
“everybody does his job”. Anders explains that he has “got [his] portion of work
allocated” and that he is able to do it without much contact with his fellow team
members. This is also the answer Tage gives me; “more than anything else, it’s about
sitting in front of your computer to make the drawings”. Miriam says that if there were no
project meetings, project members would never meet. However, Dan emphasises that
even if project members work individually it does not mean that they are not interested in
“what’s going on at the other side of the fence, at your neighbours place too”. To me, the
word “neighbour” indicates that project members keep some contact with those that they
are directly dependent upon and there are some project members that are in closer
contact than others, even if contacts are said to be taken mostly by e-mail or phone and is
aimed at information sharing. The only example of closer co-operation that is given to me
is the co-operation taking place between Inge and Torsten who are working together
when field testing the new machine34.

34

When field testing the machine, it is sent out to a customer’s site and used as part of the customer’s normal

operations to get information on how the stacker behaves in normal use.
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Project work is not only described as individual work, it is also considered as routine. At
the moment, Martin has started promoting the project management manual throughout
the organisation and he finds it of great importance that project members are aware of
and agree to the ways of working in projects.
You have to follow routines and all that. I use to say that we have a whole lot
of damn good routines at this company and that it would be great if we’d just
follow them. (Martin)
One of the routines that Martin is referring to is the Engineering Change Order (ECO),
which plays a central role in project work and which is described by some project
members. When a design engineer has completed a drawing, he distributes it for
consideration to manufacturing engineers and participants from the planning and order
and administration departments respectively and in this way it helps organising work at
the interface of these different departments.
When the drawings are finished, I send them to the guys at the manufacturing
department, to Peter or to Tomas, and some to Ingemar. (Anders)
They [the design engineers] make their solution and then when it comes to me,
I can protest, have a look at the structures and if they have forgotten anything
and I control that the drawing is correct. You can say that it’s a question of
scrutinising the drawing. (Ingemar)
When talking about project work as routine, project members do not normally relate to
the routines stated in the project management manual. It is more probable that they are
referring to their individual routines which they have elaborated from the basis of their
own experiences of project work. Ingemar tells me that he does not know what is written
in documents and manuals, but that he does know from experience what has to be done.
Well, even if I don’t know what’s in it [the project management manual]. But I
know from experience what has to be done. […] I’m not the one reading
documents. I don’t like all those papers. […] It’s more to take care of
experiences and learn from different problems that you’ve solved in order to
be able to manufacture the machine. (Ingemar)

Always mind the stacker
Project meetings have been described as focused on details and project work is said to be
individual and routine. Still, being part of a team and attending project meetings is
considered indispensable when trying to organise project work. Part of the explanation of
this might be that it helps project members create an image of what is going on. The
stacker, whether the one under development, so far represented in drawings, or already
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existing ones, also contributes an image with organising features. When I attend project
meetings, I often hear project members referring to the design of an old machine when
trying to explain a particular problem or situation.
Tage: What about the emergency stop that you talked about?
Martin: It tipped, didn’t it?
Miriam: No.
Inge: Why we are doing this is because we have got remarks about it from field
testing in both Norway and Sweden. They touch the emergency stop when
they put down the plate with the foot. Those people with big feet touch it and
it falls down. Then there are others who touch it with the knee. […] That’s the
way it is.
Miriam: You said something about the stop button.
Inge: We haven’t come that far yet.
Miriam: Because we talked about moving the emergency stop towards the
centre… Another thing is to angle the thing that the button is attached to so
that it’s not horizontally placed. Then we change the design of the machine. I
had a look at the old machines, what it looked like today and the reason why
they don’t touch it today is that the plate is, it’s on the same level, attached to
the same surface but…
Martin: … is placed more in the middle. We must take a closer look at that.
Miriam: Then that would mean…We’ve made a change on the plate in order to
be able to bend with a radius of ten…but if we do that it will be very clumsy.
Then the question is whether we are able to bend with a radius of ten and
make the other two bendings with a radius of five.
Tomas: A change of radius is no…well…you could have two different radius
at a time.
Martin: Isn’t it just to move the button a bit upwards? Move the whole more
upwards?
Tomas: Isn’t the button for “lower” placed more upwards?
Martin: It’s placed on the other.
Miriam: In my opinion…maybe we should move both of them? It could be a
conflict with…
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Inge: Have a look at that solution then because we thought that…we could
skip the ignition key and put the emergency stop there instead.
(2001-06-12)
In the above quotation, the image of an existing stacker constitutes an object around
which to organise work. There are a number of different solutions available to the
problem discussed, one of them which brings about another solution than the one which
had been decided upon earlier, i.e. to skip the ignition key. When solutions are agreed
upon, they result in repercussions throughout the project. The design engineers have to
make new drawings, the manufacturing engineer has to consider the manufacturing
process, perhaps new tools are needed and those being responsible for the creation of the
order and manufacturing structures have to add or remove items. In this way, the stacker
not only constitutes an important item when trying to understand a problem and come to
a decision, but it also shows its potential as an object around which to organise.
Martin suggests that “everybody must understand what we are working with”. Obviously,
all project members are working with a stacker in one way or another and to me it seems
that if one knows in some technical detail what a stacker looks like and how it works, then
one is also able to understand what parts are affecting each other and how. Tage is one of
those project members who explains to me that he “goes down to the manufacturing
lines” in order to have a look, “to see and feel”, when he is encountering a problem or is
considering which design solution to choose. Anders and Hans are also among those
project members who emphasise the importance of understanding what a stacker is and
how it functions.
…that one should know the whole machine and that you get the things
together and that there is place available for cables and such stuff. Make sure
that cables will be nicely put in place so that they don’t make a mechanical
design and then try to put the electronics in place when everything is finished.
It used to be a lot that way. (Hans)
…you use the old stacker very much and then you not always know what the
new one looks like. That’s a bit of a problem. […] …because you don’t know
everything about warehouse trucks, then you have a look at an old drawing and
perhaps you’ve had a look at the structure of the drawing and then it turns out
that it does not fit with the one we’ve made and they come asking you things;
“Should it really look like this?” (Anders)
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Name:
Anders
Organisational affiliation:
R&D department, design engineer consultant
Education and work experience:
“I have a Bachelor of Science of mechanical engineering from a technical university. After my
graduation I was employed at this consultant company. I was situated in Stockholm, Västervik,
Kalmar and then I came here, to ProLift. All of my commissions have considered design
solutions”.
Anders tells me that ever since he started at the consultant company where he is employed, he has
been assigned to different projects and that he knows no other way of working.
About project work:
Anders says that he likes project-based work because he feels that he is working together with
people towards a common target even if he does not have much contact with his team colleagues.
He also says that he likes it because the project manager is easy to get along with.
“Here, everything is very easy”.

Thus, even if talking about technical details at project meetings, project members seem to
relate to the whole stacker and draw conclusions which are of importance to the work
they are doing and the interdependencies and interfaces that they have to handle.
However, project members do not necessarily create the same image, or even an image
which can be considered complete, but an image which is related to their own particular
role in the project.

Ready for take off
In the preceding sections, descriptions of different aspects related to the way of working
in the Stacker project have been given. I will now turn to a description of how the Stacker
project proceeded as I describe some occasions which appeared to be important for its
outcome. As it turned out, there were a few problems which made project work more
complicated and time-consuming than expected.

A story about tripods and existing data
A prototype has been made in order to run some tests and it turns out that the project has
encountered its first major problem which influences the stability and performance of the
stacker35; the tripod stands aslant and when the stacker is loaded to more than 1200 kilos

35

The problem is related to a certain model and not to all models of the new family of stackers.
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at a lifting height of 2.5 metres or more it tends to tip over, which is due to it weighting
less than expected when comparing to old data. When this problem was first discussed at
the project meeting a week ago, it was considered to be an easy problem and Miriam was
quite exact as to the reasons of it.
Dan: And then we have those problems with the tripods, and to that we can
add yet another type of battery which we haven’t tested yet…Everything
indicates that it has to do with the chassis. The chassis is warped.
Miriam: Yes, it is the chassis that is warped… (2001-03-29)
Since last time, Dan has conducted a few more tests and different solutions have been
tried out without success. When a tripod slopes, the measure normally taken is to
compensate for it by placing a thin piece of metal, to wedge, under the tripod. However,
this time such a solution, for some unknown reason, does not work but causes new
troubles when the wheel pressure becomes unequally distributed and therefore, Miriam,
being responsible for fulfilling the technical requirements, does not know what to do.
Miriam: That thing, to straighten the tripod by wedging under the wheels, it
won’t improve the stability. The stability will only improve if you have a
straight tripod and an equally distributed wheel pressure back. And to wedge
under the wheels is something one should only do if you already have an
equally distributed wheel pressure…
[…]
Dan: So in principle you can make things worse instead of improving them
when wedging?
Miriam: Yes.
Dan: So we don’t know really what we’re doing?
[…]
Miriam: I feel this is really a problem.
(2001-04-05)
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Name:
Miriam
Organisational affiliation:
R&D department, responsible for technical requirements
Education and work experience:
“I have a Master of Science in Engineering from abroad and have worked with manufacturing at
two different companies before I was employed by ProLift in 1999. I was responsible for the
development and improvement of stackers in manufacturing. Then, in 2000, I started at the R&D
department and that autumn the board decided that we had to develop a new stacker […] It would
be a very short project and not very extensive either so I became responsible for the fulfilment of
the technical requirements on this new powered stacker. […] That the stacker fulfils the functional
requirements and security standards”.
About project work:
“Working in projects is fun because it’s teamwork, everybody co-operates to reach the target. It’s
also very varied, new tasks every day, and a lot of things are going on and that’s exciting”.

After an intensive discussion of the topic, project members agree that the problem can be
solved either by adding more weight, the question is where, or by trying to find a stiffer
tripod. To manufacture and sell a stacker which is not able to lift 1200 kilos higher than
2.5 metre is no solution since existing stackers, according to data used when marketing
the old stacker, is able to lift up to 2.7 metre and customers would never accept a new
stacker with worse stability and performance than the old one. Whether the old one fulfils
the promises as stated in the data is a question of frequent debate among project
members. Nevertheless, two issues have to be dealt with. The first one is how to
compensate for the loss of weight as compared to data; the other is to compensate for a
difference in weight between two different tripods to be used, another difference which
was not indicated in old data. But why does numbers and data differ, what is the reason
of this loss of weight. Miriam hesitates;
It could be the steering gear, it could be the electro-panel, it could be the
motor or at least the yoke between the steering gear and the motor weights
less. […] So then we have started looking at this, if we can add weight
somewhere, and then we have to find a place on all our models, and that’s
what we’re going to try to find out now… (Miriam, 2001-03-29)
But maybe there are other things, not related to the weight of the stacker, which influence
its stability? Miriam is the one initiating this concern. The answer she gets from Dan is
that they are not even sure about the weight of the old stacker since there are different
ways of measuring, giving slightly different results. Either you hang the stacker or you
pose it at the weighing-machine at the quay, but then you have to calibrate it first. Dan
does not know for sure how this has been done for existing machines. Uncertainty seems
to be high, but a decision how to proceed, which at the moment does not include the
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solution of adding weight, is finally taken, if only to get an end at the discussion for the
time being.
Miriam: The question is if we should do something with the tripod.
Martin: I have a feeling that we should take a look at where to place a new
holder [in a try to make the tripod stiffer]
Inge: But is it only at those higher tripods that we need that or do you talk in
favour of putting one at 2.9 [the 2.9-metre-tripod] and up to 3.7 or 3.5?
Martin: I think that we let him test and then we can check the results and
evaluate if it is worth it, to put a holder on the others.
(2001-04-04)
The stability problem will have effects which scatter around the organisation, some of
these effects being trickier to handle than others. One of the effects has to do with the
way in which the target is stated and the confusion of what the stated target actually
means.

Are we changing targets?
Inge is not happy that he has to accept a solution which he finds inferior and clearly
below standards. The stability is not the only thing that he is disappointed with; he argues
that the ability to start in a slope and the speed has also deteriorated when compared to
the existing stacker.
This thing, that the capacity is worse because the old machine manages 1200
kilos and the new one only makes it up to 2.5 metres, and then we have
customers with old machines which can lift 200 mm higher. That will make
you come into conflicts. […] …there is a lot of screaming about those data,
that they are wrong, but tell me where the error is. You can’t just say that this
value or this speed is wrong, but tell me the right ones then. I’m not the one to
specify those values, but the product manager is. Now when we have
conducted tests and they show that we can’t make 0.19 but someone must
have given me those 0.19. In this case, there have been a lot of things said, but
no one knows for sure what is right and what is wrong. (Inge)
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Name:
Inge
Organisational affiliation:
Marketing department
Education and work experience:
“I’ve been working here for 30 years and I’ve had a lot of different tasks. I once started at the
mechanic work-shop and then I ended up at the order administration”
Inge has been the product manager of different stackers and has also worked as a project
manager, something which he didn’t like since project managers at that time could not
concentrate on the project but had different line responsibilities as well.
About project work:
“I think it’s good to work in projects. You learn a lot but then also everybody has to do their
piece of work. […] But if everybody does what he is supposed to do, then it’s great. In this
project, everybody does. Or at least that’s how I’m feeling about it”.

This discussion about stability, performance and existing data soon becomes a serial story
of the project. One of the reasons for that is that the discussion is related to the project’s
target and what project members are actually expected to achieve. These problems and
related discussions is an explanation to project members’ difficulties in specifying a
project target and their complaints that the project target seems to be negotiable. Miriam
is among those who suggested that “certain departments” have a tendency to propose
more functionalities along the way. Tomas’ argument is along the same lines:
Name:
Tomas
Organisational affiliation:
Manufacturing department
Education and work experience:
“I have a university degree in engineering and social psychology and came here two years ago as a
trainee. As a trainee I did a lot of different kinds of investigations at three different departments. I
had a look at painting, welding and assembling processes. We changed the whole process at the
assembly lines. I attended a few courses as well, project management and more specific training
courses, like learning how to use CAD for designing. Since then I have been at the manufacturing
department, having responsibility for manufacturing”.
About project work:
“It’s fun! You work faster I think and it’s clearly defined what to do. […] taken as a whole they
are rather long-lived and some of them tend to take a lot of time. Especially module projects. But
it’s fun, you get new contacts and it gives you some variation”.

I don’t think that it has ever been said, that “this is what we’re going to do”.
Or maybe it has, but it’s not very clear. It’s more like we’re going to develop a

88

new stacker but then it seems to be negotiable sometimes, certain
functionalities, even though it should be specified. (Tomas)
The target is stated not to include any raise of performance and that is the target which
has been informed about at the kick-off, so far most project members agree. But what
does it mean not to raise the performance in a situation when the performance of the old
stacker is perhaps, no one knows for sure, inferior than stated in, and expected from, old
data? Despite this confusion, project members suggest that they have reached full
consensus on the target. Martin is probably happy with such answers since he considers
that “the most important thing in order to reach a target is, first of all, that everybody
agrees upon it”. On the other hand, project members are unsure about the exact target
towards which to work, something which is clearly reflected in their different descriptions
of it.
[The target is] to make a stacker which meets market needs and which
customers want to buy so that we have something to produce. (Johan)
…we as consultants are not very informed about what the target is, but I guess
that the target is to develop a better, more adaptable stacker. (Albert)
Other project members, even if being explicit with their confusion, do not consider it to
be any problem at all since they have defined their own targets. In the same vein as when
they create an image of the project and its progress, this target is related to the role they
play in the project and not necessarily to the project as a whole. However, this does not
mean that different targets are in opposition to each other – rather they are
complementary.
I don’t find it difficult myself. I just have to draw and get it together as soon as
possible. Then there are others who have more responsibilities with regard to
that you could say. (Anders)
I will let Martin end this discussion about changing targets and the resulting confusion
among many project members;
When looking at it, it looks very easy. When starting the mechanical design
work and testing if you’re scoring the same stability and so on, then we
realised… Norms, the norms which we had to fulfil, the requirements, do not
correspond to today’s norms. Then we had to make quite a few changes after
all in order to reach today’s requirements. Despite this, we will not exceed the
performance level of existing machines. That’s very important, and everybody
has to realise those things immediately, or otherwise, it will come as a surprise
when it’s too late. Perhaps you think that you’re closer to the target than you
actually are. (Martin)
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The project is delayed
Project members are working intensively and many things, which have to do with the
stacker under development, are going on in different parts of the organisation. At project
meetings, project members continue to give their reports. No particular problems, except
for the stability of the new stacker, have occurred. However, due to the stability
problems, the project is delayed and as it seems the new stacker will not be launched
when planned. Martin has been to the PPC to discuss the “precarious situation” and the
project has to wait for a decision on how to handle it.
Martin: The problem is that if we are planning to start manufacturing our new
product here [in week 51], then, anyhow, we have to start selling machines that
do not exist. They are non-existing.
Torsten: We did that for [another machine] as well. Then we didn’t know…
Martin: Well…but this is even more obvious, it is, and it’s at executive level
now and next week, they will decide on how we are to do. Therefore, I can’t
schedule or anything. And if they don’t decide, the entering into production
phase will be delayed. If we continue to manufacture [the old machine] for the
rest of the year, that will take us here, this is roughly six months away. Broadly
speaking. Then if we start taking home material in week 21-22 when we release
the drawings then we won’t get away with it. It’s difficult to handle, but it’s not
our decision. But I won’t recommend PPC to sell new machines here. I don’t
find that we’re ready for that. (2001-04-12)
Whatever decision will be taken, it will have repercussions throughout the organisation,
where a lot of people are working with project-related issues, especially at the
manufacturing and order and administration department, with the aim of making the
organisation ready for the new stacker. At the moment, the most urgent actions to take
are constituted by finishing order and manufacturing structures and try these out, making
sure that orders are readily broken down into small sub-parts delivered in a correct
sequence along manufacturing and assembly lines. However, before the order and
manufacturing process can be tried out, all drawings have to be released, commented
upon and changed according to the manufacturing department’s requirements. Thus,
when not knowing if the project will be able to solve the problem at all, scheduling other
activities in a way which makes sense is a tricky undertaking. However, Martin concludes
by saying that production start-up is planned in week 51 until further notice.
Inge: As long as we get the same as today, the same capacity.
Miriam: I can’t guarantee that but that’s what we’re trying to do.
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Inge: That’s a requirement. Priority number one is that we reach the same
lifting heights as we have today. The other things, other capacities, well, we’ve
quarrelled about that. That’s OK, but I won’t accept more of those things. […]
Miriam: There will be one more thing and that’s the battery.
Inge: OK, but I can take that too. (2000-04-12)
Inge’s last statement provokes laughter around the table. Despite the misfortunes, and the
fact that Miriam announces that she is leaving the company, project members do not
seem down-hearted.

Talking design solutions
Beginning of May, Tage invites those representing the technical departments involved in
the project, Anders, Miriam, Niklas (who is going to replace Miriam in her role as
responsible for technical requirements), Tomas, Albert, Ingemar, Bengt, and Dan to a
design control meeting, with the purpose of discussing technical solutions; which
drawings are finished? Are they correct from a technical point of view? Which drawings
have been released as part of the ECO? Which comments have been given and which
changes have to be made? Many things are discussed, but without doubt, the stability
problem is in focus most of the time, and except from those problems, there is nothing
else which is considered to be critical or results in anxiety. On the other hand, the stability
problem is a big issue which threatens to overturn the whole project.
Miriam: […] when testing we have concluded that weights, extra weights in the
chassis would improve the stability. So we are underway with a new chassis,
with extra weight which we will try out.
[…]
Miriam: That’s a big issue…Otherwise, when it comes to standards, there is
nothing else that we are anxious about.
Dan: No, we are not anxious.
[…]
Miriam: […] But, on the other hand, the stability is critical. The marketing
department has let us know that if we can’t make it with the same capacity as
before… Then we can forget about this product.
[…]
Tomas: Then the question is how much it really takes. If it is correct… the
data.
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Miriam: Well, yes, OK, exactly… but we have no choice.
(2001-05-07)
Despite Miriam’s announcement that extra weights and a new tripod have been ordered
to secure new tests and that she is convinced that such a measure will improve the
stability of the stacker, project members keep on discussing the issue. Everybody presents
a new hypothesis as to the reasons and possible solutions of the problems. Are we really
sure that wedging won’t do? Could the sloping tripod be due to failing fixtures and
thereby be accounted for at the manufacturing lines? Is it possible to get any
improvements from another type of girder which shifts the centre of gravity if only with a
few millimetres?
As the tests have indicated that not all models of the new family of stackers are affected
by the stability problem, a decision to continue with those non-affected models is made at
the meeting. The implication of such a decision is that the project can release the ECO36
related to those models and the manufacturing structures can be finalised, pre-production
can be started and some of the older models can be phased out; the process of preparing
the rest of the organisation can continue and as it seems some models can actually be
launched according to plan. When it comes to the models with higher lifting heights,
nothing will be done until the end of June when Miriam and Tomas are expecting the
delivery of the new tripod and chassis with extra weight and a new prototype to be tested
can be built.
The stability problem is finally fixed. Using a new chassis with extra weight, a stiffer
tripod and new fixtures was the way to go about solving the problem. The unexpected
problem has resulted in a pro-longed process when new material had to be ordered before
verification series and pre-production series could be tried out and its repercussions could
be felt throughout the organisation even after the technical problem was solved in the
sense that time appeared to be a more critical resource than expected.

36

Martin explains the procedure in a mail: “ECO is the process of re-classifying drawings from being

preliminary to being ready for production. This means that we can start the final negotiations with our suppliers
and the manufacturing department can start preparing the production of the new product. We make sure that all
things needed are in stock, we test new fixtures, we test the order booking structure and such things. Normally,
this process takes 12 weeks but more often we have 16-18 weeks at our disposal.”
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Interacting to solve problems
When discussing problems, project members often refer to what they call “a gut feeling”
when proposing different ways to try it out. By comparing the new machine with older
ones and current situations with former experiences, project members evoke a “feeling”, a
sense of what is possible or reasonable. This had been the case also when dealing with the
stability problem. At a project meeting Dan makes reference to the “gut-feeling-way-ofworking”, talking about trying out “by ear”, almost as a musician.
Well, we can try it out by ear so to speak but it’s always good if somebody
could point out the direction. (Dan)
Name:
Dan
Organisational affiliation:
R&D department, quality and standards.
Education and work experience:
Dan has a Bachelor of Science in Engineering and has been employed at ProLift about four years.
He has been involved in the same kind of activities ever since he got employed.
“I’m engaged in testing as you say. That involves, in this project, verifying the quality, capacity
and security of the product, which is then given by norms and standards, that these have been
considered and to document this in a technical file that follows each product”.
About project work:
“…well, as I said, it has been more or less project-based work all the time…[…] It’s rather
interesting because you’re up-dated all the time. […] You get a feeling for the product, its
weaknesses and strengths […] That’s something which you wouldn’t get if you were focused on
just one thing at a time and that’s something positive, to get an overview and a better understanding
of the product”.

Most project members suggest that problems are probably the most frequently discussed
topic at meetings. Having taken a closer look at my transcripts, I come to the same
conclusion. Still, meetings are important with respect to problem-solving. Making sense
of a technical problem is a collective effort in the way that project members contribute
different pieces on the way towards its solution. When listening to Tage’s and Inge’s
descriptions of problem-solving activities, I start to think about it in terms of contributing
to a collective narrative which project members are able to consider and elaborate on
when working individually at their desks.
…you discuss and maybe you get an idea from somebody, what to look for.
(Albert)
There is often somebody who has thought a bit and then you sit down to
discuss in the team. Somebody says something and someone else says
something else and you think “AHA!”. That has to be done. (Tage)
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If somebody is sitting there having a problem, you almost always solve it.
There are others who say something and then you ask the next person and …
[…] so if somebody has a problem, then others contribute and try to help him.
(Inge)
While project members hold on to a description of project work as normally being
individual to its character, while talking about problems, most of them emphasise the
importance of the team. When it comes to problem-solving, the project team is
considered as a distributed mind to which all project members have access.
…you need the others in order to solve problems. That you can ask them.
(Hans)
Name:
Hans
Organisational affiliation:
IT department, electro-design engineer.
Education and work experience:
“…I started here in 1976. Back then, I worked at the experiment work-shop as we called it. […] I
stayed at the same department and built up an electro-laboratory. […] It was part of the design
department at that time. Then, in the end of the 80ties, I started working with electro-design. […]
My formal position at this moment is electro-design engineer and that is part of the Module
System’s unit”.
About project work:
“The Stacker project is relatively easy since we have this older machine and all that we have to do
is small changes [of the integrated drive system] in order to adjust it to this new stacker”.

…you know who is dealing with what and then if I have problems, I know
who to search for. That’s the good thing. That’s the use you can make of it and
then you can solve the problems faster. (Albert)
We should also notice that project work takes on another character when problems are
encountered, since when problems occur co-operation becomes close and people actually
sit down together. Most project participants emphasise the importance of face-to-face
interaction when solving problems. When giving accounts about problem-solving, they
suggest that they “are going down to” the person they seek.
…I had a problem with the hydraulics and the electrical stuff and then I went
down and talked to him [Hans] and so we discussed how to handle it and made
an easy drawing of the cables. And then I made a sketch for him and he got the
cables together and I made the CAD and then we got it working pretty well.
(Anders)
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Another sense of project work
During the autumn, the project seems to enter a new phase. This is not a formally stated
fact, the project is still in the development phase, but judging from the discussions at
project meetings, the focus is no longer on technical issues and problems. The project is
approaching the pre-production phase and project members give most of their attention
to issues of how to prepare the organisation, making it ready to sell and manufacture the
new stacker. To a large extent, technical issues have left the arena for the benefit of
another kind of issues which can be considered as being of more organisational character.
It is also at this time that project members realise that the project is delayed no matter
how they chose to define different events related to its time-setting.

Almost ready or becoming stuck in a vice?
When attending the first project meetings after the holidays, project members are
optimistic about what they have achieved. Torsten says that judging from the field testing
sites, everything works well and there are no complaints. Tomas gives a report from the
process of verifying the design solution and concludes that it all seems to be well coordinated and that “it doesn’t seem to be any problems at all”. Ingemar informs us that he
is ready with the manufacturing structures and Martin tells that he has checked the order
and manufacturing structures:
Martin: I have done some clearing work on two models and as far as I can tell,
the orders tumble the way they should. Most of it is OK, one model is not
perfectly correct but that’s due to the structure. […] Spontaneously, I would
say it works fine.
Miriam: We have Albert to thank for that.
Martin: Yes.
Albert: Well, I don’t know…
Martin: There is no doubt about it.
(2001-07-29)
Generally, project members give the impression of being ready or almost ready, only
some “small things” remaining and perhaps more importantly, things that they “know
how to deal with”. Inge is optimistic:
Inge: We’ve shown the machine to some potentates and the general impression
is that… It’s very positive. Actually a very positive reception, the only thing is
that [a customer] wishes a deeper cup holder.
Tage: OK, I can offer 10 mm immediately. (2001-09-06)
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However, another image of project work which seems to grow stronger during the course
of action can also be observed at the horizon. Dan informs that tests are planned until the
end of October, that the autumn will be “very hectic” and that priorities have to be made
between different tests if he will manage to give all performance data before the project
enters into the pre-production phase. Moreover, further problems related to the
fulfilment of the performance levels as stated for the old stacker have been encountered,
this time having to do with the speed.
Inge: We know what we have to live up to. That was decided in an early phase
so there is nothing to beg for.
Dan: Is it when it’s cold or when it has been running for some time?
Tomas: Of course it has to be warm.
Inge: But we’ve already decided at which height to put the bar [in another
project] and told customers that it doesn’t matter whether it’s cold or warm.
We can’t back off now, in this project and tell that the motor has to be warm
when we use the same motor.
Dan: But we have to discuss this speed thing somehow.
Martin: You have to go back to Mats with this and then you must call a
meeting.
Inge: I won’t step back a single millimetre.
(2001-10-04)
Tomas has some concerns about the fact that there has been no final decision made as to
when the launching of the new machine will take place, and how it will be handled; will it
be “a worldwide” or “a local”? The first alternative would make his life easier, since the
phasing out of the old machine can be handled all at once, while otherwise he has to plan
for manufacturing the old machine alongside the new one, a work which has not yet been
initiated. Martin informs that the pre-production phase has been delayed and a decision
seems to have been made to postpone it, the new deadline being set to week 48.
Martin: We will find ourselves stuck in a vice. The CEO will wake up soon […]
When this is starting to take more and more time and we’re approaching week
5, what will we do? I’m afraid that he will come back to me and say: We want
to order new machines.
Johan: Then you answer him that he can do that, delivery week 20.
Martin: I hope we will have an answer after the finishing of this verification
series.
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J: But you can’t know until the pre-production phase is finished, can you?
Martin: We’re hoping for…
Johan: But it’s not until we’ve finished the pre-production phase that we can
say that everything is OK when it comes to manufacturing.
[…]
Martin: We can’t give any guarantees…
Johan: But we have to stand by our case, don’t we?
Martin: Well…
Johan: So what is our case?
Martin: Of course it is that we can’t start manufacturing until after we’ve
finished the pre-production series. That’s why this is becoming serious, that
thing with the fixtures. (2001-07-29)

Defining delays
Stability problems have resulted in a delay when it comes to initiating the ECO routine
and verifying the manufacturing process and now, project members fear that the date set
for entering into production phase (i.e. week 51) has to be changed since the order and
administration department is already booking stackers to be manufactured in the end of
November and these orders have to be what project members refer to as “cut”, i.e.
customers must be able to place orders on the new stacker within a few weeks. However,
before all ECO:s have been released and finally fixed and the manufacturing process has
been verified, there will be no possibilities to start booking the new stacker. Therefore, it
is all about getting through with the pre-production phase. Martin tries to explain;
The pre-production series defines the mass-produced stacker. We’re not
allowed to manufacture the pre-production series with anything else than the
right tools, the right drawings. When we’re entering into pre-production, there
mustn’t be any failures. (Martin, 2001-05-18)
The pre-production series is undertaken not only to verify tools and methods, but it can
also be considered as a process of synchronising different parts of the organisation, all the
way down from the order and administration department to the manufacturing and
assembly lines. This process is about to be initiated at the moment, i.e. end of May 2001.
Ingemar: We’ve gone through all [drawings] and will release most of the ECO:s
next week, some of them have been released already and the rest will be
released next week and these we have gone through in such a way that
everything should be ready. We know what it’s all about. […]
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Martin: This is rather critical.
[…]
Martin: …but within some 14 weeks we should be able to start preproduction?
Ingemar: I can’t see anything speaking against it.
Beginning of autumn 2001, a formal decision has been made to postpone the entering
into pre-production phase until week 48, while the start of manufacturing is due to week
6, 2002.
Martin: […] The Company has taken the decision that the official start of
manufacturing will be in week 6.
Johan: That was what I was not allowed to tell in the beginning.
Martin: In my opinion we are quite far…but in order not to be delayed, they
will keep the deadline for starting manufacturing in week 51.
Johan: I can see that. But perhaps, it won’t be week 6 either.
Martin: No.
Thus, it stands clear to those involved that the project is delayed. Whether this was
actually the case or not is a discussion which has been devoted some time at previous
meetings. Project members have shown their creativity not only when it comes to
defining the notion of time-setting but also when it comes to their ability to count weeks
in a number of different ways. I do not think that they ever agreed on the issue. The order
and administration department was not helped by the creativity, they had to go on
booking the old stacker and wait until further notice with the “cutting”. Despite the
delays, the PPC, which has been given a report by Martin, are delighted with the project
team’s achievements.
Martin: They were very delighted. […] We were given due credits, all of us
working in this project, and that feels good. […] Now, we should not believe
that we’re finished. Changes will pop up, discussions during the way...
(2001-05-23)
Let be that customers at the field testing sites and the PPC are delighted; Martin is
concerned with the issue of how to explain the reasons of the delays to the rest of the
organisation, where the effects are clearly felt.
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Starting manufacturing
Beginning of October, Martin asks Tomas and Bengt to stay after the ordinary project
meeting since he needs to discuss a few things with them. The delay of the project causes
problems down the manufacturing and assembling lines where procedures to verify tools
and methods and pre-production series collides with other projects and orders which
have been scheduled in advance. These problems have a tendency to affect the same
people over and over again and they are working intensively at the manufacturing
department to handle it, trying to prepare the organisation, and due to this Martin has
called a meeting to inform the individuals affected and is now searching for support.
Martin: It is important that we have a common position that the project is not
that bad as it seemed at this meeting.
Bengt: Worst of all is that so many things related to design have been found
out during the journey, that there have been so many changes. That has
contributed to disruptions or we would have been manufacturing by now.
(2001-10-04)
Bengt argues that many problems were known of before the project even started and that
he tried at several times to make people aware of it. This is also a case that he has
presented during the interview, actually his view of project work differed from what other
project members told at the time.
Bengt: But I don’t give a damn about it anymore because I walk up at the
design department, to these men sitting on their high horses and they’re just
laughing a bit and then they walk away. Then it all comes to us anyhow.
Martin: But we do listen to you!
Bengt: Well, I can’t say you do.
[…]
Tomas: So the project is not that bad after all, that’s what you want us to say?
Martin: That’s up to you. The important thing is that we take the same
position. (2001-10-04)
Martin, Tomas and Bengt agree on how to handle the issue and what to inform
manufacturing engineers about.
Martin: But how should we handle this do you think?
Tomas: We’ll have to wait and see what remains to be done. I have certain
things and when have you planned to do it then? Working instructions, phasing
out of old material and so on…
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Martin: But now, you’re only counting a lot of things. Now, do like this: you
write it all down on a paper and then, taking into account your situation, you
write down how much time you need. You do the same, considering your
working situation, and then we present it, consider [another project], daily
work and so on and it will generate something and I don’t care if we end up in
week 7 or what, only that we have agreed on it.
It turns out that the manufacturing engineers to whom Martin speaks are keen to tell him
that the project is not that bad after all and that there are not too many problems when
trying to manufacture the new stacker. They tell him that this is “the best machine that
[they] have tried out for a very long time”. They probably have no choice but to accept a
heavy working load. The launch is on its way.

