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PART I

Chapter One
1 Problem-Solving in Platform Development
Problems, and the search for solutions to problems, has been argued to be such an innate
part of any development work carried out, that the product development process itself
can be conceived of as a matter of problem-solving (Vincenti, 1990; Clark and Fujimoto,
1991; Wheelwright and Clark, 1992; Thomke and Fujimoto, 2000; Davis, 2006; Brusoni et
al., 2007). According to this view, a firm’s ability to successfully develop new products or
systems depends on its aptitude to overcome for instance technical, commercial, or
organizational obstacles. Problem-solving has been illustrated as being concerned with the
understanding of the detailed linkages between possible alternative actions and the
possible outcomes derived from that action, given the complexity of the obstacle faced
(Gavetti and Levinthal, 2000; Fleming and Sorenson, 2004; Nickerson and Zenger, 2004;
Gavetti, 2005).
However, problem-solving is a non-trivial task, especially when concerning the
development of complex products and systems (Becker and Zirpoli, 2006). In these cases,
a large number of interdependent elements are likely to give rise to systemic effects and
action-outcome linkages that are difficult to identify or understand early on. Further,
problems are many times dynamic and of a changing character. Problem-solving in the
product or systems development process can therefore also be conceived of as
concerning the identification and understanding of interdependencies between elements,
in order to better understand the complexity of the obstacle faced. Herbert Simon (1962:
468) has defined a complex system as one that is:
“made up of a large number of elements that interact in a non-simple way…//….
Given the properties of the elements and the law of their interaction, understanding
the properties of the whole becomes a non-trivial matter.”

Whereas many products or systems can be of a complex character, platforms constitute
one type that has gained momentum in various industries. A platform can be defined as
the underlying technological foundation made up of a set of assets, components, subsystems, and interfaces purposely planned and developed to form a common structure
from which a stream of derivative products can be resourcefully developed and produced
(Meyer, 1997; Meyer and Lehnerd, 1997; Robertson and Ulrich, 1998; Muffatto and
Roveda, 2000; Krishnan and Gupta, 2001; Nelson et al., 2001). Many firms employ, or
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consider to employ platforms as part of their new product development process
(Robertson and Ulrich, 1998; Krishnan and Gupta, 2001; Halman et al., 2003). In a
survey on the diffusion of platform strategies in 101 Swedish manufacturing firms, it was
found that as many as 64 percent of the studied firms claimed to have a platform strategy
in relation to their manufacturing activities (Persson and Åhlström, 2007).
Platforms found in industry can take many shapes and forms. One well-known example
is the Windows Operating System. This operating system is a software platform primarily
based on computer code, where the code determines the functionality of the platform
(Gawer and Cusumano, 2002; Cusumano, 2004; Evans et al., 2006). In the automotive
industry a platform can be depicted as being made up of a non-fixed number of
components and sub-systems, which usually makes up the major parts of the
undercarriage (Nobeoka and Cusumano, 1997; Heikkilä et al., 2002; Simpson, 2004). Yet
other types of platforms can take their shape in smaller elements of individual
components or sub-systems within derivative products, such as the motor in power tools
(Meyer and Lehnerd, 1997) or battery in Sony Walkmans (Sanderson and Uzumeri,
1995).
Meyer and Lehnerd (1997) provide illustrations of several development projects,
including Black and Decker, Hewlett Packard, and Compaq Computer. They develop a
number of issues that need strategic consideration in relation to platform development
work and also propose a general framework for product family development. Drawing
upon the success story of Black and Decker, Meyer and Lehnerd (1997) show how the
firm managed to increase their competitive strengths by applying the platform concept in
their consumer tool product portfolio. The result of this effort was significant, as it
contributed to Black and Deckers ability to reduce cycle times for the introduction of
new derivatives to an average of one per year, as well as enabled cost reductions of up to
50 percent in some instances. As a result, Black and Decker also increased their market
share. The firm managed to achieve this success by implementing a strategy where all
products would be developed and produced in relation to product families, with the aim
to share technologies, components and sub-systems within these product families. The
illustrations of how Black and Decker managed to turn around their fortunes through the
creation of a platform provide evidence of the design and technical aspect of platforms
(Meyer and Lehnerd, 1997). By creating a common platform for all the firm’s major
power tool groups, the firm managed to redesign their existing power tools and at the
same time decrease manufacturing costs and retain their competitive prices. In Black and
Decker’s case, the platform took its physical shape in the creation of key product parts,
identified as the motor in power tools. By developing a universal motor that would cater
for the needs of a wide range of power tools in different market segments, the firm
managed to reduce its reliance on over thirty different motors.
14

Another example of platform related development can be drawn from the way Hewlett
Packard developed their Inkjet printer family (Meyer and Lehnerd, 1997). Based on the
initial development and manufacturing of the ink jet printing head in the mid 1980s,
Hewlett Packard set out to device a number of derivative products based on an
underlying platform architecture. To do this, they drew upon three sub-systems, the
mechanical elements, electronics, and software, and the interface between these subsystems and with other sub-systems, and their interface to the external environment
(communication feeds to for instance computers, faxes, printers), to create the DeskJet
500 platform. Sony Walkman based its success in the 1980s on the combination of
novelty and longevity supported by the underlying platform consisting of mechanical,
technological and software solutions (Sanderson and Uzumeri, 1995). To do this they
drew upon a platform consisting of for instance the same battery and motor technology,
and by making small changes in feature, packaging and appearance, Sony was able to offer
as many as 20 new models each year.
A central challenge in developing platforms is to ensure both commonality and
distinctiveness across a number of derivative products (Simpson, 2004; Lundbäck and
Karlsson, 2005). Commonality emerges as a challenge that predominantly needs to be
catered for by the platform development process, taking into consideration the
requirements of numerous derivative products. Distinctiveness on the other hand is an
important aspect of derivative product development where ‘unique’ design solutions
contribute to differentiation between individual derivative products. Since the platform
exert influence on the development of derivative products at the same time as derivative
products requirements influence the development of the platform, a dynamic interplay
between distinctiveness and commonality requirements emerge. Identifying and
understanding the influence and effect that interdependencies between platform elements
and derivative product elements have on each other therefore becomes a significant
challenge in the development process.
One reason for this challenge can be attributed to that the complexity of a product or
system is believed to scale with the number of elements it has, the number of interactions
among its elements, and the character of the interaction between its elements
(Gershenson, 2002). Similarly, as platforms are developed, and the number of derivative
products increases, elements become increasingly intertwined and interdependent to fulfil
functional requirements. This intertwining of design architectures, that result from the
interdependence between elements, gives rise to complexity that can cross from the
platform to individual derivatives and also from derivatives to the platform. Thus, in the
development of complex platforms, the intertwining of design architectures can give rise
to a number of design constraints that need to be managed. These constraints are in turn
15

a result of interdependencies that vary in their number and strength to other elements,
both within the platform and across the platform and derivative products. In these
settings, the ease by which solutions to problems faced can be sought for is related to the
decomposability degree of the required design (Frenken et al., 1999). Decomposability is a
function of the degree to which activities influencing one part of a system can be carried
out independently from activities carried out on other parts of the system or not (Simon,
1962; 2002). The more difficult it is to decompose or disaggregate a design into its
constituent elements, the more complex will the encountered problems and their
solutions be. Degree of decomposability thus effect the degree of complexity, where less
decomposable designs give rise to more complex problems due to the:
“Opacity of single entities’ functional relations and the partial understanding of their
context-dependent individual contributions in forming a solution to the problem at
hand.” (Marengo et al., 2005, p.2).

How to search for solutions to these problems consequently becomes an important
aspect of the platform development process. By searching for solutions to problems,
which if successfully implemented will yield desired outcomes, obstacles can be overcome
and goals reached. Problem-solving therefore also concerns the search over a set of
choices regarding combinations and configurations of product or systems elements that
will yield desired outcomes given the problem faced, and the understanding of causal
relationships between elements (Fleming and Sorenson, 2004; Becker and Zirpoli, 2006;
Hsieh et al., 2007). Consequently firms can draw upon and apply a number of different
solution search approaches when engaged in problem-solving (Gavetti and Levinthal,
2000; Nickerson and Zenger, 2004). One challenge however resides in choosing what
solution search activities to engage in and which solution search approaches to apply
given the complexity of the obstacle faced.

1.1

Vindicating the Research Area

Platform literature has been shy of studies that investigate more closely the problems and
challenges associated with platform development per se and the process by which such
problems are managed (Sundgren, 1999; Halman et al., 2003; Sköld, 2007). Consequenlty,
the managerial implications of platform development have largely been left unanswered
too (Sundgren, 1999; Krishnan and Gupta, 2001; Brusoni and Prencipe, 2009). Albeit the
literature dealing with the development of platforms is growing, the scholarly interest in
the platform concept is relatively young (Sköld, 2007). Forerunners within the field of
platform thinking in the creation of new product generations include the work of
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Wheelwright and Clark (1992). These authors discuss how long term planning, the
integration of product and market strategies, and the identification of platforms for
quicker product development developed as a response to changing industrial dynamics.
The increasing application of platforms within industry and the increased scholarly
attention given to the concept has nonetheless started to give rise to several different
streams and categories of platform related research (Table 1).
Table 1 Examples of prevailing platform related research
Foci of
Analysis
Platform

Product
Family

Derivative
Product

Foci of
contribution

Contributing
Authors

Strategic

(Meyer, 1997; Meyer and Selinger, 1998; Robertson and Ulrich, 1998;
Muffatto, 1999a; Muffatto and Roveda, 2000; Gawer and Cusumano, 2002;
Meyer and Dalal, 2002; Evans et al., 2006; Bodreau and Hagui, 2009;
Eisenmann et al., 2009; Evans, 2009; Gawer, 2009; Sako, 2009; Schilling,
2009)

Tactical

(Meyer and Selinger, 1998; Robertson and Ulrich, 1998; Tatikonda, 1999;
Muffatto and Roveda, 2000; Lundbäck and Karlsson, 2005; Brusoni and
Prencipe, 2009; Gawer, 2009; Hatchuel et al., 2009; Yakob and Tell, 2009)

Operational/
Technical/

(Meyer and Selinger, 1998; Ericsson and Erixon, 1999; Moore et al., 1999;
Nelson et al., 2001; Simpson et al., 2001; Martin and Ishii, 2002; Meyer and
Dalal, 2002; Baldwin and Woodard, 2009)

Strategic

(Meyer and Lehnerd, 1997; Jiao and Tseng, 2000; Halman et al., 2003)

Tactical

(Sanderson and Uzumeri, 1995; Meyer and Lehnerd, 1997; Sundgren, 1999;
Halman et al., 2003; Hofer and Halman, 2004; Zha and Sriram, 2006)

Operational/Technical

(Meyer et al., 1997; Jiao and Tseng, 2000; Simpson, 2004; Jose and
Tollenaere, 2005; Jiao et al., 2007)

Strategic

(Robertson and Ulrich, 1998; Meyer and DeTore, 2001; Meyer and Dalal,
2002)

Tactical

(Robertson and Ulrich, 1998; Tatikonda, 1999)

Operational/Technical

(Krishnan and Gupta, 2001; Martin and Ishii, 2002; Meyer and Dalal, 2002)