A successful launch
Middle of January 2002, I attend one of my last project meetings at ProLift. Since
October, project members have solved most problems and finished project work of more
routine character. The launch of the new stacker is initiated at some European markets,
Germany being the first one, and this also turns out to be the reason of Inge’s big smile
when entering the conference room.
Inge is happy to announce that the stacker has received a positive response when
presented to prospective customers at the German market. When servicemen and
customers were asked to try the new stacker in a number of situations and compare it to
competitors’ models, the stacker had been rated number one in several aspects. Its
stability was considered better than that of competing stackers and it was also considered
to run more smoothly. The price was said to be “OK” and the marketing department
expected the new stacker to become successful. Now, he is looking forward to introduce
the new stacker in the Netherlands and Belgium. The launch at the Swedish market is
planned for the first week in February and the first delivery to customer will take place in
week 19. The project is about to be settled and only a few documents remain to be
finished.

A happy end!
When the Stacker project was initiated, it had been stated that the new stacker should be
ready for delivery in week 5, 2002. However, problems related to the capacity and
functionality of the stacker occurred and increased the workload for many project
members and the project was delayed (the first stacker was delivered in week 19). The
other objective was formulated with regard to the production cost, which had to be
lowered by 5%. This objective was not achieved, something which was also attributable to
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the problems of reaching the capacity asked for. However, Martin did not consider this to
be a failure since the actual quality of the stacker exceeds the requirements of the project
specification, having in mind that data related to its predecessor were better than actual
values. At the same time, the budget had not been exceeded.
Project members also considered the project to have been a good one; some even
considered it the best project they had ever participated in. They concluded that good
relations had been established between project members and many appreciated the feeling
of being part of a team. Despite the heavy workload and a number of problems along the
way, project members had not had any conflict but instead taken own initiatives to find a
solution. Trying to find an answer to the question of why the Stacker project had been so
successful, Torsten suggested that the role of each project member had been stated very
clearly from the beginning. However, Martin did not consider that to be the case. Instead,
he suggested, a kind of “project culture” had developed which implied that much more
had been done “automatically”. He appreciated the fact that he did not have to push on
each and everyone to make things happen.
Project participants were not the only ones to be satisfied with the way in which the
project was undertaken. Project management had actually been asked by the board to
bring some of the project members to its next meeting in order to describe “the spirit of
the Stacker project”. When project members were told about this they started to laugh,
saying that they were not able to tell the reasons why this project had been so successful.
However, I pushed them on this, and asked what differentiated the Stacker project from
others. Their suggestions ranged from well-known components and technical solutions to
a consciousness of ways of working and a better integration of the manufacturing
department. Some project members suggested that my tape recorder had had a positive
effect on project work; no one wanted to be ashamed of project work at ProLift when a
PhD-candidate from the university found such an interest in recording everything that
was said…
No, but generally, you can say that if we continue to develop this way of
working, then I believe that it will prove very successful for ProLift. It’s a good
path that we follow even if there are always things that can be better done.
But… I believe that the direction is good. It feels that way and if you look on
how we have succeeded and compare to earlier, then I think it’s a good way of
working. (Torsten)
A few years after having finished my empirical study at ProLift, I still try to be up-dated,
having a look at their homepage and sending e-mails to Martin. It turned out that the
stacker sold better than expected from even the most optimistic sales scenarios and the
stacker family was therefore extended to include new models.
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CHAPTER 6
KNOWLEDGE INTEGRATION IN THE STACKER PROJECT
What mechanisms for knowledge integration were used in the Stacker case and what were the particulars
of its setting? In this chapter, I will restate my purpose from the introductory chapter to find out what we
can learn about knowledge integration from the Stacker project. First, I will discuss how knowledge
integration was achieved in the Stacker project. This discussion results in a model which captures the
dynamics of knowledge integration in the Stacker case. As I consider this model mirrors the peculiarities of
its setting, I will thereafter characterise the setting of the Stacker project in terms of its task characteristics
(Zollo and Winter, 2002) and its features of the relation between knowledge nodes (Grandori, 2001).

Knowledge integration in the Stacker case
Project members and managers were satisfied with the way in which the Stacker project
had been undertaken and regarded the project to be highly successful. They praised “the
feeling of being part of a team”, “good relations between departments”, “the project
culture”, as well as the fact that those involved had been committed and much work had
been done almost “automatically”. Generally, they were pleased with the “ways of
working” and suggested that it was the way for the future; but what, more exactly,
constituted those ways of working and how did they contribute (or not) to knowledge
integration in the Stacker project?

The absence of knowledge sharing efforts
Knowledge sharing and/or the establishment of a shared knowledge basis is regarded, if
not to be the essence of knowledge integration as suggested by Huang and Newell (2003),
then at least as an important activity of knowledge integration (see e.g. Nonaka and
Takeuchi, 1995). However, it was not easy to identify any efforts to promote knowledge
sharing in the Stacker case. Meetings, which could have been used as arenas for
knowledge sharing and the establishment of common understandings and interpretations
of project work among specialised project members, were used more as a means to keep
each other updated; at project meetings, members reported on project progress, delays
and problems encountered. Sometimes project meetings were used to share experiences
and it seems reasonable to assume that some interface learning among specialists
occurred. However, it did not appear as if a communal and project-specific knowledge
basis was established as a result of this limited interface learning.
Project members did not have much contact in between project meetings unless
unexpected problems were encountered. It was when problems occurred that project
members called their fellow team members for an ad hoc meeting and undertook
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activities which could have resulted in knowledge sharing among them. Judging from
project members’ accounts of project work however, these occasions were quite rare. It
should also be noted that at those occasions when project members’ interaction and
communication did result in interface learning, learning did not concern the whole project
team, but rather a few project members who were “interested in what’s going on at the
other side of the fence, at [their] neighbours place” (Dan). Moreover, I would not suggest
that this learning took place in such a way that they all shared the same knowledge but
rather in such a way that they learnt what problems would be encountered by their fellow
team member if they forgot to take into account a particular aspect when solving their
own problems. Thus, project members learnt how to take other project members’
perspectives into account when conducting their own work, but this did not lead to the
establishment of a common knowledge basis. Due to the general level of functional
knowledge involved in the Stacker case, more communality or shared knowledge could
have been achieved rather easily, but that would have come at a cost and was obviously
not considered necessary.
A low cost alternative during the circumstances described above would have been to
establish a transactive memory system (Wegner et al., 1991). A “transactive memory is a
shared system for encoding, storing and retrieving information” (Wegner et al., 1991:923)
that enables project members to draw upon each other’s knowledge without sharing it.
Meetings can be important as arenas where such transactive memories are established
since they offer occasions where individuals can learn who knows what. As a matter of
fact, project members sometimes acknowledged the importance of meetings in order to
find out who knows what; “I know who to ask if I have questions […] Then I know from
the beginning. I don’t have to ask who is working with what. If you are present at the
meetings then you know who is dealing with what and then if I have problems I know
who to look for. That’s the good thing. That’s the use you can make of it and then you
can solve the problems faster” (Albert). At many times, however, the primary purpose of
contacting each other was to inform each other about problems rather than to access each
other’s specialised knowledge37. To the project member who was informed about the
problem, the information signified that corrective action had to be taken, e.g. that s/he
had to reconsider a particular solution taking the new circumstances into account; it did
not signify that a transactive memory system was in place.

37

I do not want to suggest that there were no occasions when project members wanted to access their team

members’ specialised knowledge but these occasions were rare.
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There are also other circumstances which do not support the transactive memory option
in the Stacker case. I doubt that project members would feel comfortable with an
interpretation in favour of the transactive memory option and emphasise that they had no
formally established or truly “shared system for encoding, storing or retrieving
information” like the ones described by Wegner et al. (1991) or Lindkvist (2004). It also
takes time and closeness to informally foster transactive memory systems (Wegner et al.,
1991). In the Stacker case, too many participants had been around too short a time. For
example, taking a look at the technical core, it can be noticed that Miriam had only been
employed for two years, that the two design engineers were in-sourced consultants and
that Tomas had recently finished his university studies. To this we must add the fact that
project members were not co-located and therefore had rather few opportunities to foster
close relations. Thus, the transactive memory system as a means for knowledge
integration does not seem to be a suitable explanation in this case.

A vaguely defined target
In the Stacker project, there was a clearly stated target set a priori but most project
members could not give a clear account of the project’s target and some noticed that
there seemed to be room for “negotiations” as to the functionalities targeted. While all
project members said that it was important to have a shared target, no one asked for
efforts to be made to clarify goals or to set up a hierarchy or sequence of sub-goals. Some
project members believed that other team members had a more clear view of the goals,
but suggested that for themselves they were content with the knowledge that they were
going to build “a better stacker”. As a matter of fact the “better-stacker-goal” constituted
the shared target. However, this is hardly the kind of clearly stated project target that is
advocated in product development and project management literature as a means to
achieve activity and knowledge integration.
If we consider how absurd the opposite formulation of the “better-stacker-goal” appears
– i.e. to build an inferior stacker – it appears as if project members’ shared target makes
no sense. Still, it did contribute to the project members’ feeling that there was a shared
target and that they were engaged in teamwork. In my opinion, the target functioned as an
objective ideology (Brunsson, 1982b) which was vital in bringing about the motivation
and commitment necessary for getting things done. An objective ideology is defined a set
of “ideas which are shared by all organizational members and which afford common
bases for discussion and action [that makes] it easier for people to agree on what
objectives to pursue, on what action alternatives hold promise, and on what outcomes are
probable. Ideologies afford short-cuts in decision making” (Brunsson, 1982b:38).
In the Stacker case, all the project members shared the representation of the “betterstacker-goal” and it therefore contributed to an action orientation among those involved.
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At the same time however, the target was sufficiently underspecified and open-ended to
allow project members to hold individualised interpretations of what improvements were
most needed or which way was the best to go in order to achieve the “better-stackergoal”. Individualised interpretations were based on the role that each project member had
in the Stacker project and resulted in individual sub-goals (which were also vaguely
defined). In summary, the project target as it was interpreted by project members did not
appear to be very helpful as a means of activity and knowledge integration though it was
highly beneficial as a means of bringing about action orientation.

The prominent role of individual work and idiosyncratic routines
A striking feature of the Stacker project is the almost unanimous view that most work was
carried out by individuals working alone. Moreover, many of them used the term
“routine” to describe their everyday project work. But what did they mean by that? Quite
obviously, they did not refer to explicitly stated or formalised rules like those discussed by
Thompson (1967) or Perrow (1970), nor to the kind of tacit organisational routines
discussed by Grant (1996a:379) and which consist of “sequential patterns of interaction
which permit the integration of their specialized knowledge without the need for
communicating that knowledge”. Instead, I suggest that their usage of the term “routine”
amounts to saying that their work is guided by individual tacit routines38 and that such
routines are better conceived of as skills (Nelson and Winter, 1982) or automatic
knowledge (Spender, 1996).
Nelson and Winter (1982:73) suggest that “skills are programmatic, in that they involve a
sequence of steps with each successive step triggered by and following closely on the
completion of the preceding one. Second, the knowledge that underlies a skilful
performance is in large measure tacit knowledge, in the sense that the performer is not
fully aware of the details of the performance and finds it difficult or impossible to
articulate a full account of those details. Third, the exercise of a skill often involves the
making of numerous ‘choices’ – but to a considerable extent the options are selected
automatically and without awareness that a choice is being made”. Since the routines that
we are talking about here were individual and tacit, wouldn’t it be useful to articulate
some of them or to rely on more communication- and interaction-intensive mechanisms

38

Project members also use the term to suggest that project work is routine work (i.e. to categorise the kind of

work and tasks that they are undertaking) and therefore, in essence, not different from any other kind of
everyday work that they conduct and which is not project-related.
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to take care of all the technical interdependencies that exist? After all, this was a project
where reciprocal interdependencies existed.
It would have been possible to articulate those tacit individual routines, but such
articulation might have been less feasible and even counterproductive. Whether to
articulate or not is an issue of costs; Nelson and Winter suggest (1982:82, emphasis in
original) that “whether a particular bit of knowledge is in principle articulable or necessarily
tacit is not the relevant question in most behavioural situations. Rather, the question is
whether the costs associated with the obstacles to articulation are sufficiently high so that
the knowledge in fact remains tacit”39. In the Stacker case, the choice, deliberately or not,
was not to articulate the tacit knowledge underpinning those individual routines, nor to
articulate the routines as such. Second, members of the project knew from experience
when the situation required them to initiate an ad hoc meeting with a colleague in order to
collectively take care of a problem. This is to say that they had individual tacit routines,
which were initiated as a response to a situation calling for collective action. In this way,
individual tacit routines worked in favour of more communication- and interactionintensive knowledge integration mechanisms when needed.

The role of complementary meetings and ad hoc problem-solving
Schwartzman (1987:288) argues that meetings organise anarchy and “produce
organization”, a suggestion that is useful as it contributes to improve our understanding
of meetings in the Stacker project and how they contributed to knowledge integration.
Project meetings were important as arenas where the “better-stacker-goal” was
introduced. The “better-stacker-goal” offered a general sense of having a communal goal
and being part of a team and this fostered commitment and willingness to integrate
different knowledge bases. As it has already been suggested, the low degree of specificity
and open-ended nature of the “better-stacker-goal”, allowed project members to hold
individualised representations and sub-goals which were related to their role in the project
and thus, were not complete. While these representations offered guidance and action
orientation, the risk of resulting “anarchy”, to paraphrase Schwartzman (1987), also
appears to be obvious. To avoid this, the different interpretations, perspectives and

39

It should be noted that Polanyi regarded tacit knowledge not to be the counterpart of explicit knowledge, but

rather an integral part of all knowledge and therefore, it might be questioned whether the kind of transformations
suggested by e.g. Grant (1996b) would be possible at all.
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experiences of the project members needed to be traded and negotiated and project
meetings offered an arena which fulfilled these needs.
Project meetings were described, among other things, as instruments of control and
instances of information transfer. While most meetings did not focus on lengthy
discussions aimed at problem solving or the establishment of a shared knowledge basis or
understanding, they did focus on reporting what was going on in different parts of the
project and on the reporting of experiences. Such reporting constituted a way of aligning
expectations about the actions of others which facilitated concerted action. This is
illustrated in the following quotation; “It’s not more than to know about the problem.
And then if you do some part that is related to that part…then you start thinking: is there
any point in continuing before we have done further testing of something else?” (Anders).
Thus, the reporting of problems and experiences provided instances where everybody
could check whether the creativity of their own endeavours was in line with that of fellow
team members, e.g. in terms of content and timing. It also follows from the above
quotation that when listening to stories told by their colleagues, project members were
helped to come up with new ideas, intriguing questions and hints about solutions. Once
again, I would like to quote Schwartzman (1987:288) when she suggests that “a meeting
thus provides individuals with a way to create and then discover the meaning of what it is
they are doing and saying…”.
The reporting of problems encountered resulted in project members trying to reach
consensus as to what impact these problems had on the way in which the project work
should proceed. When such consensus had been established, project members were able
to contribute their activities and knowledge to the project in a way which was beneficial
for the project as a whole. However, shared meaning or knowledge was not the result of
these meetings, e.g. it sometimes happened that project members had to accept the
interpretation of the project team even if it did not correspond to that which made the
most sense from their own perspective. However, the interpretations agreed upon at
these project meetings put constraints on each project member’s ability to act and helped
them to avoid anarchy.
Regular project meetings were not always a suitable arena for dealing with unexpected
events and problems since time-limited meetings are not appropriate for dealing with indepth problem-solving activities which involve complex knowledge exchange (Hansen,
1999). I rather suggest that the consensus which resulted from these project meetings,
together with project members’ perception of the “better-stacker-goal” and their tacit
foreknowledge of the stacker, enabled them to solve problems elsewhere, i.e. on an
individual basis, while still paying attention to the project as a whole. When unexpected
problems occurred however, ad hoc problem-solving meetings were called by project
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members. Such meetings were different from regular project meetings in that feedback
reporting and consensus reaching was not their primary focus – these meetings were
aimed at solving a problem by means of co-application of different but complementary
knowledge bases. Apparently, project meetings and instances of ad hoc problem-solving
predominately contributed to knowledge integration using the mechanism of articulation.
At the same time however, the significance of what was said and exchanged at these
arenas calibrated the tacit knowledge accumulation of the individuals involved, allowing
them to update their representations of the stacker under development and act
accordingly.

A role for the Stacker artefact
Project members repeatedly maintained that they knew what a stacker was; they described
how they went down to have a look at an old version of the stacker or took a look at
drawings of stackers when problems appeared. Moreover, at project meetings, discussions
were often centred on stackers; without having any drawings or sketches of stackers at
hand, project members talked about different stacker parts and sub-systems, what they
looked like or where they were placed at different families and versions of stackers and
how different parts and sub-systems were related to each other. Thus, there existed
explicit and codified knowledge of the stacker that could constitute vital input for
generating a guiding mental representation. Obviously, project members also had such a
clear mental representation of a stacker which enabled them to talk about stackers in a
meaningful way even when a stacker was not physically there. This kind of knowledge of
a stacker guided them in identifying interdependencies among different parts and subsystems and thereby knowing which actors and departments needed to be involved to
solve a particular kind of problem once it occurred.
I suggest that project members had access to a significant amount of explicit and tacit
knowledge of previous stackers. However, I would also like to suggest that project
members had a significant amount of tacit knowledge about the stacker yet to be
developed. This is to say that they had “tacit foreknowledge” of still non-existing stackers
and as it is suggested by Polanyi (1966:23); “…we can have tacit foreknowledge of yet
undiscovered things”. Since the focus of ProLift is on developing, manufacturing and
selling warehouse trucks, it makes it only natural for its employees to consider more or
less deliberately how various aspects of warehouse trucks, including stackers, might be
improved; i.e. individual employees were continuously engaged in trying to solve what
they identified and perceived to be problems. According to Polanyi (1966), to experience
a problem is to have “foreknowledge” of its hidden implications and such foreknowledge
fosters motivation and commitment.
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Kreiner (2002) has used the concept of tacit foreknowledge to explore how artefacts and
non-existing products can contribute to co-ordination and knowledge integration in
product development projects. Kreiner (2002:116) suggests that “this tacit existence, and
this type of foreknowledge of products yet to be invented, is important in one particular
sense, namely that it may organize people and co-ordinate efforts in the new product
development process. […] Tacitly existing objects may, possibly to a lesser extent, unify
perspectives and order the ways of relating to it. Part of such relating to a tacitly existing
product may be the search for ways of making it more real, which may entail a common,
inspired search and mobilization across fields, communities, organizations and
departments” (also see Kreiner and Tryggestad, 2002). The tacit foreknowledge of the
stacker contributed to an ability to communicate and relate to the stacker under
development in a way that made sense to those involved; there are numerous examples
from meetings cited in the empirical chapter which point towards such an interpretation,
e.g. occasions when project members compared the stacker under development with
older stackers. Probably, the knowledge that project members had of previous stackers
was also of vital importance here, but without the existence of tacit foreknowledge of the
stacker to be developed, and what to consider being problematic with respect to its
development, such comparisons would have been impossible to make. Moreover, tacit
knowledge of previous stackers and project development projects, in combination with
their foreknowledge of the stacker to be developed, the artefact, seem to have fostered,
within and between individual project members, a sense of when to work alone and when
to incorporate team members in problem-solving activities.
I suggest that the existence of the stacker contributed to the establishment of a
foreknowledge structure with a non-neglible degree of sameness which triggered
subsequent spontaneous interaction in bringing the stacker into material existence.
However, as it has been suggested earlier, ad hoc interaction was rare and members of the
Stacker project had quite specialised tasks and responsibilities. While the depth of
functional knowledge was limited and did not in principle preclude the possibility of
establishing a more communal knowledge basis, be it tacit or explicit, there was little
effort to promote such communality or sameness. Hence, although tacit foreknowledge
and the stacker artefact were important, it is reasonable to assume that the foreknowledge
accumulated by project members working alone was, to a considerable extent, both
individual and idiosyncratic.
To summarise, I suggest that the stacker artefact contributed to tacit foreknowledge of
the stacker to be developed, facilitated a meaningful communication among project
members and enabled project members to establish a representation which guided them
in their individual work. Thus, the stacker played an important role both at meetings and
when the project members worked individually.
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A model of knowledge integration
Before turning to the task of characterising the setting of knowledge integration in the
Stacker case, I will briefly summarise the discussion so far. While it appears that shared
and project-specific knowledge bases and transactive memory systems are of limited
importance when it comes to knowledge integration in the Stacker case, the impact of a
shared target, the stacker artefact and tacit foreknowledge appear to be significant. The
better-stacker-goal worked as an objective ideology (Brunsson, 1982b) to promote
motivation and commitment while the stacker artefact and tacit foreknowledge enabled
project members to communicate in a meaningful way and thereby contributed to coordinated efforts (c.f. Kreiner, 2002), at both meetings and when working individually
with project related tasks.

Feedback
reporting

Meetings

Contribution

Individual
work

Consensus
reaching/problem
solving

Routine
work

Representation

Figure 6.1. A model of knowledge integration.

Much project work was undertaken individually and described as routine work, i.e. equal
to any other everyday work whether project-related or not and based on individual tacit
routines. However, meetings and ad hoc problem-solving activities were also significant in
explaining how knowledge integration was achieved in the Stacker case. This is to suggest
that routine, individual work and meetings were complementary mechanisms in bringing
about knowledge integration in the Stacker project.
As I have discussed, project meetings were used to communicate project goals and to
report on the progress and problems encountered. Thus, meetings may be considered of
as being a means of keeping each other informed. I will use the term feedback reporting
when referring to the information and experience exchanged at meetings. Feedback
reporting enabled project members to align their own expectations and endeavours with
that of fellow team members and thereby facilitated concerted action. Furthermore,
project members shared their interpretations of the situation and tried to reach consensus
on the problems encountered and how these impacted on the way in which the project
work should proceed.
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Feedback reporting and agreed interpretations of the situation provided project members
with material for grounding a representation of the project as a whole. This
representation, together with the stacker artefact and the project members’ tacit
foreknowledge of the stacker to be developed, enabled project members to take a systems
perspective, both when they worked alone and when they called relevant project members
to an ad hoc problem solving meeting. This is to say that this representation guided
project members in their everyday individual and routine work and enabled them to
contribute with actions that made sense to the project as a whole (see figure 6.1. above).

Characterising the setting of knowledge integration
The model of knowledge integration given in the previous section highlights the
importance of both individual work based on tacit skills and the need for processes
involving face-to-face encounters and knowledge articulation. These features should be
considered contingent outcomes as they mirror the preconditions of knowledge
integration which are specific to the Stacker project. In order to identify the particulars of
the Stacker case setting, I will focus on the task characteristics presented by Zollo and
Winter (2002) and the various characteristics of the relation between knowledge nodes as
presented by Grandori (2001).
How does the Stacker project score on the task characteristics presented by Zollo and
Winter (2002), i.e. task frequency, task heterogeneity and causal ambiguity? As was
suggested, task frequency refers to how often a task is executed during a specific period of
time (Zollo and Winter, 2002). Evidently, task frequency was high in the Stacker case;
new warehouse trucks, including stackers, were developed on a regular basis and the
projects assigned the task of developing a new warehouse truck were relatively short –
lasting for one year on average. Moreover, projects as a means of organising development
activities were common within the organisation, and members of the Stacker project were
familiar with how to work in projects. Thus, with respect to the frequency of the task, it
can be concluded that it was possible for project members to retain lessons learned from
previous, similar, projects and therefore to rely on tacit experience accumulation and the
resulting individual routines (skills) to integrate their knowledge.
Task heterogeneity refers to “the variance in the characteristics of the task as it presents
itself in different occurrences [and] the issue here is that individuals have to make
inferences as to the applicability of lessons learned in the context of past experiences to
the task presently at hand” (Zollo and Winter, 2002:347-348). In the Stacker project, task
heterogeneity was low; project members were often able to apply previous experience in
carrying out their tasks and previous technical solutions, represented in existing stackers,
were often used as templates in both individual and interactive settings. This is to say that
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although the Stacker project presented some new challenges, e.g. the implementation of
an electronic steering system, lessons learnt could often be re-contextualised and applied
in the new case. More generally, in the prevailing setting, earlier experiences were valuable
since there was little risk of generating “inappropriate generalisations” (Zollo and Winter,
2002:348). Therefore, if considering task frequency and task heterogeneity alone, there
was little need for expensive face-to-face contact or for project members to engage in
activities that “divert attention away from day-to-day operations” (Zollo and Winter,
2002:347).
Causal ambiguity, according to Zollo and Winter (2002), refers to the degree of clarity in
the relationships between actions and decisions taken and their outcomes, where a high
number of interdependent subtasks and a high degree of simultaneity among them, tend
to obscure cause and effect linkages and thereby contribute to causal ambiguity. In the
Stacker case, there were numerous technical interdependencies which generated
interdependencies between subtasks. Generally, these technical interdependencies and
causal relationships were fairly well-known and some of them were dealt with by resorting
to a hierarchical decomposition of tasks, but there was also a need for meetings and ad
hoc problem solving instances. Furthermore, causal relationships and interdependencies
between subtasks were obscured by project members’ reliance on individual tacit routines
and tacit foreknowledge of the stacker artefact. As suggested by Grandori (2001:392),
such ‘tacitness’ constitutes a major component of epistemic complexity, which has been
operationalised as “the difficulty of observing phenomena and diagnosing cause-effect
relations”. I suggest that this ‘tacitness’ contributed to causal ambiguity in the Stacker case
and that the project would score relatively high on causal ambiguity. The discussion so far
is summarised in table 6.1. below.
Task characteristics
Frequency
Heterogeneity
Causal ambiguity

The Stacker case
High
Low
High

Table 6.1. Task characteristics in the Stacker case.

As Grandori (2001) stresses, it is important to consider features of the relation between
knowledge nodes to understand how knowledge integration can be achieved. Turning to
the Stacker project, how can the relation between knowledge nodes be categorised along
the dimensions of knowledge differentiation, knowledge complexity and conflict between
interests?
The degree of knowledge differentiation is at the heart of the knowledge integration
problem as it generates communication impasses. As a result of increasing knowledge
differentiation, “the possibility of mutual understanding, of succeeding in decoding the
messages, of utilizing the knowledge of others, decreases…” (Grandori, 2001:390).
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Grandori (2001:390) suggests that knowledge differentiation includes “diversities in
language, in the perception of relevant information, in the theories and practices used,
and in the categories of results pursued”. In the Stacker project, there were few diversities
in language; project members seldom used any form of technical language which was not
understood by their fellow team members. And while there were differences between
departments and project members involved as to the theories and practices used, there
were no differences regarding project members’ perceptions of relevant information or in
the categories of goals that they pursued as members of the project. I suggest that the
Stacker project involved a low degree of knowledge differentiation.
Knowledge complexity is a concept which lacks a formal definition but which, as it has
been suggested, is composed of computational complexity and epistemic complexity
respectively. As it has been suggested elsewhere (see chapter two), the notion of
knowledge complexity overlaps with that of causal ambiguity with respect to the concept
of computational complexity and its emphasis on “the number of elements and symbols
and of the possible connections between them” (Grandori, 2001:391). If the task features
a high number of interdependent subtasks and a high degree of simultaneity among them,
the knowledge about these interdependent subtasks, which has to flow between
knowledge nodes, involves many elements and symbols (c.f. Tsoukas and Hatch, 2005)
and this knowledge is therefore difficult to store, transfer and share. With this line of
argument, as the project scores high on causal ambiguity, it also scores high on
computational complexity. Moreover, I suggest that the Stacker project scores high on
epistemic complexity due to its extensive reliance on individual tacit routines and tacit
foreknowledge, something which contributes to difficulties in “observing phenomena and
diagnosing cause-effect relations” (Grandori, 2001:392). This is to say that knowledge
complexity appears to be high in the Stacker project.
Finally, Grandori (2001) argues that conflicts in interests and judgements have an impact
on the feasibility of various knowledge integration mechanisms. In the Stacker case,
however, there were no such conflicts; project members had a common interest to
develop a better stacker and they agreed as to what constituted a better stacker. Thus, I
consider that the level of conflict was low in the Stacker project. The Stacker case’s score
on the features of the relation between knowledge nodes is summarised in table 6.2.
below.
Knowledge characteristics
Knowledge differentiation
Knowledge complexity
Level of conflict

The Stacker case
Low
High
Low

Table 6.2. Characteristics of the relation between knowledge nodes in the Stacker case.
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Discussing knowledge integration in the Stacker project
Compared to the framework presented by Grandori (2001), the Stacker project - scoring
low on knowledge differentiation and conflict respectively - came close to ‘the simple
situation’ when any knowledge integration mechanism is cognitively feasible and the
choice depends on cost considerations only. However, the situation was complicated by
the fact that epistemic complexity prevailed, which means that mechanisms that rely on
articulated knowledge are ruled out. Instead, Grandori (2001) suggests, in situations of
high knowledge complexity, communities of practice constitute a viable solution to the
problem of knowledge integration. While Grandori (2001) proposes no formal definition
of a community of practice, Lindkvist (2005:1194) argues that a community of practice is
a “tightly knit and affect-laden social structure” that is cognitively “characterised by a
‘high degree’ of shared understandings and shared repertoire”. Furthermore, Lindkvist
suggests that its members have been “practicing together long enough to develop into a
cohesive community with relationships of mutuality and shared understandings”.
Communities of practice build on the idea that epistemically complex knowledge
is/should be shared between its members, but members of the Stacker project did not
extensively engage in such knowledge sharing efforts or considered such knowledge
sharing to be necessary. Furthermore, as project members had not worked together for
any longer period of time, a deep sense of cohesiveness or a “tightly knit and affect-laden
structure” (Lindkvist, 2005:1189) had not been established between them. Thus, the
Stacker project did not rely on a community of practice to achieve knowledge integration.
Another possibility in cases when epistemic complexity complicates the situation, is to
rely on “smaller sized, team-like coordination, with limited knowledge-exchange but coapplication of differentiated-competences for a common task” (Grandori, 2001:394).
While Grandori (2001) does not offer any formal definition of a team (as a matter of fact
she is talking about “team-like coordination”), in much literature, collective features such
as extensive knowledge sharing and the reliance on more or less constant interaction are
often mentioned as characteristics of a team (see e.g. Katzenbach and Smith, 1993). In my
view, members of the Stacker project exhibited few characteristics of a team as so
defined. While interactive instances such as project meetings and ad hoc problem solving
meetings were important, I consider them to be complementary to individual work and
contributions.
Now, turning to the framework presented by Zollo and Winter (2002), what
preconditions for knowledge integration emerge from the task characteristics of the
Stacker project? When the task features high frequency and low heterogeneity, the
effectiveness of tacit experience accumulation as a knowledge integration mechanism will
be higher than that gained by using articulation and/or codification. However, when the
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task exhibits high causal ambiguity, the inverse relationship is hypothesised. In cases when
high causal ambiguity prevails, Zollo and Winter (2002:348) argue, deliberate cognitive
efforts, i.e. articulation and codification, must be applied to uncover technical interdependencies and “action-performance relationships”. While project members did rely to
some extent on articulation, I rather suggest that it was based on their tacit knowledge
and mental representations of the stacker artefact that they were able to identify causal
ambiguity and initiate a relevant response such as calling for an ad hoc problem solving
meeting with one or a few project members. This is to suggest that project members’ tacit
knowledge and mental representations of the stacker artefact enabled them to achieve
efficient knowledge integration by means of iterating between meetings and individual
work based on idiosyncratic routines. With respect to Zollo and Winter’s framework, I
suggest that it is useful as an analytical tool for each task dimension, but that it does not
however, suggest any effective knowledge integration mechanism in situations where not
all task characteristics are uniform in terms of their implications.
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PART III

CHAPTER 7
WORKING WITH DEVELOPMENT AT POWERCO.
Based on intranet documentation and interviews, this chapter aims at giving a description of the way in
which development projects at PowerCo are organised and managed. Taking off in a general description of
the functioning of a steam turbine, which is the product being developed in the Turbine project, the chapter
also covers the organisation of development projects in general, including project guidelines, as well as a
more detailed description of the set-up of the Turbine project.