Prevailing platform literature has predominantly focused on the strategic aspects of
initiating and running platform strategies (e.g. Meyer, 1997; Meyer and Lehnerd, 1997;
Meyer and Selinger, 1998; Robertson and Ulrich, 1998; Muffatto, 1999a; Muffatto and
Roveda, 2000; Krishnan and Gupta, 2001; Gawer and Cusumano, 2002; Evans et al.,
2006; Gawer, 2009) or focused on the deeper technical components of physical platforms
(e.g. Ericsson and Erixon, 1999; Nelson et al., 2001; Simpson et al., 2001).
Meyer and Lehnerd (1997) have contributed to the platform literature by providing rich
illustrations of several development projects, including Black and Decker, Hewlett
Packard, and Compaq Computer. In their work, they develop a number of meaningful
issues that need strategic consideration when engaged in platform development work and
also propose a general framework for product family development. According to Meyer
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and Lehnerd, platform development embrace strategic challenges in relation to product
variants, product family planning, technical complexity and architecture of product
variants, and strategic market challenge needs. Other platform research has attempted to
identify and individuate organizational characteristics that are essential when applying a
platform strategy in product development (Muffatto and Roveda, 2000; Meyer and Dalal,
2002). Albeit this research has contributed to richer understanding of the planning and
implementation process of platform development, it is undertaken from the view of a
product family or product variant. In this perspective, the platform plays a secondary role
to the planning of individual products and product families.
Dawidson et al., (2004) present results derived from a comparative study of two platform
development projects in the telecommunication industry. The objective in their study is to
examine and analyze which parameters contribute to perceived project complexity in a
technology intensive project setting. However, they do not engage in a deeper elaboration
on what takes place at the level of individual projects when faced with technical
complexity in the form of a platform. The authors themselves explicitly acknowledge that
there is a need for deeper understanding about the differences and background that has
given rise to the situations measured in the two settings (p. 508). Robertson and Ulrich
(1998) argue that the alignment between differentiation and commonality planning
constitute the strategic levers in a successful platform planning process. However, these
authors draw their findings from the perspective and focus on derivative products that
will fulfil selected market segment needs rather than from the perspective of the platform
per se. Other contributions within the platform related literature has focused on the
potential that platform strategies provide firms with in their attempts to enter and fill
identified market segment needs (Meyer, 1997). This literature brings forward the scaling
up or down of platform components to fill identified markets segments needs as core in a
platform based development strategy. In addition to this, contribution has been made
towards the understanding of how market diversity can affect the success of a platform
approach towards product development (Krishnan and Gupta, 2001; Meyer and Dalal,
2002).
Other research takes a more integrated approach towards platform development, in the
process bringing forward the interplay between organizational, technical, and marketing
aspects as central (Meyer and Lehnerd, 1997; Muffatto, 1999a; Gawer and Cusumano,
2002). Through the bundling of strategic decisions in relation to product and market
scope, product technology, external relationships, and the internal organization, successful
platform strategies can be developed. From an integrated market and technical
perspective on platform development, Gawer and Cusumano (2002) provide a number of
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strategic levers which, if successfully implemented, can lead to industry leadership. Yet
another research stream has attempted to understand platforms from a two-sided industry
perspective, where platforms fulfil an intermediary role in bringing several different
industry players together (Evans et al., 2006; Gawer and Henderson, 2007; Gawer, 2009).
Contributions found in the operations management literature have mainly addressed the
technical aspects of platforms (Sundgren, 1999; Jiao and Tseng, 2000; Nelson et al., 2001;
Martin and Ishii, 2002; Jose and Tollenaere, 2005). Focus within this field of research has
been on optimizing the selection of components and sub-systems, and the subsequent
planning of multiple products based on a platform strategy. The main contribution of this
field of research has been the development of a number of different structured
methodologies for managing product variety and the selection of optimal component
configurations. Methodologies and techniques such as Design for Variety (Martin and
Ishii, 2002) Design for Mass Customization (Tseng et al., 1996) Concept Exploration
Method (Simpson et al., 2001) amongst many others (see Martin and Ishii, 2002 for an
overview) has contributed to the efficiency of platforms and firms ability to plan, develop
and introduce a number of derivative products sharing the same underlying technological
base. One central quest in this research has been to increase optimization in platform
development and optimization in architectural constructs. Platform design optimization
within this field of research is a matter of finding the optimal degree of commonality
across a number of derivative products, whilst in the process ensuring the optimal
performance of each individual derivative product within its own market niche. Other
research aspects have related to scalability or the capacity to vary design parameters to
derive products which can satisfy different customer and markets needs (Simpson et al.,
2001). Thus, in the engineering community and its associated research, the issue of
optimization has evolved as an important aspect in platform development (e.g. Nelson et
al., 2001; Simpson, 2004).
Albeit the illustrations provided above by no means include all the platform related
literature that exists, some general tendencies can nonetheless be identified. One is the
overwhelming locus of attention on the creation or enhancement of derivative products
and product families from a strategic or operational point of view. Extant work on
platform development has contributed to the increased rationale for implementing
platform thinking and increased understanding of the underlying building blocks of
platforms, the selection and maintenance of these building blocks, and the relationship
between elements within a platform and between platform and derivative products. There
is however a gap between what is written in literature and what is done in practice with
regards to platform development (Halman et al., 2003). Further to this, the tendency to
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focus on derivative product development projects does not accurately reflect the
challenges of engaging in platform development since these types of projects differ in
terms of for instance technology interdependence and development objective novelty
(Tatikonda, 1999).

1.2 Purpose of Thesis
The purpose of this dissertation is to explore platform development processes from a
problem-solving perspective. Specifically, the research takes a point of departure in two
comprehensive case studies and involves posing the following research questions: 1) What
problem-solving activities are carried out in platform development processes? 2) How are
different approaches to the search for solutions related to problem-solving in platform
development? 3) How can problem-solving in platform development be conceptualized?
My ambition is to address the need for developed descriptions and analysis of the
challenges associated with complex platform development by describing and analyzing
how firms respond to these challenges, and how they manage the problem-solving
process in platform development. By drawing on the literature concerning product and
system development as a problem-solving activity (e.g. Wheelwright and Clark, 1990), and
problem-solving as a matter of degree of decomposability (Nickerson and Zenger, 2004;
Brusoni et al., 2007), my ambition is to add to our knowledge of problem-solving in
platform development. Through an empirical exploration of complex platform
development in two industrial settings, and with a theoretical investigation into the
concept of problem-solving, this dissertation aims its findings towards managers and
researchers engaged or interested in complex platform development or problem-solving.
The dissertation contributes more broadly to the new product development literature, and
more narrowly to the growing literature on platform development and application in
product development.
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1.2.1 Introducing the Empirical Context
The dissertation draws upon two case studies of complex industrial platform
development, where problem-solving is of importance. The ‘Telecommunication Case’
study concerns the enhancement of an existing post 3G telecommunications platform.
Within the telecommunications industry, a platform regularly takes the form of an
operating system. This operating system software (i.e. the platform) provides the
interfaces by which the numerous functionalities of the external applications, making up
the totality of the telecommunications network, are controlled (Yakob and Tell, 2007).
The software determines the functionality of the platform, whereas its physical features
determine its overall capacity. The telecommunication platform denotes a specific
technology and architecture consisting of content and user application layer, a
communications control layer, and a connectivity layer composed of hardware, an
operating system, and software applications on top. It furthermore serves as a
technological and architectural base for the development and evolution of additional
systems and applications. As such, it can be categorized as an industry platform,
constituting building blocks (e.g. products, technologies, or services) that act as a
foundation on which an array of firms can develop complementary products,
technologies, or services (see Gawer, 2009).
The ‘Automotive Case’ study concerns the development and maintenance of a multibrand automotive platform. The automotive industry has been depicted as a mature,
highly complex industry both in terms of organizational configuration and technological
development (Lundbäck, 2004; Styhre and Kohn, 2006; Barnes and Morris, 2008). In the
automotive industry, a platform exhibits different characteristics from that within the
telecommunication industry. An automotive platform has been depicted as being made up
of an non-fixed number of components making up the under body of a vehicle and which
further can be split into narrow, broad and flexible types of platforms (for further
illustrations see Nobeoka and Cusumano, 1997; Muffatto, 1999a; 1999b; Muffatto and
Roveda, 2000; Sudjianto and Otto, 2001; Heikkilä et al., 2002; Simpson, 2004). The
Automotive Case more specifically deals with an inter-firm platform, whereby the
platform is to be used by several brand organizations (within the same corporation), to
develop a number of derivative products. Thus, it can also be seen as an internal platform
through the viewpoint that the immediate customers are internal users within the firm. By
drawing upon the platform as the technological base on which derivative product
development is based, intra-firm derivative product development is enhanced.
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1.3 Dissertation Outline
Table 2 Outline of Dissertation

Part I

Part II
Part III

Chapter

Content

1. Problem-solving in platform development

Introduction

2. Investigating unfolding events

Methodology

3. Platforms development, complexity, and
problem-solving
4. Platform development in the
telecommunication firm

Theoretical starting point – Platforms,
decomposition, design architectures
Empirical Chapter –
Telecommunication Case

5. Platform development in the automotive firm Empirical Chapter – Automotive Case
Part IV

6. A cross-case interpretation - Detecting
problems early

Cross-case comparison, analysis, final
discussion

7. Conclusions and future research

Core findings, Main contributions

This dissertation consists of four parts, which together are made up of seven different
chapters. In part one, I discuss the rationale behind platforms, some of the challenges
relating to their development, and how these challenges in turn can be understood as a
matter of problem-solving. This first chapter concludes with an overview of the research
area and with an articulation of the purpose of this dissertation. Chapter two consists of
the methodology chapter in which I elaborate on the research design I have used in this
dissertation. In this chapter, I elaborate on my qualitative study, discuss the case study
approach in qualitative research and illustrate the empirical focus of the data gathering
process. I conclude this chapter with a graphical and contextual illustration of how I
applied the chosen research approach.
In part two, I present the theoretical perspectives I have utilized in my dissertation.
Chapter three is predominantly concerned with an elaboration of what a platform is, and
why it should be seen as different from a derivative product. In this chapter, I provide an
overview of how prevailing platform literature has discussed the concept of platforms. I
also discuss complexity and the product development challenges it gives rise to, in the
process also elaborating on the notion of decomposability.
Part three consist of the two empirical cases studied in this dissertation. Chapter four
constitutes the Telecommunications Case, the first case study conducted in my research.
In this chapter, empirical findings on the new way of working with platform enhancement
in the telecommunication case are presented. A central focus of this chapter is the
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platform development process and its managerial and organizational implications. This
study was undertaken as a retrospective case study. Chapter five is the Automotive Case,
constituting the second case study performed in my research. In this chapter, the platform
development process is also at focus, with an emphasis on component or sub-system
development. This study was undertaken in an on-going platform development project.
Part four comprises the analysis chapter (chapter six), in which I discuss how early
problem-solving is a central theme cutting across the two case studies. Following this,
different approaches towards problem-solving and search for solutions are analyzed. In
particular the application of analytical, directional and synthesized solution search
approaches will be discussed. In this chapter I also illustrate the relationship between
these three solution search approaches by elaborating a model of solution search. This
model will be applied to the two cases, with the aim to further show evidence of the
problem-solving approach applied in the two cases. The aim is to show how problemsolving is carried out in the two cases, by illustrating similarities and differences identified.
In this chapter I make a general interpretation of how the application of different solution
search approaches contributes to solving problems in platform development. I introduce
the distinction between problems and errors in platform development, in the process
justifying the application of the different solution search approaches identified and
discussed earlier. I conclude this chapter by arguing that solution search also is a matter of
choice. Finally in chapter seven, I discuss my conclusions and main contributions drawn
from the work carried out in this dissertation, discussing their significance and
implications for researchers and managers involved in platform development and
problem-solving.
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Chapter Two
2 Investigating Unfolding Events
Problem-solving is a process that is both dynamic and changing in character and where
the content (problem) and the process (solution search) are inseparably linked.
Attempting to investigate how the process unfolds and why require, as argued by
Pettigrew (1992), that the content and the process is observed in conjunction. In this
dissertation, the purpose is to come to terms with how the problem-solving process in
platform development unfolds and why it unfolds in a specific manner. Whereas the
content is operationalized as an obstacle that needs to be overcome, the process is
represented by the sequence of events which describe how things unfold and change over
time in a context (Van de Ven, 1992; Pettigrew, 1997). To capture the phenomenon of
platform development from a problem-solving perspective, I draw upon a qualitative
research methodology.
Qualitative research is a broad construct that includes a collection of interpretive
techniques which can be applied to collect empirical material and to describe a
phenomenon occurring in the social world (Van Mannen, 1984; Burgess, 1995). Cassel
and Symon (1994) characterize qualitative studies according to (1) their focus on
interpretation of empirical material and the emergence of themes and idiosyncratic
descriptions, (2) their emphasis on study participants subjective perspectives and
interpretations of events and situations, (3) flexibility in the process of conducting
research as new insights emerge, (4) their orientation towards process and the how and
why of events unfolding over time, and (5) their concern with the context and naturalistic
setting influencing the behaviour of actors. Generating constructs and understanding
relationships within the research setting is an important aspect of qualitative research,
necessitating the researcher to be close to the empirical material and have an intimate
knowledge of the context (Alvesson and Sköldberg, 1994; Cassell and Symon, 1994;
Burgess, 1995). In this dissertation, I draw this intimate knowledge from two case-studies
undertaken in two different industrial contexts. As will be elaborated on further later on,
the case-study method is a particularly applicable method when the aim is to investigate
and capture contemporary events (Merriam, 1988; Yin, 1994). In the construction of a
research design, choices with regards to methodology as well as method have to be made.
Whereas methodology is concerned with the approach used to do research (qualitative
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study,) the choice of method includes the choice of techniques utilized in the process of
collecting empirical material (see Meetoo and Temple, 2003). The techniques utilized to
collect the empirical material in this dissertation are personal interviews, observation and
studies of internal firm documentation. A summary of the approach and methods used in
conducting the studies is depicted below (Table 3: Summarizing the studies) and will be
further elaborated upon in the following sections.
Table 3 Summarizing the studies

Research Method
Case Timeline

- Case Study
- Retrospective

Telecommunication
Case

Automotive
Case







- On-going
Platform
Development
Process
Complexity/
Decomposability

Platform
Development
Process
Complexity/
Decomposability

Problem-solving

Problem-solving

- Interviews

N=14

N=28

- Documentation





Observational Unit
Explanatory Unit
Analytical Unit
Empirical Material Collection
Techniques

- Observations
Focus of empirical material
collection (interviews)

Focus of empirical material
collection (observations)