What is a steam turbine?
Turbines exist as gas and steam turbines.
Steam turbines are used for industrial
applications as well as for the production of
electricity for commercial purposes, for
instance in power plants. They range from
small (30-40 megawatt, MW) and medium
(50-150MW) to large ones (150+MW).
Steam turbines can be used either in a steam
Figure 7.1. Steam turbine from a combined cycle
turbine power plant (STPP) consisting of
only one or several steam turbines or in a combined cycle power plant (CCPP), consisting
of one or more gas turbines and a steam turbine as the last stage in the power generation
process. Furthermore, steam turbines may work with low pressure or high pressure,
accordingly, we may speak about LP-turbines and HP-turbines.
Denis, one of my friends at the 5th floor explains the functioning of a steam turbine:
The steam cycle, i.e. the process in which water is heated up and converted
into steam, then cooled down and transformed into water, is the guiding
principle for the functioning of a steam turbine. A boiler is used to heat the
water and transform it into steam which is led into the turbine by pipes. When
the steam enters the turbine, its temperature is high and its volume low.
However, when reaching the exhaust area the temperature has decreased at the
same time as the volume of the steam has expanded approximately a 100 times.
The steam is now led out of the turbine, cooled down and transformed to
water, which is then reheated in the boiler, transformed into steam and led into
the turbine. (Denis)
Briefly described, the steam turbine consists of a rotor with rotor blades, which starts to
rotate from the pressure of the steam. The rotor transforms the thermal energy of the
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steam into mechanical energy driving the generator to which the turbine is connected.
The generator, or the “brake of the turbine” as the aero-guys consider it, transforms the
mechanical energy into electrical power that can be used by industries and households.
The turbine is placed in an inner casing, which expands to account for the fact that rotor
blades closer to the exhaust area are much longer than those at the inlet area. While the
principle of converting water into steam and thereby converting thermal energy into
mechanical and finally into electrical power is rather simple and easily comprehended, the
competencies needed to develop such a turbine are sophisticated.
There are a lot of things which have to be considered when developing a well-functioning
and efficient steam turbine, e.g. issues of aerodynamics, design and mechanical integrity.
Furthermore, issues of manufacturing, assemblage, serviceability and cost have to be
considered. During the process, project members have to handle a number of
contradictory demands. For instance, while rotor blades at the inlet area are always
equipped with shrouds in order to reduce losses, rotor blades at the exhaust area are
several times longer, less compact and objects to more frequencies. Thus, putting a
shroud at the end of such a blade will surely contribute to better efficiency but is less
suitable from a mechanical integrity (MI) point of view since it results in high material
stresses, having impact on the perseverance of the turbine. Thus, while understanding at a
more general level how a steam turbine works is rather easy, accomplishing the
development of such a turbine requires integration of highly specialised knowledge bases
and may well be considered a complex task from a technical as well as and organisational
point of view.

Managing development projects
Resources to development projects at PowerCo are provided from the organisation’s
R&D departments at different locations throughout Europe. It is explicitly stated as a
goal “to make optimal use of available resources regardless of their location”, which
sometimes contributes to difficulties co-ordinating project work. However, the main part
of the Turbine project is located at the R&D unit in Switzerland, and individuals from
other locations are involved only occasionally, contributing with “well-defined work
packages”.
The R&D department is divided into subunits and subgroups (see figure 7.2.), all of
which have an appointed manager and a group leader respectively. Therefore, project
managers have to negotiate personnel resources with different managers and considering
the general lack of personnel resources and different managers’ wishes and priorities, it is
sometimes difficult to have continuity with regard to project members throughout the
whole or even parts, of project work. It should be said however, that even though there is
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a general lack of personnel resources and a number of development projects going on, the
core team of the Turbine project remained the same during the stages of project work
studied. Individuals not formally being part of the project were also frequently engaged to
undertake specific work packages.
The organisation of a development project consists of a steering committee (STECO), a
sponsor who supports the project manager in STECO-related issues, a design review
team, a project manager and the project team. STECO is composed of the steam turbine
business manager and the heads of the R&D, retrofit, engineering, sales, marketing,
quality, tendering and manufacturing departments respectively and is responsible for
setting priorities between projects, allocating budget and time resources, approving
technical solutions and releasing the next project phase. A design review team embodying
experts from any level within the organisation is called in when needed in order to review
technical solutions.

Steam
Steam
turbine
turbine

Engineering

Quality

Design

Aero/thermo

Design I

Aero-design

R&D

Mech./blades
MI I

CH

Design II

Tools

Other site

Design III

Cycle

Blade support

Other site

Tests

Steam Path

Other site

Aerolab

Material I

Retrofit

I&C

Sales

Process/IT

Experts
Experts

MI II

STECO
STECO

Mech Lab

Figure 7.2. The different subunits and subgroups of the R&D department, those groups involved in the project
being indicated.

Development projects’ guidelines
The Development Projects’ Guidelines (DPG) is based on the experiences of project
managers in the steam turbine business and one of the formal devices that is used to
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manage the Turbine project. The objective of the DPG-procedure is “to ensure that large
development projects of ST40 are planned and controlled, to achieve an efficient
development of market-conforming products with known risks”.
The DPG consists of checklists and process charts which define the activities to be
undertaken at different stages of project work as well as their expected outcomes. Though
at first sight, it gives the impression of being applicable at a rather detailed level of project
work, it gives no guidance for everyday project work and most project members ascribe
little importance to the DPG as a procedure to guide them. However, to Dominik, one of
the project managers, it constitutes a good means of control.
…there are the milestones and I get an overview and I am convinced that if we
follow this guide, you would, include most of the necessary issues…
Sometimes you focus too much on one direction and you forget… the impact
of other issues. This guide gives a complete picture from factory, marketing,
sales… I appreciate this complete picture […] You can improve the control of
the project. (Dominik)
As suggested by Dominik, the DPG defines stages of the development project, from idea
evaluation to complete product and first application (see figure 7.3). Each stage ends with
a checkpoint, i.e. a meeting held by STECO, which decides on the way to proceed with
the project. During the stage called idea evaluation (stage 0), the management of the
steam turbine business collects requirements for new R&D projects based on available
market information. These requirements are transformed into ideas which are evaluated
from the basis of existing plans, requirements and resources. Based on the evaluation, a
proposal is made to STECO which decides whether to go for the suggestion or not. If
accepted, a project team is set up in the beginning of the feasibility stage (stage 1)41.

40

Steam turbine business

41

This was done in the Turbine project too, but the project team at this stage was comprised of other individuals

than those being involved during my study. For the Turbine project, stages 0 and 1 were undertaken at a site
abroad.

122

Stage 0
Idea
Evaluation

Stage 1
Project
Feasibility
Study

ITR
Project
Proposal

Stage 2
Concept
Study
SGR

• Project
specification
• Draft product
specification

Stage 3
Detail
Development

Stage 4
Product
Document.

CGR

DGR

Product
specification

Finalized
product
specification

Stage 5
First
Application

RGR
Complete
Documentation

FCR
• Handover
to product
support
• Experience
feedback

Figure 7.3. Project stages.

During the feasibility stage, the proposal is further investigated from a market perspective
and project targets related to quality and costs are formulated. This is also the phase when
the project team is created, budgets and milestones are decided upon and a risk study is
undertaken. The outcome of the feasibility stage is a draft technical specification where
technical targets are set.
Stage two, the concept study, is described as “a creative phase of project work” that is
aimed at generating a pool of ideas consisting of different design variants and possible
solutions that are evaluated according to criteria of technical feasibility, costs and risks. A
design review meeting is held to evaluate the different concepts and proposals,
incorporating reviewers from R&D, marketing, sales, manufacturing and engineering. The
result of this stage is a draft product specification that is further elaborated and decided
upon during the work of stage three, detail development, where a final product
specification is settled. As its name suggests, the detail development stage is devoted to
work on the detailed design with respect to interfaces between different components of
the design solution and the co-ordination of e.g. thermo-dynamical, mechanical and
aerodynamic needs and inputs. After a design review meeting, a final design is validated
and work instructions are formulated.
Stage four, product documentation, is aimed at a complete documentation of the product,
including e.g. product and operations’ manual, service and maintenance instructions and
documents relating to the offer. The first application of the product, and its real
verification42, takes place in stage five. This stage, first application, is described as the one
when “the first application meets customer requirements” and critical issues relating to

42

When developing a turbine there are some possibilities to test the turbine under development at a test site.

PowerCo uses this test site in much the same way as other industries use prototypes. This is a costly approach
and it is therefore not used continuously during development work but only in the very last stages in order to
make sure that the efficiency levels stated can be fulfilled.
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the manufacturing, assembly, transport, erection and commissioning of the product are
identified and corrected. When the most critical matters are handled and the turbine
works in accordance with specifications and to the satisfaction of the customer, the
product is ready for full market release and is handed over to product support before the
project team is dissolved.

Organising the Turbine project
Then there are performers which have to work on defined work packages then
you have the sub-project managers who are responsible for different work
packages and then you come up with responsible people for the turbine design
and the flow path design and then the project manager. Then you have the line
organisation, which is responsible for taking care of resources and in part
technical issues [...] it’s a multilevel team and I think that with this set-up,
everybody has a defined role and responsibility and that I think, are all
necessary to guide something in the project. (Urs)
As suggested by Urs, the second project manager of the Turbine project, the project team
embodies individuals who represent different expert domains and is divided into a
number of smaller sub-teams. Each sub-team is responsible for a particular part of project
work and has a person assigned as responsible (see figure 7.4. below). There are also some
individuals who are involved for limited periods of time to work on specific problems.
These individuals are located either on site in Switzerland or at any other of PowerCo’s
R&D units in Europe and work from the basis of “well-defined work packages”.
Dominik explains how these work packages are defined;
Every work package we define has to refer to existing documentation […] the
background for the work package and the expected results, the documents, the
amount of work, the due date and the start date and…We try now to use this
structure for all projects [at this site]. I think the most important thing is to
assure that the properties of the initial work package have been defined…the
work package three, which is depending from the work package one…then
you can specify the proper work package and then you can assure that the
necessary information is going into the project. (Dominik)
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Name:
Dominik
Organisational affiliation:
Project manager, main responsible turbine design.
Education and work experience:
Dominik worked as a machine operator but started his carrier in the East German army. “At this
time I wanted to, or my intention was to become an officer” he says, laughing. He had worked a
few years in the East German air force when Eastern and Western Germany were reunited in 1990.
“It had some impact on the armies of course […] and I decided to leave the army to start studying
[…] at the University of Dresden where I ended up as engineer for turbo and hydraulic machines.
[…] Directly after studying I started to work at a company in Berlin as a design engineer for steam
turbines.”
Dominik ended up as head of the design department in Berlin but two years ago he left Germany,
and to start working as a project manager for LP-projects in Switzerland. “It was as a special offer
from the former head of R&D”, he says.
Role in the Turbine project:
“I would say my role is to achieve the project goals but to take care about the team members as
well. Dominik says that in opposition to Urs, he has a more optimistic approach”.
About project work:
“…you need a project structure, a project set-up […] I have to do the best out of that”.

To keep all project members informed and co-ordinate the work of all sub-teams is
described as “highly important but very problematic” by project members. Therefore a
meeting structure has been established to support project work. General progress
meetings are to be held monthly by project managers at the different locations being
involved. These meetings include all project members and are aimed at informing about
the general status and progress of the project. LP-review meetings, being of an
informative character, are supposed to be held on a monthly basis and include a review
team and all project members involved. These meetings normally last for the whole day
and all LP-project meetings are discussed. In addition to this, project managers at some
occasions call in technical expertise to a concept review meeting, where technical issues
and possible solutions are discussed. These meetings include participants from different
locations and expert domains.
Weekly project meetings, related to aerodynamic and mechanical integrity issues (aero/MI
meetings) are held with project members from the aero- and MI-group working on the
flow path design. These meetings are aimed at informing each other of the work done and
at co-ordinating the next steps to take. At some occasions, project members working on
the turbine design are also invited, but usually they do not participate.
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Figure 7.4. Project set-up. N.B. Individuals who are involved for only a pre-defined period of time are not
represented at all in this formal project set-up.

An interdisciplinary project team
Even if many members of the Turbine project have about the same educational
background, most of them have university degrees in mechanical engineering or
turbomachinery, they are all highly specialised within a certain domain of expertise and
are considered as constituting an interdisciplinary project team in a real sense.
They shouldn’t come all with the same background and they shouldn’t have
worked together since ten years. That’s nice, that’s good, that’s very smooth,
the project runs smooth, that’s great but that’s boring. That’s not innovative.
(Urs)
The project set-up illustrates how many different domains of expertise are needed in
order to undertake an LP-development project, ranging from knowledge about
mechanical integrity and aerodynamics to blade design, design layout and testing. There
are also some competencies that are brought in every now and then, but which are not
permanently represented in the project set-up. In the Turbine project, these competences
included knowledge about different materials or erosion. Moreover, even within each subgroup, project members are said to be specialised, e.g. Simon suggests that there are great
differences between building a 3D-model, undertaking the calculations and analysing the
results of these calculations, all of which are different steps in search of a possible
solution which are often undertaken by different people. The project team is presented in
figure 7.5. below. However, it should be noted that other people, who are momentarily
involved in the project work (e.g. responsible for a work packages) or who have some
kind of impact on the project (e.g. members of review teams or STECO) appear in the
empirical description. A complete list of actors in the Turbine project can be found in
appendix 2.
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B. of Sc. in
engineering
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engineering
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PhD mechanical
engineering
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Arno
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B. of Sc. in
mechanical
engineering
Tenure: 13 years

Leonard
Aero, flow path design
PhD in mechanical
engineering
Tenure: 16 years

Dieter
MI, turbine design
Vocational training
Tenure: 6 years

Valentin
MI, flow path design
B. of sc. in mechanical
engineering
Tenure: 24 years

Franz
MI, turbine design
Vocational training in
mechanical
engineering
Tenure: newly
employed

Alain

Aero, flow path design
M. of Sc. in
Engineering
Tenure: 2 years

Victor
Cycle, flow path
design,
M. of Sc. in
Engineering
Tenure: 4 years

Figure 7.5. The project team.

The project task is described as being “extremely complex”, as it incorporates not only
the development of the turbine, but also some of the “methods”, “programmes” and
“formulas” used as part of development work. Moreover, it requires that complex issues
are dealt with at the interface between the different disciplines. Project members often
propose that dealing with intricate issues at the interface of different disciplines
contributes to make project work more “challenging”, “interesting” and “nice”. However,
there is also a basic trade-off between efficiency (represented by aero) and risk aspects (to
be dealt with by MI) inherent in this project, which further contributes to complexity, and
it is sometimes suggested that aero and MI represent “different worlds”.
…aero and MI guys are always, let’s say 99% contrary to each other, mechanics
want to have a brick instead of a blade and we want to have a knife instead of a
brick, it’s natural that this is always contrary. (Urs)
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When asking project members what it takes to develop this new steam turbine, they
emphasise that they have to be “really experts”, however, at the same time being able to
“talk the same language”. Urs suggests that it takes close interaction to make the project
fly;
I think [that] this project will never fly if people are not keen on working
closely together, which means location, as well as close contacts, as well as trust
between people. (Urs)
Name:
Urs
Organisational affiliation:
Project manager, main responsible for flow path design, group leader of the aero group
Education and work experience:
Having been working a few years as a design engineer, Urs resumed university studies and
managed a PhD in mechanical engineering. In 1994, he started his career at PowerCo as a
mechanical engineer. Now, Urs is one of the project managers of the Turbine project, main
responsible for the flow path design and group leader of the aero group.
“I worked about three years as a worker let’s call it…and then I became group leader with the
responsibility for the HPIP-blades and one year later, project leader for an HPIP-blade
development project in [another country]. Now, about two and a half years ago, we merged
HPIP and LP together to one group and I am…as you know…responsible for, or deputy for
these larger LP-projects, where we are running three different projects in parallel”.
Role in the Turbine project:
“One is supporting Dominik in his role as project manager. Second is to be responsible for the
flow path, at least from the technical content. In this role, I am here for pushing people from time
to time to deliver the best product that we can reach. That’s why I said that I don’t have a
problem being the bad guy”.
About project work:
“I like working in projects”.
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CHAPTER 8
THE DEVELOPMENT OF A NEW STEAM TURBINE
Based on transcripts and notes from project meetings, this chapter gives a description of project work in the
Turbine project. The focus has been set on those issues and occasions that appeared to be critical for how
work proceeded. Throughout the presentation, project members’ accounts from interviews, information
sessions and informal conversations are used to comment upon what happens. Except when the description
is bracketed by these “notes”, it follows a chronological order.

Kicking it off
The following sections describe the background of the Turbine project – the reason why
it was initiated and the way in which it was considered by project members in its early
stage. The description of the kick-off is based on project members’ accounts and
documentation.

Difficult market conditions
The main reason to introduce the Turbine project was PowerCo’s lack of competitiveness
in the area of large low pressure steam turbines (LP-turbines), where the company had
problems following their competitors.
Generally, our steam turbines have no obvious technological advantages and
when it comes to efficiency our steam turbines are behind those of our
competitors. (Mr. Schmidt43).
In PowerCo’s annual report of fiscal year 2003 it is declared that the activities in the steam
and gas turbine business are the ones being most negatively affected by decreasing order
and sales. The steam turbine business has lost market shares on a shrinking market.
Moreover, results presented by Mr. Roth, director of the steam turbine business indicate
that the company has difficulties selling their latest developed turbines and as a result the
retrofit department, engaged in service and refurbishment, now contributes with around
75% of revenues, compared to 25% of revenues two years earlier44.

43

Mr. Schmidt is the newly appointed managing director of the R&D department and is here cited from an

internal information session that took place when he was appointed in 2002.
44

The information is collected from an information session held on May 5, 2003.
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The market for PowerCo’s power generation equipment is shrinking and particularly so
does the North American market which a few years ago constituted the most important
one in terms of sales. Instead, Europe and Asia are considered to be major markets in the
future. Africa is also becoming a market of increasing interest to enter. However, while
the North American and European markets put an emphasis on efficiency and
serviceability, the Asian market emphasises low initial costs and sustained customer
relations. An emphasis on low costs is also being the result of the deregulation and
liberalisation of electricity markets. Furthermore, demands on operational flexibility are
being raised and combined cycle power plants are expected to be favoured in comparison
to steam turbine power plants45. In an effort to meet these new market conditions, the
company initiates a new development project, the Turbine project.

The Casino work-shop
Early April 2002 there was a workshop for the Turbine project at the downtown Casino.
This day marks the official start of the project’s feasibility study though defining the tasks
to be accomplished during this stage was of secondary interest. Instead, the focus was on
defining “shared interpretations about the product”, which included shared interpretations of the project goals and the standards and practices according to which project
work should be undertaken.
You need a common understanding of the project about the specification,
about the goals, about the set-up. (Dominik)
At this workshop, there were individuals from several of the company’s European R&D
departments present, the project was said to become a multinational one, mainly
involving project members from Switzerland but also some from other European sites.
There was a big workshop and it seemed as if it was going to be a very big
project, multinational, there were people from [another country] from [another
country] and from Switzerland and there were two people, I think they were in
coaching position… one from almost corporate management, so that’s from
heaven then, to support us so it seemed that it would be a big project, big
effort and also for me the opportunity to leverage from the project. (Simon)
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In a combined cycle power plant a steam turbine is combined with a range of gas turbines, which means that

the steam turbine to be developed has to have a certain operational flexibility, i.e. it has to be possible to
combine it with different gas turbines.
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Name:
Simon
Organisational affiliation:
Member of the MI-group working on the flow path design
Education and work experience:
Simon is born in Poland where he took a degree in computational mechanics at Krakow University
of Technology in 1995. After graduation he started working for PowerCo in Poland.
“I worked for three years as a design engineer, 100% according to my educational background, so I
made some calculations. During these three years there was a one-year assignment here in
Switzerland. I worked for the same group that I am currently working with, and then I returned to
Poland. […] There was a big rumour that they wanted to fire me in Poland, so I said that I could
stay here and finally we found a solution and they accepted it and then there was a problem with
the Swiss authorities, they didn’t want to accept me as a citizen of a part of Europe”.
After these problems with the Swiss authorities, Simon worked as a manufacturing supervisor at a
printing company in Poland. However, he says that he wanted a salary on which he could earn his
living so he started to work as a design engineer in the US. He came back to PowerCo in
Switzerland in March 2002 and started to work with the MI-group responsible for the flow path
design, doing calculations on the last stage running blade of the turbine. This is a kind of
calculations of which Simon says he has no former experience.
Role in the Turbine project:
Simon makes MI-calculations on the L-1 blade.
“OK, now my role is …is separated from it [the project] because as I said, the link is only in one
direction. I get input…”
About project work:
“OK, I hoped it would be different”.

The morning hours were devoted to team discussions. A slide was put on, requesting
those present to discuss a number of issues that were of concern to the project. Issues to
be debated included both technical aspects of the project such as “what
opportunities/risks/concerns do you see regarding the Turbine project” and “what action
can we take”, organisational aspects such as “what has been good within earlier projects”,
“what do we still need to improve”, “what problems do you anticipate that could hinder
the fulfilment of your promises to the project” and “what corrective action can be taken
and by whom”. Generally, project members have quite a few things to say about these
things.
The way in which it was run in the [other] project was a bad way to be honest.
There the project didn’t run in a proper or nice manner. I have the feeling this
is better. It’s not a dream […] still there are things that I don’t really like
but…things take time to change. You can’t change them in one day. (Lukas)
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Name:
Lukas
Organisational affiliation:
Group leader of the MI-group working on the flow path design.
Education and work experience:
Lukas originates from the French-speaking parts of Switzerland. He has a college degree from the
faculty of arts, but then decided to study mechanical engineering at the EPFL (Ecole
Polytechniques Fédérale de Lausanne) in Lausanne. After graduation he started to work with
development at PowerCo.
“So, I’ve been working, not all years, but most of the years, with development. I made [a few
years] at [Services in the US], but mainly I have worked here with development […] 6-7 years as a
worker in a group and in projects, then I have taken over responsibilities for products […] and two
or three years ago, I also took over the group here.”
Role in the Turbine project:
“If they need some support from my side in the mechanical risk analysis of the turbine[…] I
support them. The third aspect is as a reviewer in the LP-review team […] I can see my role as a
bit the link between […] that’s my character, I like to solve the kind of conflict problems”.
Lukas also takes on a supporting role in relation to the members involved in his MI-group.
About project work:
“It is more challenging because we are doing things that we have never done before […]. Project
work is usually more interesting […] I really like it”.

After lunch the project manager informed about the project background, its set-up and
project organisation as well as its status. According to the preliminary project set-up
presented for the detail development phase, the site in Switzerland was to take care of
developing the last stage blade (L-0) as well as issues related to aerodynamics, while
another site would design the penultimate stage blade (L-1). Material issues were to be
handled by some experts located at a third site. The workshop ended with a slide showing
the ambitious schedule for the project. A project specification46, putting an end to the
feasibility study, should be ready within a month.

Kick-off meeting
A few weeks after the workshop at the Casino, a kick-off was held at site in Switzerland.
The managing director of the R&D department, Mr. Suter, was there to inform the
project team about the current market situation and the expected outcomes of their work.

46

Some of the work packages included in the feasibility study is a market assessment, product benchmarking, a

material study, a sensitivity study, a check of the main parameters constituting the flow path, ideas concerning
the turbine design, product risk assessment and the definition of common processes and tools.
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Mr. Suter shows a number of slides stating a comparison with competitors and concludes
that “we have a significant efficiency problem!” Considering this, he says, the R&D
strategy is to focus on increased efficiency as the primary goal, and thereafter on cost
reductions and internal processes. Therefore, the key to success is an increased exhaust
area47 and a modification of the last stage blade (LSB) technology. The last stage blade to
be developed in the Turbine project will be the longest in PowerCo’s history and as
opposed to former blades, it will be made out of titanium and not steel. The conclusion
that this will be the most promising design solution has been drawn when benchmarking
against competitors who use titanium blades and have reached better efficiency levels
than PowerCo.
Referring to the critical market situation of the company, the heading on one of the last
slides states; “WHAT CAN WE DO?” The answer is obvious; “We can launch the
Turbine project to replace our former LP-family!” the suggestion states. The Turbine
project is really important to the company where a sense of urgency has been created
lately. The most important strategic target when deciding on the establishment of the
Turbine project is to “be ahead of competition in terms of efficiency” after its
completion. However, the focus on efficiency implies sacrifices of mechanical integrity
and therefore the risks have to be very carefully managed. Moreover, to keep product
costs under control we have to “think in product portfolios”. “GOOD LUCK!” Mr.
Suter says.
The more precise goals of the Turbine project were stated to develop a large 50/60 Hz
LP-module with increased efficiency and exhaust area and having a blading cost increase
less than 15%. Among the risks associated with the project are geographically dispersed
teams and a general shortage of personnel resources, the tight time schedule, limited
knowledge in issues concerning extensive vibration excitation at high volume flows and
only partly validated aero tools. Moreover, as the market problems have created a sense of
urgency among management and project members, things have to happen fast. Urs
comments on this;
We have since now, 1.5-2 years, the problem on the market with our current
product and therefore we are heavily under pressure from sales tendering to do
something. Therefore our time schedule and the committed ex works stage for
this new product is very tight. With the resources given and just for comparing,
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An increased exhaust area is positively correlated to increased efficiency.
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the manpower we have now is even lower than we had in the previous
development project but our time schedule is about 30% tighter. (Urs)

Emergency brake
After the work-shop and the kick-off meeting, nothing much happened according to
project members and when I came to the site in Switzerland beginning of July 2002,
project management told me that the project had been postponed in favour of another
development project which would be finished before STECO would restart the Turbine
project. Thus, the ambitious time schedule was offset before the project even started.
In the Turbine project, or in the way it worked, we had several impacts from
STECO. There was one up and down to deal with another project, there was a
decision to stop […] and to work on the other project and then to restart the
Turbine project. There was quite a heavy impact on the project. That was for
the priorities. (Dominik)
When the Turbine project was restarted again in late August, it turned out to be
something quite different from what had been expected by those project members who
had attended the workshop and kick-off meeting. The project team now presented was
constituted by individuals from the site in Switzerland only and instead of focusing on the
development of the L-0 blade, project members had to handle all design and development
issues. Moreover, there were considerably less people involved than when the project setup was presented at the workshop. The organisational set-up is such that one
representative from aero is working together with a representative from MI when
designing the last stage blades (LSB)48.
In terms of organisation, we have divided for example L-0, so that is Valentin
from the mechanical side and with Leonard I guess from the aerodynamics. L1 is Arno and Nikolaus, but Nikolaus is going to relax a bit as he is taking over
[one of the MI-groups] and Marcel is going to […] take over [his role]. (Lukas)
In addition to aero- and MI-guys working with the flow path design, there were project
members working with cycle, blade design and support related to the flow path design.
Moreover, there were project members involved in design lay-out, detail design and
mechanical integrity issues related to the turbine design, as well as some project members
responsible for testing. However, these project members were more peripheral to project
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When referring to the last stage blades (LSB), both the L-0 and the L-1 is included.
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work, as were those individuals being involved for a limited period of time, working on
specific work packages.

Taking off
After the Turbine project had been postponed, it had now become time to re-open it and
in late August 2002, project members were invited to a general progress meeting, at which
the Turbine project would be discussed. However, it took until October before project
meetings took place on a regular basis.

General progress meeting
In the end of August a general progress meeting is held at site in Switzerland in order to
restart the project and inform the reduced project group of its current status. Except for
the two project managers, only a handful of those project members invited were present.
Urs and Dominik informed in general terms about the project status and critical issues
that had to be handled. During the meeting, many slides which showed diagrams, tables
and graphs were presented.
The project is about to leave the feasibility stage, during which the general feasibility of
the turbine has been demonstrated, and enter into the concept study, for which a refined
planning will be ready within a few days. Another event about to come is the restricted
tender release for which technical documentation has to be prepared. Dominik shows a
couple of slides that he will present at the STECO-meeting in the beginning of September
at the prospect of the restricted tender release. Even though not decided which one to
choose, the presentation includes a number of potentially possible technical solutions and
other technical data, such as the weight and circumference of the turbine, as well as the
proposed exhaust area of the rotor. Dominik has some concerns since the proposed
technical solutions lead to huge cost increases, though he is not able to identify the causes
of these increases. He shows a table with calculations of different costs associated with
existing turbines, whereby Lukas makes the remark that two turbines of the same type
differs in weight as well as to costs but concludes that it can not be explained by costs of
material since the turbine of lowest weight is the most expensive to manufacture.
There is another issue of great concern to the project which is discussed at this general
progress meeting. With the technical solutions suggested the project team will not be able
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to meet the efficiency target49. In fact, calculations show that the efficiency will be lower
than for the already existing LP-module and considerable time is devoted to discuss these
issues.
Leonard: Will the sales people really be satisfied with this lower efficiency?
Urs: I haven’t got any feed-back yet but I suppose they would like a two per
cent raise instead.
As the discussion goes on it turns out that it is possible to find technical solutions that
would help to improve the efficiency, for example the rotor blades may be equipped with
a snubber and shroud. However, these solutions would lead to additional cost increases,
which the company can not afford since their competitors are already offering turbines of
higher efficiency to lower prices than PowerCo. Moreover, they involve higher
mechanical risks.
Among other things, Lukas is responsible for the risk mitigation strategy of the Turbine
project. He presents a study of risks associated with the project, where different risks are
graded according to their probability of occurrence as well as to their seriousness, ranging
from noticeable to catastrophic. Some of the more serious risks relate to issues of erosion
and material integrity. During his presentation it also becomes evident that some
components are well-known and do not pose any risks or serious problems while other
components involve the use of completely new technology of which the company has no
former experience and therefore constituted a real challenge.
Reading the PM from the last STECO meeting at which Urs and Dominik were to
discuss the Turbine project, I realise that one of the main concerns from STECO was
exactly this; how to handle the trade-off between mechanical reliability and risks.

Dealing with trade-offs
Judging from the discussions at the general progress meeting described it appears that the
development of a steam turbine involves handling a trade-off between efficiency,
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The efficiency of a turbine is a complex concept in the sense that it can be measured at different stages.

However, in this case, the focus is on decreasing losses at the two last stages in the turbine. At stages close to the
inlet, where rotor blades are shorter and rather compact, shrouds can be used without concerns and efficiency
losses are negligible. However, at the last stages, closer to the exhaust area, where rotor blades are much longer
and less compact, the use of shrouds poses problems of mechanical integrity which have to be solved in order to
increase the overall efficiency of the LP.
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mechanical risks and costs. This is a basic trade-off that always has to be considered.
However, due to the changing market situation, this trade-off has been accentuated and
the prerequisites for project work have changed as the aero-group plays an increasingly
dominant role. Nikolaus explains;
OK, sales guys have to sell our product and they of course say that our target is
to have a high efficiency product and still, well not cheap, but still not an
expensive product. In the past actually, when it was not that difficult on the
market, we had either a market, for example Germany, for high efficiency and
they were willing to pay for it and they were also interested in, or proud, if they
had a high efficiency product […] and you had on the other hand a market
where you only needed a cheap product and not such a high efficiency, let’s say
the Chinese market. They just burn their coal and it doesn’t play a role whether
there are some megawatts more coming out or not, but nowadays they want
both. Both efficiency and cheap, it’s a rough cost competition. [...] Let’s say in
the project it’s more efficiency driven in the first run and...OK, you have to
bear the costs in mind and you try to do your best and OK, if we go in this
direction it will cost us a bit more and in the end we have to cope somehow
with costs that result from the product and maybe save a little bit of money.
(Nikolaus)
You can never reach a solution to this trade-off that is optimal from both the aero and
MI points of view since these groups represent technical aspects that are in direct
opposition to each other in this respect, but that have to be integrated in the final
product. Thus a compromise has to be found.
I ask Nikolaus whether it is clear to project members how they should reach the target
and more generally how they can handle this trade-off. There is a moment of silence
before he answers; “It’s difficult to say because efficiency is mainly done by the aero
group and we MI guys are just a bit of disturbance for them”, he says laughing, “so most
things we propose are... how can you say...counterproductive...” “Counterproductive
from an aero point of view?”, I wonder, trying to make sure that I have understood
correctly. “Yeah, because...MI in the end gives you some limitations to the aerodynamic
freedom and that is always an argument between aero and MI. This has also changed a
little since past and former times... Especially in the steam turbine business, the customers
wanted to have a more reliable product which had to last for 100.000-200.000 hours and
the MI group had a stronger position but now it’s very much efficiency-driven. We have
to go to the limit. [...] We have to swallow some frogs”, he says, translating a German
expression.

137

Name:
Nikolaus
Organisational affiliation:
Member of the MI-group working on the flow path design (resigns from the project in December
2002).
Education and work experience:
“OK, I studied mechanical engineering at the University of Karlsruhe in Germany and actually
straight after finishing my studies, I started at [another company in the power generation industry].
First in […] a kind of service group […] but after a year I came back to the development
department. It’s more easy going with technical people than…people that are much more political
than we are. OK, so now I have been working for PowerCo for ten years now…the technical
department here, development of steam turbines and basically doing design and mechanical
integrity.”
Nikolaus is described by others as being one of the most competent project members.
Role in the Turbine project:
Nikolaus worked with the L-1 blade but when commenting upon his role he says that he “is one of
the MI-guys disturbing the aero guys in their work”.
About project work:
“Interesting but also a bit chaotic”.