Three Months

- Permanent
Organization

N=0

N=4

- Project Organization

N=14

N=24

Of which - Top
management level

N=4

N=3

Of which - Middle
Management level

N=6

N=7

Of which Operational
(engineering) level

N=4

N=14

- Operational
(engineering) level

x
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2.1 Cases as Empirically Bounded or Theoretical Constructs
Case-study research has been found to be a useful when attempting to understand
underlying dynamics of relationships within and between empirical material (Eisenhardt,
1989). Within the broader realm of this dissertation, i.e. problem-solving, my interest lay
in comprehending how social agents engage in problem-solving and what the mechanism
and capacities at work are. According to Bennet and Elman (2006), one advantage of
case-studies is that they allow the search for causation and the mechanism and capacities
giving rise to these causations to take place. By conducting case-study research, I have
been able to investigate the phenomenon of problem-solving and describe the unfolding
of events in the development process of two platforms. Through this approach, I have
been able to probe deeper into empirical material and theoretical constructs, in the
process enhancing my understanding of the causal relationships giving rise to problemsolving activities.
A case can be understood as both an empirically given unit, which exists in the empirical
world, and as a theoretical construct (Ragin and Becker, 2005). In the first perspective, the
task of the researcher is to identify, draw boundaries and establish the case in the course
of the research. Cases are seen as empirically real and bounded and important empirical
units for understanding and fulfilling the researcher’s interest. In the second perspective a
case can be seen as “theoretical constructs which coalesce in the course of the
research…//…Interaction between ideas and evidence results in a progressive
refinement of the case conceived as a theoretical construct” (Ragin and Becker, 2005: 10).
When theoretical perspectives or conventions are imposed on the empirical material, the
case is shaped. In case-study research it is possible to combine these perspectives
throughout the course of the research. Consequently, one can set out in the research
process by engaging cases from the perspective of empirical units, but conclude with
theoretically constructed cases (ibid). In this dissertation I found myself engaging my
cases from these two perspectives throughout the unfolding of the research process.
From having initially been empirically given, I found myself gradually adapting the two
cases to theoretical constructs in which the problem-solving perspective on platform
development emerged. Theoretical conclusions and the cases evolved simultaneously
during the course of my research as I found myself moving iteratively between empirical
material and theoretical perspectives. In the course of the research process leading up to
the concluding findings presented in this dissertation, my cases fulfilled different roles.
One way to understand this conversion is by elaborating on the purpose of the cases
during my research process. For this reason, I find it useful to draw upon the distinction
between exploratory, descriptive, and explanatory case studies (Yin, 1994). According to
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Yin, these three case-study strategies can fulfil different roles in the investigation of a
research phenomenon.
My research initiated from an exploratory case-study approach as I attempted to
understand what platforms were and how their development manifested itself. When a
researcher cannot be sure of what to find during the conduct of a study, a broad, general
and tentative research question is useful (Eisenhardt, 1989). Keeping research questions
broad and tentative allow a higher degree of flexibility with regards to research interest
and allow this interest to change during the course of a study. Hence, my research interest
was initially of an empirical nature with limited theoretical inspiration. Case-study proved
to be a useful approach since it provided the flexibility required to make changes to my
initial research interest, redirect the focus when deemed necessary, extend or reduce the
scope of my studies, respond to emergent opportunities, and probe deeper in order to
understand how and why relationships emerged. Understanding of the platform
development process in the first case-study gave rise to theoretical perspectives that had
to be explored further. These theoretical perspectives acted as the initiating point for my
second case-study. This second case-study was characterized by descriptive aspects, as
theoretical understanding guided the collection of empirical material and to some extent
shaped the description of the case (see Yin, 1994; Tellis, 1997). Having finished collecting
empirical material from the first and second case-study, I engaged the case material with
the ambition to find cause-and-effect relationships and search for explanatory theories of
the phenomenon being examined, much in line with an explanatory case-study approach
(Yin, 1994; Tellis, 1997). Whereas the exploratory and descriptive approaches guided my
case-study approach and influenced the empirical material I gathered, the explanatory
approach was a theoretical exercise where I attempted to find a higher level of
abstraction. In my research, I have used theoretical perspectives developed during the
course of my research to analyse the empirical material one final time in conjunction with
each other, in the process constructing the final case-material.

2.1.1 The Two Cases
In this dissertation, I infer my findings from two empirical case-studies of platform
development processes which meet three important criteria. For one, both case studies
are engaged with the development of platforms. Secondly, both platforms are of a
complex character, exhibiting high degrees of interdependency between platform
elements (e.g. components, modules and sub-system). Finally, problem-solving is an
important aspect of the platform development process and the design work carried out.
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By selecting cases based on the expectation of their information content (Flyvbjerg,
2006), I have attempted to provide depth rather than breadth in my studies. My intention
has been to maximize the utility of information from the empirical material I gathered.
This is most evident in the selection of the second case-study (the Automotive Case); as I
attempted to investigate initial findings derived form the first case deeper
(Telecommunication Case). The aim was to replicate or extend emergent theory from my
first case, in line with theoretical sampling purposes (Eisenhardt, 1989).
I have in the choice of my case-study research combined a retrospective study with a realtime case-study, an approach which can aid in addressing the drawbacks of each approach
(Leonard-Barton, 1990; Bengtsson, 2008). In retrospective research it can be difficult to
determine cause and effect from reconstructed events, as interviewees may not have
recognized an event as important when it occurred or have difficulties in recalling them
(Light, 1983; Leonard-Barton, 1990). Further to this, a retrospective study does in many
instances not provide the details required for enriched understanding. Lacking these
details can make it hard to understand the temporal effects of events and establish what
the cause for, and what the effect of, activities are. Real-time studies on the other hand
expose the researcher to various stimuli, where the selection of what to investigate and at
what detail poses a challenge. Another weakness is the difficulty of knowing effects and
outcomes since these might take place after completing the study. However, real-time
studies allow the research to come close to unfolding events and to discover
interrelationships within the context (Light, 1983; Leonard-Barton, 1990), providing
richness of empirical material. According to Leonard-Barton (1990) combining a
retrospective and a real-time study can provide better evidence for propositions about
casual relationships between variables than either could have alone.
The two cases (Telecommunications Case and Automotive Case) are both drawn from
technology driven industries, but deal with the development of two different kinds of
platforms. In the Telecommunication Case, the platform takes its shape in the form of an
operating system, drawing heavily upon software development. In the Automotive case,
the platform takes a more physical shape and is defined based on the inclusion of physical
components or sub-systems which tend to make up major parts of the under-carriage
(Nobeoka and Cusumano, 1997; Heikkilä et al., 2002; Simpson, 2004). The two casestudies also differentiate based on resourcing, time, size, scope and effort requirements
for their development. Whereas the telecommunications platform took approximately 2-3
years to develop and involved hundreds of engineers, an automotive platform can be
subjected to development for 10-15 years and involve thousands of engineers. Whereas
the Telecommunications Case deals with an industry platform, the Automotive Case
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concerns a multi-brand platform. Technological differences between the two cases can be
identified in terms of hardware/software focus and the number and nature of technical
interdependencies that exist between elements within the platform itself. In the
Telecommunications Case, complexities arose from numerous interdependencies, at a
level as low as individual software codes. In the Automotive Case, complexity arose as a
result of the large number of different components included in the platform tool-box. It
also resulted from the many interdependencies that existed between components and subsystem within the platform itself but also with numerous derivative products. In the
Telecommunications Case, design work aimed at reducing the number of problems that
would cascade throughout the system as a result of the frequent system aggregation
process implemented. Isolation of problems to identifiable modules of functionality was a
key aspect of the design engineering process. A central part of the development activities
in the Automotive Case was the reduction of problems emerging late in the development
process. To achieve this, the firm tried to establish solutions as early as possible in the
process.
2.1.2 Warranting Through Internal Validity and Generalizing Through Variation
One important element in research is the question of scientificity and how to derive it
(Booth et al., 2003). Research results depend on what is done with empirical material and
not only on careful theoretical elaboration and valid and reliable collection of empirical
material (e.g. Gummesson, 2005). Empirical material can for instance be used to look for
similarities and patterns within and across case studies, it can be used to make
comparisons and contradictions with existing theoretical (and empirical) fundaments, it
can be used to illustrate or describe a phenomenon, or it can be used to generate
normative findings and propositions. Empirical material processing and the deriving of
conclusions can be characterized as consisting of multi-finality. Inferring scientific claims
can hence be seen as more than a matter of theoretical or empirical soundness,
accurateness, or solidness. Warranting findings becomes important in order to avoid
making claims which are not empirically founded. A warrant is the relevance of a reason
to a claim and a principle claiming that a general set of circumstances predictably allows
the drawing of a general consequence (Booth et al., 2003). It concerns the need for
acceptance of reasons for claims, since although reasons might be held as acceptable;
claims might not if the reason for making that claim is irrelevant to it (ibid.). In my
research, warranted claims are based on the construct validity and internal validity of my
research studies (see Leonard-Barton, 1990).
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In my studies I have used triangulation to enhance internal validity by drawing upon
empirical material derived from personal interviews, internal and external documentation,
and observations. Triangulation by drawing upon multiple sources of evidence provides
stronger substantiation of relationships, constructs and hypothesis (Eisenhardt, 1989).
Validity has also been increased through the combination of a retrospective study with a
real-time study and the drawing of multiple sources of empirical material. By comparing
and confirming emergent relationships and constructs across cases, construct validity is
enhanced (Eisenhardt, 1989; Yin, 1994). By moving iteratively between two cases it
became possible to probe deeper into emergent cause and effect links. In particular, the
evidence emerging from the retrospective study could be used as a platform for deeper
investigation in the real-time study, with the ambition to confirm or contrast initial
findings and constructs. A major element in my research design has been the comparison
of emergent constructs and relationships between the two case-studies. Comparative
studies attempt to identify the similarities and differences between cases and aims to
understand, explain, and interpret processes and outcomes (Ragin, 1987). Internal validity
concerns the establishment of causal relationships between variables and tends to relate to
a specific study that has been undertaken and not the generalization of results (LeonardBarton, 1990; Chisnall, 1997).
Whereas warranted claims based on internal validity goes a long way in increasing
scientificity, it says little about the ability to generalize the derived findings. The
generalization power of findings generated from case-study research is a central
component of what constitutes a good case-study research. Eisenhardt (1989) argue that
one case-study can be enough for generalization purposes. Similarly, Flyvbjerg (2006)
draw upon the famous example of the black swan to illustrate the force of example.
Accordingly, it is argued that a single deviation from taken for granted propositions
require revision and further investigation and theory building. Furthermore, generalization
can take many shapes and forms, e.g. concepts, theories, specific implications or rich
insights (Walsham, 2006). In this study I draw inspiration from the variation sampling
method to increase generalization power (e.g. Patton, 2002). By setting out to engage in
two seemingly different case-studies, I attempted to capture, describe, analyse, and explain
the central theme that cut across the variation of the two cases. The aim was to meet the
two apparently contradictory goals of case-studies, namely that of in-depth insights and
the production of generalizable findings (Rihoux, 2006). A pattern derived from variation
can be of a particular interest since it captures the central shared dimensions of a
phenomenon, and lead to more sophisticated understanding (Eisenhardt, 1989; Patton,
2002). In particular, atypical cases can reveal more information about a given problem or
a phenomenon by highlighting basic mechanisms at work (Flyvbjerg, 2006: 229). Whereas
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variation sampling traditionally draws upon polar extremes within a sample population, I
draw my variation by engaging two cases which to my mind are distinctively different in
nature. My aim is not generalization across contexts and settings but increased insight
about the phenomenon being studied and the constructs generated. I purposefully sample
based on platform development characteristics and complexity criteria, with the aim of
indentifying similarities and differences across two varying platform development
processes.

2.2 Empirical Foci - Searching Left, Right, Up and Down
In social science research, a distinction between observational units and explanatory units
can be made (Ragin, 1987). Accordingly, observational units refer to the unit used in
empirical material gathering whereas explanatory unit refers to the unit that is used to
account for the pattern of results obtained. In my studies the choice of observational unit
has been strongly intertwined with the choice of explanatory unit. This has set the
boundaries as to what should be regarded as relevant and in-scope and what should be
regarded as out of scope. The observational unit has been the platform development
process in both case-studies. Given the nature and length of the development processes
studied, a choice regarding where in the development process to focus my studies and
collect empirical material from, had to be made. In the Telecommunication Case I
engaged in a retrospective study of the platform development process and could by
relative ease identify the boundaries of this process. Documentation was easy to come by
and an elaborative explanation of the development process could be provided by the
interviewees. In the Automotive case on the other hand I found the development of a
number of derivative projects evolving in parallel with the platform as challenging. Much
of the development work regarding platform elements (components and sub-systems)
took place in these various derivative projects. This in turn required me to focus my
empirical efforts on what was going on in these different projects. The explanatory unit
has been the complexity of the platforms being developed, with a particular focus on
technical aspects and the character of interdependencies that exist between elements of
the platform and between the platform and derivative products. The constraints that
these interdependencies give rise to have been contributing to the evaluation of the
complexity faced. Finally, given the purpose of this dissertation, the analytical unit has
been problem-solving and how this process is carried out in the two case-studies. Thus, in
summary, the observational unit has been the platform development process, the
explanatory unit has been complexity and decomposability, and the analytical unit has
been problem-solving.
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2.2.1 Hierarchy of Analytical Logics
During the course of my research I revised the hierarchical level from which I collected
empirical material since it gave rise to constraints. One reason for this was the character
of the phenomenon I was interested in studying. According to Leonard-Barton (1990) it is
important that the chosen methodology slices vertically through the organization,
obtaining empirical material from multiple levels and perspectives when engaging a
complex empirical setting. Similarly I found that many organizational and technical
aspects related to the development of a platform crossed several organizational levels.
This is in line with arguments that attempting to understand how and why events unfold
in a particular manner many times involve a revision of initially set observational units and
hierarchies (see Pettigrew, 1992). Employees situated at different hierarchical levels within
an organization draw upon different logics when interpreting events and problems
encountered (Carroll, 1998). Dougherty (1992) refer to this as ‘thought worlds’ and argue
that when a group of people are engaged in a certain domain of activity, they tend to have
shared understandings. The existence of different understandings (or interpretations)
necessitates and gives validation to the need for collecting empirical material from several
hierarchical levels within an organization or process. Case-studies can therefore
incorporate multiple levels of analysis within a single setting (Yin, 1984). In my study I
have attempted to identify patterns within each case and across the two cases. I have also
tried to infer findings which cross different analysis levels by looking at organizational
hierarchies in terms of strategic, tactical, and operational levels. I have been interested in
encountering different roles and responsibilities within each level, in the process acquiring
more shades of the problem-solving phenomenon. Through this approach, my ambition
has been to find inter-subjective perceptions and agreement about the challenges
associated with platform development.
Empirical material collected through interviews from employees situated at higher
managerial levels was found to be more related to strategic aspects of platform
development work. In my study this empirical material was collected from a Senior R&D
Manager, Division manager, Process Manager, and Senior Project Managers. I therefore
tried to come in contact with, and collect empirical material from, employees as high up
in the organizational hierarchy, whilst still retaining connectivity to the observational unit
(the platform development process). Material from this level proved predominantly useful
to understand governing structures and strategic choices made. Apart from the strategic
nature of the empirical material gathered at higher hierarchical levels, these employees
have also played an important role in guiding me towards other employees to contact for
my study. At the tactical level I collected material that concerned the fulfilment of shortterm goals and deadlines and management of different sub-projects and teams. At this
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level, I carried out interviews with Sub-Project Managers, and Team Leaders. These
employees contributed with their views on the challenges associated with complex
platform development, from both a managerial and technical aspect. These roles had the
responsibility to communicate both upwards and downwards, often standing with one
foot each in two different thought worlds. Finally, I interviewed people at the operational
level to better understand the day-to-day challenges of working with platform
development. This level was represented by individual team members holding design
engineering positions. The aim was to come in contact with the employees closest to the
events taking place on a daily basis.
Another important aspect of my research process was that I during the course of the
study extended my research to include employees within the permanent organization. The
reason for this was threefold. One reason was due to process ownership often residing
within this setting. In the introduction or management of the development process,
permanent organizational roles played an important function. A second reason derived
from the ownership of project resources (in particular human resources), where the
permanent organization often had resourcing responsibilities. A third important reason
was evident in the Automotive Case. In this case, technical responsibility resided within
the permanent organizations. Thus, in my ambitions to understand the platform
development process, there was a need to collect insights from people outside of the
immediate project structure. In summary, I collected empirical material via interviews
from the permanent organization, from the project organization, and at strategic, tactical
and operational levels.
2.2.2 Processual Stage of Analysis
Within firms, a number of different processes are carried out simultaneously and at
different levels of analysis (Pettigrew, 1992). Processes are embedded not only within
organizational context but also with each other, and processes at different levels of
analysis might seemingly be different but still be associated with the same content. A
number of terms have been used to denote the activities that firm carry out in the process
of creating new products or systems (Garcia and Calantone, 2001). It is for instance
possible to make a distinction between pre-production activities and production activities,
thereby separating R&D from other innovative activities (Wheelwright and Clark, 1992).
By excluding uncertain and unpredictable innovative aspects of development from a
development project, it is believed that the predictability level of technical solutions can
be increased. Product development is frequently lead by engineers who are trained to
solve problems with certain constraints and their mission is to design and produce useful
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artefacts rather than knowledge and understanding of the workings of nature (Vincenti,
1990: 112). Thus in order to fulfil the purpose of this dissertation, namely to explore
complex platform development from a problem-solving perspective, I found it necessary
to focus my empirical gathering efforts at the platform development process in general,
and engineering activities in particular.
“Engineering is a problem-solving activity. Engineers spend their time dealing mostly
with practical problems, and engineering knowledge both serves and grows out of
this occupation.” (Vincenti, 1990: 201)

Design Engineering (at times also referred to as product engineering) is the iterative
process of solving engineering problems (Clark and Fujimoto, 1991; Wheelwright and
Clark, 1992; Lundbäck, 2004). At the design engineering stage, product or system
specifications are translated into detailed product or system design solutions, taking their
shape in drawings and production specifications, and realized into real parts and
components (Clark and Fujimoto, 1991; Wheelwright and Clark, 1992). Indiscriminately
focusing on only this phase would however constitute a too simplified illustration of the
development process. Consequently the Concept Development phase will be used to
illustrate the starting point of the development phase. Concept development concerns
activities aimed at defining the product or system and its functionality and characteristics
(Clark and Fujimoto, 1991; Wheelwright and Clark, 1992). It contains conceptual design
and product and system design architecture breakdown (Lundbäck, 2004) This stage of
development will be referred to as concerning activities engaged with the establishment of
the design architecture of a platform.

2.3 Combining Techniques with Method and Methodology
Although several approaches towards case-study research exist, it is the nature of the
research question posed which determines what empirical material collection techniques
to use (Flyvbjerg, 2006; Walsham, 2006). Since I initially did not have a clear research
question, I found it useful to combine several empirical material gathering techniques
(interviews, study of internal firm material, and observations) to collect my material. The
collection of empirical material in the case-studies draws upon qualitative open-ended
interviews as a primary technique. Applying this empirical material collection technique is
a matter of “seeing the research topic from the perspective of the interviewee and to
understand how and why he or she comes to have this particular perspective” (King,
1994: 14). Such a procedure has been found useful when attempting to gain information
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about the facts of a matter or opinions about events (Yin, 1994), a central theme in my
research. The ability to continue a dialogue with a respondent by using his or her insights
and comments as the basis for further questions was another advantage of using openended interviews. In addition to this, new emergent themes, concepts or relationships
could be brought with me for further investigation in the following interviews
undertaken. Interviewees were participants who had a detailed knowledge of the platform
development process and were drawn from various levels within the firm (Table 4
Interviewees).
Table 4 Interviewees

Case Study

Organization Hierarchical level

Telecommunication Project
Case
Organization Of which - Top
management level

Of which - Middle
Management level
Of which - Operational
(engineering) level

Automotive Case

Permanent
Organization Of which - Top
management level
Of which - Middle
Management level

Number of
interviews
14 Total
1 interview
1 interview
1 interview
1 interview
6 interviews

Project Manager
Sub-Project Manager
Technical Coordinator
Test Coordinator
Sub-Project Leaders

4 interviews

Design Engineers

4 Total
1 interview
1 interview
1 interview
1 interview

R&D Manager
Division Manager
Process Manager R&D
Group Leader

management level

24 Total
1 interview
1 interview

Of which - Middle
Management level

1 interview
1 interview
6 interviews

Project
Organization Of which - Top

Of which - Operational
(engineering) level

Position

14 interviews

Technical Project Leader
Part Vehicle Team
Manager
Launch Manager
System Responsible (SA)
Part Module Sub-Team
(PMST) Leader
Component Assignment
Leader (CAL)

All interviews were recorded using a Dictaphone, subject to the interviewee’s approval,
and transcribed afterwards. Since interviews were carried out in Swedish, I also had to
translate the material from Swedish to English. Although this was a time-consuming
process I found it extremely useful for later stages in my research process, both with
regards to the following interviews I undertook and in the final analysis work. The
advantage of using a Dictaphone was that it allowed me to get a detailed record of what
was actually said during the interview. It also allowed me to pinpoint important quotes or
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discussions around topics, which I wanted to investigate deeper in subsequent interviews.
Having transcripts of the interviews allowed me to return to the material for analysis
purposes several times during my research process. In the Telecommunications Case, 14
personal interviews were carried out, whereas 28 personal interviews were carried out in
the Automotive Case. All interviews ranged for 90 – 120 minutes and were carried out in
meeting rooms booked for the purpose of holding the meeting. The number of interviews
was selected due to their representative value and due to the broad range of perceptions it
could provide me with.
I have also used internal (and external) firm documentation and archived records as a
source of empirical material. The value of internal document is that they may include
strategies, plans and evaluations of the work carried out (Walsham, 2006). In my studies,
this material proved important as it helped me to understand how the firms interpreted
their external environment and also provided valuable information for the first part of the
empirical material gathering process. Access was also granted to internal project
documentation, which enabled the carrying out of a deepened investigation of relevant
stages within the development process. Initially, this information was selected for me by
senior managers but as my understanding grew and I wanted to investigate certain aspect
further, requests for specific documentation were also made. In the Telecommunication
Case I received access early on to documentation that concerned the platform
enhancement project. In the Automotive Case, I had access to the Intranet where I could
seek the information I wanted myself, or I could approach my contact person for a
request to obtain the required documentation.
In the Telecommunication Case I accessed introduction manuals and presentations slides
concerning the platform development process. This documentation had been distributed
to all project participants at the outset of the enhancement project. I also had access to
documentation describing the total project specification. Being a retrospective study, I
also managed to access the final report for the development project as a whole and each
sub-project. This documentation contained notes on lessons learned and future points for
improvement. The access to internal documents was valuable since the undertaken study
was of a retrospective nature. I managed to get access to documents that showed not only
how work was planned to be carried out, but also how it was carried out, and how it
should be carried out in the future. These internal documents allowed me to get a grasp
of the past, present, and the future of the platform development process within the firm.
In the Automotive case-study, the internal material I accessed was of a more general
character for several reasons. For one, the development process was still ongoing at the
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time of the study. Secondly, much of the engineering work related to the platform was
carried out in different derivative projects. These projects in turn had been given
flexibility and manoeuvrability to make amendments to the general way of working.
Written and specific instructions to lower tiers had been found to be of less value as
engineering work many times was characterized by pragmatic reasoning. The number of
different derivative projects carried out simultaneously within the firm and the fact that
they were in different stages of the development process was another reason. Internal
documentation accessed was of a higher strategic level, focusing on the development
process and the way of working as a whole. I also had access to the firm’s Intranet where
I was able to access internal development policy documents and general instructions on
platform and component development.

2.4 Analyzing the Empirical Material – the Influence of Theory
Analyzing the empirical material has been an on-going process throughout my research. It
has had a profound influence on the direction of my studies as I initially allowed the
analytical work to not only influence (and be influenced by) the theoretical perspectives
developed, but also to direct and redirect the case-studies I was engaged in. In doing so, I
found myself following the flexible approach of systemic combining, as suggested by
Dubois and Gadde (2002). In systemic combining, the theoretical framework, empirical
fieldwork, case construction, and analysis evolve simultaneously. This approach proved
well suited for the explorative nature of the first case-study.
I engaged in transcribing the interview material which I had recorded shortly after
finishing my interviews. This left me with a vast amount of empirical material in the form
of employees’ detailed illustrations of the way of working. The analysis started by
conducting a within-case analysis. This was important in order to come to terms with the
specifics of the case at hand and also to identify the most crucial aspects of the material
gathered. The idea, as argued by Eisenhardt (1989), was to familiarise myself with the data
and also gain focus on theory construct. The within-case analysis and the theoretical
constructs of what I found in the empirical material gradually started to converge towards
a theoretical interpretation drawing upon the notion of decomposability (Simon, 1962;
2002; Nickerson and Zenger, 2004; Marengo et al., 2005; Brusoni et al., 2007). The
challenge of simultaneously handling many system elements with many interdependencies
to each other was profound.
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In the process, I set out to find more evidence of this in the empirical material,
emphasising evidential matters of decomposability and technical complexity. Thus, the
interpretive perspective of decomposability and complexity gradually started to provide
the constructs from which I analysed my first case-study. My focus in writing the case
focused on how decomposability and complexity in platform development influenced the
development work. The decomposability perspective on complexity which I applied in
the Telecommunications Case allowed me to focus my analysis, both from an
organizational and processual point of view. However, I did not limit myself to only
interpreting the empirical material from the perspective of decomposability and
complexity, but also tried to infer a higher level of abstraction. In particular, I became
interested in understanding how decomposability challenges manifested themselves in the
platform development process. I gained an interest in the managerial and processual
challenges of dealing with decomposability.
The theoretical perspective influenced by decomposability challenges and complexity
filled the role of acting as theoretical input when collecting empirical material and
engaging the analytical work in the Automotive Case. By viewing the platform
development process in the second case as a matter of handling decomposability and
complexity challenges, I found that the decomposability aspects of the platform
manifested itself differently from in the Telecommunications case. Whereas it in the first
case had been a strict matter of handling complexities on a deep technical level, I began to
see managerial and processual implications of decomposability, interdependence, and
technical complexity. In particular it started to become evident that the platform
development process in the Automotive Case to some extent acknowledged that all
complexity arising form the degree of decomposability of the platform could not be
addressed through the platform development process.
The perspective by which I had viewed my empirical material (complexity and
decomposability) yielded a number of concepts by which I had developed my
interpretation of the phenomenon in the two cases. In the Telecommunications Case, I
had found it useful to look at the platform development process from the perspective of
decomposability and complexity. By doing this, I managed to draw the interpretation that
information output both in the form of feedback and feed-forward on an aggregated
system level was important in order to deal with the complexity faced (see Yakob and
Tell, 2007). In the Automotive Case, I found that decomposability challenges and
complexity had a more profound influence on the development process. The case-study
showed that a number of organizational, managerial and processual challenges prevailed
despite the implementation of a new development process.
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In my final attempt to develop an understanding of the phenomenon I was studying, I
engaged the empirical material I had gathered from the two case-studies once more. This
time I paid more attention to both the decomposability challenges, complexity,
organizational, managerial, and processual challenges in the two cases. Moving iteratively
between the empirical material in the two cases studied, one over-riding perspective
accumulated. This perspective was that complex platform development in the two cases
to a large degree was a matter of managing the problem-solving process. Thus, my
perspective changed; just as my theoretical insights and the course of the study did once
engagement with the empirical material took place. I found myself seeing things from the
perspective of problem-solving and that interdependence between elements and the
interlinking of design architectures give rise to challenges in understanding actionoutcome linkages and how such actions would cascade through the platform. Finally, I
synthesized the perspectives and tried to find a higher abstraction level in which I could
fit my previous perspectives. This was an important activity since I did not wish to treat
the two cases as separate entities, but rather aimed towards finding cohesion and
relevance across the two. For this purpose the problem-solving perspective developed as
useful and relevant.
Theory is to be seen as a final result of my research although it has been useful in acting
as an early guide to empirical material collection and analysis. The role that theory can
play in research takes many shapes and forms (e.g. Walsham, 1995). It can act as an initial
guide to design and empirical material collection, it can be used as part of an iterative
process of empirical material collection and analysis, and it can be a final product of the
research. In my research, I have not been able to posit myself as having drawn upon one
central theory when trying to understand the empirical material at hand. Rather my
understanding has emerged through an amalgamation of different perspectives within the
more general realm of product development. In the process between empirical material
gathering and theoretical development, I gradually moved towards a problem-solving
perspective. This perspective was in turn used when cross-case analysis and synthesis
work was undertaken. Perspectives closely resemble the background, knowledge, and
prejudice that makes one see things in certain ways and are exposed through the words
used describing that which is encountered (Charon, 1992; Walsham, 2006). My intention
has been to draw upon several perspectives that could provide substance for my
understanding of the phenomenon I encountered, and from there draw theoretical
conclusions
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2.5 Methodology in Use – a Tale of Three Episodes
My research process can be seen as being made up of three main episodes, the
Telecommunication Case, The Automotive Case, and the synthesizing of empirical
findings and theoretical conclusions. This process is depicted in the figure below (Figure
1: Methodology in use).
Figure 1 Methodology in use