Restricted tender release
End of September, the project managers met the STECO to present their suggestions for
the restricted tender release. During the feasibility stage the general feasibility of the flow
path50 design suggested had been demonstrated. The flow path proposed at this stage was
called advanced and had a slightly different design than the classical flow path51 normally
used. Another proposition considered the design of the last stage blades which included
shrouds and snubber connections to decrease efficiency losses. The last stage blades are
crucial to improve performance and therefore project managers, based on input from the
feasibility stage, had made some “rough assessments” concerning the proposed “design
directions”, even if the MI had not checked the proposal’s performance when it comes to
frequencies, stresses and other mechanical integrity issues. This is to say that the
suggestions had not been checked in any technical detail even if it is clear that they are
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During this stage of the project, focus was on the development of the flow path in order to raise efficiency.
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To describe the technical differences between those flow paths is out of the range of this study and they are

only mentioned here as two different types since they will play a major role in project work for the next coming
months, the advanced channel being far more problematic to implement than suspected.
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favourable from an efficiency point of view and therefore became adopted as the
direction to follow when working out a more detailed concept during the concept study.
However, at a later meeting it becomes apparent that the tender model was not good
enough to be fully accepted by the STECO, due to its problems of meeting the efficiency
target as described above.
Lukas: If I remember well… from the sales, from the model, which was given
for the tender was not enough. They want more.
Urs: Yes, and they refused to accept the tender model in the steering
committee, I know.
Lukas: So, from the point of view of this we should target for the higher. Do
you think that we will reach something that is that high?
A tender release has some practical significance since it signals to the sales or retrofit
departments that they have the possibility to offer a turbine based on the proposed
technology to any customer interested. A restricted tender release however, indicates that
the technology is not tested to such an extent that the R&D department can guarantee its
suitability and therefore the sales department may not make offers based on the
technology without permission from the R&D department. Thus, the technology is
surrounded by much uncertainty.

Entering the concept stage
At the STECO-meeting in September, the STECO approved the project’s entering into
the concept stage and work is speeding up. In the beginning of October, project managers
invite to weekly project meetings every week until Christmas. Before entering the meeting
room to attend one of those weekly meetings for the first time, Lukas explains what
project meetings and work is all about during the concept stage:
You know roughly, you have roughly an idea… and you start with something
that is not finished. You don’t know whether you will end up with 10.6 or 11 in
the end [referring to the size of the exhaust area]. So, you start and you say that
it seems that this goes in direction 10.6. It seems that the good direction is that
way. So we are crystallising on efficiency, on mechanical aspects. You have
seen how…one is pulling a bit of the blanket on his side and the other, so it’s a
bit like this. We have to find a common compromise… I think that in this
phase it’s pretty normal that the views are maybe different. (Lukas)
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Attending a weekly aero/MI meeting
October 16, 2002, I attended my first regular project meeting, an aero/MI meeting as they
are usually called by project members since they involve only those individuals working
with aero and MI issues concerning the flow path design. The presence of project
members was low, except Dominik and me, it was only Valentin, Arno, Nikolaus and
Alain present. Dominik takes the chair, passing around the table in order to let everybody
inform about his work, beginning with Arno.
Arno puts some papers in the middle of the table and project members lean forward to
have a closer look at the graphs and diagrams while Arno explains what calculations he
has made and the results he has got, results that he finds quite puzzling though perhaps
not surprising as such. The discussions soon become intense, project members pointing
at the graphs, taking a pencil to make a few corrections or illustrate their arguments. The
other moment, it is completely quiet around the table, project members thinking for
themselves, or suddenly thinking aloud, offering a proposal, taking another perspective on
the issues or making a comparison with their own results and how they may relate to what
Arno is telling.
Valentin: Would it be possible to do like this instead?
Nikolaus: I have never seen such a solution but…
Arno takes the piece of paper offered by Valentin to have a closer look, turning it around
as if trying to see it from different perspectives. Nikolaus poses a few questions to Arno
about why it has to look the way it does at the drawings. Arno explains his problems,
suggesting that they are due to the assessments done at the restricted tender release. The
assessments involve technical solutions which put very specific demands on the design;
however, these demands are difficult to deal with in practice.
Arno: …but my suggestions work in theory at least.
Arno, Valentin and Nikolaus go on discussing, trying to find a reasonable action to take in
order to learn more about what causes the problems and what variables might be
important in this respect. Project members refer to this as finding a “direction to follow”.
Thus, it is not about finding solutions to specific problems but to search for alternatives
by means of learning more about the problem and its causes. However, this time, project
members agree when Nikolaus and Valentin forcefully suggest that “the shroud must be
abandoned”. There are two primary concerns with regard to the results presented, one is
associated with aerodynamics and the efficiency problem (calling for a shroud), the other
to mechanical integrity issues and the difficulties of technically handle a long, shrouded,
airfoil. Arno puts an end to the discussion saying that the problems are “unsolvable”,
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whereby Valentin starts drawing another schematic picture in an effort to present his own
undertakings.
When the meeting ends, Alain leaves the meeting room, without having taken part in
discussions.

A note on illustrations and weekly project meetings
No matter what kind of project meeting that takes place, graphs, diagrams, drawings,
sketches and other means in which a result, a proposition or and argument can be visually
represented or somehow illustrated, are in focus. Project members who give a report of
their work frequently put some slides or printouts at the middle of the table, or take a
piece of paper and a pencil to visually illustrate what they mean. These “illustrations” are
said to be “essential” and are considered important means of communication.
I think for engineers, that’s our way of thinking or of getting information, it’s
more visual […] It’s more attractive for an engineer than just hearing… (Arno)
Look, we are engineers and we can’t see trends without… or comparison on
these sketches, on these curves and then we have the right feeling […] You
must see what you do, what you design and that is only possible with these
curves and sketches. (Valentin)
The need for illustrations is explained by the complexity of the issues and the many
technical interdependencies that exist. Thus, project members argue that these
illustrations help them making sense of what is said and done in a way which is not
possible if they were just given a couple of values expressed in numbers.
If you look at the topics themselves, they may be quite complex so they need
some kind of simplifications or at least representations in order to make them
understandable. You can’t simply say stiff or less stiff or… in a manner that it
helps somebody else so you have to show them this curve, look at this and
this… (Lukas)
This is to say that illustrations play an important role at project meetings, not only helping
project members to understand and discuss complex issues, but also helping them to find
out about what problems might occur as a result of a solution proposed by the other
discipline, which is considered an important reason to have project meetings.
...OK, because we force ourselves to come to the good points, try to find out
where we have difficulties and where we may run into technical as well as time
problems. (Urs)
…to know about the progress and the problems of the different […] it’s very
important, we have to work close with MI people […] I think it’s also
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important for every team member to know about…or get in touch with the
problems of others, to see…how it might be, just to get to know about it.
(Arno)
Name:
Arno
Organisational affiliation:
Member of the aero-group working on the flow path design.
Education and work experience:
“I have a diploma in mechanical engineering from the University of Karlsruhe in Germany. I did
this diploma, or the diploma work, already on turbomachinery and then I started to work at
[another company in the power generation industry] and I have been with PowerCo for thirteen
years. I started more with…already in the aerodynamic resource that time, more in a line function,
basic thermal dynamics and changed after some years, then in more project-related work, LPdesign…all what is related to this topic”.
Arno, is among the most experienced project members and described as one of the most competent
members in the project, being described as a real expert in aero dynamic issues by some of his
fellow team members.
Role in the Turbine project:
“I should develop the last stage runner. I have the opportunity now, not only to do aero design but I
should also come a little bit into the mechanical integrity design of this blade”.
About project work:
“I like this kind of work, it’s complex”.

Even if project meetings are sometimes described as instruments of control, the above
description and quotations suggest that they are of importance to the co-ordination of
project work and that project members do make use of them as a fora where to “check
where you are with your work” and get information and feedback.
…we make a lot of use of them in the way that there is where we bring…
finally our opinion and our requests and wishes to the other and the others are
asking for requests and wishes. (Lukas)
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However, generally, project members emphasise the importance of more informal
meetings where they discuss technical issues and problems in more detail and prepare
their requests to the project team. Despite the importance and use of project meetings,
some project members are not invited to these weekly aero/MI meetings as they are
considered more peripheral. These project members do not have any regular project
meetings, neither formal, nor informal ones.
Cecilia: How often do you meet in the project?
Victor: …as already mentioned in the beginning, very seldom.
Name:
Victor
Organisational affiliation:
Cycle, flow path design
Education and work experience:
Before taking on University studies to become an engineer, Victor worked with manufacturing
and after graduation he was employed by PowerCo.
“In 1991 I got job at PowerCo in [another country], for aerodynamic calculations, cycle
calculations, roughly the same as I do here. During the first years I was often at [another site]
to learn more about the details, especially how to handle the programs…with the procedure
from getting an offer up to delivering the final results to the customer. […] The work changed
a bit. First we started with new equipment and then we had to do a lot of retrofits, so the work
became more detailed because retrofit is much more specific because of boundary conditions,
existing casing and so on. And in 1998 I changed to here. Still aerodynamics and quite a lot of
different work I would say. Not as different as for the retrofit part because for the retrofit part I
started really with the first model to the customer, heat diagrams showing the benefits up to
manufacturing in the company, to see if it was OK or if they had problems to do some
things…Now, it’s more R&D work”.
Role in the Turbine project:
“I prepare somehow some calculation models in the cycle tools so that they can calculate heat
rate to efficiency and power output […] So I’m somehow a link between aerodynamics and
the sales department”.
About project work:
“…the communication is quite small”. Victor suggests that he us “not really involved”.

Less experienced project members who are part of the aero or MI-groups working on the
flow path design on the other hand, do participate at these weekly project meetings, but
do not consider them important to their own work.
Cecilia: What use do you make of attending those project meetings?
Alain: For my work it is not that much…
Because I think that they exchange a lot of useful information but I understand
just when they are talking about numbers but I don’t understand what it is
about, the pressure clearance or whatever… (Simon)
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Name:
Alain
Organisational affiliation:
Member of the aero-group, working on the flow path design
Education and work experience:
Alain originates from France where he studied at the University of Toulouse. However, his degree as
a mechanical engineer is from the University of Berlin.
“During my studies in Berlin, I worked with electroengines. When I had finished my studies I had a
look at the internet, found PowerCo, and came here. I have worked here for two years now. At first I
was in another group […] I was there to design valves but in that group it didn’t work out very well
and people quit so at the end they decided to design all valves in [another country] so then I had to
switch and I went to blades, to do work with the blade team”.
Role in the Turbine project:
“ I never work alone, but together with Leonard or Arno […] I mostly do [their] calculations”.
About project work:
”Challenging”.

Time for an LP-review meeting
Two days after the aero/MI meeting, there was an LP-review meeting. LP-reviews are
held as a combined phone conference/net meetings, involving project members and
management at site in Switzerland and another European site respectively and are aimed
at a general up-date and discussion about all current LP-development projects at both
sites. The meetings normally last for the whole day and are centred on PowerPoint
presentations of different issues held by project members. These PowerPoint
presentations can be seen simultaneously at both locations. Though the discussions are
often not as detailed as at weekly aero/MI meetings, they often result in action lists, e.g. it
may be decided on further investigations to be made on problematic issues and their
causes, investigations from which several projects may benefit or which will result in
some kind of norms or standards.
More than an hour delayed, the turn comes to the Turbine project, where a number of
presentations are going to be made. Nikolaus starts, showing a transparency being very
expressive about the problems encountered when working with the L-1 blade and the
difficulties of using the design as assessed in the restricted tender release;
• Problems with stresses in the outer neck.
• Bigger centrifugal forces.
• Outer neck of blade root is overloaded.
• Current airfoil is not feasible (does not fit on blade root and blade root
overload).
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• For the rhombic fir tree root it is extremely difficult (impossible) to design
a hub section which is aerodynamically reasonable.
Nikolaus’ presentation results in an intense discussion around the table, those being
present proposing alternative design solutions and how they might help solve the current
situation. However, nothing is decided upon and Mr. Schneider52 puts an end to the
discussion saying that his “advice to the project is that they must have other alternatives
ready if this variant of the blade does not fit”. The discussions are mainly centred on
issues related to the airfoil, which seem to be at the heart of the problem. Valentin has
made a few investigations and calculations on the current airfoil of the L-0 incorporating
a snubber and a shroud53, which he considers poses quite a few problems. There is a
summary of several pages about the “critical points” that he has identified and he makes a
suggestion of how to proceed in terms of trying to find ways of decreasing the critical
values, e.g. frequencies and stresses. At the bottom of one of his transparencies it says:
This blade is not feasible!!! It is out of the assortment range. The last comment
relates to the fact that the company has no former experience of this type of blade or the
material to be used.
Mr. Schneider, which is regarded as an expert on material integrity issues, concludes that
“the blade as it is is quite sick”. The discussion intensifies again and someone suggests
that they could “make the blade stiffer”, while someone else is asking for making it “more
flexible”. Though no one seems to know the reasons of these problems in any detail,
most seem to agree that a design solution with both snubber and shroud is not the right
way to go. Mr. Schneider takes a new perspective on the issue suggesting that perhaps
they should go the other way around, starting with designing the blade root to make sure
that it will be fit to the airfoil. There is no action list established for the Turbine project
since Mr. Schneider concludes that “it doesn’t make sense to make up an action list after
this or put in a decision. I attach Valentin’s presentation with a few comments instead”.
From the discussions at the meeting it also stands clear that in order to diminish costs, the
number of blades of the last stage (L-0) have been proposed to be reduced to 55 instead
of 65, however, this causes further problems related to the mechanical integrity of the
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Mr. Schneider is the manager of the MI department.
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A shroud is put on top of the airfoil while a snubber is put somewhere at the upper parts of the airfoil. While

the shroud is mainly aimed at reducing efficiency losses, a snubber connection is aimed at making the airfoil
vibrate harmoniously and thereby contribute to reduce frequencies and material stresses.
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airfoils of the last stage according to Lukas. Despite the focus on problems, which appear
to be serious, project members are satisfied with the outcome of the LP-review meeting.
Nikolaus says that he is pleased with their comments on his work and Valentin says that
the guys from the other site always come up with good suggestions.

A further comment on the use of illustrations
Though LP-reviews are of more informative character, the use of illustrations is as
frequent as at weekly project meetings. Thus, the LP-review meeting offers an interesting
occasion to gain more insight into how people discuss and make sense from the basis of
illustrations, as well as how they realise the technical content and implications of specific
solutions from the basis of these illustrations. The following quotations are examples of
reactions coming as a response to Monsieur Renard who presents a stress field plot54 of
an FEM-calculation that he has made.
Monsieur Renard, why do you have so high stresses on such a small blade?
(Mr. Schneider)
How am I allowed to change the inertia in my calculations? Only in a positive
way or plus, minus 10%? (Thibaud)55
I want an investigation of this from an aerodynamical point of view. (Nikolaus)
At the LP-review recounted above, except for Mr. Schneider and the two project
managers, only the most experienced project members (Lukas, Valentin, Arno and
Nikolaus) were present to take part in discussions. As exemplified above, those
experienced project members rather easily find out about what information of relevance
to the project and to their own work that is revealed in these illustrations. However, less
experienced project members tell that they are not able to realise this as quickly and easily
as their more experienced colleagues.
I would need to have access to these [the illustrations] because somebody is
showing them like this [fast] and [says] this shape and that shape and that…
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A stress field plot can be described as a multi-coloured picture showing the distribution of material stresses.
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Thibaud was present to discuss issues related to another project than the Turbine project but even though not

relating to the Turbine project it still constitutes a very illustrative example of how project members realise the
impact of each others’ work on their own by means of an illustration which they gather relevant information
from.

146

and that is obvious to everybody, Oh yes… If I would have access to these
drafts, plots, whatever it is…it is very important. (Simon)

An extraordinary project meeting
All project efforts are focused on finding a way out of the problems related to the design
of the two last stage blades, the L-0 and L-1 and on October 21, 2002, Urs convokes an
extraordinary project meeting owing to the problems and issues discussed at the LPreview meeting. Project members are rather dispirited and some of them feel stressed.
They realise that there is no easy way out of the situation and that it will take time to find
a solution that fulfills their requirements in a way which is consistent with considerations
of mechanical integrity, efficiency and costs. Attempting to cheer his fellow team
members, Lukas suggests that they should be “happy to find out that there are weekends”.
Nikolaus shows some sketches and drawings from the presentation he made at the LPreview two days ago and gives an account for the problems as discussed at the review
meeting. The discussion that follows, involving Nikolaus, Lukas and Valentin, takes its
point of departure in the fact that the airfoil of the L-1 is not well fit to the root and what
possibilities there might be to change the profile of the airfoil to make it better adapted to
the root. It seems as project members have chosen to follow Mr. Schneider’s advice to
start from the tolerance of the root when searching for a better design of the airfoil.
When suggestions and proposals for solutions are given, Lukas is the one to try them out
from different perspectives, thinking aloud about their consequences. It seems that he
immediately realises what different alternatives bring with them at the technical level.
Valentin, on the other hand, is the one who tries to illustrate them, making some quick
sketches on a piece of paper.
The discussion is very intense and reflective to its character. There are several aspects to
take into account and what might seem as a good suggestion from one perspective is
described as “undoable” from another. There is a moment of silence before Lukas turns
to Arno:
Lukas: Arno, you really have to design a new blade.
Arno: Yes, I know.
Nikolaus leaves for another meeting but the discussion continues to deal with the high
frequencies of the L-0 airfoil and the possibilities to use a snubber and shroud, as well as
the possibilities to change the design of the flow path channel. At the moment, the
project team works on an advanced flow path channel of which they have no former
experience, but due to the problems encountered, Lukas suggests that they will have a
more classical channel, which might even help improve the frequency situation. Valentin
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who has made some investigations, shows a diagram telling that it would certainly
improve the situation, however, it would not be good enough to fulfil the requirements.
Urs says that “we must give priority and we must focus on what is doable”.

An intense period of working
Following the extraordinary project meeting is an intense period of hard work, bracketed
by aero/MI meetings on a weekly basis. Project members work on several alternative
solutions in parallel and at project meetings, at least four different flow path concepts, the
classical, classical+, advanced and advanced+, are discussed. Moreover, they are
investigating different concepts for the L-0 and L-1 blades, which are counted on in
assembly condition as well as in running condition. The L-0 and L-1 behaves differently
depending on the characteristics of the channel they are posed in. However, though they
may be more or less promising depending on which channel will be chosen, they are not
conditional upon a certain channel and therefore treated independently. Thus, the
concepts are not complete in terms of a specific channel being coupled with a certain
blade. Some alternatives, both when it comes to the flow path channel and the different
blade types, are well-known at least in part, while others are not within the company’s
range of experience and project members do not know which one will prove successful, if
any, and therefore they do not dare to abandon a particular alternative, even though it
would have been considered less suitable.
Lukas: OK, I mean… we will see afterwards with the L-0 that we should not
yet concentrate on this option as the only option for tuning the […] blade
because the advanced channel is not that… it’s not completely dead.
(Urs laughs)
Lukas: Don’t laugh!
Urs: You create a zombie here… out of the grave.
Lukas: No, the advanced channel… there is still some actuality for it and I
think we need…we will see on the L-0 we need a number of actions to come
to the point but that means in this case here we should also look at different
options […].
Urs: I don’t want to have more zombies around. (2002-11-21)
At some occasions, project members present what they call “promising” suggestions.
However, even if some proposals are more promising than others there are always
objections to be made by other project members who realise that there are problems to
be encountered and which will be revealed when more detailed calculations, involving
more variables or taking another aspect into account, have been undertaken. Thus, what
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seems to be promising from a certain perspective is less promising when seen from
another. The situation can be further complicated by the fact that a proposed solution can
be conditional upon a certain design of another part of the turbine in order to be useful.
Below, Valentin is commenting upon the design of the flow path channel as proposed by
Arno;
If we choose the blade with double liaisons [i.e. with both snubber and
shroud], then it [Arno’s suggestion] will work, otherwise not. (Valentin, 200210-24)
Name:
Valentin
Organisational affiliation:
Member of the MI-group working on the flow path design.
Education and work experience:
“I’m a mechanical engineer and I have been with the company since 1978. I started then in the
steam turbine development department. Since the beginning I work on the last stage blade, the big
last stage blades, with mechanical integrity. That is including manufacturing and including
calculation and all things that are related to this component”.
Valentin is one of the most experienced members of the Turbine project. At the moment he is
working with the MI-group involved in the flow path design, but he has also experience of working
with aero dynamical issues, even if he suggests that he would not be able to do such a job today,
since tools and methods have changed considerably. Valentin keeps contact with the manufacturing
department in order to discuss technical solutions from a manufacturing point of view.
Role in the Turbine project:
Valentin is working together with Leonard on the design of the L-0 blade.
About project work:
“LP-development is only possible to do in projects…”

There are no final solutions found during this intense period of work, though it seems to
develop a certain preference for a classical channel along the way. Discussions are
primarily focused on telling what does not work and trying to understand why it does not
work. However, understanding the results is not straightforward. At some occasions,
there are no difficulties judging whether the results are desirable or not, at other
occasions, project members get results which they are not able to evaluate with any
certainty. Since project members work “on the edge of what is possible”, there are often
no standards or norms which can be used to evaluate results and make a decision which
alternative to go for. At other occasions, at least those project members being more
experienced, know quite well what values they would like to achieve, though they are not
always certain when it comes to the ways of reaching them. There are complicated
interdependencies between different variables and parts, and though project members are
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sometimes able to give details about the theory behind, nevertheless, they are not able to
tell what has to be done in order to improve the situation.
Urs: What about the influence of the nodal diameter? Theoretically, not what
we have tried but… theoretically, what is the largest influencing factor on this?
Valentin: The stiffness in the upper region, the profile in the upper region
and…
Lukas: The mass…
Valentin: The mass and the length.
Urs: But the variation does not seem to change the…
Lukas: No.
Urs: And the stiffness we changed… interestingly by traction which haven’t
had the effect which… did not have an effect that worked. (2002-11-21)
Even if the situation is complicated and to an outside observer may seem quite
problematic, project members are eager to tell that there are in fact no problems, only
computational results that have to be dealt with one way or another.
What is the problem? Because if we get non-acceptable results, then that could
be treated as a problem but it could also be treated as information not to go in
that direction, so I think right now we are trying to set limits and then we will
move just within [these limits]. (Simon)
We don’t have any problems, we just have to find a good design solution, to
optimise it. […] however, each group optimises its own parts and that is not
the way to work with the development of a new turbine. (Valentin)

The changing character of project meetings
These months, from end of October to the middle of December 2002, not only the
character of project work changes to be more intensified. The character of project
meetings also changes quite significantly. While Dominik is formally assigned the position
of project manager, Urs, formally assigned as sub-project manager of the flow path
design, is the one acting as if he had the overall responsibility of the project, taking the
chair at project meetings and setting the agenda in a way which Dominik never did. Urs
takes an active role when it comes to organising project work, though more importantly,
having a PhD in mechanical engineering, he also takes an active role when it comes to
undertaking it. When talking to Urs about his involvement in project work, he says that he
likes to control;
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I’m keen to deal with all aspects, I like to be involved and if I’m involved I
have to be involved to a certain depth so that I understand what I’m talking
about and I like to control. Not only what I’m doing myself and therefore it
takes a lot of time. (Urs)
During this period, aero/MI meetings turn increasingly longer and more formalised, as
they follow a certain pattern. Urs takes the chair, passing around the table, letting project
members inform about their work. The illustrations are there of course, and each
presentation results in intense discussions. And while meetings consume more and more
time, there is a growing need to manage the time schedule. Some project members feel
rather stressed, arguing that the deadline is too tight. However, Urs does not accept that
for an answer;
Lukas: As soon as possible is no answer, right. But it won’t be answered […]
Urs, shouting: I know! I know and I don’t want to end up with this again.
(2002-11-21)
Meetings starts with Urs making an up-date of the action list, where tasks are specified
and given a start date and deadline, making a note of what has been done and what needs
to be further evaluated, and most often they end with a reminder about something or
with him telling what new actions have been added to the list;
Urs: Something? Front stages? Something? Then, thank you. Just remind you
about a few things. We still have two or three open items from previous
meetings. One is the LCFM for Simon. I have one on you, an old one…
Lukas: But you said…
Urs: …and I have one on Dominik, I’ve told him already. We discussed.
Dominik: Forge master limits?
Urs: Forge master limits, yeah. Second reminder… Don’t forget the nice
invitation from our project leader four o’clock. (2002-11-21)
Some project members object at Urs’ time planning. At a meeting beginning of
November, Valentin is of a different opinion than Urs when it comes to the planning of
certain tasks and tries to explain that it makes no sense to undertake the tasks in the
sequence proposed since there are technical interdependencies that have to be considered
and that therefore it is impossible to undertake these activities in parallel and more
reasonable to change the order of others. However, Urs is determined to have a good
proposal at the concept review meeting, which is planned to take place in week 50. He
says that he knows that it is not much time left, however, project members are of the
opinion that it will be impossible to reach the deadline in time since there is not enough
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computer capacity to undertake calculations simultaneously, nor do they have a
suggestion for the L-0 and even if they had, there is not enough time to “loop”, i.e. to
make the iterations associated with each suggestion that is made.
During this intense period of working, for the first time, there is a project member who
does not represent the aero/MI group and who does not work with the flow path design,
present at a weekly aero/MI meeting, Franz. However, he does not take part in any
discussions. At some occasions he makes a short summary of his own doings, but equally
often he leaves without having said a single word, which is also the case of those less
experienced project members from aero and MI who take part in these regular meetings.
However, those working in the periphery are sometimes referred to at project meetings,
for example, Urs makes a summary of Gerhard’s calculations at the meeting November
14.
Project members are not happy with the way in which project meetings are undertaken.
They are not very concerned about the fact that many project members from the
periphery do not take part, they are of the opinion that project meetings are “cold” and
some are even hinting at them not daring to express their opinions;
For me it’s cold. […] We had an aero meeting […] just with Nikolaus, Arno
and Valentin to come down to a solution and that was a completely different
meeting. That was a warm meeting. It took about the same time, it was not
worse, was surely more pleasant, more laugh… a bit more, yeah a bit more
warm, where you dare to say everything that you want. (Lukas)

Preparing the concept review
December passed and the concept review meeting was postponed until the end of
January, leaving some additional time for project members in their search for a technical
solution that would work and which could be proposed before the review committee.
January 15, project members met to prepare their presentation at the concept review
meeting. Dominik informed about the agenda and project management’s aim with the
concept review.
Dominik: OK, then I propose that we go quickly through the agenda. That is
quite complex to set too because the topic is that complex that we lost it
several times in the presentation. […] But now with the general review goal,
that we review the proposed exhaust area and […] that we get a decision about
the concept, the flow path concept, advanced or classical. […] We’re relying on
the following agenda. For the general opening we will present the project
background, to give the reviewers the information about project goals,
specification and particularly about the tender release. Then we come up to the
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probable exhaust area, with the extract from Marcel’s study, the MI study and
the family study and after that we propose our exhaust area and ask for
acceptance of the proposal. Then we will make a general presentation about
the flow path concept, goal and status to get the […] channel concept we
decided quite early to concentrate on [a specific] flow path concept and on the
LP-concepts we decided also in an early phase not to follow the concept [used
at a certain power plant], concept for the last stage blade and that we focus on
the… this blade with two or one connection. OK, later on we go to the flow
path component review, go to every single component, presenting the
aerodynamic and mechanical background… the inlet section, last stage blade
and in the end we summarise or to think on the flow path review to get the
decision about the proposal of the flow path concept. […] We have to send
out some documentation for the preparation of the reviewers by end of this
week or by latest next Monday. (2003-01-15)
Before the group splits in two, aero and MI, each dealing with their part of the
presentation, there is a discussion, or perhaps we should say some further information,
when Urs gives his view on what is preferable in terms of how to arrange the presentation
and what its content should be in order to lead the reviewers to take the decision that is
considered the right one by project managers56. Clearly, Urs is in favour of a classical flow
path channel and he sees no reason to make a distinction between the normal variants
and the +-variants for the purpose of this presentation. It is also clear that he has made
up his mind when it comes to what should be said about the different options when it
comes to the L-0 and L-1 blades. Though it is often described as a “political game” that is
played between project manager and STECO or review teams, Urs makes reference to
computations and investigation when explaining the reasons not to reveal certain pieces
of information. However, all project members do not agree with him about the way in
which the presentations should be made.
Nikolaus: …OK, let’s focus on what we think is the most critical L-1’s so
therefore we probably start with the… OK, this was the variants…[…]
Urs: OK, then maybe we should run through this again this… this agenda and
call a bit more into details what was behind because if… talking about this kind
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The concept review will be focused on technical issues only and there are no reviewers who represent

manufacturing or sales invited to the concept review meeting. The “business issues” will be discussed “later on”,
according to Dominik.
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of overview […]. The initial… the idea of this way of presenting was to try to
rule out very early, certain possibilities and the second is try to combine the +
and the long + variant somehow […] we come up with a proposal of two
different flow channel types, the advanced and the classical ones, as I said, I
don’t want to distinguish on the hub diameter, whether it’s a + or not, I don’t
mind any longer. […] Then we have just one proposal and then we try to run
through everything based on this proposal […] But if we run this, because we
have seen it before, this and this would be the consequences. Then come back,
but we propose this one, next component. […] That was the basis, so we won’t
show them all these alternatives anymore.
Nikolaus: So basically more about classical than advanced?
Urs: Than advanced.
[…]
Arno: Do we have a clear focus which variant will be done?
Dominik: Classical or advanced.
Urs: Will be done, but it’s important for the argumentation […] Because, that’s
the basic point for the aero-discussion where we landed.
Lukas: And it’s mainly important for the aero-discussion?
Urs: Yes.
Lukas: And for the risk discussion also?
Urs: Yes, well…
[…]
Arno: OK, but then the presentation is a little bit different… for instance I will
present both variants at the same grade and not with focus on one…
Urs: You’re talking about the L157?
Arno: For instance yes.
Urs: Yes, that’s fine from the presentation point of view as long as we make
clear that this is our proposal because I don’t want to mix these guys up with
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L1 refers to the same blade as L-1, i.e. the penultimate last stage blade. L0 refers to the same blade as L-0, i.e.

the very last stage blade.
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all the variants but in the end of the day they don’t know what our proposal is.
(2003-01-15)
The project team splits in two and aero starts working on co-ordinating the different parts
of their presentation. Throughout the hour it takes of preparing, Urs tells the content of
the aero-guys’ respective presentations down to every detail. There is no doubt that he
knows exactly how he wants to build the argument. Generally, project members want to
follow a more open strategy, telling more about what different alternatives they have
worked on and about the problems they have encountered when doing this, than Urs
allows. Considering the discussions taking place between Urs and Lukas at the last
aero/MI meeting concerning their different opinions about the alternatives, I am
surprised to find out that Urs is that convinced about what decision he wants to achieve.
On the other hand, one can argue that most problems are related to mechanical integrity
and not directly linked to aero’s focus on an increased efficiency, which can be reached
rather easily as long as mechanical integrity issues are not taken into account; if there were
no MI-guys, there would be no problems so to speak. We are back to the original
problem of handling trade-offs.
And due to the fact that these aero/MI guys are always, let’s say 99% contrary
to each other, mechanics want to have a brick instead of a blade and we want
to have a knife instead of a brick, it’s natural that it’s always contrary.
Therefore, we always have to reach some consensus. (Urs)
The consensus can be reached, or if you want compensated for, by means of a decision
made at a concept review or a STECO-meeting, which would signify more exactly what
would be regarded as an acceptable trade-off between efficiency and mechanical risks.
Moreover, it would signify that those project members representing MI would not be the
ones to assume full responsibility of risks which they consider to be too high at certain
occasions.
That was the worst I have ever seen. In fact we entered with a design review in
the end of the project…most of the decisions on the mechanical side we took
them in bilateral discussions with Valentin […] No one to set some directions,
nothing. So, at the end of the project we decided to create this review
team…One very positive aspect is that it has a decision role and now a clear, a
kind of clear attribution. So, that has relieved a bit myself in that direction.
Surely it has brought the view of what other people have done from myself, so
I find it good. (Lukas)
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A short briefing
January 21, a few days before the concept review, I attend an LP-review meeting where a
few issues related to the Turbine project will be discussed. The meeting is several hours
delayed when Dominik starts his short presentation informing about the turbine design
layout, mainly talking about the outer casing and how the different options influence
costs. The LP-review team, posing several questions and giving proposals to further
investigate, is not satisfied with the alternatives that have resulted from work so far.
Though the issues related to the Turbine project were over and done with in a few
minutes, this short briefing was interesting as one of few occasions when the turbine
design layout was discussed at a meeting that I attended. At the moment, the work of the
turbine design sub-group was not very intense. Instead, all effort was put on the flow path
design, which was much treated as independent from the turbine itself.
Because we fully concentrate in the beginning of course on the air path to see,
OK if we see a chance to do it at all and then trying to do something around.
[…] these are completely different people. Of course, they should know from
each other, nevertheless they are completely different guys, like designers for
the turbine, for the shaft and so on… which can work decoupled without
causing too much problems except for information. (Urs)

The concept review meeting
When project members enter the meeting room for the concept review meeting, January
23, 2003, they are more well-dressed than what is normally the case. This is the day when
their work and proposed design solutions will be finally evaluated and decided upon58 the meeting is considered an “important milestone”. Project members take a seat along
the wall, while the review team take their seats around the table, open up their lap-tops
and start checking their e-mails. The review team consists of individuals from different
hierarchical levels and represent different interests within the organisation; Mr. Hotz
(Director, New Equipment), Mr. Schmidt (Director, R&D), Mr. Mullins (Manager – Aero
and Thermodynamics), Mr. Maurer (General Sales Manager, Retrofit), Mr. Richter
(Project manager at the Retrofit department), Mr. Schneider (Manager – Mechanical
integrity), Monsieur Martin (Manager – Mechanical Integrity), Mr. Scott (representing the
Retrofit department) and Mr. Robbins (Engineering Manager – Customer Service). From
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The aim of the meeting is stated to “decide about the final flow path design to be selected for further

development and to reach a final decision about the exhaust area” (Urs, internal information session).
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the very beginning, it is clear that this meeting is not like other project meetings. Not only
do project managers stick strictly to the agenda, the focus of attention is on other aspects
of development work than what is normally the case. After a short presentation of the
project’s goals and status, which indicates that the project is far away from the design
solutions chosen for the restricted tender release, the meeting takes off when Lukas starts
presenting the MI pre-study, putting quite an emphasis on considerations of costs.
Concept review Turbine project – AGENDA
Opening/Project background
Exhaust area
MI pre study
LP-family study
Flow path concept option