EPISODE 1

6. Decomposability and
Near Decomposability

5. Development
1. Product
of a preliminary
Platform
Development conceptualization

EPISODE 2

EPISODE 3

9. Problem Solving

12. Solution search,
Search as choice
Problems and errors,

8. Redevelopment
of preliminary
conceptualization

11. Final
Conceptualization

Theoretical Level
(Perspectives)
2. Initial broad
problematization &
conceptualization
Empirical Level

3. 1st empirical
confrontation: Interviews,
Documentation

7. 2nd empirical confrontation:
Interviews, Documentation,
Observation

10. Synthesis of 1st
and 2nd empirical
confrontation

8. Managerial and processual
implications of complexity

4. Technical Complexity
– Design and Technology

This illustration is indicative of the methodological approach used in this dissertation,
representing the case-study approach I have applied, and the methods and techniques I
have utilized to collect empirical material. It is an indication of how I embarked upon my
research with a broad and general research interest with regards to platform development.
It shows how I to a large extent applied similar empirical gathering techniques and
different theoretical perspectives. It is an attempt to illustrate the purpose of theoretically
grounded perspectives in the analytical process, and show how I throughout my research
have moved iterative between two case-studies. Each of these three important episodes
will be elaborated upon briefly in the next sections.
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2.5.1 Episode One – The Telecommunication Case
This dissertation originated from a general interest in platform development and the
recognition of the increased application of platforms in product development. Initially the
research focus was broad and of an explorative character. Based on existing literature I
constructed an initial and broad conceptualization of the research area, using tentative
questions and constructs since I could not guarantee their inclusion in the final research
(see Eisenhardt, 1989). The Telecommunication Case was a complex platform
development project in terms of project time, project scope, organizational design, and
the technology to be developed. The project ran over a time period of 24 months and
involved over 200 engineers. In February 2006 contact with the project leader was made
and a meeting set up with the purpose of obtaining research access. Empirical material
gathering was initiated approximately one month after product release and was carried out
during the period May 2006 to November 2006. Data and information was collected from
three sources; interviews, internal material, and existing research. Fourteen (14) interviews
were carried out, each lasing for approximately 90-120 minutes, and a Dictaphone was
used to record all interviews. All interviews were transcribed, providing me with detailed
transcriptions that endorsed me to return to the transcript for alternative forms of
analysis when required.
One important aspect of the Telecommunications case-study was the construction of the
written case, which gradually emerged during the empirical material gathering process.
Early analysis of gathered empirical material in combination with collection submits
research flexibility since changes to initial propositions can be made (Eisenhardt, 1989).
Being able to direct and redirect the case when I deemed necessary provided an increase
in the potential for adjustment whenever new themes or opportunities emerged.
Throughout the empirical material gathering process I theoretically confronted the
empirical material with extant literature and my own conceptual understanding. Through
this process, my understanding of the phenomenon studied converged to one overriding
perspective. The interpretation that technical complexity in terms of design and technical
choices constituted a central challenge in the development of platforms was made. A
theoretical interpretation based on literature dealing with decomposability aspects and
challenges of product development emerged as a required tool for deepened analysis of
the gathered empirical material.
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2.5.2 Episode Two – The Automotive Case
The Automotive Case was selected as my second case as it signified a platform project
that was of a complexity character that was different from the Telecommunications Case.
Developing automotive platforms involve developing a larger number of components,
require consideration to physical or geometrical restrictions to be made, usually require
several years of gradual development, and can involve thousands of engineers. My contact
with senior managers within the case firm was initiated in September 2006, followed by a
number of meetings with senior managers within the firm. In June 2007 I intensified my
empirical study by undertaking a number of interviews with engineers. Empirical material
was gathered using interviews, internal material and existing research, but differentiated
from the Telecommunications case through the inclusion of observation exercises. In all,
I carried out twenty-eight (28) interviews, each interview lasting for 60-120 minutes, using
a Dictaphone to record the discussion and transcribing the interviews shortly after their
completion.
When engaging the automotive case, I carried forward the theoretically grounded
perspectives utilized in the automotive case. This meant that as I entered the automotive
case, I brought with me the perception that decomposability challenges constituted an
important aspect of the development work. Similarly as in the telecommunications case,
empirical material and theoretical constructs converged through the iterative process of
collecting empirical material and confronting this with theory. Gradually my theoretical
perspective evolved to include issues concerning organizing and the management of
complex products. Consequently the theoretical conceptualization developed from a
decomposability perspective, to the incorporation of a problem solving-perspective on
platform development (e.g. Clark and Fujimoto, 1991; Wheelwright and Clark, 1992;
Thomke and Fujimoto, 2000). I concluded that problem-solving and the search for
solutions was a central activity and challenge in the development of the automotive
platform. Based on the empirical material I had gathered and the core case that I had
constructed, a case-story was written to be included as the final version found in this
dissertation.
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2.5.3 Episode Three – The Synthesis
In order to fulfil the purpose of this dissertation, to explore complex platform
development from a problem-solving perspective, I compared the empirical material
generated from my case-studies with each other. As stated at the beginning of this
chapter, my interest has evolved around the content and the process of problem-solving
in platform development. A number of authors have argued that similarities found in
different cases can enrich understanding of an identified phenomenon (e.g. Eisenhardt,
1989; Patton, 2002; Flyvbjerg, 2006). In this final comparison I confronted the two cases
with the perspectives that had emerged during the research process. Thus in the final case
analysis, I viewed both cases from a problem-solving perspective where decomposability
and processual and managerial challenges were of importance and relevance. Whereas the
problem-solving perspective was explicitly missing in the analytical process of my first
and second encounter with the empirical material, the final empirical confrontation
allowed a refinement of my understanding, interpretation and conceptualization of the
empirical phenomenon. However, the evolution of the problem-solving perspective has
also been a gradually increasing development. It was not something that was statically
applied to the two cases after I finished collecting material from these studies. Rather, I
early on in the empirical material gathering and processing stage identified interesting
constructs and started to investigate the phenomenon. The problem-solving perspective,
in addition to the decomposability and managerial and processual perspective, has
evolved in the iterative process between empirical material gathering and theoretical
confrontation. This third confrontation of theoretical insights with empirical material
consequently allowed the deriving of final theoretical and empirical constructs.
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Chapter Three
3 Platform development, complexity and problem-solving
3.1 Platforms, Derivatives, and Product Families
The utilization of platforms has emerged as a result of more recent approaches towards
enhanced product development, away from a single product focus to a multi-product
focus. The multi-product focus has surfaced as a potential requirement for sustained
competitive advantage.
“By consistently obsoleting its own products with better ones, the company keeps
the heat on its competitors and ensures perpetuity of the enterprise.” (Meyer and
Lehnerd, 1997: 37)

Through a quicker and continuous stream of product offerings to a wider range of
consumers, and through the incorporation of different degrees of product sophistication
for different market niches, diverse market demands can be met. A multi-product
development approach concerns the purposeful planning and development of a group of
related products that share common features, components, and sub-systems and satisfy a
variety of market niches (Meyer and Lehnerd, 1997). This shift towards multi-product
focus in product development has emerged through the recognition that many products
and services share a common technical and production background.
“The common heritage of products and services suggests that firms should manage
their offerings as families with a common underlying logic and not as portfolios of
unrelated entities.” (Sawhney, 1998: 54)

However, the challenge in a multi-product development approach originates in the
necessity to provide increased product variety, with as little diversity as possible between
products. By succeeding in doing so, it becomes possible to maintain the requisite
economies of scale and scope needed to remain profitable (Simpson et al., 2001). For this
purpose, the utilization of platforms has accordingly emerged as an approach towards
product development enhancement that can potentially combine cycle time reduction,
product variety and upgradability, and lower development and manufacturing costs
(Wheelwright and Clark, 1992; Meyer and Lehnerd, 1997; Robertson and Ulrich, 1998;
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Muffatto, 1999a; Muffatto and Roveda, 2000; Krishnan and Gupta, 2001; Nelson et al.,
2001; Gawer and Cusumano, 2002; Simpson, 2004). These potential benefits are believed
to materialize when firms draw upon the notion of commonality, meaning that they in
the development process share a number of elements (e.g. components, modules, subsystems or interfaces) across several derivative product architectures within a product
family. Thus, in the shift towards multi-product development and in the quest to balance
commonality and distinctiveness across several derivative products, the platform seems
to hold a central position.
It has been envisaged that the architecture of any single product or system has the
potential to become a platform, by serving as the architectural base for other derivatives
(Meyer et al., 1997; Meyer and Lehnerd, 1997; Sviokla and Paoni, 2005). Such arguments
follow a bottom-up approach with regards to the development of platforms, whereby a
firm consolidates a number of derivative products into a single product family by
redesign, or modification of elements that then are shared across and within the product
family (Simpson et al., 2001; Simpson, 2004; Zha and Sriram, 2006). However, such a
view also means disregarding that the platform usually is created in an early project, in
which the platform and the initial derivative product embodying other non-platform
elements is created (Wheelwright and Clark, 1992; Tatikonda, 1999). Although
traditionally little or any explicit difference between the development of platforms and
derivative products has been made (Meyer et al., 1997: 107), several authors have argued
for the importance of making a clearer distinction between platforms and derivative
product development, in the processes clarifying the conceptual difference between the
two (see Wheelwright and Clark, 1992; Meyer et al., 1997; Tatikonda, 1999; Halman et al.,
2003; Lenfle et al., 2007). This is because platform development more than often follow
a top-down approach, where the development of a platform closely trail the purposeful
and intentional planning, development and management of a family of products based on
a platform (Simpson et al., 2001; Simpson, 2004; Zha and Sriram, 2006). One way to
illustrate the distinction between platforms, derivative products, and product families is
by drawing upon the hierarchical division between these concepts (Tatikonda, 1999;
Halman et al., 2003).
A platform is the underlying technological foundation made up of a set of elements (e.g.
assets, components, sub-systems, interfaces) purposely planned and developed to form a
common structure from which a stream of derivative products can be resourcefully
developed and produced (Meyer, 1997; Meyer and Lehnerd, 1997; Robertson and Ulrich,
1998; Muffatto and Roveda, 2000; Krishnan and Gupta, 2001; Nelson et al., 2001). It is a
broad concept that includes immaterial as well as material assets, intentionality, and
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commonality, visible through the sharing of common elements across a number of
derivative products. Despite the wide range of perspectives that exist with regards to
platforms, much attention has traditionally been geared towards the design and technical
aspects of platforms, since platforms are often manifested in the technical creation of an
artefact. In designing and developing platforms, the trade-off between commonality and
distinctiveness and the balancing of standardization and uniqueness is central (Robertson
and Ulrich, 1998; Muffatto and Roveda, 2000; Halman et al., 2003; Simpson, 2004).
Derivative products are individual products building on the shared underlying logic
drawn from the platform. They derive their distinctiveness from the inclusion of nonplatform elements, in effect differentiating them from one another and from the
underlying platform itself. Accordingly, the distinguishing variable between a platform
and a derivative product, and between derivative product themselves, is the tailored
adaptation to specific customer needs and market niches, manifested through the
functional requirements and expectations of the individual product. The value of
derivative products to platforms has been argued to be as important as platforms are to
derivative products (Gawer and Cusumano, 2002). The availability of a large number of
complementary or derivative products variations that base their own development on the
platform adds value to the core platform. Derivative product variations that share the
same underlying platform for their development and production can in turn be grouped
together to make up a product family.
A product family results from a firm’s attempts to generate a continuous stream of
products based on shared common technology to address related market applications
(Meyer and Lehnerd, 1997). Product families are generated from the foundation of a
common asset, often the platform, which is shared across the range of individual
derivative products making up the product family. The common denominator across the
range of individual products can be of both physical and abstract character and manifest
itself through the sharing of a wide range of different attributes such as common
features, elements, manufacturing processes, and support structures (Meyer and DeTore,
2001; Simpson et al., 2001; Halman et al., 2003). Planning for the creation of product
families requires focus on not only the fulfilment of markets needs by individual
derivative products, but also the planning of successive generations of the underlying
platform (Meyer and Lehnerd, 1997). The common underlying architecture that is shared
across a number of derivative products many times defines the underlying architecture of
the platform itself (Jiao and Tseng, 2000). Consequently, the planning of product families
exerts influence on platforms by setting the functional requirements of the platform.
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Product families affect platform development much in the same way as the platform
influences what derivative product hat can be generated from the platform.