Dominik

08.30-09.00

Lukas
Urs
Leonard

09.00-09.25
09.25-09.55
09.55-10.40

Dieter
Jürgen

10.50-11.05
11.05-11.20

Urs
Arno

11.20-11.35
11.35-11.50

Leonard

11.50-12.30

Arno

12.30-12.40

Urs

12.40-12.55

Nikolaus
Valentin

13.30-14.00
14.00-14.45

Heinz & Stefan
Heinz & Stefan

14.45-15.05
15.05-15.25

Urs
Dominik
Dominik
Mr. Smith

15.40-15.55
15.55-16.10
16.10-16.30
16.30-16.45

Break
Flow path component review (part 1)
Rotor feasibility
Static
Dynamic
Operating range and
front stages
Aero design stage L1
Flow path component review (part 2)
Aero design stage L0
LSB erosion impact
energy
Aero summary on rear
stages
Lunch
Flow path component review (part 3)
Mech. Integrity L1 runner
Mech. Integrity LSB
Diffuser
Channel and diffuser
Shroud-diffuser interaction
Break
Flow path review and proposal
Aero
Product costs
Product risk assessment
Pendenzen & action list
Figure 8.1. Agenda of the concept review meeting
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Lukas’ presentation, mainly consisting of results from a study made by an expert on
material erosion and by Monsieur Coupat, incorporates comparisons of material options
for the L-0 and rotor, ranging from an L-0 made out of titanium to different types of
steel, compared as to their strength, their propensity to resist erosion and their impact on
costs. Though there has been some confusion as to what are the reasons of cost increases,
it seems from Lukas’ presentation that the choice of material has a rather significant
impact. Lukas suggests that material of which there is no prior experience within the
company will inevitably lead to cost increases, and when it comes to the material chosen
for the rotor as well as for the L-1 blade, there is a preference for the material currently
used due to its lower costs. The titanium blade which was initially asked for is abandoned,
even though it would have decreased the material stresses of the rotor. This also holds
true for the materials which would resist erosion, thereby engendering less of a
mechanical risk.
Talking about costs, efficiency and risks, it should be said that there is a lot of
benchmarking taking place at this concept review, both when it comes to the material and
technical solutions of competitors as when it comes to costs. When compared to other
LP-turbines within the assortment range, the one developed in the Turbine project is not
better nor worse. However, when compared to those of competitors some reviewers
cannot help asking how it comes that their competitors are able to develop turbines with
higher efficiency to lower cost than is PowerCo59.
Mr. Mullins: Are you uncomfortable with the results of this exhaust area?
Mr. Hotz: No, I was just wondering how it comes […] I think we can go on
from here but we need some more information from you about this. We need
an argument here [a good sales argument]. That would help us a lot.
There are few presentations in which costs are taken notice of and questions which
concern different solutions’ impact on costs are recurrent at this concept review,
something which is seldom the case at weekly project meetings, where proposals are
evaluated with reference to other criteria. Finally however, there is a decision made on the
size of the exhaust area, which is closely related to the issues of efficiency as well as costs
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According to project members you can not compare stated efficiency levels since efficiency can be measured

in a number of different ways. Moreover, they say, competitors promise efficiency levels which are not realistic
and therefore can no be reached, whereas Power Co’s promises efficiency levels that they are sure to fulfil,
thereby avoiding paying penalties to their customers.
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and Leonard goes on, making a presentation about flow path concepts, which causes
some confusion among the reviewers.
Leonard starts his presentation stating that the “The Turbine project’s design is meant to
exploit all design degrees of freedom to reach highest achievable efficiency level with
today’s material technology”. Thereafter Leonard describes the measures that he has
undertaken to maximise the efficiency of the flow path channel and the results he has
achieved. However, within a few minutes, several objections have been made by
reviewers, asking why issues of MI are not included when doing the calculations. When
describing what input values he has used as well as the assumptions behind the
calculations and comparisons he has made, Leonard is even more criticised. Leonard tries
to explain, though he is most often interrupted by Urs who seems to prefer to give the
answers himself. Personally I wonder how much of the criticism is a result of some
aspects being held secret to reviewers, and therefore just part of the game, and how much
has to be taken more seriously, due to the fact that it might have been disregarded.
Throughout the meeting, Urs takes the lead when it comes to explaining questions of how
and why. When Dieter, one of those less experienced project members working on the
turbine design, makes his presentation, Urs and Dominik interrupt frequently and Dieter
seems to be uncomfortable with the situation, starting himself to ask Urs about the
computations he is to present. A discussion takes place around the table, which seems to
aim at making some sense of the results. Mr. Schneider is concerned about the mechanical
stresses of the rotor, which he thinks are due to high temperatures, and asks for “an
action to check”.
Name:
Dieter
Organisational affiliation:
Member of the MI-group working on the turbine design
Education and work experience:
Dieter worked with mechanical engineering at a company in Germany, but got a scholarship
which combined practical experience with theoretical studies.
“So the studies stared in 1993, that is three years later…1996, I became an engineer and I have
worked as that ever since … within the turbine business, mainly mechanical integrity
and…sometimes in between aerodynamics and design, design engineer…but mainly on
mechanical integrity”.
Role in the Turbine project:
Dieter is working with the design of the rotor. “I work alone”.
About project work:
“…nothing is fixed and it changes from time to time and that makes it a little bit confusing”.
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Mr. Schneider: I propose an action to check for this.
Urs: I think that’s overshooting and I won’t be prepared to kill [the alternative
presented] due to the results we might get.
An intense discussion takes place, Mr. Schneider emphasise that a check is needed in
order to find alternative solutions and to know more about what might be acceptable
results in this respect. Moreover, he says, it is important because it has implications on the
design of the casing. Thus, it is a question about finding norms and standards, and
suddenly the project has got yet another task to solve.
Mr. Smith: I’ve made an action point to check the rotor design for all
applications, including retrofit application.
Mr. Schneider: This is an awful lot of work.
Dominik: Therefore, I will ask you for more resources if this is going to be
done within the project.
Leonard is not the only one to cause confusion among reviewers and project members
when presenting his result. Throughout the meeting, there are discussions taking place on
how to interpret results and there are a number of requests for “actions to check” the
reasons behind the results according to some logic of breaking down input values and
assumptions into their smallest constituents, thereby gaining a better understanding of
results. There are also requests for undertaking investigations which can help formulating
norms and standards giving a hint as to what is to be considered as acceptable results, or
results “within the limits” as expressed by project members and reviewers.
Mr. Schneider: I would like to make an action to check for what is practically
feasible.
[Discussion going on]
Mr. Hotz: Are we living now with these results?
Urs: They are within limits.
Mr. Schneider: I propose we check the limits.
Mr. Richter: I also require an action to make an efficiency breakdown to check
what are the effects behind the results.
A lot of time is devoted to trying to make sense of the results and proposals presented.
Reviewers continuously ask for what is “doable” or for project members’ comments and
conclusions. However, they are seldom given any straightforward answers. Project
members sometimes are as lost themselves;
Mr. Richter: Are they both doable?
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Urs: We don’t know because we don’t know the limits.
Mr. Schneider: What I miss here are conclusions.
Urs: As I said, we can’t make any conclusions because we don’t know what
measures to take.
The day after the concept review, Mr. Smith and some project members commented
upon the meeting, and the difficulties of making sense, arguing that many discussions
were initiated due to the lack of norms and standards, both when it comes to what
investigations has to be made when completing a certain task, and when it comes to what
is to be considered as acceptable results. At the same time, Mr. Smith says, “we have to
understand that we are really dealing with things that are, so far, unexplored”. However,
project members are quite confident that they are able to deal with these issues and find a
viable solution;
Mr. Schneider: How hopeful are you that we can handle the minuses? Is it a
killer or a challenge?
Lukas: We can expect to have a viable concept.
Mr. Richter: So what you say is that you can have some solution but that you
need more time?
Lukas: Yes, but it’s a big action.
Before the meeting ends, the project team makes a summary and gives their proposals.
Valentin proposes that the blade concept A, i.e. the L-0 including a snubber and shroud,
is the one to be adopted for further development. Urs makes some summarising
conclusions and suggestions.
CONCLUSIONS
•For the whole flow path channel, the classical one shows the higher performance and has a better
potential.
•The aero risks for the classical channel are smaller too.
oSome MI margin given for further L1 runner improvement.
oLoad re-distribution between L-1 and L-0 is still possible for optimisation.
oDiffuser/exhaust performance is less sensitive on diffuser geometry.
•The costs expected should be lower for the classical channel.
PROPOSAL
•Continue with the classical+ on high diameter.
•Keep hub diameter as large as mechanically possible.
•Try to apply an L0-shroud for further efficiency improvement.
Figure 8.2. Urs summarising slide.
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There were no explicit decisions made with regard to the proposed concept, nor were
there many other decisions made at the meeting, except the requests for actions which
project members and reviewers more or less explicitly agreed upon.

Summarising the concept review
When talking to project members after the concept review not all of them were
enthusiastic about its outcomes. Generally, project members said that since they had been
well-prepared, they had expected to get more valuable feed-back than was the case.
…you have to have these concept reviews and design reviews and these are
milestones and […] after that we should have an answer to this and that
question […] You try to focus yourself a bit so for this reason [and it
influences the work] but sometimes you almost feel it’s disturbing the work
because it’s fairly lot of preparation and that stuff and I think at those
[meetings] …these very experienced guys are most often missing and then you
most often don’t really get the feedback for your… not so much for your work
actually so these meetings they won’t help you solve things, your problems.
(Nikolaus)
Concept reviews were not established as meetings to solve detailed technical problems,
but were aimed at reviewers from higher up the hierarchy to make decisions as to what
design solution to be selected as the one to be elaborated and established as the final one.
However, attending the first aero/MI meeting after the concept review where project
managers make a summary as to the outcomes of the review, it stands clear that there
were no final decisions made with regard to the size of the exhaust area, and therefore,
which last stage blade (LSB) to select is still an open question. Aero argues in favour of a
long L-0 blade, which would be optimal from an efficiency point of view, while MI
prefers a shorter one. The one thing that seems to be agreed upon is the use of a shroud
at the LSB and there is a decision to select the classical flow path channel. However, at an
aero/MI meeting beginning of February, the advanced channel is back on stage and there
is an agreement “to freeze it in the end of February”. Regarding the exhaust area and the
length of the L-0, Urs concludes;
[That is an] urgent, first action to take. We have to place the LSB where it
seems most promising and then design the channel accordingly. (Urs, 2003-0129)
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Though the concept review in many respects has been described as a milestone, a closing
and the entering into a new phase of project work60, project members keep on working
broadly. In a way, these aspects are evident at this aero/MI meeting, where no results are
presented, no illustrations are put on the table and no references are made to previous
actions. Instead, all efforts are focused at establishing a new action list, Urs talking about
defining specific work packages for some, while others are asked to take care of the coordination of a number of different tasks. For the first time, MI also makes reference to a
meeting they will have with individuals who are working on the turbine design, thus
suggesting that there have been some contacts established to this part of the project.

A note on norms and standards
The lack of norms and standards for undertaking certain investigations and evaluating
their results caused some confusion at the concept review and did not contribute to
facilitate decision making. Considering that this is a complex development project, the
lack of norms and standards is probably normal, but, it does add to the uncertainty of
project members.
We are always working somewhere on the border between experience and
somewhere on the limit, not knowing 100% what will happen so going
stepwise a bit above the experience…(Nikolaus)
Excerpts from the concept review suggest that reviewers and project members alike had
some difficulties to make sense of the results presented, and at other occasions, they
made different sense of the same results. On the other hand, it appears to be clear from
project meetings and interviews that experienced project members rely on “a gut feeling”
when they try to make sense of results and judging whether it might be acceptable or not.
However, less experienced project members say that they lack any kind of guidance for
evaluating their results.
I get input from the project and then there is a statement and really often I
only read the information, the bunch of results even without judging because I
don’t know the criteria. (Simon)

60

The decision to enter a new project phase, is not formally taken by a concept review team, but by STECO.

However, project members still consider it to be an important milestone of the project after which there will be a
new focus for their work.
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There is another aspect which causes uncertainty in evaluating results which is sometimes
pointed to. This aspect is discussed at the aero/MI meeting this morning, i.e. to what
extent the tools and methods used are reliable and can be expected to reflect “reality”.
Lukas: I call for validation of the tools.
Urs: More specifically?
[Lukas explains that there are different results attributable to the same
computation, telling that at an earlier investigation they had got a different
result from the one they had got this time]
Urs: Whatever you call it, validation… I would say enhancement.
Lukas: My point is to make sure that in the end we don’t have results that are
too far away from the reality.
From the discussion that follows upon Lukas’ request, it appears as it the differing results
are due to the difficulties of taking all aspects, variables and constraints into consideration
when undertaking a computation. Thus, there are some “inaccuracies” and “shortcomings” that are due to the methods and tools that are used.
Name:
Leonard
Organisational affiliation:
Member of the aero group working with the flow path design
Education and work experience:
Leonard has a PhD in mechanical engineering from a university in Paris and he says that he has
always been interested in turbomachinery.
“I took my Master of Science in Paris…the thesis was on the design of a [specific type of] turbine
and of course my master degree was also turbomachinery and energy and then I took my PhD in
Paris and the subject of this thesis was on the design of a steam turbine […] I knew a professor
who could offer a work on design of turbines and actually at that time I first learnt how to design a
turbine …31 years ago”.
Leonard joined the company in 1986, working four years at the tool design department, and then
joining the steam turbine R&D department at PowerCo in 1990.
Role in the Turbine project:
Leonard’s work includes “more to give the design direction” and when necessary, to develop new
tools, in this case, computational programmes. Leonard is also working together with Valentin on
the design of the L-0 blade.
About project work:
“Extremely interesting and motivating”.
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…all these advanced three dimensional computational tools… and they have
their own shortcomings and tolerances and inaccuracies […] So we have also
such an amount of inaccuracy in our work. (Leonard)

Attending a STECO-meeting
Beginning of February I was allowed to join Urs and Dominik at a STECO-meeting, held
in the main building at site in Switzerland. They were both well-dressed and carefully
prepared. Urs was in a good mood and he said to me that he would stay in the
background, letting Dominik take care of the presentation and “then I’ll shoot when the
right occasion is given, just like I did at the review meeting, I like that”. No doubt, there is
some tactics when it comes to dealing with STECO.
Dominik: And that is one problem with STECO I think, it’s… how, how open
you should communicate the project progress and the product status, only
depending on this openness the STECO can make the correct decision…
Cecilia: So it’s a game going on there?
Dominik: Yes.
While some STECO-members are occupied answering their mobile phone calls and
checking e-mails, Dominik starts his presentation saying that “we have to define the
target”, showing a slide with some requests; decision proposed targets, approval of
hardware61 investment and decision about market introduction plan. The presentation is
given according to an agreed upon standard used when presenting before the STECO and
is not particularly detailed62. However, a picture that is shown is detailed enough to let the
director of the steam turbine business, Mr. Lüscher, insist on checking the size of the
outer casing of the turbine, which he thinks looks large in relation to its inner casing, a
suggestion that causes some confusion when referred to at the aero/MI meeting the day
after, when no one is able to understand his remark.
Rather promptly, the discussion takes off, focusing issues of cost and briefly touching
upon the question of efficiency. Mr. Lüscher is the one dominating the discussion and
making most decisions during the meeting.

61

Hardware here refers to the material needed to start production of the turbine.

62

According to the standard, issues to be presented at each STECO-meeting and for each project, relate to the

content and budget of the project, payback analyses, road maps and milestones, performance and risk analysis
and project status.
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Mr. Lüscher: Are you waiting for a decision here?
Urs: For the project as a whole we need an efficiency target and we need a cost
target.
Mr. Lüscher: So let’s return to your charts.
The discussion of cost issues takes most of the time. Mr. Lüscher, with a few exceptions
being the only STECO-member who makes any comments, finds the cost of the LSB
(this time counted as k€/m2 exhaust area) far too high, while Urs and Dominik keep on
saying that he has to have in mind that they are using new materials, are making the
longest LSB in the history of the company and will have to use a shroud, which adds to
material costs. However, the project managers are also prompting for a decision on a
more specific target, and try to introduce the cost issues of the LSB as a trade-off between
efficiency and costs.
Dominik: Should we focus on efficiency or to reach the cost targets?
Mr. Lüscher, ignoring Dominik’s question: Should we set the target to 145 k€.
Mrs. Becker63, opposing: R&D projects are for first applications so you don’t
have to stretch this target further.
[…]
Dominik: I would be pleased if we could set the target to the current costs
[160k€/m2].
Mr. Lüscher: Come on Dominik, there is more in this. We have to have that
and to find a way to reduce costs in development too.
Dominik: Should we focus on efficiency or costs?
Urs: We are introducing new materials and new erosion techniques and you
squeeze it to reduce costs. That’s unrealistic!
Mr. Lüscher: I don’t know how much you consider this aspect. You say “hey,
we have more blades, longer blades, shrouds” and so on.
[The discussion goes on and project managers start bargaining]
Urs: 160k€ for some extra features.
Mr. Lüscher: I would then set it at 150k€.

63

Director of the Quality department in Switzerland and the only woman in STECO.
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[…]
Mr. Lüscher: Go for 145. Go for 145. Try it!
Mr. Schmidt: Can you agree on that?
Urs: We’ll try it. We make a try but we can end up with 145, 155 or 160.
Dominik resumes the presentation and within a few minutes there is agreement on his last
requests regarding hardware procurement and market introduction plan. I notice that
there is an agreement to sell one unit under “safe operating conditions”, three months
before there will be any test results from the test turbine available. Therefore, Dominik
presents a “fallback strategy” which is depending on these test results;
Case 1: Blade failure or huge blade excitation; operate without
last stage blade. More or less one year lost.
Case 2: Flutter at high or low volume flow; limit the operating
range. This, we don’t know until 2005 when we probably have
the first turbine in operations.

Mr. Lüscher: I accept. Any other comments?
Before the next project is up, Mr. Schmidt summarises the decisions made, where it can
be read that “efficiency targets have to be adjusted when risk assessment has been done”.

Aero/MI meeting, February 12
Quite a few meetings and workshops relevant to project work have taken place lately and
Urs and Dominik have much information to give project members at the aero/MI
meeting on February 12, starting with an extended report from the STECO-meeting.
Dominik briefly touched upon the project managers’ request of a more precise target with
regard to the efficiency level, informing project members that this request was more or
less ignored and that the project has to present a risk assessment end of March before the
STECO will make such a decision. There is also an extended account of the discussion
related to cost issues. Dominik tells that he and Urs had “made very clear” that they could
not agree as to the cost target of 145k€/m2, or the corresponding total cost of €3,1
million for single flow application but that STECO had not taken much notice of their
objections.
That’s quite tough I think. We requested then that we had to monitor the cost
history or cost development. We came more and more to our detailed design
to show, OK what impact we have or what changes we’ve introduced and what
effects we have on the costs. […] OK, so we look at what the components cost
and we define the efficiency target, that’s what we told in front of the meeting.
(Urs)
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During the meeting, project members did not comment neither on the issues of a more
precise efficiency target, nor on the issues related to costs. More generally however,
project members express some distrust when it comes to project managers’ way of dealing
with requests from STECO.
Important to me is also, no lies. I mean in some meetings with the highest
management there are fixed some so called milestones and my feeling is, or my
impression is, that the project managers almost always say to management that
yes, we will achieve this milestone, although they know that we will not achieve
this milestone because of development is not that far and manpower is
missing. I think the managers should have the courage to say that no, we can’t
because of bla, bla, bla […] No lies, that means also that when there are some
review meetings, which are to report the project’s status to management, then
also the project should tell management the truth and not what the
management wants to hear. […] It’s somehow a political game and not only
political but also a personal game for the project managers… (Victor)
Getting no comments from project members, Dominik continues with a report of a
meeting which took place last Monday, where he and Urs had met with Mr. Hotz, the
manager of the New Equipment department and some representatives from the sales
department.
This meeting was quite interesting for benchmark assessment, or based on
benchmarking of our competitors, for the project. […] That is a picture for the
calculated data […] for our 50% probability curves, not taken into account the
possible measurement tolerances which maybe [name of competitor] has
already introduced and not taken into account are the potential further
improvements from [name of competitor]. So for 50% probability, it’s quite
nice but if you look then on 84% probability64…and we should be somewhere
in the area of our current status and yeah…we are behind … [our
competitors]. (Dominik)

64

Dominik often explained different scenarios in terms of their probabilities to occur. As we might understand

from this excerpt he is not very optimistic that the project will be able to develop a steam turbine with efficiency
equal to or better than the efficiency levels of those steam turbines offered by their main competitors.
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Judging from Dominik’s account, the major outcome of the meeting was a statement
from the sales department about the importance of reaching “the efficiency line”65 and an
agreement from project managers to confirm an efficiency target later on.
Urs: They would like to have the target line in but they are such that when we
feel confident to do it then we confirm.
Dominik: Yes, but we didn’t confirm.
Urs: So, we got somehow the approval for this target and they wanted to have
it as soon as possible when we feel more confident that we can achieve it…
Key in reaching a high efficiency is to find a reliable last stage blade, something which has
posed specific problems in the project, partly due to the difficulties of dealing with the
trade-off between aerodynamics and mechanical integrity described previously, and partly
due to the problems of finding a material which can resist erosion. The technology and
material used in the last stage blade are also considered as “important cost drivers” and
therefore the erosion workshop held with colleagues from other European sites is of
particular interest to the project. Dominik therefore informs about they way in which the
project will deal with erosion protection issues.
Basically two teams had built up this work sessions running, mainly containing
all the material guys that discussed positive solutions for this material we used,
either very crazy or specific ideas on each treatment for the blades and to make
it maybe harder, although simple hardening so far, or to insert some additional
or specific materials that can be hardened at the leading edge of the blade, or
discussed things about shielding itself, classical, and how to bring it on…well,
techniques […] and then there has been a second group where basically it has
been discussed about the different ways of assessing erosion itself, which
means which erosion tools exist, how can we find out what these erosion tools
tell us, are they consistent in what they tell us, do they react physically on
changes in the main parameters, I think for instance erosion and how can we
check these tools against feed-back experiences that we have? […] try to find
out something about the limits, the other is what can we do to protect,
anything on the blade shielding and material issue. (Dominik)
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Dominik does not tell in exact terms what this efficiency line corresponds to and no one asks. However, it

should be clear from the picture at the middle of the table.
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As the quotation above suggests, the question of how to protect the last stage blade from
erosion is one which creates lots of uncertainty, not only because no project members of
the formal project set-up is particularly acquainted with it, but because there is no former
experience of the material to be protected. Having informed about the erosion workshop,
the project team starts setting a new action list.
Name:
Marcel
Organisational affiliation:
Member of the MI-group working on the flow path design.
Education and work experience:
Marcel comes from the Italian-speaking parts of Switzerland and has worked at PowerCo for a
few years, though he is a newcomer at the R&D department.
“After that [having graduate from the Fachhochschule] I remained in school as an assistant for
1,5 years, not teaching or something like that, I was working for companies”.
Me: “Some kind of vocational training?”
“Yeah, companies always gave us some things to do and I was there to do that job, not to help
teaching or being a teacher. Then I came here, to PowerCo, to the commissioning
department…doing technical support for the commissioning people and I was on site, in Spain
for three months…but it was not really what I was looking for so I started looking for something
else and I came here first of September.
Role in the Turbine project:
“I’m working on the L-1 blade […] on mechanical integrity to see from a frequency point of
view and from stress point of view, if the blade is feasible. […] It’s quite a personal task that I
do”.
About project work:
“I just see some small problems between aero and MI, I think there is maybe not enough
communication”.

Urs: Other meetings that have taken place? No, I think that’s it.
Dominik: Isn’t that enough in one week?
Urs: Sure, and not to forget, let’s come back to where we are here.

A note on working without a target
Project managers and project members alike are still asking for a more precise definition
of the target. Dominik, starting his presentation at the STECO-meeting saying that “we
have to define the target”, was given no answer to the question of what efficiency to what
costs and risk will be an acceptable outcome of project work and project members
complain that they have no target, only a time schedule. Being somewhat irritated when
commenting upon the lack of a target, Marcel says;
…you are feeling a bit lost and at the same time as being lost we get a time
schedule, that’s a little bit, not very good. Once we know in which direction to
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work, then we can estimate the time we need, but when we don’t have a
direction, we can’t estimate the time and when we see a schedule we feel
[almost angry]. (Marcel)
Though project managers asked for a more precise definition of the target before entering
into detail development, Urs says that to him the target is “clear”, as is the way of
reaching it, but that perhaps it is not clearly communicated to project members. Project
members, on their part, have two objections to make, the first one being that there is little
congruence between explicit statements and the symbolic act of resource allocation and
therefore they do not know about the actual target. Second, that they have no clue about
the target at all and therefore are only following “like a bunch of sheep”. Some project
members have finally lost faith.
To myself it doesn’t matter anymore. I am here and doing my work and in the
end, if the target is impossible, then it is impossible. (Franz)
Name:
Franz
Organisational affiliation:
Member of the MI group working on the turbine design
Education and work experience:
After school, Franz had a four year assignment as a machine designer, before taking up vocational
training in mechanical engineering. Franz came to PowerCo. in the middle of 2002, and is part of
an MI-group at the R&D department.
“I started the education in mechanical engineering at the [school’s name]…and after two years I
went into the army and then…half a year I worked as a sender and designer…travelled around and
then I did my last year in school and then I came to PowerCo”.
Role in the Turbine project:
Franz is working with the blade design, but he says that he does not feel really involved in the
project and he is only occasionally showing up at meetings.
About project work:
“…when you have to do the same work all the time, then it’s not challenging and no…nothing
changes”.

While waiting for someone to take a more precise decision about the target, project
members say that they rely on “local targets”, which means that they set their own targets
related to their work being based on a general understanding of the target as “developing
a new turbine with better efficiency”, hoping for “the guy on the top [to have] the
overview…to coordinate”.
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A note on the participation of project members
The excerpts from project meetings indicate that project members participate in different
ways, some raising their voice more often than others to present, make a comment or
posing a question. This suggests that some project members influence project work more
than others. However, the ways in which project members participate in project meetings
(or choose not to participate) also mirrors a division of work which not only separates
between tasks assigned to aero and MI respectively, but also between tasks undertaken by
experienced and less experienced project members respectively or by those belonging to a
core and those working in the periphery of the project.
Nikolaus, Arno and Valentin, being considered indispensable due to their experience and
know-how of technical matters, are involved in many presentations and discussions on
technically complex issues, often trying to help their fellow team members making sense
of results presented. Lukas and Urs, though also being involved in discussing these
technical matters, explaining the reasons for undertaking certain computations and
analyses or raising questions in order to dig deeper into the results and problems
presented, never deliver any results themselves66. Generally, Lukas and Urs focus on
technical aspects in order to establish an action list and resolve the issues of what to do
next and how, thus taking on key roles when it comes to the co-ordination of project
work within and between different disciplines. On the other hand there are other, less
experienced project members, like Simon, and Franz, who never participate when results
are discussed and made sense of. However, they are rather frequently involved when it
comes to presenting computational results. Alain and Beat, also counted among the less
experienced project members, often leave the meeting without having contributed neither
to the presentation of results, nor to the discussions67. As a comment to why this is the
case, Alain answers that “[he] does not feel involved”, however, he says, he makes a few
sketches and tries to solve some problems while sitting there.
The way in which different project members act at project meetings tells us something
about the kind of project work in which they are involved and how they experience daily
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Lukas sometimes makes a summary presentation of the work undertaken by somebody else. Urs, except for

giving some briefings about the outcome of different meetings that he has attended, never present any
computational results or the like.
67

Alain sometimes tries to present the findings of his work but is most often interrupted by Urs or Leonard who

takes over the presentation, something which Alain says that he often regrets.
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project work. As suggested by less experienced project members themselves, and
confirmed by their colleagues, they are responsible for the execution of well-defined work
packages, the results of which are often handed over to more experienced project
members for analysis. This might explain why less experienced project members, when
raising their voices, do so in order to present their work.
I personally do not do many computations myself […] …there need to be
some with less experience so that they are prepared to do the hard jobs, doing
lots of computations […] and Alain is doing computations for me…(Leonard)
…that is clear that they [referring to those less experienced project members]
also want to do some work on the whole without being controlled, or told
what they should do. That means that we have to look for work packages that
they can do on their own, like calculations or studies, smaller studies and
investigations […] where it is clear, not too many changes in the design, three,
four areas and calculate this. (Arno)
Thus, less experienced project members are “doing the hard work”, while experienced
project members are more engaged in analysing and making sense than in executing
computations themselves. This is easily observable at project meetings, where more
experienced project members, in order to make sense and collect the aspects of
importance to their own work, pose some short key questions in a way that is never done
by less experienced ones. On the other hand, the role of less experienced, is to give the
exact figures and numbers asked for, thereby also contributing, however not by means of
readymade interpretations.
Arno: You still have this casing flare angle 29?
Marcel: Yeah.
Arno: Degree. That means you also…you reduced the blade count from 71 to
65?
Marcel: Yeah.
Arno: Blade length is still the same?
Marcel: Yes, but I worked on the shroud.
Arno: You worked on shroud and blade count?
Marcel: Yeah, and flare angle.
Arno: And flare angle…but…
Marcel: Because it was 35 here, this version here was 35…
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Arno: Ahhh, it’s 35 in your model but in our channel it has already had
a…OK.
Marcel: This three factor…
Arno: OK.
When commenting upon their work, less experienced project members as well as those
belonging to the periphery, frequently suggest that there are “iterations” and “loops”
related to their tasks, thereby proposing the need for interaction. Even if this is the case
the work of less experienced project members is more individual to its character, while
that of experienced ones stands out as being of interactive and cross-disciplinary
character.
So I’m linked to the aerodynamics, this is Urs, but also Arno, because he
designs the last two stages and for the design he needs somehow information
coming from the cycle. That means that we do an iteration process, I give him
some information as a starting point, temperatures and pressures. He runs the
3D-calculations and gives some information about the geometry of the blade
back to me and I run the cycle once again and see if the flows have changed or
not…(Victor)
The kind of “iteration process” described by Victor is handled by means of exchanging
information, writing a few numbers on a piece of paper or just sending an e-mail. This is
often the case when less experienced project members or those working in the periphery
of the project describe the kind of iterations and interaction that take place between them
and their more experienced colleagues in the core. While Lukas insists that he and his
fellow team members are sitting together and “discuss together […] until [they] come up
with something and comes down to something, that means an alternative, possibilities,
what can we do”, Simon and Franz are telling how they get some instructions written
down on a piece of paper and undertake their work from the basis of those instructions.
He (Valentin) writes everything down, all the important points and then gives
me the paper and with this paper I have most of the important information
and this work package, this information. (Franz)
I get input from the project and then there is a statement and really often I
only read the information, the bunch of results even without judging because I
don’t know the criteria. (Simon)
Less experienced project members, as well as those of the periphery complain about
being “decoupled”, something which is not only supported by the accounts of more
experienced project members and project managers alike, but also reflected in the way of
participating at project meetings.
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Searching for a way out
It takes a few weeks after the concept review until project work somehow normalises
again. At the last aero/MI meeting in February there is no doubt that project members
have resumed the intensive work from the concept phase. Despite the concept agreed
upon at the concept review, using Valentin’s metaphor, project members are still
searching for a demarcated “field” on which to play, trying to find their way to reach the
target. Thus, project members are not convinced that the concept chosen at the review is
the right one.
Lukas: OK, I think we have to really see what is the modification needed or
not and if it’s needed, is the concept that we are working on the right one or
not. I think that’s the crucial question. […] We have been doing quite a lot of
what to do… alternatives during the first phase and we have seen clearly that…
if we can’t follow this track we need to go to a complete different… we can
not stay any longer with this stiff blade.
Urs: I’m not quite sure. […] I would ask a bit bigger.
[…]
Lukas: […] I think the one thing is the coupled calculation, it will show
whether the situation before was acceptable or not and it shows that if it’s not
acceptable then it’s a major restart, and a major restart where you can not sit
and have this discussion that we have right now. Then we have to pull out the
frequency analysis that you made during the pre-phase I guess… make more to
see. For the moment, to have this discussion doesn’t make sense.
When discussing and making sense of results and analyses, project members still use
illustrations, graphs and diagrams in different colours. However, verbal referents to other
steam turbines within the assortment range as well as to alternative variants that were
refused at the concept review becomes increasingly important, which was also the case in
the discussion between Urs and Lukas above. As a matter of fact, input values are
sometimes taken directly from older variants in order to make some rough appreciations,
a quick investigation.
Lukas: I think we have to look at… more deep. For the mass… For the static
stresses have you made a comparison with 42?
Marcel: Yes. I haven’t really analysed that because the 42 has this green line…
for the advanced it was the big and for the classical it’s just for the 42, because
it’s the same.
Lukas. Even with 40 mm?
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Marcel: No, sorry. I… just made a calculation with 40 mm lengths, longer…
and then just…
Lukas: We are not far more?
Marcel: No, we are for… for 42, this one.
It appears as if already existing turbines and former development projects can be
important since it let project members identify types of problems and the ways of
working when searching for their solutions.
Lukas: It’s roughly the same problem that we had with the 56.
Urs: Look, it’s not what I think when I see this.
Lukas: Just geometrically, not the blade.
Valentin: For the 42 I created a model in this way. I cut it out, the connections
and the here… goes the unwinding of the shroud and the unwinding of the
profile.
When it comes to those issues of which there are no former experience within the
company, reference to competitors is frequently made, if not to know how they have
solved the problem, then at least to know something about what is possible to do.
Lukas: But I think, just to come back to this it makes sense to orient a bit
ourselves to… competitors who have made a certain number of investigations
I think to come to this conclusion even if we don’t own this know-how and
the full background of this know-how.
While it can be suggested, and often is suggested, that knowing what not to do, is also a kind
of knowledge, uncertainty remains for still some time, and the way in which problem
solving related to issues of droplets and erosion is described as “science fiction” suggests
that the issues and problems to deal with are complex to say the least.

Entering the detail development stage
For several months, project members have worked hard to find a viable technical
solution. During spring 2003, it appears as if their efforts have been worthwhile as they
come increasingly closer to a breakthrough.

The changing character of project work
During spring 2003, i.e. from end of March until end of June, project work progresses
and the nature of work slowly changes. Discussions still relate to the L-0, the L-1 and the
flow path channel. Project members are talking about modifications of the airfoil’s
profile, about shifting the mass or position of the shroud in order to reduce frequencies
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and stresses and they are talking about where to position the blades. They are also
discussing the size of the inner and outer casing and about what will happen with
droplets, and erosion, if the airfoil is a bit more or less twisted. However, while the issues
are the same and the agenda of project meetings more or less identical over time, the
discussions are more related to technical details in the sense of not knowing what will
happen if the mass of the shroud increases by 50 grams or what will be a reasonable way
to shift a frequency family without risking a suboptimisation of another part of the
turbine or its functioning. According to project members, they are now trying to
“optimise the whole thing together” and not one part at a time, which was more of the
case during the concept phase.
Uncertainty certainly remains in many parts of the project. However, in other parts,
technical uncertainty is also significantly reduced, for example as a result of project
members getting more and more convinced that they are approaching a good
compromise and solution to the L-1. Scrutinising my transcripts from project meetings,
dated during spring 2003, there is no doubt increasing need for interaction, and iterations
and “loops” are getting shorter. At the same time, inputs and instructions to fellow team
members are getting more precise, which adds to the general impression that uncertainty
is reduced during this period of time. The formulation of work packages to be taken care
of by actors external to the project is also more frequent than before. Another
distinguishing characteristic of this period is the more prominent role of less experienced
project members and the obvious and intensified co-operation with turbine design, which
so far has constituted a most peripheral part of the project. Furthermore, project
members generally describe a more positive atmosphere.
Urs seems to be more relaxed and there are always quite a few jokes and laughter at
project meetings. When Dominik tells that the company has got a contract worth some
hundred thousand Euros, project members conclude that they must be “on the right
track”, working on the kind of solutions that were chosen before those of their
competitors, i.e. having decided to design an L-0 out of steel instead of titanium. They
also suggest that after all, this new order represents “a kind of trust in this company”.

Reducing uncertainty
Despite the satisfaction of having decided to go for a steel blade, there are still serious
concerns regarding the L-0. Despite several attempts to deal with the frequency families,
the project team has not succeeded in finding a solution which is considered good enough
from both the efficiency and mechanical integrity point of view, and they are still talking
about a more or less total redesign of the blade, including the shape of the airfoil and the
coupling concept. Compared to the L-1, there are more aspects that have to be taken into
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account, e.g. the last stage blades’ interface with the diffuser, contributing to making the
work with this blade more complicated.
Lukas, (referring to the L-0): […] So it’s clearly not the way to go.
When it comes to the L-1 however, the uncertainty has clearly been reduced and the team
is coming close to a breakthrough, reaching a solution that is acceptable not only from an
aero, but also an MI point of view. Beginning of April, after a short briefing on the
actions undertaken to improve the L-1, Urs concludes that “it will be set in a sense” and
during the weeks to follow, work on the L-1 is progressing quickly.
Lukas: I think we are on the track really.
Urs: No time pressure at all, just counting.
Lukas: I hope that we will have a good frequency situation.
Urs. OK, good. Thank you. (2003-04-23)
Marcel: So, you see this 3D-model, it’s done.
Urs: Yes, yes and?
Marcel: Contact area solved. (2003-04-29)
Marcel has been much involved in the successful work on the L-1, having done MIcalculations and 3D-models, and is now getting increasing responsibility as he will take
care of the remaining work together with Simon and Leonard. Whether as a result of
reduced uncertainty or just by chance, less experienced project members are getting more
involved, something which is apparent at project meetings where less experienced project
members are more prone to take part in discussions and make suggestions, even offering
their own interpretations of results.
The ability of project members to specify rather precisely what is needed in terms of input
to the remaining computations on the L-1 is perhaps not surprising when considering the
reduced technical uncertainty. However, aiming at an “optimisation of the whole thing
together”, they also specify quite clearly what is needed in order to progress with the work
on the L-0.
Leonard: […] it’s preferable not to reduce the camber more.
Lukas: It’s preferred not to reduce camber. From the upper part of the blade?
[…]
Leonard: Mainly curvature, mainly distribution and curvature in the profile.
Lukas: But you’ve made changes especially in the lower parts?
Leonard: Upper part I’m sure that we have to do lots of changes […].
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Lukas: So that means that you will introduce curvature or?
Leonard: Curvature variation and certainly with this curvature and
condensations.
(2003-05-20)
The discussion cited above is aimed at co-ordinating and organising further work, taking
into account the concerns and considerations of those project members representing
another perspective than ones own. Though organising work has always been part of the
agenda, it has been done in quite a different way, Urs having been the one to distribute
tasks being kept relatively isolated from each other. Now, project members are taking
more active part when it comes to organising project work themselves, asking each other
for more precise information. At project meetings the need for interaction has become
more highlighted and more attention is given to the question of organising at the interface
of the two disciplines, as suggested by the quotation below.
Lukas: …then you make a second loop with the new variant. During this time
we still work on the lower variant, give you some input in between… Once
you have assessed this one you have to start then with the lower variant and
during the time you will work on the lower variant we will retake the data from
Valentin to build up the bigger variant. That could be a possibility…
Valentin: Who builds the variant?
Urs: That’s a question.
Lukas: Yeah, that’s a question…
Valentin: Aerodynamics.
Urs: As I said I don’t have a problem to build it up. The only question is… we
need area distributions and we need some hints where we would open
alternative frequencies. So we come up with a conclusion, Peter should provide
us. And we said, correctly, somebody should get him…
Lukas: Some inputs.

Problem-solving – interaction and iteration
This period of project work is one of intense problem-solving, when project members
search for a more demarcated “field” on which to play. Frequent interaction characterises
the work and “loops” are said to be short.
Between the MI and aero there are quite short loops which can be within…
sometimes within some hours or some days but the interference with turbine
design is more… after three or four weeks, so you say, “OK, now we have
179

done several loops with the aero and we come up with this design and we must
recheck if we still […] are within the limits of the turbine design”. (Nikolaus)
The changing nature of project work, characterised by more interdisciplinary interactions
is evident when having a look around the office where project members are intensively
involved in discussions and interdisciplinary work. I have seen Urs sitting in front of the
computer together with Victor, I have seen Arno and Alain in front of a work station, I
have seen Simon discussing with Dieter and I have seen Valentin gesticulating, sketching
and showing results to Lukas and Arno, apparently trying to describe something. Thus,
there appears to be a lot of interdisciplinary interaction taking place and project members
tell me that they meet each other on a daily basis.
Moreover, though not in the sense of frequently attending meetings and interacting with
fellow team members, turbine design and other peripheral parts of the project, are also
getting more involved in work. At project meetings the work undertaken by for example
Victor, Gerhard and David, is more often referred to than was the case before entering
into this phase of detailed development. In addition, different work packages, e.g. those
relating to the issue of erosion, seem to be increasingly important and are often discussed
at project meetings. Perhaps, this is a consequence of reduced uncertainty, which allows
project members to define more exactly, the task to be investigated and its constraints.
However, Daniel, Brian and others working on these tasks are only occasionally showing
up at project meetings to present their results. This contributes to quite a few
puzzlements, when project members try to make sense of the pictures and diagrams that
have been sent to them.
Marcel: The colour is the energy?
Urs: That’s the energy, yeah.
Marcel: And the droplet size…?
Urs: Not really. […] It can be the droplet size but it does not have to be.
Hence, while the core is interacting more than ever before in order to handle
interdisciplinary problems, many issues, notably those being the responsibility of more
peripheral parts of the project, are still taken care of by means of work packages and the
exchange of some information. Within the core, there is a distinction to be made when it
comes to the issues that are discussed within the aero and MI groups respectively and
those that are raised for interdisciplinary discussions.
This is, this is the aero group, this is the mech [Valentin starts drawing a sketch
to illustrate his arguments] and they do in their, within their group, their own
loop, where they discuss aerodynamic problems and we discuss in our group,
mechanical, and then you have to develop a product and then you will need the
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interface between […] In this group you discuss the methods, the calculations,
programmes, and in this group [the interdisciplinary one] we discuss the
results, the blade, the variants and so on. (Valentin)
Experienced project members are said to have a good feeling for the kind of issues that
have to be raised and dealt with in an interdisciplinary fashion, suggesting that they have
acquired an understanding of the kind of problems that may be encountered in other
parts of the project.

A note on working together
Some experienced project members, like Valentin and Arno, have worked within different
domains of expertise and have a fairly good and deep-reaching understanding of issues
related to both mechanical integrity and aerodynamics. When these experienced project
members describe their ways of working together, they suggest that their co-operation is
facilitated by the fact that they have learnt how to define their problems and make
proposals in a way that makes their colleagues able to realise what they can do in order to
help them overcome them.
…the more they know about what others are doing and what is important for
the others, the better they organise their work and ask the right questions or
being in time with the schedule and so on. […] If you are linked to MI then its’
very helpful, at the moment we have experienced guys from the MI side and if
you work with them, they really know what they can deliver, that’s not just to
say, “no this blade is not strong enough” or so, “frequencies are bad” but they
come along with clear, defined suggestions, “try to redistribute the mass of the
blade like this or we need… ” (Arno)
Project members who are used to work together also witness about another kind of
shared understanding which is related to the ways in which work has to be undertaken,
which simplify their interactions and co-ordination.
If I make a calculation, if the mean is 300, that means a lot of things to me and
I know if it’s Valentin that had worked with it, then I know what he did and
the process is clear. If I told him just to make [a certain kind of calculation
explained in only a few words] then I know that he knows that I mean a stress
calculation 2D and a frequency calculation 2D for the system, and that means a
process. So it’s a lot of things which are unsaid. (Lukas)
Moreover, many project members express a kind of admiration with respect to each
other’s knowledge, e.g. Lukas states that Valentin “is really tremendous, he is absolutely
brilliant”, being impressed by his “gut feeling”.
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Attending my last aero/MI meeting
I attended my last project meeting on June 24, 2003. Project members entered the room
one after the other, talking and telling jokes. There was a nice atmosphere in the small,
and hot, meeting room which lacked air-conditioning. The furniture was the same as
usual, a big table and old brown chairs. Somebody had forgotten to take their coffee cups
with them when leaving the room. The trains were passing by outside the window,
causing quite some noise when breaking before reaching the railway station a kilometre
further down the tracks. In other words, most things were just the same as usual and it
was a meeting like any other that I had attended during my stay at PowerCo. The usual
project members were there, carrying their bunch of results with them, ready to present,
to put a diagram or a graph on the table. However, there were a few exceptions worth
mentioning.
This last project meeting started with Dominik connecting his laptop to the beamer in
order to display the action list established the week before and saying a few words about
the MoM68, including some results and presentations from the last meeting, that he had
distributed by e-mail after last week’s meeting (only Lukas and Beat said they had read
them). In this sense the latest project meetings have been more formalised than the
previous ones. In addition, quite some new presentations and results have been added to
the project folder at the O-drive. Moreover, for the first time in the history of the project,
issues related to turbine design have been assigned its own place at the agenda. However,
no project member representing this part of the project was present.
When leaving the meeting, Marcel, Alain and Arno have made a presentation each, one of
which was commented even from an “assembly point of view” and the other one based
on false inlet values and therefore had to be “up-dated”, though the “statements are OK”.
Moreover, Urs said some summary words about the work on erosion which Daniel has
sent him. When closing the door, it seems project work went on just as usual.

A successful design concept
In June 2005, the design gate review where all technical details were finally agreed upon,
took place and a series of tests and validation was initiated at the test site. To start with,
these tests appeared to be “very successful” (Dominik). However, a blade failure occurred
at the LSB-runner, which delayed the final release of the turbine with approximately half a
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year. After extensive problem seeking and analysis however, it could be concluded that
the blade failure was not due to the design but had been caused by a small item somehow
coming loose. The Turbine project was finished in December 2006, more than one and a
half years later than expected, having been interrupted at several times since its start-up in
September 2001.
The final design solution involved a straight root, a double coupling concept of the LSB
(both snubber and shroud) and the reliance on a steel material instead of titanium. “It is
the largest blade you can make with this material”, Dominik comments when I talk to him
in December 2006. He further suggests that the discussions on what efficiency to what
costs and risks never ended but that both efficiency and reliability was better than
expected. “We could increase the operating range of the turbine due to better mechanical
integrity”. Even if the time and cost targets were exceeded, Dominik is happy with the
outcome of the project. “It is the beginning of something new. We have a design concept
that seems to work. We had to extend the design phase to optimise the technology further
and it took a bit more time than planned, but that’s normal... We have optimised new
technology and everybody is happy with the product of the project”.
The market situation has also changed for the better. “At the moment we are struggling
to keep our commitments. We are too successful. We have too much to do. We have a
very good order intake and I’m afraid that we will end up with penalties as it will be
difficult to keep our promises due to the order intake” (Dominik). Two turbines of those
developed in the project have been sold and the first commission starts in the end of
2007.
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CHAPTER 9
KNOWLEDGE INTEGRATION IN THE TURBINE PROJECT
In this chapter, I restate the purpose from chapter one to find out what we can learn from the Turbine case
about knowledge integration. I discuss how knowledge integration was achieved in the Turbine project in
an attempt to shed some light on the question of what mechanisms are involved in knowledge integration in
product development projects. This will result in a model of knowledge integration which is grounded in the
particular case under study. As I suggest that this model of knowledge integration mirrors the particulars
of its setting, I will try to identify the peculiarities of the Turbine project. When doing this, I will
characterise the setting of the case with respect to Zollo and Winter’s (2002) task characteristics
framework and Grandori’s (2001) cognitive failures framework as discussed in chapter two.

Knowledge integration in the Turbine case
Members of the Turbine project sometimes complained about the way in which the
project was managed and some of the project members considered themselves as
“decoupled”. On the other hand, they also said that the Turbine project was better than
many other projects in which they had been involved. Furthermore, many members of
the Turbine project also suggested that a good project was one in which a good technical
solution of which they could be proud had been found. Such a good technical solution
resulted from the Turbine project – and that solution definitively required the project
members to take benefit of knowledge complementarities, i.e. to integrate their
knowledge. In the following sections, I will discuss the ways of working in the Turbine
project and how these contributed (or not) to knowledge integration. First however, as so
many individuals and groups were involved in the Turbine project, I will present how I
consider of the project team and the different sub-groups.

The actors involved
My study focused on product development work during the development and detail
development stages of the Turbine project. These stages were regarded as the most
critical ones; it was now that the organisation would learn whether the kind of Turbine
that they wanted to develop was even technically possible to build.
Several different groups of actors were involved in the project work during the time of
the study (see figure 9.1.), all of them with different roles and different responsibilities.
These different groups were interdependent in various ways and these interdependencies
were dealt with in various ways. First, there was the project team, consisting of project
managers and project members who were assigned the tasks of designing the flow path
channel and turbine respectively. Second, there was the steering committee, STECO,
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which had a decision-making role and consisted of departmental managers. Third, there
were LP-review teams, consisting of different experts depending on the subjects to be
discussed. Finally, there were individuals who had no formal role in the project, but who
executed “well-defined work packages” and therefore undertook a role resembling that of
project members during a limited period of time.
All the above-mentioned groups of actors were important, not only because the
knowledge of each group (and actor) had to be integrated with that of others, but also in
enabling knowledge integration within the project team. The project team, for example,
was dependent upon STECO’s decisions regarding the specific target in order to be able
to integrate the knowledge of members representing aero and MI respectively. However, I
will focus on the work and knowledge integration of the project team. Different groups
which acted out their roles in different ways can be identified within the project team as
well; therefore, I will present and discuss these groups before turning to the prerequisites
of project work which were common to the project team as a whole.
Figure 9.1. The actors involved in project work during the development and detail development phase. I focus
knowledge integration in the project team.

STECO

The project
team
LP-review
teams

Individual
work
packages

Different groups within the project team
During the time of the study, members of aero and MI involved in the flow path design
were the only people to work with the Turbine project on a daily basis and I therefore
consider them to constitute the core group. Individuals involved in the turbine design,
planning and cycle/FS involved in the flow path design constituted peripheral groups during
the stages of project work studied.
Another distinction is that between experienced and less experienced project members. This
distinction is important since the experienced and the less experienced project members
played different roles. While those with less experience did “the hard work” (Leonard),
i.e. modelled different variants of the flow path channel from input values given to them
by experienced project members and made calculations, experienced project members
analysed the results. With respect to Marcel, classified as a less experienced project
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member, it should be pointed out that he sometimes acted as if he was an experienced
member in that he took part in discussions at project meetings and tried to contribute
when experienced project members analysed the results. However, he was newly
employed and had the same responsibilities as other less experienced members. The
different groups within the project team, and the individuals belonging to each of them,
are shown in table 9.1. below.
With respect to the different groups, I would like to emphasise that less experienced
project members of the core group, as well as those of the peripheral group (even
experienced project members of the peripheral group), described themselves as being
“decoupled” from the rest of the project. Less experienced project members of the core,
while invited to project meetings and having access to relevant and updated information,
suggested that they were “decoupled” as a consequence of their difficulties in making
sense of what was said and done. Members belonging to the peripheral groups on the
other hand, considered themselves to be “decoupled” as a result of their lack of
information. The image of “decoupledness” provided by these “decoupled” project
members was supported by experienced members of the core, who also considered less
experienced and peripheral project members to be “decoupled” and treated them
accordingly. This is to say that group belonging did make a difference when it came to
how project members were able to act and actually acted as part of the project team and
therefore these distinctions between groups should be kept in mind.
Core group
Experienced
Arno (aero)
Leonard (aero)
Lukas (MI)
Nikolaus (MI)
Urs (aero, project
manager)
Valentin (MI)

Peripheral group
Less experienced

Alain (aero)
Dieter (MI)
Dominik (project manager)
Franz (MI)
Marcel (MI)
Simon (MI)

Experienced
Victor (cycle/FS)
Jürgen (MI)
Matthieu (MI)
Gerhard (MI)
David (MI)

Less experienced
Beat (aero)

Table 9.1. Groups within the project team.

Promoting a shared sense of urgency
It has been suggested that the establishment of shared meanings and understandings
constitutes an important activity in achieving knowledge integration (c.f. Huang et al.,
2003). Therefore, it might come as no surprise that efforts aimed at establishing such
shared conceptions were a prominent feature of the feasibility stage. During the feasibility
stage, a kick-off, to which all the project members were invited, took place at the
downtown Casino. On this occasion, upper management (“from heaven then” according
to Simon) put a lot of effort into the creation of a shared interpretation of the market
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situation and quotations referring to the problematic market situation abound69. The
image promoted was unambiguous and the resulting interpretation was shared among
project members, who also shared a sense of urgency with respect to the situation. In
promoting this shared interpretation of the market situation, managers cited annual and
benchmarking reports, statistics, and other internal and external sources of information.
Managers were quite successful in their efforts to establish shared understanding and
meanings with respect to the market situation; project members not only described the
situation in similar terms but also agreed on its remedy; the development of a steam
turbine with higher efficiency than its predecessors.
A shared understanding about the ways of working was also considered important. At the
Casino workshop, project members were engaged in attempts to create such shared
understandings as they were requested to share their experiences of previous project
work, present their concerns with respect to the Turbine project, and propose “corrective
actions”. This was done as part of a group discussion. However, to the extent to which
any shared meanings and understandings of the ways of workings were established with
respect to the Turbine project can be questioned. While most project members knew how
projects were generally managed at PowerCo (at least retrofit projects) and while some of
them had former experience of development projects to share with their fellow team
members, most of them did not agree on the working practices employed in the Turbine
project, nor did they sympathise with the way in which it was managed. Moreover, even if
that had been the case, the integrative capacity of shared meanings and understandings of
this very general kind must be questioned when the aim is to achieve knowledge
integration of highly specialised knowledge bases.

A general higher-efficiency-target
In the Turbine project, the formal project target was stated in terms of developing a new
steam turbine with increased efficiency, an increased exhaust area (which was directly
related to the efficiency of the turbine) and a blading cost increase amounting to less than
15 per cent. Thus, the project target was defined in the rather general terms of increasing
its efficiency and this was also the target that project members understood and shared.
Neither the formal goal, nor the project members’ shared goal was more precise than that,
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and while some benchmarking against competitors did take place and could offer a more
precise efficiency target, there were no efforts to state this in more precise terms.
The same argument might be raised against the higher-efficiency-target as was raised
against the better-stacker-goal, i.e. if we consider how absurd the opposite formulation of
the higher-efficiency-target appears – a “lower-efficiency-target” – the shared target
makes little sense. However, as it was argued in the Stacker case, these kinds of
underspecified and open-ended goals can function as objective ideologies. Such an
ideology is a defined set of “ideas which are shared by all organizational members and
which afford common bases for discussion and action [that makes] it easier for people to
agree on what objectives to pursue, on what action alternatives hold promise, and on
what outcomes are probable [and they can] afford short-cuts in decision making”
(Brunsson, 1982b:38). While the higher-efficiency-target did constitute a common basis
for discussion and sometimes evaluation of the design options investigated, it offered
only limited guidance when it came to what more precise objectives project members
should pursue. This was due to the trade-off between efficiency, reliability and cost; the
shared target did not offer much guidance about what efficiency, to what risk and
reliability was considered an acceptable outcome of the project. This was also the reason
why project members asked for efforts from STECO to clarify the target. Therefore, I
suggest that the higher-efficiency-target, due to the inherent trade-off, was of limited
importance in achieving knowledge integration.

The uneven distribution of shared knowledge
Throughout the development and detail development phases, there were deliberate
efforts which were aimed at knowledge sharing and the establishment of a shared
knowledge basis. First, the company relied to a considerable extent on shared databases
where project members could find more general information about the organisational setup and responsibilities that applied to development projects. On the intranet,
development projects’ guidelines and checklists were also to be found. Moreover,
technical documentation of former development projects could be found in binders all
over the office and some of this technical documentation could also be found in shared
databases. Second, and more specific to the Turbine case, the team had a shared database,
“the o-drive”, where project members were asked to upload information relevant to the
Turbine project. Project members were aware of the existence of the shared databases on
the intranet, but were generally sceptical as to their relevance. When it comes to the
technical documentation, generally, project members did not make much use of it, their
most common objection being that it was too time-consuming to search for information
when you could not even know whether it would be of any help. As for the folders on the
o-drive, these were almost empty. Thus, it seemed that these knowledge sharing efforts,
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which were based on explicit and codified knowledge, did not result in much knowledge
sharing or in the establishment of a shared knowledge basis.
Throughout the Turbine project, spontaneous knowledge sharing efforts between
experienced and less experienced project members of the core took place. These
knowledge sharing efforts, which did not constitute an integral part of the company’s
knowledge management practices, were described as a master-apprentice approach to
learning, where less experienced members learnt from the master while working together
with him. This approach to sharing knowledge was appreciated by less experienced and
experienced project members alike, and they regretted that they did not have the time to
engage more in these kinds of activities. According to Schön (1987), a master-apprentice
relationship allows for the transfer of the master’s tacit knowledge of the practicum to the
apprentice, who will hopefully become a fully-fledged member of the practice by grasping
those aspects of the master’s knowledge which can not be explicitly stated; the apprentice
must immerse with the practice to gain knowledge. Schön (1987:36-37) writes; “When
someone learns a practice, he is initiated into the traditions of a community of
practitioners and the practice world they inhabit. He learns their conventions, constraints,
languages, and appreciative systems, their repertoire of exemplars, systematic knowledge,
and patterns of knowing-in-action”. Despite the fact that the Turbine project was
considered technically advanced, and learning anew was an important ingredient, this kind
of experienced-based knowledge described by Schön (1987) was a vital part of the project
work and from a long-term perspective, efforts aimed at the sharing of such knowledge
were important. However, for this particular project these knowledge sharing efforts had
limited impact on the way in which knowledge integration was achieved.
While less experienced project members had only limited access to appreciative systems
and exemplars which could help them to make sense of the project, more experienced
project members often used former experiences as exemplars and were thereby able to
immerse with the practice and make sense of the situation. This is to say that experienced
project members were able to actively engage in project work in a way which less
experienced project members could not. As an example, Simon suggested that he could
understand that “they are talking about numbers but I don’t understand what those
numbers are related to. If it’s five or seven, I don’t care because I don’t know what it is
about, the pressure clearance or whatever but I think […] with background I mean
experience, job related experience, and I think that they can often leverage”. This and
other similar accounts, witness the importance of tacit and context-specific knowledge in
the Turbine project. While project meetings might constitute arenas for knowledge
sharing, this was not the case in the Turbine project. Rather, the active participation at
project meetings presupposed the access to both context-specific and tacit knowledge of
the practice of steam turbine development.
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As regards the existence of shared knowledge in the Turbine project, a knowledge basis
had been established between some experienced project members, not the least because
some experienced project members had worked with both aero and MI issues. However,
more importantly, experienced project members had a good recognition of each other’s
knowledge domains (c.f. Grant, 1996a) and ways of working. For instance, Lukas
suggested that “If I make a calculation, if the mean is 300, that means a lot of things to
me…and I know if it’s Valentin that had worked with it, then I know what he did and the
process is clear. If I told him just make a [certain type of calculation, explained to him in
just some summary words], then I know that he knows that I mean a stress calculation in
2-D and a frequency calculation 2-D for the system, so…and that means a process…So
there are lots of things which are… unsaid”. Judging from Lukas’ account, this
recognition of each other’s knowledge domains was not only related to what technical
competence each project member had, but also to his ways of working individually and as
part of a team. Experienced project members recognised not only the knowledge domains
and ways of working of their fellow team members representing the same discipline, but
also those of colleagues representing other disciplines. This was important, not the least
because experienced project members took on a role of distributing tasks to less
experienced project members and individual experts around the organisation.
In summary, shared knowledge and a good recognition of knowledge domains and ways
of working existed between the experienced project members who formed the core.
Furthermore, knowledge sharing efforts between experienced and less experienced
project members took place. However, I do not suggest that a shared knowledge basis or
a good recognition of each other’s knowledge domains existed among all the project
members. Moreover, tacit and context-specific knowledge appeared to be important and
those project members who did not (yet) have access to such knowledge were not able to
actively engage in the project work. Therefore, I suggest that different groups, acting from
different bases, engaged in project work in different ways and relied on different
knowledge integration mechanisms.

Different roles for experienced and less experienced project members
Experienced and less experienced project members took on different
roles/responsibilities and conducted different types of tasks. Still, their tasks were
interdependent and the knowledge of each group was vital in order to accomplish the
project. Experienced project members defined input values and work packages which
were submitted to less experienced members, verbally or in the form of some written
instructions on a piece of paper. The tasks thus defined, e.g. to make a 3-D-model of the
fir tree root for the L-0, can be considered routine engineering work, or, in Perrow’s
(1970) terms, a routine problem. In the case of a routine problem, both variety and
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uncertainty about methods are low. The problem had been framed and shaped to match
less experienced project members’ professional understanding and methods (c.f. Schön,
1987) and constituted a type of task that they could perform individually. Once those less
experienced project members had got their task defined, little communication was needed
between them and their experienced colleagues who undertook their assigned tasks based
on the information given to them without much doubt about what to do.
While the various tasks assigned to less experienced project members were
interdependent, these individuals did not have to communicate with each other. Instead,
they executed their task, submitted their results to their experienced colleagues and left to
them the task of making sense of these, not separately, but as a whole. This is to say that,
experienced project members assumed responsibility for dealing with these
interdependencies on behalf of their less experienced colleagues. When less experienced
project members had finished the task assigned to them, results were sent back to their
experienced colleagues. Thus, the interdependencies between experienced and less
experienced project members were easily handled by means of plans (in the form of a
work package; “this is what you’re supposed to do for the next few days”) and feedback
(in the form of results to be made sense of).
The results generated were ambiguous and the task of making sense of the situation as a
total was rather a non-routine task, i.e. a task characterised by high variety and
uncertainty. Perrow (1970:76) suggests that non-routine tasks call for “unanalyzable
search procedures” which requires that “the individual must rely upon a residue of
something we do not understand at all well – experience, judgement, knack, wisdom,
intuition”. Ambiguous situations and non-routine tasks did not lend themselves to
technical problem-solving but experienced project members had to make sense of them
before they were able to decide what action to take next and before they were able to
define more routine work packages which their less experienced colleagues could take
care of. Schön (1987:42, emphasis in original) argues that skilful practitioners “…construct
and impose a coherence of their own. Subsequently they discover consequences and
implications of their constructions – some unintended – which they appreciate and
evaluate. […] They frame problems and shape situations suited to the roles they frame,
and they shape the very practice worlds in which they live out their professional lives”.
When experienced project members faced a problematic situation, they met together in
order to discuss and analyse it; first with individuals from their own disciplines (including
individuals who were not members of the project team) and then together with project
members from the other discipline (MI or aero). It was the task of experienced project
members to “impose a coherence on their own” upon the problematic and ambiguous
situations encountered by the project; they framed the problem in a way which enabled
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the involvement of less experienced team members or members of the periphery. The
discussion is summarised in figure 9.2. below.

Plan
Experienced
project members

Less exp.

Feedback
Less exp.

Communication
Interaction

Less exp.

Plan
Less exp.

Figure 9.2. Mechanisms of knowledge integration within and between the groups of experienced and less
experienced project members respectively.

The preceding discussion has been related to interdependencies existing between
experienced and less experienced project members of the core, and how these were
handled by means of different knowledge integration mechanisms. When it comes to the
interdependencies which existed between the core and the peripheral groups respectively,
these were few and they were dealt with in approximately the same way as were the
interdependencies between experienced and less experienced project members of the
core; experienced project members of the core defined a work package which they
submitted to members of the peripheral groups. Members of the peripheral group
executed the type of model or calculation they were asked for and re-submitted their work
to experienced colleagues in the core group. However, members of peripheral groups had
specialised knowledge in domains not shared by members of the core and therefore were
more extensively involved in discussions about their results than were the less
experienced project members (see figure 9.3. below).
Peripheral

Plan
Core group

Feedback/
Communication

Peripheral

Peripheral

Plan
Peripheral

Figure 9.3. Mechanisms of knowledge integration between the core and peripheral groups of project work.