3.2 Platforms
Platforms have been defined and characterized in various ways in existing literature.
Platform definitions have for instance evolved to include broad or narrow definitions and
descriptions that bear industry characteristics (Sanderson and Uzumeri, 1995; Meyer and
Lehnerd, 1997; Robertson and Ulrich, 1998). Historically, the utilization of platforms can
be traced as far back as the work of Henry Ford who already in the 1920s discussed the
platform concept in relation to the production of his automotives (Meyer and DeTore,
2001). Traditionally found in heavy manufacturing industry, the platform concept often
took its shape in the form of process- or manufacturing platforms. In such platforms, the
focus was on assembly or manufacturing of products by drawing upon a few standardized
elements. A process platform implies a focus on commonality of production tools,
machines and assembly lines, and is many times seen from the production and assembly
perspective (Sawhney, 1998; Halman et al., 2003; Jiao et al., 2007). Process platforms
attempt to organize production processes into standardized routings that will give rise to
commonality benefits. In process platforms, decisions regarding how products should be
created, produced and delivered to customers are important and include decisions of
mass-production and customization and the creation of high-value premium products.
From the midst of the 1980s, the deployment of platforms within the automotive industry
experienced an increase due to decreasing unit sales amongst individual car models
(Lundbäck and Karlsson, 2005). The application of platforms became the norm rather
than the exception in attempts to obtain commonality, manage costs, and obtain benefits
of scale and scope within the automotive industry. Within the automotive industry, a
platform can be depicted as being made up of a non-fixed number of elements
(components, sub-systems, interfaces), usually making up the major parts of the
undercarriage (Nobeoka and Cusumano, 1997; Heikkilä et al., 2002; Simpson, 2004).
Although the use of the platform concept arguably still is dominantly found in traditional
manufacturing industries, its logic has evolved to include an increasing variety of
businesses across a number of different industries (see Gawer, 2009). Further, a platform
has been found to take on a number of different shapes and forms, for instance evident
through the contributions made from studies undertaken in technology driven and fast
paced industries such as the PC and software industry (Gawer and Cusumano, 2002;
Evans et al., 2006). In industries like these, platforms have emerged as important in
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obtaining industry leadership, contributing to firm growth, market success and continuous
dominance. The growth and industry leadership of firms such as Microsoft and Cisco has
been endorsed to the ability of these firms to leverage internal competencies, capabilities
and resource allocation around platforms (Gawer and Cusumano, 2002; Evans et al.,
2006). The impact of these firms’ platform strategies has been so strong that it has
allowed them to dictate the shape of the industry in which they operate. In the software
industry, a platform often takes its shape in the form of an operating system (e.g.
Windows) on which a number of derivative products can be produced, and it is regularly
based on computer code which determines the functionality of the platform (Gawer and
Cusumano, 2002; Cusumano, 2004; Evans et al., 2006; Yakob and Tell, 2007; 2009).
Some definitions have focused on the implications that platforms have on whole
industries, seeing them as evolving systems of interdependent pieces that each can be
innovated upon by a large number of different industry players (Gawer and Cusumano,
2002; Gawer, 2009). Platforms have also been defined based on their inclusion of both
strategic, organizational and technical aspects (Muffatto, 1999a; Lundbäck and Karlsson,
2005). Yet other definitions have included focus on the collection and inclusion of
intellectual and material assets shared across products (Robertson and Ulrich, 1998). In
addition to this, there are definitions focusing more on, and drawing upon, the technical
aspects of platforms. Definitions of this nature take into consideration components,
modules, sub-system and interfaces that together make up a platform (Meyer, 1997;
Meyer and Lehnerd, 1997; Krishnan and Gupta, 2001; Nelson et al., 2001).
Other platforms focus away from the tangible aspects of commonality and have their
focal point on the shared perception of product or service value (cf. Gawer, 2009). A
customer platform is for instance the customer segment that a firm chooses as its first
point of entry into a new market. This segment can acts as a base for expansion into
related segments and application markets. Customer platforms offer benefits by allowing
firms to grow through the use of established customer relationships and knowledge of
customer needs and by using these as a springboard for a stream of additional products
and services for its customer base (Sawhney, 1998; Halman et al., 2003). Closely related
are also brand platforms, which allow the creation of several sub-brands that reflect the
same image and perceived value as the core brand (Sawhney, 1998; Halman et al., 2003).
A brand platform is concerned with creating coordinated efforts to brand strategies across
a product family and involves the extension of the core brand into several markets and
product categories using sub-brands.
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However, despite the mounting use of the platform concept across numerous dimensions
of a firm and industries, platforms are still most commonly associated with the
development of new derivative products. The reason for this can be attributed to the
strategic importance of firms to provide streams of new products for existing and new
markets in order to sustain competitiveness. Platforms can be found in a number of
different industrial organizations and industries such as the automotives,
telecommunication, software development, home electronics, computer hardware, mobile
phones, aviations, and also in service (Sawhney, 1998; Meyer and DeTore, 2001; Meyer
and Mugge, 2001; Gawer and Cusumano, 2002; Evans et al., 2006; Brusoni and Prencipe,
2009; Gawer, 2009; Yakob and Tell, 2009). Due to their multifaceted nature, and the
variety in which the field of platform related research has evolved, a number of different
definitions of what a platform is, is not, or ought to, be therefore can be found, making it
hard to agree on one single and coherent definition.

3.3 The Logic behind the Artefact
The dispersion of the way in which the platform concept has been addressed has led to
different perspectives on platforms. Some research make a twofold division of prevailing
platform research based on the focus on the physical aspects of the platform or on its
underlying logics (Jiao and Tseng, 2000; Jiao et al., 2007; Sköld, 2007). The physical
notion of a platform focuses on the identification, development and linking of a number
of common denominators for a range of products (Meyer and Utterback, 1993; Wilhelm,
1997). This perspective mainly concerns the design and technical aspects of platforms
(e.g. Ulrich and Eppinger, 1995; Meyer and Lehnerd, 1997; West, 2003). The second
perspective is concerned with the exploitation of the shared logic and cohesive
architecture underlying a platform and the firm and industry strategic implications of a
platform approach to product development and manufacturing (e.g. Meyer and Lehnerd,
1997; Gawer and Cusumano, 2002). From this perspective, the strategic issues of
platform development and its managerial, organizational and structural impacts are in
focus. Sawhney (1998) refers to this perspective as platform thinking, in which the central
tenant is to:
“Identify and exploit commonalities among a firm’s offerings, target markets, and the
processes for creating and delivering offerings…//…identifying and exploiting the
shared logic and structure in a firm’s activities and offerings to achieve leveraged
growth and variety.” (Sawhney, 1998: 54)
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Platform thinking broadens the scope of platform based product development through its
inclusion of both tangible and intangible considerations such as product development
strategy, market and marketing reasoning, process development and manufacturing,
supplier structures, and design logics. Several business and organizational aspects needs to
be considered in conjunction to leverage the strengths of a platform approach towards
product development. In this perspective, the platform artefact still carries a central role
since the implementation of a platform strategy inevitably takes its form in the sharing of
physical elements, sub-systems, or entire systems. Thus, despite the different views on
what a platform is and the role it plays in the development of new products, its is
ultimately an integrative approach combining several aspects of a business and carrying
effects for the whole firm. The technical aspects of platform development, the strategic
imperative of platform based product development approaches, and the organizational
implications of a platform based approach to product development are hard to separate.
“A platform approach is simultaneously, a technical, strategic and organizational
issue. It is a technical issue because it requires specific problem-solving and is related
to product architecture and modularization. It is a strategic issue because it affects
product development performances, in particular cost and lead time reduction,
companies’ R&D management policies and international operations. It is an
organizational issue because platform development affects product development
organizations, i.e. building platform teams and coordinating their job with advanced
engineering activities.” (Muffatto, 1999a: 451)

Gawer and Cusumano (2002) discuss the platform concept from an integrated technology
and market approach by drawing upon four strategic levers, the scope of the firm,
product technology, relationship with external complementors, and the internal
organization. In terms of scope, platform strategies need to focus away from the
physicality of the platform and focus more on those aspects which link platforms to
overall firm and industry strategies. More focus needs to be given to the planned
intentionality of a platform approach to product development and manufacturing (e.g.
(Muffatto and Roveda, 2000). Under this perspective, platforms should not only be built
on elements such as components and interfaces, but also on a multidimensional core of
assets that includes processes along the whole value chain, customer segmentation, brand
positioning, and global supply and distribution (Halman et al., 2003). Platforms should
exhibit strong product integrity, both internally and externally (Clark and Fujimoto, 1991).
Internal integrity refers to the consistency between a product’s function and its structure
and is organizationally achieved mainly through cross-functional coordination within the
firm and with suppliers. External integrity on the other hand concerns the consistency
between a product’s performance and customer’s expectations.
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Implementing platforms becomes the “the process of identifying and exploiting
commonalities among a firm’s offerings, target markets, and the process for creating and
delivering offerings” (Halman et al., 2003: 150). In a similar vein, Robertson and Ulrich
(1998: 20) argue for the incorporation of several intellectual and material assets shared
across a set of derivatives, including components, processes, knowledge, and people and
relationships in the application of the platform concept. The platform concept according
to them is concerned with meeting the needs of diverse market segments whilst
conserving development and production resources. Muffatto (1999b) argues that a
platform strategy can affect the relationship between platforms and derivatives and
between platforms themselves, the relationship with the supplier base, the relationship
with subsidiaries in other countries and with other firms. Meyer and Lehnerd (1997) argue
that in order to implement a platform strategy, the firm needs to think in terms of the
manufacturing processes and technologies that make it possible for the platform to meet
cost, quality, and volume requirements.
The platform concept build on the perception of the platform as a foundation for the
strategic development, production and marketing of a family of product, making the
platform strongly dependent on supplementary or complementary products (e.g. Gawer
and Cusumano, 2002). From this perspective, a platform does not in itself provide a
function to end-users, but must rather be used in conjunction with complementary
products in order to offer end-users maximum benefits. By increasing the number of
complementary products that can be used in conjunction with a specific platform,
platform value can be added. In this perspective, firms are seen as becoming less vertically
integrated and more specialized, making it in turn less likely that a firm controls the whole
value adding chain of production themselves. Further to this, the value of a platform can
be increased by allowing externally developed complementary products to be used with
the platform. Complementary products developed internally and in conjunction with the
platform, or by external firms, are important for the existence and value of platforms (see
Gawer, 2009).
The internal organization concerns the use of the internal organizational structures to
manage external and internal conflicts of interest more effectively (Gawer and Cusumano,
2002). The internal organization fills the role of encouraging cooperation and
collaboration and supports platform objectives by organizing the firm to support the firm
in terms of scope, complementors, and product technology. Organizational capabilities in
terms of infrastructure for distribution and customer support as well as information
systems for control and market feedback, becomes important (Meyer and Lehnerd, 1997).
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3.3.1 The Design and Technical Aspects of Platform
The design and technical definitions of platforms share commonality in their view of the
platform as being made up of a number of elements (e.g. components, modules, subsystems) interconnected through a number of interfaces and shared by several related
products (e.g. Sundgren, 1999; Jiao and Tseng, 2000; Nelson et al., 2001; Simpson et al.,
2001; Martin and Ishii, 2002). The technical consideration that has to be given to
platforms includes decisions concerning for instance the architecture of the platform and
derivative products (e.g. Jiao and Tseng, 2000; e.g. Gawer and Cusumano, 2002; Baldwin
and Woodard, 2009). Meyer and Lehnerd (1997) include consideration with regards to
product technologies in components, materials, sub-systems, interfaces, and development
tools as important aspects of a design and technical view of platforms.
Utilized in the development and production of numerous derivative products, the
platform often constitutes the technological foundation from which derivatives within the
same product family draw their commonality. Thus, the platform concerns the “physical
implementation of a technical design that serves as a base architecture for a series of
derivative products” (Jiao and Tseng, 2000: 471). Industries in where a product
development oriented application of the platform concept can be found include
manufacturing industries such as the electronics industry, consumer tool industry or the
automotive industry. In manufacturing industries, platforms often contribute to the
development of competitive strengths by increasing internal capabilities in designing and
manufacturing a number of products quicker and more efficiently (Clark and Fujimoto,
1991; Wheelwright and Clark, 1992; Meyer and Lehnerd, 1997).
Within the automotive industry, the application of platforms to reach benefits of scale is
perceived as important in order to deal with changing industry landscapes. Increased
development costs and quicker time to market of new models consequently forces
automotive firms to draw upon platforms to meet these demands. Lundbäck (2004)
discusses how platforms within the automotive industry are seen as a central in producing
a number of different car models based on the same underlying product components. In
the automotive industry, the platform concept more than often takes a physical attribute
and can be made up of a non-fixed number of elements and can furthermore differ from
firm to firm. This difference in the physical appearance of the platform emanates out of
the commonality versus distinctiveness aspects mentioned earlier. Automotive platforms
have been found to include major parts of the undercarriage such as the chassis, axles,
engine, drive trains, the floor group, drive system, running gear, suspension system,
firewall, and rocker panels or part of the cockpit (e.g. Meyer and Lehnerd, 1997; Nobeoka
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and Cusumano, 1997; Heikkilä et al., 2002; Simpson, 2004). Others have found that some
firms define it according to the front axles, rear axles, front ends, rear ends, exhaust
system, brake system (Sudjianto and Otto, 2001), or as the sum of suspensions, underbody, axles and power-train (Muffatto and Roveda, 2000). Under-body in turn has been
understood to be made up of the front floor, under-floor, and engine compartment and
frame (Muffatto, 1999a). Muffatto (1999a) drawing upon platforms in the Japanese
automotive industry make a further division between narrow, broad and, flexible types of
platforms. According to him, a narrow definition of a platform within this industry is
defined as the front floor, under-floor, engine compartment and suspensions; and also the
inclusion of the steering equipment. In a broader definition, he argues that a platform is
defined as including the front floor, under-floor, engine compartment, suspensions,
engine, transmission, fuel tank and exhaust system. Finally a more flexible platform is
defined as floor panels, divided into core, front, and end, suspensions, power train, and
engine. More to this, some firms in the automobile industry hold that it is more
interesting to define a platform in terms of production processes rather than product
development (Muffatto, 1999a). According to such views, it is the application of shared
production and assembly processes that constitute the commonality aspect within the
platform concept. Within the automotive industry, the concept of inter-firm platforms
has also evolved in recent years due to increased merger and acquisition activities
(Lundbäck and Karlsson, 2005). An inter-firm platform can be understood as a single
platform used by several brands to create several brands and models of a product.

3.4 Platform Development Challenges
Wheelwright and Clark (1992) argue that the most important difference between platform
and derivative product development can be found in the requirements of front-end
planning:
“While derivatives can often represent specific, targeted responses to the
requirements of small groups of customers, platforms represent the bundling and
packaging of a set of improvements into a new system solution for a much broader
range of customer needs…//…much more creativity, insight, and initiative are
required at the front end of a platform than a derivative.” (Wheelwright and Clark,
1992: 97)

This implies a broadening of scope when engaged in platform development, to include
the focus on the requirements of a series of derivative products in addition to the
platform itself. Establishing this scope is however made difficult by the fact that customer
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needs might differ substantially across derivatives, and by implications of having to make
long range plans into an uncertain future. Furthermore, in platform development,
technical interdependence, the degree to which various product and process related
technologies interact with each other, is many times higher than in derivative product
development (Tatikonda, 1999). Consequently, there is also a higher degree of technical
complexity involved in the creation of platforms in comparison with most derivative
products. It is this technical interdependence which defines the degree to which product
and process related technologies interact to form a coherent whole.
Other defining characteristics between platform and derivative product development
relate to platform element selection and maintenance, predominantly being a question of
commonality versus distinctiveness (Halman et al., 2003; Simpson, 2004; Sköld, 2007).
Commonality across derivatives is provided for by the shared platform architecture,
whereas derivative product distinctiveness and uniqueness is catered for through the
inclusion of non-platform elements (Halman et al, 2003). In particular, the selection,
development and maintenance of platform elements (e.g. component, modules, subsystems, and interfaces) emerge as an important aspect of development. This can
potentially give rise to conflicts of what should, and can, be common, and what needs to
be distinctive (e.g. Muffatto, 1998; Muffatto, 1999a; Muffatto, 1999b; Muffatto and
Roveda, 2000). Consequently, the trade-off between commonality and distinctiveness
denotes a central problem area of platform development (Sköld, 2007).
Through commonality, the potential benefits of increased speed to market of new
products, efficiency in production, reduced element and product costs, and increased
product offering flexibility, can be achieved. The commonality element within the
platform concept should not be interpreted as being the same as the notion of
standardization in product development. Whereas robust platforms indeed can give rise
to a high degree of standardization, standardization itself cannot give rise to robust
platforms (Meyer and Lehnerd, 1997: 120). Standardization for all elements across a
product portfolio can lead to rigidity in the underlying platforms, and inflexibility when it
comes to advancing future product designs. There is a risk inherent in balancing between
commonality and distinctiveness where the weakness of the common platform will
undermine the competitiveness of the entire product line (Halman et al., 2003).
Other differing characteristics can be found in terms of the problems and problemsolving requirements found in platform development. From the need to define the
platforms boundaries in terms of what elements that should be included within the
platform and what should be excluded, encountered problems differentiates (Muffatto,
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1999a, 1999b). Since decisions regarding platform inclusion require a trade-off between
what should be part of derivatives distinctiveness and what should make part of platform
commonality, there is a need to define or establish relationship and interfaces within and
between derivative products and platforms. This in turn can be understood as a challenge
arising from the platform element selection and maintenance process. Selecting and
maintaining the platforms constituent elements carries significant implications for
derivative product design decision taken late in the planning process. The inclusion of
unplanned derivatives or design changes made late in the platform development process
necessitates greater degree of development flexibility or increased planning capabilities
(e.g. Lenfle et al., 2007).
Such decisions can further increase the scope of the platform design architecture by
requiring the inclusion of novel design solutions or put pressure on the commonality
maintenance aspects, rendering platforms evolving systems made up of interdependent
elements (e.g. Meyer and Lehnerd, 1997; Gawer and Cusumano, 2002). Platforms can
therefore also be seen as non-static systems which continue to evolve, changing their
design architecture and growing, throughout their life-cycle. Design decisions are required
to be made throughout the development process as new input in the form of
development obstacles, the inclusion of unplanned derivatives, commonality aspects,
market requirements, and technical enhancement poses challenges that need to be
managed.
“Platforms require much more cross-functional problem-solving and integration
because so many issues must be defined. On a platform, setting the specs in detail at
the front end is often impractical. Instead the platform must converge over a series
of months as cross-functional problem-solving and conflict solution takes place. On
a derivative product, setting the specs at the outset is commonplace.” (Wheelwright
and Clark, 1992: 97-98)

This perspective also stands in contrast to arguments that any product can become a
platform or that the architecture of any single product has the potential to become a
platform, by serving as the foundation for creating several or more derivative products
(e.g. Meyer et al., 1997; Sviokla and Paoni, 2005). In particular, this perspective highlights
the importance of purposeful planning and selection of platform elements. Platforms are
not generated through chance or luck, rather they are strategically managed based on a
top-down proactive platform approach, where a platform and a family of products are
planned in conjunction (Simpson, 2004). The inclusion of components and sub-systems
and the establishment of interfaces is not a static selection but one where the initial
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architecture is subject to continuous evaluation and growth, depending on the demands
of future derivative products. Thus, in platform development, the planning horizon is
generally broader and requires a stronger front-end focus than for instance derivative
product development. Further to this, more consideration to interdependencies that exist
not only between core elements of the platform, but also between the platform and
derivative products, is required. Finally, when choosing which elements to make part of
the platform, focus need to be on the benefits that can be gained from commonality
across a number of different derivative products, since this constitutes an important value
source for the platform. Decisions of distinctiveness need to be left to individual
derivative products but should not have an adverse affect on the commonality benefits of
utilizing platforms. Platforms can hence be understood as highly complex phenomena,
where a number of elements need to be configured in a manner that contributes to the
achievement of benefits arising from both commonality and distinctiveness. Under such
circumstances, problems will inevitably emerge, requiring the exploration of solutions to
those obstacles, which if successfully implemented will yield desired outcomes.
Consequently, problem-solving is an important aspect of platform development.

3.5 Complexity and Design Architectures
Although complexity can be defined in many ways, a central component of research in
complexity is to define what level and kind of complexity that is being investigated
(Kogut and Zander, 1992; Baccarini, 1996; Wang and Von Tunzelmann, 2000; Dawidson
et al., 2004). Within the realm of product or system development, technical complexity
stands out as a central factor (Shenhar and Dvir, 1996; Hobday, 1998; Lindkvist et al.,
1998; Hobday, 2000; Shenhar, 2001; Becker and Zirpoli, 2006). The essence of complex
objects is that their elements are interrelated and that these different elements must work
together and the whole must accomplish more than any of its subsets (Baldwin and Clark,
2000; Baldwin and Woodard, 2009). Complexity has been touted to consist of three
factors; the number of elements, the number of types of elements, and the number of
interfaces of each of the elements (Boothroyd and Dewhurst, 1987, in Meyer and
Lehnerd, 1997; Baldwin and Clark, 2000). The function of the number of elements and
the existing interdependencies between these elements thus constitutes complexity
encountered in complex product or system development (Baccarini, 1996; Williams, 1999;
Wang and Von Tunzelmann, 2000; Novak and Eppinger, 2001). Consequently, the fewer
the number of elements, the fewer the number of elements types, and the fewer the
number of interfaces, the lower the design complexity (Meyer and Lehnerd, 1997). Simon
(1962) has defined a complex system as:
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“One made up of a large number of parts that interact in a non-simple
way…//…given the properties of the parts and the laws of their interaction, it is not
a trivial matter to infer the properties of the whole (Simon, 1962, p. 468).

The interdependencies that exist between various elements of a system concern the
degree of interrelatedness between tasks, and between inputs. In particular, it is envisaged
that the more complex the type of interdependency, the greater will the added complexity
to overall development efforts be (Williams, 1999; Dawidson et al., 2004). Thompson
(1967) discuss the nature of interdependencies in terms of sequential-, pooled-, and
reciprocal interdependency. Sequential interdependence is a serial form of
interdependence whereby direct interdependence between elements can be pinpointed,
and the order of that interdependence can be specified. Pooled interdependence exists
when each part renders a discrete contribution to the whole and each is supported by the
whole. Finally, reciprocal interdependence exists when an activity for instance is
dependent on the output of another activity as its own input. According to Thompson, it
is the contribution that each element within a larger system makes to the totality of the
system, and the nature in which it contributes to other elements within the system, that is
the defining character of interdependences. A closely related discussion on the
interdependency of elements of a system is that of coupled systems (Orton and Weick,
1990). Coupling concerns the sometime paradoxal need of firms to provide both stability
and flexibility, responding to for instance external stimuli at the same time as shielding
some elements from this stimulus. The ability to do this in turn depends on the degree of
coupling between elements of a system.
“If there is neither responsiveness nor distinctiveness, the system is not really a
system and it can be defined as a noncoupled system. If there is responsiveness
without distinctiveness, the system is tightly coupled. If there is distinctiveness
without responsiveness, the system is decoupled. If there is both
distinctiveness and responsiveness, the system is loosely coupled.” (Orton and
Weick, 1990: 205)

The degree to which elements are loosely coupled or tightly coupled in a product or
system design depends on the extent to which a change in the design of one of the
elements requires compensating design changes in other elements (Sanchez and Mahoney,
1996: 65). The essence of complex products or systems stands out as concerning the
conjoining of a number of elements who through various interdependencies interact to
create a product or system. Complexity can also be related to the degree of
decomposability of a product or system, which in turn depends on a product or systems
design architecture (Frenken et al., 1999). Decomposability has been explained as the
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function of the degree to which activities influencing one part of a product or system can
be carried out independent from or dependent on activities carried out on other parts of
the system (Simon, 1962; 2002).

3.6 Design Architectures and Decomposability
The product development literature suggests that all designed objects, irrespectively of
complexity, simplicity, size, or physical shape, have an architectural structure which is
hierarchically ordered (Vincenti, 1990; Simon, 1995; 2002). This design architecture
determines the way in which elements (e.g. components, modules, sub-systems, and
interfaces) are configured to derive required functional output. A design architecture
includes the definition of an objects functional requirements, the mapping of these
requirements to elements, and the description of the interaction between these elements
(e.g. Ulrich, 1995; Ulrich and Eppinger, 1995). Thus, a design architecture constitutes of
the arrangement of functional elements into for instance physical building blocks, defined
in terms of the function they fulfil, their interfaces with other elements of the product or
system, and the integration of these parts to form a coherent whole (Henderson and
Clark, 1990). Establishing the architecture of complex objects is a search for the
understanding of what the object is and ought to be, given the context in which it must
function (Clark, 1985):
“The working out of a design [architecture] involves a process of analysis, of
identifying the components of the form, the major systems and sub-systems, and
then grouping them in different ways to illuminate their interrelations.” (Clark, 1985:
241)

In the process of analysis, the purpose is to understand the properties and behaviour of a
chosen design architecture (Simon, 1975; 1995). The process of establishing a product or
systems design architecture involves deriving at an abstract description that encompasses
its structure (what it is and how it is constituted) and its functions (what it does and what
it is for) (Baldwin and Clark, 2000). The complexity in deriving a design architecture that
fulfils desired requirements involves creating constraints at the conception of the design
architecture. These constraints in turn represent commitments that limit the alternatives
that can be generated in terms of design solutions (Simon, 1995: 253). When facing higher
degrees of complexity there is many times a need, due to the limited computational
capacity of individual, to revert to attempts to decompose design architectures, and
consequently decomposing problems, which are not always fully decomposable (Brusoni
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and Prencipe, 2001; Marengo et al., 2005; Brusoni and Prencipe, 2006). Resulting from
these attempts are the simplified illustrations of design architectures. Addressing the
notion of bounded rationality (Simon, 1991) and the inherent problems of dealing with
complexity due to the limited cognitive ability of individuals, Baldwin and Clark (2000)
assert that if an artefact can be divided into separate parts, and the parts worked on by
different people, the one person limitation on complexity disappears. Thus, cognitive
limitations can be overcome by decomposing an object into several constituent parts.
Design architectures can broadly be categorized as being of either a modular or integral
character, reflecting the number and strength of interdependencies that exist between the
various elements making up its totality (Ulrich, 1995; Ulrich and Eppinger, 1995; Muffatto
and Roveda, 2000; Simpson, 2004; Jiao et al., 2007).
“A product’s architecture is classified as either modular, if there is a one to one or
many to one mapping of functional elements to physical structures, or integral, if a
complex or coupled mapping of functional elements to physical structures and/or
interfaces exists.” (Simpson, 2004: 5)