Visual representations as sensemaking devices
Design models and various computations were performed by the less experienced
participants on an almost daily basis and as it has been suggested, the results thus
generated were ambiguous. Ambiguous problems do not lend themselves to technical
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problem-solving. Sense had to be made of the problematic situation, i.e. experienced
project members had to find out what the results meant (how should they be interpreted
on the whole?) and what their implications would be. Schön (1987:6) suggests that
practitioners meet situations within the “indeterminate zone of practice”, i.e. problematic
situations characterised by “uncertainty, uniqueness, and value conflict” rather than wellformulated problems. This is a description which many members of the Turbine project
recognised; they often described the project as uncertain and unique as they were working
“at the edge of technology”, e.g. using new tools and new technology. Moreover, there
was an inherent value conflict between efficiency, risk and costs, which is to say that the
project members did not have clear and coherent criteria for evaluating the situation and
taking a decision about how to proceed. Thus, this kind of problematic situation escapes
“the canons of technical rationality. When a problematic situation is uncertain, technical
problem solving depends on the prior construction of a well-formulated problem – which
is not itself a technical task” (Schön, 1987:6). According to Weick (1995) such
constructions of a problem is rather to be understood as an important part of
sensemaking.
“Sensemaking is to construct, filter, frame, create facticity” (Weick, 1995:14) and it occurs
as a response to a surprise, to be understood as “a discrepant set of cues” which are
spotted when “someone looks back over elapsed experience” (Weick, 1995:2). In my view
this constitutes a good description of what happens when experienced project members
faced a situation which they found surprising or ambiguous. What also happened when
experienced project members faced such a situation was that they made speculations and
searched for explanations and thereby created “an object that was not ‘out there’ to begin
with but now is there for noticing” (Weick, 1995:2), i.e. they rendered the problematic/
ambiguous situation manageable through the joint definition of a work package which
could be executed and the results of which could be noticed and discussed. This process,
leading to problem setting, exhibited several features which are characteristics of
sensemaking processes. It was characterised by retrospectivity, which is to say that it was
focused on that which has already occurred; it was enactive of sensible environments
which is to suggest that when project members acted they created “the materials that
become the constraints and opportunities they face”(Weick, 1995:31); further it was
focused on and by extracted cues from lived experience, which to these project members
constituted a frame of reference to which they were able to compare the current situation
and create meaning; finally, it was guided by plausibility rather than accuracy. Weick
(1995:57) suggests that “given multiple cues, with multiple meanings for multiple
audiences, accurate perception of ‘the’ object seems like a doomed intention. Making
sense of that object, however, seems more plausible and more likely. Perhaps the most
common linkage is that of a present cue with a “similar” interpreted cue from the past”.
194

Weick (1995:99) suggests that in order to make sense of ambiguous situations,
information “that is constructed in face-to-face interaction that provides multiple cues” is
required. When experienced project members faced ambiguous and problematic
situations, they met with each other face-to-face at ad hoc meetings. To these meetings
(and project meetings) they brought visual representations of different kinds; print-outs of
2- and 3-D models of various parts as well as diagrams, graphs, plots and other visual
summaries of computations. Moreover, they brought paper and pencils which they used
to sketch and illustrate their arguments. Thus, it was around visual representations of
various kinds that project members gathered to discuss and make sense of problematic
situations encountered during project work. According to Henderson (1999:26) visual
representations and “the practice of sketching and drawing constitute communication in
the design world”. Furthermore visual representations and on-the-spot sketches facilitate
individual thinking as well as interactive communication. This was a distinguishing feature
of those visual representations that were brought to meetings in the Turbine project as
well, where visual representations contributed to intense discussions at one moment and
silence, only broken by a project member thinking aloud, at another.
The information conveyed to project members from visual representations was used to
make comparisons with former alternatives considered and the existing turbines. Project
members also used the information to consider where a certain graph ought to be if they
were to solve the problem. However, this is not to suggest that they knew how to get it
there. When listening to the discussions taking place around these visual representations
however, it also became clear that project members regarded them from different
perspectives and that the information conveyed meant different things to different project
members. Thus, I argue that the visual representations used in the Turbine project offered
multiple cues and therefore helped to foster sensemaking processes among experienced
project members, not least because they could be read from different perspectives which
also means that they contributed a negotiation space between aero and MI (c.f.
Henderson, 1999).
Visual representations constituted a means that supported articulation, i.e. a means that
helped to make tacit knowledge visible (c.f. Henderson, 1999). If graphs, diagrams,
sketches and so forth are considered products of project members’ knowledge, tacit as
well as explicit, it is easy to understand that visual representations contribute to making
tacit knowledge visible; the project members were actually able to see the outcome of their
decision to go in a particular direction, i.e. to try out a particular design option. Polanyi
(1958) has described articulation as a mental operation which is supported by different
forms of symbolic language, including writing, mathematics, graphs, diagrams, maps and
pictures which enables project members to indwell into the situation. While articulation
(according to the definition offered by Polanyi) is not necessarily a process which renders
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tacit knowledge explicit, there were instances of project work in the Turbine project when
visual representations contributed to making the tacit knowledge of project members, at
least in part, explicit (c.f. Nonaka and Takeuchi, 1995). For example, when project
members saw a visual representation they started to pose questions which not only
revealed some of their own experience and knowledge, but which also triggered explicit
responses and explanations on the part of their fellow team members.
Henderson (1999:199) further suggests that various forms of knowledge are built around
visual representations and that they “facilitate the joining of not only multiple meanings
but multiple forms and formats of coded and uncoded, verbal, visual, mathematical and
tacit knowledge”. This is to say that visual representations constitute a means which
facilitates sensemaking, knowledge creation and knowledge integration. In the Turbine
case, project members used visual representations for critical analyses of different design
options and their outcomes and as a basis for problem setting, which enabled them to
decide what proposed solution to test next. Thereby, as part of this process, they also
accumulated experience and created new exemplars which could be used in future
sensemaking processes. In my view, visual representations were important knowledge
integration devices in the Turbine project since the various design options, which the
experienced project members collectively decided to test, were founded on input based
on their different knowledge bases; the knowledge of all experienced project members, as
well as their less experienced colleagues who had executed the modelling and
computations, was collected in these visual representations.

A model of knowledge integration
As it has already been suggested, experienced and less experienced project members
assumed responsibility for widely different types of tasks and while the less experienced
project members worked in comparative isolation, assuming little responsibility for
activities aimed at knowledge integration, the more experienced project members worked
intensively together and took on key roles when it came to knowledge integration in the
Turbine project. Furthermore, it has been suggested that the experienced and the less
experienced project members faced very different situations; that of the experienced
project members was ambiguous and uncertain, while the situation of their less
experienced colleagues, in a sense, appeared to be more certain. Therefore, the conclusion
that the project team relied on other mechanisms to integrate the knowledge of the
experienced project members than those used for integrating the knowledge of the less
experienced and peripheral project members should come as no surprise.
In the Turbine project, sensemaking and problem setting were collective activities which
took place at ad hoc meetings (or regular project meetings) involving experienced project
members from different disciplines (most often aero and MI). At these gatherings, the
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project members discussed the situation from their different perspectives, but also used
former experience and exemplars, in an effort to try out different possibilities for dealing
with the situation and to find out “what direction to take”. However, this had little to do
with finding the one best way. Instead, as Valentin described it, project members tried to
“find a demarcated field on which to play”. Schön (1991:40) suggests that “he [the
practitioner] must make sense of an uncertain situation that initially makes no sense”.
Sensemaking, according to Weick (1995), is a process of seeking plausible explanations
that might constitute a guide to action. Thus, it is a process that is intimately connected to
problem setting. “When we set the problem, we select what we treat as “things” of the
situation, we set the boundaries of our attention to it, and we impose upon it a coherence
which allows us to say what is wrong and in what directions the situation needs to be
changed. Problem setting is a process in which, interactively, we name the things to which
we will attend and frame the context in which we will attend to them” (Schön, 1991:40,
emphasis in original). As is suggested by this citation, this naming and framing has little to
do with ‘rational’, technical problem solving and much more to do with sensemaking.
While the less experienced project members were now faced by well-defined and routine
tasks as formulated by their experienced colleagues, they were able to contribute to the
overall process of “exploratory experimentation”, which is “the probing, playful activity
by which we get a feel for things” (Schön, 1987:70). The tasks undertaken by less
experienced project members might have been well-defined but to their experienced
colleagues however, they were part of the search for a viable design solution and what
their outcome would be was never certain; in most cases, the results only engendered yet
another ambiguous, uncertain, messy, puzzling, situation which they had to make sense
of. Thus, the iterations between aero and MI and the experienced and less experienced
project members continued.
The discussion is summarised in figure 9.4. below. The figure illustrates the task
separation between the experienced and the less experienced project members and how
each of these groups contributed to the overall process of exploratory experimentation;
the experienced members took on sensemaking and problem setting activities as a
response to problematic situations while the less experienced project members undertook
routine engineering tasks and were thereby involved in exploratory experimentation on
behalf of their experienced colleagues. In this way, the less experienced project members
were acting on situations that appeared to be certain and unambiguous. The routine work
of these less experienced project members was based on input values and well-defined
work packages.
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Figure 9.4. An iterative model of knowledge integration

A brief summary
Before beginning the task of characterising the setting of knowledge integration
encountered in the Turbine project, I will make a brief summary of the discussion so far.
As a basis for project work and knowledge integration, members of the Turbine project
had a shared understanding of the higher-efficiency-target. Furthermore, some interface
learning took place between the experienced project members and a knowledge basis
which was shared to a certain extent had been established. Moreover, the experienced
project members also deliberately tried to share knowledge with their less experienced
project colleagues, in accordance with a master-apprentice approach to learning.
Experienced project members also recognised the knowledge domains of individuals in
peripheral groups and individuals who were not formally engaged in the project work.
This recognition of knowledge domains was an important prerequisite of knowledge
integration in the project; without it, experienced project members would not have been
able to act out their roles as knowledge integrators through defining the work packages to
be undertaken by their colleagues.
As has been argued throughout this chapter, the Turbine project relied on extensive task
specialisation, not least between experienced and less experienced project members. Less
experienced project members faced unambiguous and certain situations and were
responsible for routines tasks. Experienced project members on the other hand, faced
highly ambiguous situations and accordingly, assumed responsibility for non-analysable
problems. Their task can be considered as one of temporarily reducing uncertainty by
means of sensemaking and problem setting. Together, the experienced and less
experienced project members engaged in explorative experimentation (Schön, 1987).
Sensemaking and problem setting activities were important elements of knowledge
integration in the project. These activities required communication and interaction across
disciplinary borders and were supported by various forms of visual representations. These
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visual representations, I suggest, helped make tacit knowledge visible (c.f. Henderson,
1999). They also allowed comparisons to be made between former variants and desired
outcomes and in this way, supported articulation, both as it has been described by Polanyi
(1958) as a mental operation, and as it has been described by Nonaka and Takeuchi
(1995) as a process of making tacit knowledge explicit. In my view, visual representations
acted as a thinking and a communication device simultaneously and this enabled the
experienced project members to make sense and set the problem.
I suggest that the context-specific knowledge which had been captured by the
experienced project members was indispensable, despite the fact that much had to be
learnt anew. The importance of such context-specific knowledge, as it consists of
conventions, languages, appreciative systems, exemplars and patterns of knowledge-inaction (c.f. Schön, 1987) offers a powerful explanation as to why less experienced project
members found it difficult to make sense of the project as a whole, despite having access
to the same information as their experienced colleagues.

Characterising the setting of knowledge integration
The model of knowledge integration described above, highlights the importance of being
able to iterate between various mechanisms for knowledge integration in order to be able
to cope with different parts of the project and various types of situations. Knowledge
integration such as it has been captured in the model however, should be considered a
contingent outcome, as it mirrors the preconditions of knowledge integration in a
particular case, the Turbine project. To identify the peculiarities of the Turbine project, I
will characterise it with respect to the task characteristics and features of the relation
between knowledge nodes, as presented by Zollo and Winter (2002) and Grandori (2001)
respectively.
Task frequency refers to how often a task is executed during a specific period of time
(Zollo and Winter, 2002). In the Turbine case, task frequency was low. New turbines were
not introduced on a frequent (or regular) basis; e.g. at the roadmap for the coming five
years, the Turbine project, with a duration of three years, was the only development
project planned. In a low frequency context the possibilities of retaining lessons learned
from one project to another, and thereby being able rely on tacit experience accumulation,
are constrained. Therefore, Zollo and Winter (2002:342) suggest, individuals must engage
in “higher-level cognitive efforts and a more deliberate collective focus on the learning
challenge…”; project members must engage in articulation and/or codification.
While task frequency relates to an individual’s abilities to remember his/her past
experience, task heterogeneity relates to the relevance of these experiences to the task
currently at hand. Task heterogeneity refers to “the variance in the characteristics of the
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task as it presents itself in different occurrences [and] the issue here is that individuals
have to make inferences as to the applicability of lessons learned in the context of past
experiences to the task presently at hand” (Zollo and Winter, 2002:347-348). In the
Turbine case, much of the project work was characterised by features typical of unique
projects (Lundin and Söderholm, 1995), e.g. lack of experience, a need to rely on
another’s knowledge and the fact that the knowledge needed was, at least in part,
unknown. Project members worked with materials, methods and tools which were newly
developed and of which they had no former experience and therefore they had to learn
much that was new. Therefore, I suggest that task heterogeneity in the Turbine case was
high. In settings of high task heterogeneity, the reliance on articulation and/or
codification “will be relatively more effective […] compared to tacit experience
accumulation” (Zollo and Winter, 2002:348). In the Turbine case, project members did
rely on articulation. Some of what they articulated, however, consisted of former
experience. This is to say that even in a setting of high task heterogeneity, former
experience can be valuable and relevant and the reliance on articulation does not
necessarily exclude the application of former experience and lessons learned. In the
Turbine case for example, the project members used former experience (which were not
always articulated) when they were about to interpret the implications of particular results.
The third concept used by Zollo and Winter (2002) to describe different task
characteristics, is that of causal ambiguity. The concept of causal ambiguity refers to the
degree of clarity in the relationship between actions and decisions taken and their
outcomes. A high number of subtasks, together with a high degree of simultaneity among
them, tend to obscure cause and effect linkages and contribute to causal ambiguity. The
Turbine project was certainly one of high causal ambiguity; not only were a large number
of variables interrelated and affected each other, but generally, the cause and effect
linkages between these variables were obscured or even poorly understood (see further
discussion below). Zollo and Winter (2002) argue that articulation and/or codification is
relatively more effective than tacit experience accumulation when causal ambiguity
prevails. How the Turbine project scored on the different task characteristics is
summarised in table 9.2. below.
Task characteristics
Frequency
Heterogeneity
Causal ambiguity

The Turbine case
Low
High
High

Table 9.2. Task characteristics in the Turbine case.

If we turn to Grandori’s (2001) framework, she suggests that when knowledge
differentiation increases, mutual understanding and the possibility to utilise the knowledge
of others decreases. Moreover, the potential for conflict among judgements increases with
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knowledge differentiation. Grandori (2001:390) suggests that knowledge differentiation
includes “diversities in language, in the perception of relevant information, in the theories
and practices used, and in the categories of results pursued”. In the Turbine case,
differences in language appeared to be few70. Considering their similarity in education, all
the project members could be expected to share the same technical and symbolic
language in the form of diagrams, graphs, mathematics and so forth. Experience,
however, was important in order to be able to relate the information and knowledge
revealed in the form of technical and symbolic language to the setting of turbine
development. When it comes to the perception of relevant information, a similar
observation can be made with respect to the differences that existed between the
experienced and the less experienced project members. Experienced members had “a gut
feeling” for what information was relevant and succeeded in making sense of it, while the
less experienced members had experienced difficulties to sort out the relevant cues from
the information provided and understand its’ implications71.
Mechanical integrity and aerodynamics differ to the extent that they are different fields of
expertise; thus, when it comes to the theories and practices used, knowledge and theories
applied by project members representing MI differed from those applied by their
colleagues dealing with issues of aerodynamics and vice versa. However, between MI and
aero, practices used, were quite similar – at least on an overall level, where tasks consisted
of CAD-modelling and the making of calculations. Moreover, the tools used to this end
were similar in that they incorporated computer software. Thus, at the general level at
least, project members understood the practices employed by their fellow team members.
Experienced project members also understood which kind of input values other project
members needed to be able to do their work properly (which allowed for the definition of
work packages). When it comes to the knowledge of members representing MI and aero
respectively, this was employed to different ends - to maximise reliability and to maximise
efficiency respectively. Thus, from this perspective, there were differences as to the results
pursued by different project members. However, from an overall perspective, all the
project members pursued the goal of developing a turbine with increased efficiency. Thus,
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Not taking the various mother tongues of project members into consideration. The working language was

English, a language which none of them had as their mother tongue.
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Less experienced project members talked about “filtered information” when referring to information which

had already been made sense of by more experienced project members and which they were thereafter able to
share.
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while some features indicated high knowledge differentiation, others indicated the
opposite. However, in the Turbine project, mutual understanding between the project
members – experienced and less experienced, members of the core and members of the
periphery, aero and MI – was limited, and I therefore suggest that knowledge
differentiation in the Turbine case was high.
The second feature of the relation between knowledge nodes which influenced the use of
integration mechanisms is that of knowledge complexity (Grandori, 2001). Remember
that the notion of knowledge complexity consists of computational complexity – referring
to “the number of elements and symbols and of the possible connections between them”
and is closely related to causal ambiguity – and epistemic complexity which refers to “the
fallibility of judgements and the difficulty in constructing valid and reliable knowledge and
can be operationalized as the difficulty of observing phenomena and diagnosing causeeffect relations” and is closely related to tacit knowledge (Grandori, 2001:391-392). With
the same line of reasoning as that applied in the Stacker case, computational complexity
was high in the Turbine project. Moreover, as members of the Turbine project had
difficulties in constructing valid and reliable knowledge, the project also scored high on
epistemic complexity. However, these difficulties in constructing knowledge were not
solely related to difficulties in observing and diagnosing cause-effect relationships. Rather,
I suggest that project members had the knowledge of particular cause-effect relations but
lacked an understanding of systemic cause-effect relations and that their difficulties to
construct valid and reliable knowledge arose as a consequence from their difficulties in
understanding the multiplying effects of small changes in one part of the system on other
parts of that system. For example, they had difficulties to understand the degree to which
a small change in the shape of the turbine blade influenced frequency families, erosion,
mechanical integrity and ultimately, efficiency.
Grandori (2001:391) also argues that conflicts of interests and among judgements
influence the feasibility of various integration mechanisms, suggesting that “team
mechanisms can solve conflicts of judgements but no amount of rational confrontation
can solve a conflict in interest”. In the Turbine project, there were no conflicts in
interests; all project members had a common interest, namely to develop a turbine with
increased efficiency. However, when it came to the criteria used when evaluating the
feasibility of a particular design alternative, MI primarily considered aspects of reliability
while aero focused on aspects of efficiency. Thus, a conflict in judgement, of which the
project members were well aware and dealt with by means of trading the aspects of
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reliability and efficiency off against each other, can be discerned72. Taken together, I
consider conflicts of interests to be of little importance in the Turbine case. The
discussion of the Turbine project vis-à-vis Grandori’s (2001) framework is summarised in
table 9.3. below.
Knowledge characteristics
Knowledge differentiation
Knowledge complexity
Level of conflict

The Turbine case
High
High
Low

Table 9.3. Characteristics of the relation between knowledge nodes and mechanisms for knowledge integration in the
Turbine case.

A need for additional concepts
Task frequency was the only task characteristic on which the Turbine project scored low
– on task heterogeneity and causal ambiguity it scored high. Zollo and Winter (2002)
suggest that in settings where low task frequency is combined with high task
heterogeneity and causal ambiguity, articulation and/or codification should be relied upon
for knowledge integration. Thus, with respect to the task characteristics of the Turbine
project, these are uniform in terms of their implications for efficient knowledge
integration. Moreover, articulation was also one of the mechanisms which were relied
upon in the Turbine case. Despite this, I argue that the task characteristics presented by
Zollo and Winter (2002) are not sufficient in order to understand the kind of task
environment that members of the Turbine project faced. More specifically, I suggest that
the concept of causal ambiguity does not fully capture the kind of complexity which
project members referred to – something which holds true even if the concept of
knowledge complexity (Grandori, 2001) is added.

Dynamic complexity and the receptive view of uncertainty
There were situations in the Turbine project when project members had knowledge about
individual cause-effect relationships but experienced a lack of understanding of systemic
cause-effect relations. In such situations, difficulties to construct valid and reliable
knowledge arose as a consequence of difficulties experienced by the project members in
understanding the multiplying effects of small design changes in one part of the flow path
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This is an interesting observation. Considering the project target as project members conceived of it – to

develop a turbine with higher efficiency- it could have been expected that efficiency would be the primary
criterion by which all project members judged a particular design option.
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channel on other parts of the system. For example, the degree to which a small change to
the shape of the blade influenced frequency families, erosion, mechanical integrity and
ultimately, efficiency. This kind of complexity resulting from the multiplying effect of
small changes, I refer to as dynamic complexity. Dynamic complexity, I suggest, offers a
possible and reasonable explanation as to why members of the Turbine project
experienced difficulties when they tried to identify causal interdependencies and construct
valid and reliable knowledge.
The kind of difficulties experienced in the Turbine project are inherent to complex
systems according to Tsoukas and Hatch (2005), who suggest that complex systems are
non-linear and fractal, exhibit recursive symmetries, are sensitive to initial conditions and
replete with feed-back loops. This is to suggest that (1) “there is no proportionality
between causes and effects”. Small causes may give rise to large effects” (2) “there is no
single measurement that will give a true answer; it depends on the measuring device” (3)
the system tends to “repeat a basic structure at several levels” (4) “even infinitesimal
perturbations can send a system off in a wildly different direction” and that (5) “systemic
behaviour is the emergent outcome of multiple chains of interaction. As the level of
organization increases, complex systems have the tendency to shift to a new mode of
behaviour, the description of which is not reducible to the previous description of the
system’s behaviour” (Tsoukas and Hatch, 2005:238). These features of complex systems
have implications for how knowledge integration can be achieved. Weick (2001:155)
suggests that complex systems “require that people assume higher task responsibility, deal
comfortably with higher levels of abstraction, and develop a deeper appreciation for the
qualitatively higher levels of interdependence involved in their work”. Further, with
respect to complex systems and technologies, Weick (2001:148) comments that they make
little sense since “so little is visible and so much is transient, and they make many kinds of
sense because the dense interaction that occurs within them can be modelled in so many
different ways”. In the Turbine project, the turbine under development existed but in the
form of CAD-models and the only way to test different variants, and the assumptions
from which they were modelled, was through simulations. This in turn was a difficult
undertaking, not the least because the tools used for this purpose constituted new
technology in themselves and were subject to “their own shortcomings and tolerances and
inaccuracies” (Leonard).
The lack of understanding about cause and effect relationships, either with respect to
technical interdependencies or with respect to decision and action outcomes, may also be
defined as uncertainty (Lawrence and Lorsch, 1967; Thompson, 1967). Uncertainty, it has
been argued, results from “the absence of (relevant) information”, which is to say that
uncertainty results from a “difference between the amount of information required and
the amount of information possessed by the organisation” (Tsoukas, 2005:281). However,
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there were occasions in the Turbine project when project members suggested that they
had knowledge of overall cause and effect relationships and were puzzled as their
computational results did not correspond to their expectations. Consider the following
example. At a weekly project meeting, Urs asked project members “…theoretically, what
is the largest influencing factor of this?” Without hesitating, project members started to
count “the stiffness in the upper region, the profile in the upper region”, “the mass and
the length”, whereby Urs expressed astonishment that they did not achieve the results
expected. In this example, uncertainty appears to result from the presence of relevant,
though unexpected, information. If the unexpected information obtained had not been
there (i.e. if results had corresponded to expectations), no uncertainty would have been
perceived. Tsoukas (2005) has referred to this as the receptive view of uncertainty.
Tsoukas (2005:285) suggests that “according to the receptive view of uncertainty, the
latter is equivalent to (partly) unexpected information – that is, information which is
partly surprising, noisy, random, and, as a result, one does not know what to do with it.
Notice the difference: in the first view uncertainty is not knowing enough about
something given; in the second view uncertainty is not knowing what to do with
something that is puzzling”. To better understand the kind of situation encountered by
the project members of the Turbine project, the receptive view of uncertainty should be
added to our contingencies, because when uncertainty derives from unexpected and
confusing information rather than from lack of information, not more information, but
rather sensemaking, is needed. Weick (1995:99) argues that “to remove ignorance, more
information is required. To remove confusion, a different kind of information is needed,
namely, the information that is constructed in face-to-face interaction that provides
multiple cues”.

Discussing knowledge integration in the Turbine project
Grandori (2001:394) argues that in situations combining high knowledge differentiation
and knowledge complexity with low conflict, “smaller-sized, team-like coordination, with
limited knowledge-exchange but co-application of differentiated-competences for a
common task, is possible in achieving ‘integration’”. Based on Grandori’s framework, it
can be suggested that a small-sized team with limited knowledge exchange between all its
members was relied upon in the Turbine project and thus, that the project appears to
mirror the particulars of its setting. I suggest however, that this was not the case and that
the concept of a team explains little about how knowledge integration was achieved in the

205

Turbine case73. Moreover, Grandori’s (2001) concept of a team is vague and
underspecified.
The collective features of a team are commonly emphasised in much team literature, e.g.
Katzenbach and Smith (1993:9) suggest that “real teams are deeply committed to their
purpose, goals, and approach. High-performance team members are also very committed
to one another. Both understand that the wisdom of teams comes with a focus on
collective work-products, personal growth…” In my view, knowledge integration in the
Turbine case was not achieved by means of such a team. Instead, I would like to
emphasise the importance of a few experienced project members with individual and
idiosyncratic knowledge bases which they were able to apply to make sense of
problematic situations and to define work packages, thereby making sure that the
knowledge of their less experienced colleagues was integrated as part of the project work
as well. Thus, I would like to stress the importance of the distinctiveness (Weick, 1976) of
experienced project members’ idiosyncratic and specialised knowledge bases rather than
the responsiveness inherent in the team concept. I suggest that neither the team
mechanism, nor any other integration mechanism proposed by Grandori (2001) suffices
to explain how knowledge integration was achieved in the Turbine case. A reason for this
might be that the contingencies presented by Grandori (2001) i.e. knowledge
differentiation and knowledge complexity74 were not sufficient for understanding the
particulars of the Turbine project.
The concept of knowledge complexity incorporates computational complexity and
epistemic complexity (Grandori, 2001). As has been suggested, these concepts were not
enough to understand the kind of complexity that prevailed in the Turbine project. First,
the concept of dynamic complexity was added to better understand a situation of
multiplying effects of small changes in a complex system. Further, receptive uncertainty
was used to better understand the puzzling situations that project members faced as a
consequence of unexpected results. If the presence of computational and epistemic
complexity adds up to a situation of high knowledge complexity, when dynamic
complexity and receptive uncertainty are added to that, it is possible to talk about a
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Remembers Grant’s (1996b:368) suggestion that the establishment of a team is fairly easy and that the real

challenge of the team is to “access the breadth and depth of functional knowledge pertinent to the product and to
integrate that knowledge”.
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Grandori (2001) also named conflict of interests and judgements. However, as such conflicts did not happen in

the Turbine project, I do not consider them here.
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situation of extreme complexity. Such a situation however, is not mirrored in Grandori’s
(2001) framework and consequently no relevant mechanism is proposed. My suggestion
therefore is that we have to move beyond Grandori’s (2001) framework in order to better
understand the peculiarities of the Turbine project and the mechanism/s involved in
knowledge integration (see figure 9.5. below).

Knowledge
differentiation
High

Team
Team

Low

Low

High

?
?

Extreme

Knowledge
complexity

Figure 9.5. Extending Grandori’s (2001) framework.

Turning to Zollo and Winter’s (2002) framework, the Turbine project exhibited a mix of
low frequency, combined with high task heterogeneity and causal ambiguity. Such a
mixture of task characteristics is uniform in terms of its implications for what knowledge
integration mechanisms to use; in such circumstances, Zollo and Winter (2002) suggest
that articulation and/or codification are the most efficient knowledge integration
mechanisms. I suggested however, that the concept of causal ambiguity such as it has
been defined by Zollo and Winter (2002) does not fully capture the kind of complexity
that project members faced and I therefore added dynamic complexity and receptive
uncertainty. Thus, a relevant issue here is whether high values on dynamic complexity and
receptive uncertainty respectively call for the same knowledge integration mechanisms as
a high level of causal ambiguity, i.e. whether they call for articulation/codification or if
they call for any other knowledge integration mechanism.
While the existence of receptive uncertainty necessitates the creation of a “pattern out of
what disrupts patterns” (Tsoukas, 2005:293), dynamic complexity calls for dynamic
understanding, i.e. understanding which is “holistic, historical and qualitative” and
therefore results in “more meaningful, open-ended, and systemic modes of enquiry”
(Tsoukas and Hatch, 2005:245). Therefore, individuals, rather than seeking for a correct
answer, seek for something which makes sense and can work as a guide to action. This is
to say, that receptive uncertainty and dynamic complexity calls for acts of sensemaking –
of which articulation can be a part. While it has been argued that articulation was an
inherent part of the kind of interactive sensemaking that took place between the
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experienced project members, the concept of sensemaking is more inclusive than that of
articulation, as it underlines, not only to the importance of making tacit knowledge visible
or explicit, but also to the importance of multiple cues, retrospectivity, enactment and
plausibility.
Codification, the process “when individuals codify their understandings of the
performance implications of internal routines in written tools, such as manuals,
blueprints, spreadsheets, decision support systems, project management software” (Zollo
and Winter, 2002:342), is also of limited use in situations of receptive uncertainty and
dynamic complexity unless sensemaking comes into play. While project members can
learn more about the causal interdependencies of complex systems and while such
knowledge can be codified at least in part, Tsoukas (2005) argues that the understanding
of codified knowledge requires a creative act of sensemaking; meaning must be created as
it is not inherent in the knowledge codified. In the setting of the Turbine project, is
should also be noted that although its task characteristics called for codification of
knowledge, new technology, new materials and so forth contributed to making the
knowledge created in one project more or less obsolete in a comparably short period of
time. This was probably one reason why members of the Turbine project acknowledged
only a limited applicability of codified knowledge and instead suggested that (and acted as
if) sense had to be created anew in each case.
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PART IV

CHAPTER 10
KNOWLEDGE INTEGRATION IN PRODUCT DEVELOPMENT
PROJECTS
The introductory chapter stated that the purpose of this thesis was to explore what mechanisms of
knowledge integration that are suitable in different project settings. In this chapter, I discuss this issue from
the basis of the empirical studies presented. First, I will draw on a framework for project organising
elaborated by Lindkvist et al. (1998) to distinguish between two different project settings. Second, these
settings are tied to the interrelated contingencies proposed by Zollo and Winter (2002) and Grandori
(2001) respectively. Third, I compare the models of knowledge integration from chapters six and nine
respectively in an attempt to reach beyond the peculiarities of each case and learn something of more general
interest and from this, elaborate an iterative model of knowledge integration. Fourth, I discuss the
contributions of this thesis and suggest some directions for future research.

Distinguishing between two different project settings
The empirical findings and more specifically the fact that the projects studied dealt with
the process of knowledge integration in different ways, point to the importance of being
sensitive to the impact of different settings on knowledge integration. Lindkvist et al.
(1998) are among the few who have proposed a contingency framework in order to
distinguish between different project logics. Lindkvist et al. (1998) have built on the work
of Perrow and Simon75 to distinguish between two types of complexity in product
development projects; analysable and systemic complexity, each of which leads to
different types of processes. The authors suggest that “systemic processes then refer to
situations where the relevant work activities and the causal relations and sequences
between them are hard to specify a priori, due to severe and unforeseeable technical
interdependencies, etc. Analyzable processes accordingly refer to situations where such a
priori specifications are relatively easy to establish (Lindkvist et al., 1998:942). Further, the
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Perrow’s concepts of analysable and unanalyzable tasks presented in Perrow (1970), Organizational analysis;

A sociological review and Simon’s dichotomy between decomposable and non-decomposable technologies,
presented in Simon (1973) The organization of complex systems in Hierarchy theory: The challenge of complex
systems, Pattee (ed.).
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authors draw upon the work by Levinthal and March76 to differentiate two types of error
problematics; error detection and error diagnostics. “In error-detection situations, a low
degree of technical-knowledge generation is required in order to handle each individual
error. Instead the primary problematic is to achieve a global or system-wide search for
errors. Error diagnostics, on the other hand, point at project contexts involving more
fundamental technological problem solving, where the detection of errors is a minor
issue. […] we would then expect error detection to be a common problematic in projects
related to knowledge exploitation, while error diagnostics would typically be involved in
projects aiming at the exploration of new possibilities” (Lindkvist et al., 1998:943).
The Stacker case constitutes an example of a project that combines a need for error
detection with a limited level of systemic complexity. As has already been suggested, the
knowledge for solving the problems encountered in the Stacker project, most of the time
already existed. Therefore project members had to build on and combine existing
knowledge, rather than engage in efforts aimed at technical knowledge generation.
Furthermore, technical interdependencies and causal ambiguity required project members
to identify how the problems encountered would impact on other parts of the system and
interact with these. While most technical interdependencies were known to project
members a priori, a number of unexpected problems, which could not have been foreseen
or planned for in advance, were encountered. This is to say that not all relevant work
activities and sequences between them could have been defined a priori. Instead, when
such problems occurred, project members had to rely on their tacit foreknowledge and on
the Stacker artefact to find out what other parts of the system were influenced. This is to
say that the project was subject to a non-negligible level of systemic complexity which
required responsiveness from the system (Weick, 1976). Lindkvist et al. (1998) suggest
that a project that combine systemic complexity with a need for error detection, should
follow a coupling logic. “Organizing in order to achieve responsiveness and error
detection stresses the need for frequent or continuous communication between the
various sub-groups or members of a project and setting up arenas where such formal and
informal interaction may take place” (Lindkvist et al., 1998:944). In the Stacker case
however, communication was not frequent. Instead, project members relied, to a
considerable extent, on tacit knowledge. A reasonable explanation for this is that the
Stacker project was one of high task frequency. Thus, the above description of a project
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Levinthal, D.A. and March, J.G. (1993) The Myopia of Learning, Strategic Management Journal, 14(2), pp.

95-112.
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that follows a coupling logic does not perfectly match with how the Stacker project was
organised. However, it accentuates an important dimension of project work as it points
not only to the need for complementary meetings when problems which have a systemic
impact occur, but also to the need of letting the system preserve some of “its own identity
and some evidence of its physical and logical separateness” (Weick, 1976:3). This
simultaneous acknowledgement of the need for both responsiveness and distinctiveness
was evident in the Stacker project.
The Turbine project exhibits a combination of systemic complexity and error diagnostics.
The knowledge needed to solve problems encountered was not always readily available,
but project members had to engage in collective sensemaking processes in an attempt to
set the problem and engage in knowledge generation. These collective sensemaking
processes involved, not only the identification and setting of the problem, but also efforts
aimed at understanding how the problem influenced other parts of the system. The level
of systemic complexity was high and incorporated not only causal ambiguity and
epistemic complexity, but also dynamic complexity and receptive uncertainty. These
factors made any attempts at a priori specifications in vain. “Here the project process
becomes problematic not only due to a multitude of complex interdependencies […], but
also because highly specialized functional knowledge bases are involved […]. This seems
to demand a project logic that simultaneously allows for coupling and separation or, in
the words of Orton and Weick (1990), both distinctiveness and responsiveness. In such a
project, knowledge is created cooperatively by semi-coupled, highly specialized individuals
or units […]. The things to be developed are new, i.e. not well known a priori, and one has
to look for ‘strategic errors’, indicating that the whole project is moving in a wrong
direction or dealing with unsolvable problems” (Lindkvist et al., 1998:945). In my view,
this description of a project which follows a semi-coupling project logic, fits neatly with
the Turbine case. In a semi-coupled project, emphasis is on the need for distinctiveness as
error diagnostics requires deeply specialised knowledge bases; “…a ‘semi-coupled’ project
would require that the degree of autonomy and heterogeneity among the parties remain
substantial during the project” (Lindkvist et al., 1998:945). Thus, in this kind of extremely
complex project settings, it is important that responsiveness does not come at the cost of
distinctiveness. Slow learning (Levinthal and March, 1981) is also emphasised, as time for
reflective activity is needed.

A need for knowledge combination or knowledge generation?
In the description of Lindkvist et al.’s (1998) framework given above, the need for
knowledge generation is seen as a distinguishing feature between those projects which can
be organised according to a coupling logic and those that should be managed according to
a semi-coupling logic. This difference in need for knowledge generation was also a
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distinguishing feature of the empirical settings. The Stacker project was one in which
project members were in possession of the required knowledge; it constitutes an example
of a setting in which the project members were predominately concerned with knowledge
combination as part of the process of benefiting from knowledge complementarities.
However, the Turbine project was one in which a great deal of new technical knowledge
had to be created as part of the process of knowledge integration, before the problem
could be solved. Not only did these project members have to create new tools and
techniques to refine certain computations, but they also had to explore and learn how to
interpret particular computational results, they had to explore the possibilities of new
materials and so forth. Therefore, I will make a distinction between empirical settings
which are predominantly a matter of knowledge combination and those that are
predominately concerned with knowledge generation. The focus on knowledge
combination and knowledge generation respectively, in Lindkvist et al.’s (1998)
framework, was related to the concepts of error detection and error diagnostics. I prefer
to refer to settings of knowledge combination and knowledge generation however, as
such a knowledge related framing is more easily aligned with the idea of specifying how
an interrelated set of contingencies, like those in Zollo and Winter (2002) and Grandori
(2001), affect the mode of knowledge integration. Below, I return to their frameworks and
discuss how we may discriminate between the Stacker and Turbine case based on such a
combination – generation dimension.
In the Stacker case, a high level of task frequency, causal ambiguity and epistemic
complexity together with a low level of task heterogeneity and knowledge differentiation
combined to create a setting in which the primary difficulty was to combine existing
knowledge in a relevant way. This results in a setting of knowledge combination. As was
suggested by Zollo and Winter (2002), when task heterogeneity is low, former experience
and existing knowledge is relevant for solving the problems. Moreover, in a setting where
task frequency is high, it is expected that the knowledge needed to solve a particular
problem related to a task, exists and “actors know what to do, and why and by whom it
should be done” (Lundin and Söderholm, 1995:44). However, the fact that causal
ambiguity and epistemic complexity existed in the Stacker case, appears to complicate the
combination of existing knowledge. With respect to causal ambiguity, it should be noted
that several interdependencies existed between various sub-parts, sub-systems and subtasks, but that the project members had enough experience and knowledge to handle this
level of systemic complexity. This knowledge was a result of the project members’
knowledge of the stacker and their reliance on the stacker artefact for problem-solving.
With respect to epistemic complexity and the reliance on tacit knowledge, something
which according to Grandori (2001), tends to obscure causal interdependencies, it appears
that in the Stacker case, the project members could rely on their tacit knowledge and
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representation of the stacker to resolve matters which had a systemic impact and in this
way, the stacker artefact contributed to analysability.
In the Turbine project, high task heterogeneity, knowledge differentiation, causal
ambiguity, epistemic complexity, dynamic complexity and receptive uncertainty, together
with low task frequency combined to create a setting of knowledge generation. In a
setting where task frequency is low, people tend to forget how they solved the task when
it last occurred and if task heterogeneity is high, existing knowledge is less relevant (Zollo
and Winter, 2002) and knowledge has to be created anew. Moreover, in the Turbine
project, causal ambiguity prevailed, which required project members to create knowledge
about technical interdependencies. With respect to the Turbine case, it appeared however,
that the concept of causal ambiguity led to an overemphasis of the importance of “the
number and degree of interdependence between sub-tasks” (Zollo and Winter, 2002:348)
at the expense of the quality of such interdependencies. In the Turbine project, dynamic
complexity and receptive uncertainty appeared to be more important to the process of
knowledge integration. Dynamic complexity is an indication of the difficulty and
importance of understanding and generating knowledge of the effects of small changes
that multiply throughout a complex system while receptive uncertainty is an indication of
the need for generating new knowledge as a result of the presence of relevant, but
unexpected, information. Epistemic complexity, which both required new knowledge
generation to resolve problems associated with tacitness, unobservability and ill-structured
problems (Grandori, 2001) and complicated the generation of knowledge, also existed in
the Turbine project. Table 10.1. below summarises how the cases scored on the
contingencies discussed.

Task frequency
Task heterogeneity
Knowledge differentiation
Level of conflict
Causal ambiguity
Epistemic complexity
Dynamic complexity
Receptive uncertainty

Stacker case – setting of
knowledge combination
High
Low
Low
Low
High
High
Low
Low

Turbine case – setting of
knowledge generation
Low
High
High
Low
High
High
High
High

Table 10.1. Summarising how the cases scored on contingencies discussed.

A note on contingencies, settings and mechanisms
The interrelated contingencies discussed with respect to each case and setting above were
used as parts of the framework presented by Zollo and Winter (2002) and Grandori
(2001) respectively as a means to identify suitable knowledge integration mechanisms with
respect to each case. However, some difficulties and weaknesses were identified with
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these frameworks when attempts to apply them to the empirical settings were made.
Therefore, before I go about the task of elaborating an iterative model of knowledge
integration, I will briefly reconsider the conclusions drawn from the analyses with respect
to these frameworks.
Building on Zollo and Winter’s (2002) framework, we expected that when a task features
high frequency and high homogeneity, the effectiveness of tacit experience accumulation
as a knowledge integration mechanism will be higher than that gained by using
articulation and codification. On the other hand, when a task exhibits a high degree of
causal ambiguity, the inverse relation was hypothesised. Thus, while the framework
suggested by Zollo and Winter (2002) appeared to be useful as an analytical tool for each
task dimension, it did not offer any effective knowledge integration mechanism in
situations like the one encountered in the Stacker case, i.e. in situations when all task
characteristics are not uniform in terms of their implications. In an attempt to resolve this
matter, an iterative model of knowledge integration should allow for the use of both tacit
experience accumulation and of articulation in the same case. With reference to the
Stacker project, the iterative model should embrace situations in which project meetings
and ad hoc problem solving meetings based on articulation are important and used at the
same time as individual project work based on tacit experience accumulation.
With respect to the Turbine project, Zollo and Winter’s (2002) framework first appeared
to be uniform in terms of its implications as it called for reliance on articulation and or
codification. Articulating, as it has been suggested, was part of the project members’
collective sensemaking efforts, but it was not the only integration mechanism relied upon.
The Turbine case was one of extreme complexity which could not be fully captured and
understood by the concepts of task frequency, task heterogeneity and causal ambiguity
proposed by the framework. Thus, the concepts of dynamic complexity and receptive
uncertainty were added, extending the framework proposed by Zollo and Winter (2002).
As it was suggested in the analysis of the Stacker case, the combination of low knowledge
differentiation and conflict together with high epistemic complexity called for the use of a
community of practice (Grandori, 2001). However, in the Stacker project, a community of
practice was not relied upon. It was therefore suggested that perhaps the reliance on a
team would be a possibility to communities of practice in a situation of high epistemic
complexity. Grandori’s (2001) concept of a team was underspecified however and it was
argued that a team-like integration mechanism was not used in the Stacker project as the
team concept tends to over-emphasise the need for responsiveness at the expense of the
need for distinctiveness. In the Turbine case, the team mechanism was rejected on the
same grounds, as the distinctiveness of the competencies of a few core project members
was important. In an iterative model of knowledge integration, I therefore want to
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“highlight the identity and separateness of elements that are momentarily attached”
(Weick, 1976:4) and take into consideration the need for both distinctiveness and
responsiveness. Again with respect to the Turbine case and Grandori’s (2001) framework,
it should be noted that her concepts of complexity did not fully capture the kind of
complexity encountered in the Turbine case.

Towards an iterative model of knowledge integration
Those individuals involved in the Stacker project operated in a different setting than the
members of the Turbine project and therefore, it will come as no surprise that there
existed numerous and important differences between the Stacker and the Turbine cases –
differences that were mirrored in the models for knowledge integration proposed along
with the analysis of each case (see chapters six and nine). However, there also existed a
number of similarities. In an attempt to reach beyond the peculiarities of each specific
case and explore whether there is something of more general interest to be learnt about
knowledge integration from these cases and models, I will now make a comparison of the
cases.

Comparing the models of knowledge integration
At first glance, the models of knowledge integration elaborated for each of the cases
appear quite similar (see figure 10.1. below) – something which on further scrutiny, is
both true and false at the same time. In the Stacker project, individuals relied on a target
which worked as an objective ideology (Brunsson, 1982b) that promoted motivation and
commitment. Further, the stacker artefact and the project members’ tacit foreknowledge
constituted important preconditions for knowledge integration, enabling the project
members to work extensively on an individual basis and employ individual, idiosyncratic
routines. Project work, and knowledge integration, evolved around meetings where all
project members participated in the discussions and around individual work which was
based on idiosyncratic routines. The objective of the communication that took place at
project meetings was to keep each other informed and to agree on what actions to take
next. It also happened that project members solved problems together at these project
meetings or at ad hoc meetings. So rather than emphasising the relative importance of
specific knowledge integration mechanisms, such as routines or mutual adjustment
through face-to-face communication, the Stacker case analysis stresses the importance of
recognising the pattern of iteration displayed when using a variety of knowledge
integration mechanisms.
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The Turbine project too evolved around meetings (relatively frequent) and individual
work. However, not all the project members actively participated in the discussions at
these project meetings. Furthermore, the communication which took place at these
meetings was not primarily aimed at keeping each other informed, but was of quite a
different nature as project members worked with tasks like analysing computational
results together and thus tried to make sense of them. Furthermore, if problems were
discussed at these meetings (which was always the case), they were hardly ever solved, but
instead, were set. When the experienced project members had agreed on an action to take
(in essence, an experiment to make), a work package was defined through which the less
experienced project members were able to contribute by means of individual work. In the
Turbine case, few things were held in common or shared between all the project members
except for a shared understanding of the higher-efficiency-target and a shared sense of
urgency with respect to the market situation. So again, although the pattern of iteration is
different here, the process of knowledge integration relies on the iteration between a
variety of specific knowledge integration mechanisms.
Feedback
reporting
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Consensus
reaching/problem
solving

Problematic
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Contribution

Individual
work

Routine work

Representation

Collective
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project
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Routine
engineering
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Figure 10.1. Comparing the models of knowledge integration. The model of the Stacker case to the left and that of
the Turbine case to the right.

Outline of an iterative model of knowledge integration
From the comparison of the models of knowledge integration in the Stacker and Turbine
cases respectively, an iterative model of knowledge integration is starting to form around
the notions of interacting and acting. While the specific processes involved in interacting
differed between the cases, the notion of interacting, I suggest, is still relevant to focus
attention on instances of project work that evolve around collective processes and the
notion of acting is still relevant to focus attention on parts of project work that is
individual. In short, it appears to be relevant to make a distinction between interacting
and acting to distinguish between ways of working in projects where knowledge
integration is important. Furthermore, I consider these notions relevant as they enable us
to recognise that even in the most complex, uncertain and ambiguous project, where
extensive technical knowledge generation is required, much of the actual project work is
performed individually. Even in projects that face little complexity, uncertainty and
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ambiguity where knowledge integration is much an issue of combining existing
knowledge, problems exist that have a systemic impact and which require project
members to rely on communication and interaction. However, it does not appear to be an
issue of either or, but an issue of both interacting and acting. What appears to differ
between a setting of knowledge combination and knowledge generation with respect to
interacting and acting is the extent to which project members rely on each of them, i.e.
the balance between interacting and acting. I therefore, suggest an iterative model of
knowledge integration based on these two notions (see figure 10.2. below).
The iterative model has a number of features that would benefit the analysis of knowledge
integration in empirical settings. First, it recognises the importance of considering to what
extent the ‘knowledge problematic’ of a specific product development project needs to
involve acting and interacting and how these are made complementary in an iterative
process. Second, it indicates the significance of using various artefacts and how these may
be involved in acting as well as interacting. Third, the model recognises the fact that
acting and interacting may be associated with highly different costs of knowledge
integration. Below, I return once more to the two settings to illustrate these three features.
Interacting

Collective
processes

Acting

Artefact(s)

Individual
work

Figure 10.2. An iterative model of knowledge integration.

Feature one: Iteration
In the Turbine case, iteration took place both between the experienced and the less
experienced project members and the different types of tasks that they performed. The
iteration can also be understood as one between communication and interaction at
meetings on the one hand and instances of individual work on the other. In the Stacker
case, members of the project iterated between project meetings or ad hoc problemsolving meetings and individual work. Furthermore, in the Turbine project, iterations
were frequent and short, while in the Stacker project, they were less frequent. In both
cases however, these iterations can be understood as iterations between instances of
interacting and acting. Interacting thus refers to those instances of project work that
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evolved around collective activities that can have the purpose of e.g. feedback reporting
as in the Stacker case or sensemaking as in the Turbine case. Acting refers to those
instances of project work that evolved around individual work and which can be based
e.g. on individual and idiosyncratic routines.
In the Turbine case, there were two common instances of interacting; regular project
meetings and ad hoc problem-solving meetings. Regular project meetings often took the
form of collective sensemaking sessions, resulting in problem setting. In the Turbine
project, collective sensemaking and problem setting activities were based on the
experienced project members’ involvement in communication and interaction. In addition
to these regular project meetings, ad hoc problem-solving meetings between experienced
project members took place frequently as a response to problematic situations. These ad
hoc problem-solving meetings also took the form of collective sensemaking which
resulted in problem setting. As a result of these instances of interacting, the uncertainty
and ambiguity inherent in the problematic situation encountered was temporarily reduced.
This temporary reduction of uncertainty and ambiguity offered some respite, as new tasks
had been defined and less experienced project members knew what to do and how to do
it. This is to suggest that for a short period of time, the project once again relied on
individual work, i.e. project members relied on acting until the situation required them to
initiate an ad hoc problem-solving meeting again. In the Turbine case, such meetings were
initiated often, which is to suggest that iterations were short and the reliance on
interacting considerable.
In the Stacker project, there were also two kinds of interacting instances; project meetings
and ad hoc problem-solving meetings. Project meetings were focused on feedback
reporting and unidirectional communication. As it was suggested in the analysis of the
Stacker project, such feedback reporting would result in an agreed-upon interpretation of
the situation and what action to take next. As a complement to regular project meetings,
ad hoc problem-solving meetings were called in when project members identified a
problem which they could not deal with on their own. As a result of these instances of
interacting, project members were able to establish a representation of the project as a
whole which guided them in their individual project-related work which was based on
individual and idiosyncratic routines.
Comparing instances of interacting and acting in the Stacker and the Turbine project, it
can be concluded that the differences concern which project members were involved in
interacting and acting respectively and the frequency with which iterations between
instances of interacting and acting occurred. In the Stacker case, all the project members
were engaged in both interacting and acting to approximately the same extent while in the
Turbine project, the experienced project members were engaged in interacting while the
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less experienced project members were primarily engaged in acting. In the Turbine case,
as has been suggested, iterations between instances of interacting and acting were much
more frequent than in the Stacker case. However, in both cases, instances of interacting
were initiated as a response to perceived uncertainty and acting was enabled as a
consequence of reduced uncertainty. Thus, despite the fact that projects differed, I
suggest that the notions of interacting and acting can be used to understand both projects
and that it is the extent to which these different modes of knowledge integration were
employed that differed between the project. In the Stacker project, where the need for
knowledge generation was limited, the project members relied extensively on acting. In
the Turbine project, where the need for new knowledge generation was high, on the other
hand, project members relied more extensively on interacting.

Feature two: Artefacts
The second feature which has to be explored, is the importance of artefacts that prevailed
in both projects. In the Stacker project, the stacker artefact was important when
interacting as well as when acting as it facilitated meaningful communication among the
project members and also enabled them to establish a representation which guided them
when working individually with project-related tasks. Another important aspect of the
stacker artefact was that it was shared among the project members – not in the sense that
every project member had the same knowledge about stackers but rather that every
project member was able to actively take part in instances of interacting on the basis of
their knowledge of the stacker. Furthermore, every project member was able to define
and perform his tasks on the basis of the representation of project work such as it was
grounded in the stacker artefact. This was not the case in the Turbine project.
In the Turbine project, visual representations fulfilled a similar role as the stacker artefact
did in the Stacker case. These visual representations were important at instances of
interacting as they were used as sensemaking devices which enabled project members to
set the problem and agree upon a plausible action, given the problematic situation as it
was conceived from their different perspectives (c.f. Henderson, 1999). The ability to
make sense from these visual representations required knowledge that only the
experienced project members possessed. While the stacker artefact was common to all the
members of the Stacker project, the knowledge of how to make sense of and use
information revealed from visual representations was not shared among all the members
of the Turbine project. Therefore, there was far-reaching specialisation and division of
labour between experienced and less experienced project members, which implied that
the experienced members were involved in interacting while less experienced members
were engaged in acting.
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Artefacts, here to be understood broadly to include mental or visual representations,
occupy a central place in the iterative model, as they constitute a basis which enables
knowledge integration. In the Stacker project, the artefact facilitated meaningful
communication during instances of interacting. Further, it enabled individuals to establish
a guiding mental representation of project work which they could rely upon when acting;
it enabled individuals to “act individually and yet perform a social act, as team members
contributing to project progress” (Enberg et al. 2006:159). Inspired by Weick and Roberts
(1993:357), I suggest that the artefact enabled members of the Stacker project to
contribute heedfully to the project work as it allowed “actors in the system to construct
their actions (contributions), understanding that the system consists of connected actions
by themselves and others (representation) and interrelate their actions within the system
(subordination)”. In the Turbine project, the artefacts enabled the experienced project
members to interact in a way which seemed meaningful and which resulted in the
formulation of work packages to be performed by the less experienced project members
as part of acting. Therefore, it should be noted that artefacts can support interacting as
well as acting. Once again, talking with Weick and Roberts (1993), I suggest that in the
Turbine project, artefacts enabled experienced members to agree upon a representation of
the project which further enabled the formulation of well-defined work packages (a
contribution) taking the situation as a whole into account (sub-ordination).

Feature three: Economising
From the perspective of the knowledge-based theory of the firm, the main problem is
that of how to integrate the knowledge of specialised individuals at the lowest possible
cost (Grandori, 2001; Grant, 1996a). Among the mechanisms which are feasible and
possible to use, the one which has the lowest cost is considered the most effective. Due
to its oscillations between acting and interacting, the iterative model promotes
consideration of costs. In the Stacker project, acting relied on individual and idiosyncratic
routines that project members had internalised through tacit experience accumulation.
Routines emanating from tacit experience accumulation are low-cost integration
mechanisms as they require less deliberate cognitive efforts on the part of the individual
than do mechanisms that presuppose articulation and codification (Zollo and Winter,
2002). In the Turbine project, where the less experienced project members engaged in
acting, acting was based on what Lindkvist (2005) has referred to as scholastic knowledge
or theoretical skills, i.e. de-contextualised knowledge which has been acquired e.g. by
means of formal education and which is readily available for use.
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In both projects, interacting was based on face-to-face meetings where project members
meet to discuss the tasks and problems to be solved. In such situations, when interacting
was based on communication, which presupposes articulation77, interacting was a more
expensive way of handling knowledge integration. Grant (1996a:381) suggests that
“efficiency of knowledge integration requires economizing upon the amount of
communication needed to effect integration”. Further, Zollo and Winter (2002:345)
suggest that articulation is a more expensive mechanism than the reliance on tacit
experience accumulation or routines since it incurs costs which are “due to the time and
energy required for people to meet and discuss their respective experiences and beliefs”.
Thus, the iterative model promotes cost considerations due to the oscillations between
acting and interacting since “cutting down on face-to-face communication and interaction
is a way of economising on costs” (Enberg et al., 2006:159). Thus, to rely extensively on
acting in cases and situations when that is cognitively feasible, would appear to be a lowcost alternative. Not until the reliance on acting is no longer feasible is there any need to
resort to more costly interacting.

Contributions and directions for future research
Having presented an iterative model of knowledge integration and discussed those
features that I suggest would benefit the analysis of knowledge integration in product
development projects, I will now pose the question of what we have learnt about
knowledge integration in product development projects from this thesis. What are the
contributions of the thesis? And what do we need to explore in future research?

Summarising my conclusions and contributions
Since there has been a lack of empirical studies of knowledge integration and several
authors have asked for empirical studies to improve our understanding of the
phenomenon (see e.g. Becker, 2001; Grant, 1996a), I suggest that one of my contributions
is constituted by the detailed and ‘thick’ descriptions of the Stacker and Turbine case
respectively. In my view, a considerable strength of these studies is the fact that they are
real-time, longitudinal, studies which allowed me to follow each project for an extended
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Articulation here should be understood in its widest terms to include the fact that project members talk about

what they have encountered, share their experience and so forth. It must not necessarily be with an aim to make
tacit knowledge explicit.
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period of time and to observe how the dynamics of project work and knowledge
integration evolved.
The empirical findings from the Stacker and Turbine cases suggest that efforts towards
knowledge sharing and the establishment of shared understandings and meanings had no
prominent role in dealing with knowledge integration and product development in these
projects. Furthermore, they hinted at the integrative properties of a vaguely defined target,
and findings from the Stacker project showed the importance of individual work and
idiosyncratic routines. As regards the relative lack of shared knowledge and the integrative
properties of a vaguely defined target, these findings stand in contrast to findings and
suggestions from former studies on product development projects (see e.g. Huang and
Newell, 1995; Nonaka and Takeuchi, 1995; Cooper, 1993). Furthermore, to my
knowledge, the importance of individual work and idiosyncratic routines has not been
emphasised in work on knowledge integration in product development projects before.
Instead, literature within that area has emphasised the opposite, in terms of the
importance of close and constant interaction (see e.g. Allen, 1977; Nonaka and Takeuchi,
1995). Thus, the findings of the empirical cases stand in contrast to the suggestions of
much of the literature on knowledge integration in product development projects.
Based on the empirical findings, I concluded that instead of employing a particular
knowledge integration mechanism throughout the project, knowledge integration is an
issue of iterating between a number of different knowledge integration mechanisms as the
project evolves over time. This conclusion constituted the basis for the iterative model of
knowledge integration. The iterative model is a dynamic model which recognises
knowledge integration as a process that evolves over time. In my view, the iterative model
of knowledge integration offers a new way of conceiving knowledge integration in
product development projects, as it underlines the dynamic character of knowledge
integration and emphasises patterns of iteration between various knowledge integration
mechanisms which allows for cost economising effects. The iterative model indicates that
not even in the most complex of product development projects like the Turbine project is
it necessary, desirable or effective to rely on close and constant interaction (see e.g.
Eisenhardt and Tabrizi, 1995; Nonaka and Takeuchi, 1995) and efforts aimed at
knowledge sharing (see e.g. Huang and Newell, 2005), in every situation. Even if a project
at a first glance appears to be highly analysable and an easy subject for extensive planning,
clear work breakdown structures and sequencing (see e.g. Lock, 1996; Cooper, 1993),
there are situations in which face-to-face communication and interaction appear to be
both a necessary and effective way of dealing with knowledge integration. To iterate,
knowledge integration is not about choosing the one and only mechanism available but
about choosing different integration mechanisms at different times as the project evolves
and to iterate between them depending on the needs identified at a particular moment.
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This iteration between knowledge integration mechanisms allows the project to respond
to its needs with regard to both distinctiveness and responsiveness (Weick, 1976) and
thus, responsiveness does not have to come at the expense of distinctiveness.
The iterative model of knowledge integration proposed can account for situations when
the task characteristics proposed by Zollo and Winter (2002), i.e. frequency, heterogeneity
and causal ambiguity, are not uniform in terms of their implications with respect to what
integration mechanisms should be used. In this way, the iterative model constitutes an extension on the task characteristics framework. Moreover, dynamic complexity and receptive uncertainty have been added to Zollo and Winter’s (2002) task characteristics, something which enables a more fine-grained analysis of extremely complex project settings.
This also holds true with respect to the framework suggested by Grandori (2001), where
the concepts of dynamic complexity and receptive uncertainty allows for a refinement of
her discussion of knowledge complexity as well as her way of specifying appropriate
knowledge integration mechanisms.
The iterative model indicates the importance of artefacts in promoting knowledge
integration. In the Stacker case, the stacker artefact contributed to analysability and to
initiating interacting when needed. This example shows that an artefact can play an
important role in balancing the need for more costly integration mechanisms based on
communication and interaction thereby enabling effective knowledge integration. In the
Turbine project, artefacts facilitated meaningful communication and sensemaking in
situations of confusion and uncertainty. Thus, artefacts, it appears, can play important
roles in promoting knowledge integration, and in some cases, even act as a substitute for
extensive planning on the one hand and extensive knowledge sharing, communication
and interaction on the other. The role and importance of material artefacts in knowledge
integration has been emphasised in previous studies as well. For example, Kreiner
(2002:112) suggested that “the artefact provides sufficient pressure for order and
coordination to emerge spontaneously” and Carlile (2002) has shown how artefacts can
work as boundary objects which facilitate knowledge integration across disciplinary
borders.
In this thesis, I have outlined a contingency approach to knowledge integration in product
development projects by means of sketching two types of settings, one in which the
primary matter is that of knowledge combination and one in which it is that of generating
new knowledge. Moreover, I have discussed which interrelated contingencies appear to be
significant in creating each of these settings, i.e. which contingencies that have an impact
on whether project members face a setting in which the knowledge integration
problematic is that of combining existing knowledge or a setting in which the integration
challenge is predominately that of creating new knowledge. As the empirical findings
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suggest, the dynamics of project work differed between these two types of settings.
However, the primary difference between the two empirical settings was not that of what
particular knowledge integration mechanism(s) were employed. The primary difference
was to be found in the pattern of knowledge integration mechanisms used and in the
balance between acting and interacting, i.e. the extent to which project members could
rely on low-cost integration mechanisms such as individual work based on routines, or
more costly mechanisms based on communication and interaction.

Directions for future research
In order to better understand the dynamics of knowledge integration in different product
development settings, there is a need for additional longitudinal case studies and studies
with a contingency approach to knowledge integration in product development projects.
Additional longitudinal and real-time case studies are important to provide a broader
empirical base which allows for comparison - something that is important to further test
and elaborate the iterative model of knowledge integration (c.f. Eisenhardt, 1989).
Furthermore, studies with a contingency approach would allow for further exploration of
knowledge integration in various settings.
The discrimination between the two different settings suggested in this thesis offers but a
starting point for future research which applies a contingency approach to knowledge
integration in which additional settings can be identified and my rather crude
conceptualisations can be refined. I suggest that both qualitative and quantitative studies
can be important in this respect. Further qualitative case studies of the kind presented in
this thesis will allow for additional ‘thick’ descriptions of how knowledge integration is
dealt with in different (additional) settings. Quantitative studies on the other hand, can
prove useful for exploring the impact and importance of specific contingencies in shaping
particular settings and thereby are useful for elaborating our understanding of knowledge
integration in these settings.
I considered of the Turbine project as an extremely complex one and discussed it in terms
of dynamic complexity and receptive uncertainty. While concepts such as causal ambiguity
and computational complexity highlight the “number and degree of interdependence
between subtasks” (Zollo and Winter, 2002:348), the concept of dynamic complexity pays
attention to the quality of such interdependencies and while more traditional concepts of
uncertainty suggest that uncertainty is due to lack of information, thereby making it an
exercise in finding the missing piece(s) of information, the concept of receptive
uncertainty emphasises the need for a different kind of information. As the presence of
dynamic complexity and receptive uncertainty appeared to have an impact on the process
of knowledge integration in the Turbine project, I would find it particularly interesting to
further refine those concepts and explore in more detail what particular effects dynamic
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complexity and receptive uncertainty might have on the process of knowledge integration
– something which would be important to more fully understand the kind of extremely
complex product development projects of which the Turbine project is an example.
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APPENDIX 1
Interview guide
The interview guides below (the first for project members and project managers in both
the Stacker and the Turbine project and the second one for the director of the R&D
department at ProLift) are stated in very general terms as I wanted the interviewees to
describe the project and project work with their own words and to introduce aspects
which they considered to be important without feeling any restriction from my part. The
interview guides are structured around a number of themes which I wanted to cover and
each theme and “question” was elaborated on during the interview, e.g. by means of
follow-up questions, depending on what aspects and issues that the interviewee chose to
put on the table.

Project members and project managers
The individual project member
• Background and work experience.
• Thoughts, opinions, feelings, experience etc. which regards project work (in
general, the specific project).

The particular project
• Role in the project.
• Project target.
• Based on the list of project members – describe their roles, interdependencies
between you and particular project members. Do you work together? How?
• Describe a good project – what characterises good project work. Relate to the
specific project.

Co-ordination/Integration
• How do you work in projects? Thoughts, opinions, feelings etc. with respect to
this way of working.
• Importance of former work experience/documentation/project guidelines/project
meetings/shared knowledge.
• Describe how you solve problems related to the project.
• What happens in between project meetings?

i

• Comments on a particular meeting/event/action taken by the project member
[shifted from one project member to another].

Director of the R&D department at ProLift
• Background and work experience.
• The task and structure of the R&D department.
• The project organisation.
• How the project is related to other parts of the organisation. How different
projects are related to each other.
• “Project philosophy”.
• Key actors/roles in the projects? Why are these key actors/roles?
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APPENDIX 2
List of project members
Below is a list of the actors involved in the Stacker and Turbine projects respectively. All
the individuals who have somehow been involved in project-related work (and mentioned
in the empirical chapters) are presented along with their position or responsibility in the
particular project. In both cases I have tried to keep to the way of addressing each other
in the particular cultural context which means that in the Stacker project, all the
individuals, regardless of their hierarchical position are called by their first names. In the
Turbine project on the other hand, the individuals of a higher rang than the project
members are called by their surnames. All the names are fictive names.

Stacker project
Name

Position/responsibility in the project

Albert

Order structure builder.

Anders

Design engineer consultant.

Bengt

Manufacturing, tripods and chassis.

Carl

Director of the R&D department.

Dan

Quality and standards

Hans

Electro-design engineer.

Inge

Marketing.

Ingemar Order structure builder.
Johan

Order and administration.

Martin

Project manager.

Miriam

Responsible for technical requirements.

Niklas

Replaces Miriam as responsible for technical requirements.

Tage

Design engineer consultant.

Tomas

Manufacturing, walkie.
iii

Torsten

Technical support, field testing.

Turbine project
Name

Position/responsibility in the project

Alain

Member of the aero-group working on the flow path design.

Arno

Member of the aero-group working on the flow path design.

Beat

Member of the aero-group working on the flow path design.

Daniel

Flow path design, work packages.

David

Member of the MI group working on the Turbine design.

Dieter

Member of the MI group working on the Turbine design.

Dominik

Project manager, responsible for the turbine design.

Franz

Member of the MI group working on the Turbine design.

Gerhard

Member of the MI group working on the Turbine design.

Jürgen

Member of the MI group working on the Turbine design.

Leonard

Member of the aero-group working on the flow path design.

Lukas

Group leader of the MI group working on the flow path design.

Marcel

Member of the MI group working on the flow path design.

Matthieu

Member of the MI group working on the Turbine design.

Mr. Hotz

Director, New Equipment.

Mr. Lüscher

Vice president steam turbines and generators.

Mr. Maurer

General sales manager, retrofit, Switzerland.

Mr. Mullins

Manager of the aero- and thermo department.

Mr. Richter

Project manager at the Retrofit department, Switzerland.

Mr. Robbins

Engineering manager, Customer Service.
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Mr. Schmidt

Newly appointed director of R&D, Switzerland.

Mr.
Schneider

Manager of the mechanical integrity department. MI-expert.

Mr. Scott

Manager of the Retrofit department at another European site.

Mr. Smith

Present at the concept review.

Mr. Suter

Former director of R&D, Switzerland.

Mrs. Becker

Director of the quality department, Switzerland.

Nikolaus

Member of the MI group working on the flow path design.

Simon

Member of the MI group working on the flow path design.

Thibaud

MI-expert involved in another development project.

Urs

Project manager, responsible for the flow path design, leader of the aero
group.

Valentin

Member of the MI group working on the flow path design.

Victor

Member of the cycle/FS group working on the flow path design.
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