In integral product architectures, understanding of how elements interlink is a complex
task, making the mapping of elements to each other difficult. The difficulty in establishing
interdependencies between elements in turn make it hard to establish the effect that
design choices will have on the final product or system. Consequently, final performance
is difficult to establish at the initial conception of design architectures. Integral design
architectures require focused planning either at their conception and a strong adherence
to design choices taken initially, or they need to go through a conversion process that may
involve re-architecting some of its chosen elements (Microsystems, 2004). Integral
product architectures, despite their inherent complexity, are however argued to provide
increased optimization in terms of final output performance (Ulrich, 1995; Brusoni and
Prencipe, 2001).
On the opposite end of design architecture set-ups are modular product or system
architectures. In modular design architectures, the mapping of the relationship between
elements (e.g. components, modules, or sub-systems) and the establishment of interface
rules can be done with less effort than they can in integral design architectures. The
complexity involved in mapping elements to each other and the difficulty in identifying
and establishing interdependencies between these elements determines whether a modular
approach to design architecture is viable or not. Thus, the modular design architecture is
dependent on the degree of decomposability of the product or system being developed,
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and the design architecture required in order to reach desired product or system
performance output. Modular design architectures are envisaged to suit instances where
change and variety as well as flexibility and upgradability is preferred or desired in a
product or system (Ulrich, 1995; Baldwin and Clark, 2000; Brusoni and Prencipe, 2001)
and can give rise to economies of substitution since they facilitate the ability to substitute
certain elements of a product or system while reusing others (Garud and Kumaraswamy,
1995).
Modular design architectures can also allow design engineering work to be carried out at
the level of individual elements, without running the risk of encountering negative integral
or systemic effects on final performance. This ability in turn stems from the capability to
determine the governing interfaces between elements (Baldwin and Clark, 2000). It is
these interfaces which governs how elements interact with each other to reach desired
performance output. Decomposing a product or system into varying degrees becomes a
matter of problem-solving, since this decomposition has effect for how the solution of
encountered problems is attempted (Nickerson and Zenger, 2004; Brusoni et al., 2007).
By allowing experimentation with different solutions to take place at the level of
individual modules, without running the risk of interfering with the development of the
overall product or system, more design options are given (Baldwin and Clark, 2000;
Brusoni et al., 2007).
The design architecture of an object (the definition of functional requirements, the
mapping of these requirements to elements, and the description of the interaction
between these elements) in turn carries implications for the design engineering process.
According to Simon (1975), design engineering is different from the process of analysis,
which can be associated with the creation of design architectures. Design engineering is a
complement to the process of analysis through its engagement in the conception of
objects rather than the understanding of properties and implications of an object, process
or idea, and concerns the satisfaction of goals and constraints to reach expected output
performance (Simon, 1995). Goals and constraints are in turn believed to be set by design
architecture decisions and are furthermore carried out prior to the engagement in design
engineering activities (Baldwin and Clark, 2000).
“A thing that is imagined by a designer cannot become a thing that is real until all its
structural elements have been chosen…//…a complete set of structural choices
must be made and then implemented for an artefact to come into existence.”
(Baldwin and Clark, 2000: 23)
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I interpret the ‘imagination’ of design architecture and the ‘implementation’ as comprising
the analytical and physical challenges related to platform development. Whereas the
imagined design is predominantly based on the analytical representation of the functional
requirements that need to be fulfilled by the platform and the interaction between its
elements, the ‘implementation’ aspect relate to design engineering activities. In design
engineering, the realization of design choices and solutions into real elements is at focus.
Thus, analytical efforts concerns overcoming logical constraints, whereas directional
efforts concerns more physical constraints. Previously in this dissertation, design
engineering was illustrated as the translation of system specifications and architectural
structures into product or system designs and their realization into real elements such as
modules, components and sub-systems (see Clark and Fujimoto, 1991; Wheelwright and
Clark, 1992). Accordingly, problems encountered in the development of product or
systems tend to relate to specifications and design engineering aspects (Ethiraj and
Levinthal, 2002; Becker and Zirpoli, 2006).

3.7 Decomposing Design Architectures
Establishing design architectures that will contribute to the fulfilment of desired
performance outputs is related to the understanding of which elements are required and
how these numerous elements interacts as whole. In the achievement of this
understanding, the ability to identify the many interdependencies that exist between
numerous elements stands out as important. The challenge in establishing design
architectures, in the process establishing required functions, map these functions to
elements, and establishing the interdependencies between these elements, can be
illustrated through the notion of decomposability (e.g. Simon, 1997; 2002). Degree of
decomposability in turn give rise to different types of problems (Nickerson and Zenger,
2004; Hsieh et al., 2007).
“The complexity of a system is related to its degree of decomposability which in turn
depends on the system’s architecture. Complexity indicators therefore should relate
to the decomposability of the specific system’s architecture.” (Frenken et al., 1999:
151)

Decomposability is a function of the degree to which activities influencing one part of a
product or system can be carried out independent from, or dependent on, activities
carried out on other parts of the product or system (Simon, 1962; 2002). According to
Simon, establishing the decomposability of a product or system requires taking into
account different kinds of interaction between parts, the complexity of each interaction,
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its frequency, and its duration. When there is no interaction or interdependence between
elements of an object, the object is rendered fully-decomposable. Under such a setting,
elements can be worked on independently, with the expectation that the synthesis of
independent efforts will contribute to the uncovering of valuable problem solutions
(Nickerson and Zenger, 2004). Whereas full-decomposability has been described as the
isolation of elements and problems into independent entities which can be developed and
solved independently, non-decomposability implies that such decomposition is
problematic. Within non-decomposable objects, the interaction between elements is so
extensive that separation between elements becomes difficult. However, the majority of
complex systems and products are neither fully-decomposable nor non-decomposable but
nearly-decomposable, giving rise to nearly-decomposable problems (Brusoni and
Prencipe, 2001; Marengo et al., 2005; Brusoni et al., 2007). Such types of products or
systems imply an intermediate level of complexity and problems. A nearly-decomposable
object has been illustrated as consisting of “a boxes-within-boxes hierarchy with an
arbitrary number of levels” (Simon, 2002: 589), and emphasises the near-independence of
the products or systems elements.
“(1) In a nearly decomposable system the short-run behaviour of each component
sub-system is approximately independent of the short run behaviour of the other
components; (2) in the long run the behaviour of components depends in only an
aggregate way on the behaviour of the other components.” (Simon, 1996: 198)

Near-decomposability exists when some interaction is shared by all parts in a system and
the interaction taking place within sub-systems in the system are more frequent and
tighter than it is between sub-systems (Simon, 1962). Near-decomposability can therefore
be understood as the difficulties of anticipating what consequences a particular choice or
action will have on other elements of the product or system (e.g. Marengo et al., 2005).
The notion of near-decomposability implies that within a complex product or system,
there exist a large number of elements with interdependencies that cannot and do not
need to be decomposed to a level of independent units. Rather decomposing complex
products or systems can be carried out to a degree where only the most relevant
interdependencies are contained within each elements, whereas less relevant
interdependencies can persists across elements (Simon, 1996; Frenken et al., 1999).
Simon (2002) argues that another salient characteristic of a nearly-decomposable system
concerns the rate of interaction within and between elements, interaction predominantly
taking place through interfaces. Higher frequency and intensity of interaction takes place
between elements belonging to a single sub-system than between components belonging
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to different sub-systems, and this principle holds for all levels of the hierarchy. When
responding to changes and input, the immediate effect of such a response is easier made
at a lower level of any system. This also means that at the lower level, sense of parity and
equilibrium with other parts at the same system level is more rapidly achieved.
“When disturbed from equilibrium, the subsets at the lowest level of the system
returns to equilibrium while the sets at the next level above are still changing
dynamically (relatively slow), and the same is true (and even more decisively) for the
still higher levels, which are essentially stationary (but not in equilibrium) on this time
scale.” (Simon, 2002: 590)

From a decomposability perspective it therefore stands out as most complex products or
systems design architectures consist of both modular and integral characteristics. This in
turn gives rise to a number of interdependencies between elements that exert unknown
influence on each other, rendering them nearly-decomposable systems or products. The
difficulty of decomposition stems from the need to identify and distinguish between what
is and can be modular, and what is or needs to remain of an integral character (Shibata
and Yano, 2002). In effect, Baldwin and Clark (2000: 20) state that “because of the severe
constraints it imposes, full-fledged modularity is never easy to achieve in practice.”
3.7.1 Decomposability and Problems
According to Nickerson and Zenger (2004), a distinction between low-interaction,
moderate-interaction and high-interaction problems can be made to reflect the
decomposability degree of products and systems. Low-interaction problems are for
instance found in highly or fully-decomposable systems and products. Problems
encountered in such decomposable system are characterized by weak interaction amongst
elements and as a result require only weak interdependence between knowledge sets to
derive a solution to a problem. Problems encountered in fully-decomposable systems or
products can be subdivided into sub-problems, each of which draws its solution from
specialized knowledge sets. Consequently, fully-decomposable problems are problems
where few interdependencies exist among knowledge sets (Hsieh et al., 2007). Problems
of a moderate-interaction nature would be found in nearly-decomposable products or
systems, characterized by the existence of important interaction among knowledge sets
that support solutions to sub-problems. Finally high-interaction problems are found in
non-decomposable product and systems as discussed by Simon, characterized by high
interaction among design choices and the need for extensive interaction among many
knowledge sets to derive at a solution (Nickerson and Zenger, 2004). Consequently, non-
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decomposable problems are those where changes to on element of the product or system
interact with many other elements, to the degree that establishing a high value yielding
solution becomes highly problematic (Hsieh et al., 2007).
“With high-interaction problems, knowledge sets cannot be separated into subproblems. Interactions amongst distinct knowledge sets are so extensive that any
attempts to define sub-problems and discover corresponding subordinate solutions
offer no predictable improvement over randomly selecting trails.” (Nickerson and
Zenger, 2004: 620)

The existence of different types of problems, directly tied to the degree of
decomposability of a product or system, mean that the issue of decomposability in
complex product or systems development gives rise to different problem-solving
approaches (Simon, 1996; Frenken et al., 1999; Nickerson and Zenger, 2004; Marengo et
al., 2005; Brusoni et al., 2007; Hsieh et al., 2007). The choice of problem-solving approach
concerns the approach by which problems are handled, and is dependent on the inherent
complexity of the problem faced. Problems have also been envisaged as being dependent
on the hierarchical structure of the product or system being developed, as represented
through its design architecture (as discussed previously in this chapter). Problem-solving
can therefore be understood as the matter of identifying interdependencies between
elements and/or sub-systems of a product or system with the aim to better understand
the complexity of the problem faced and from there derive viable solutions. Problemsolving therefore also becomes a matter of understanding the detailed linkage between
possible alternative actions and the possible outcomes derived from that action, given the
complexity of the problem faced (Gavetti and Levinthal, 2000; Fleming and Sorenson,
2004; Nickerson and Zenger, 2004; Gavetti, 2005). This poses a dual challenge in that the
first task is dependent on the decomposability of the problem and the second with the
need to provide timely and precise knowledge about the input output relationship (of
chosen solutions). Gavetti and Levinthal (2000) point to this challenge when arguing that:
“As bounded rational actors, we cannot envision the full set of alternatives available
to us, nor can we completely specify the causal linkages between possible alternative
actions and possible outcomes. Our attempts to do so are limited by both the vast
number of potentially relevant policy variables and the complex set of
interrelationships among these variables.” (Gavetti and Levinthal, 2000: 117).

This is one reason why problem-solvers are many times forced, due to their limited
computational capacity, to decompose problems which are not fully decomposable. While
decomposing a problem is necessary in order to reduce the dimension of the search space
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for solutions, it also shapes and constrains a search process to a specific sub-space of
possible solutions (Marengo et al., 2005; Brusoni et al., 2007), consequently giving rise to
logical and physical constraints.
“While decomposing a problem is necessary in order to reduce the dimension of the
search space, it also shapes and constrains a search process to a specific sub-space of
possible solutions, thus making it possible for optimal solutions not to be ever
generated and for systems to be locked into sub-optimal solutions.” (Marengo et al.,
2005, p. 3)

Optimal solutions cannot be generated as solutions inevitably are locked into an array of
potential sub-optimal solutions. Through a separation of interdependent problem
elements into sub-problems, complexity can be reduced to smaller manageable subproblems. Whereas optimizing each sub-problem solution independently will not
necessarily lead to overall optimization, it is believed that it can lead to ‘satisfying’
solutions being generated (Simon, 1975; Marengo et al., 2005; Brusoni et al., 2007).
To summarize, platforms are complex objects whose development give rise to a number
of obstacles that need to be overcome. Such obstacles or problems arise due to a number
of different characteristics and challenges associated with platform development. For
instance, there is a need to cater for both commonality aspects and distinctiveness aspects
in platform development. This in turn perpetuates taking into consideration many
differing requirement, stemming not only from the needs of the platform architecture
itself, but also from many different derivative products. Moreover, in platform
development many elements need to be balanced and interdependencies and causal
relationships established so that action-outcome linkages can be established and desired
outcome effects achieved. Especially since design architectures are many times
intertwined. In such complex settings, problem-solving and the management of problemsolving activities appear as important. How do these activities express themselves?
Moreover, platforms can exist of less or more decomposable architectures. More
decomposable products or systems can give rise to modular design architectures, where
interdependencies between elements are simpler to establish and the mapping of
relationships between these can be done with less effort than in integral design
architectures. In less decomposable products or systems, design architectures are integral
and the mapping of elements and their interdependencies are complex. In such design
architectures, it becomes more difficult to a priori establish interdependencies and
systemic effects of choices made. Working with integral design architectures might require
initially established elements and interdependencies to go through a conversion process
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that may involve re-architecting the product or system. Products or systems with an
intermediate degree of decomposability need only to be decomposed to a degree where
the most relevant interdependencies are contained within each component, less relevant
ones can persist across sub-problems. In more decomposable designs, problem
complexity is of a lower level and fewer interdependencies between knowledge sets are
required to resolve problems (cf. Brusoni and Prencipe, 2006). Systemic effects are also
easier to establish a priori. Problems which are of a higher complexity level, such as those
that can be found in less decomposable (integral) design architectures, require high and
specialized knowledge sets to interact in order to be resolved. A priori establishment of
interdependencies between elements is difficult and consequently so is the systemic effect
of choices made. Problems of an intermediate level require the establishment of what can
be resolved by drawing upon highly interdependent knowledge sets, and what can be
resolved independently. Are the current existing approaches towards problem-solving
enough to cater for the demands of the complexity encountered when engaged in
platform development? How do firms engage in problem-solving when developing
platforms?
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Chapter Four
4 Platform Development in the Telecommunication Firm
The telecommunications industry is a technology-intensive industry where a platform
often takes the form of operating system software. Subsequently, the term System was
often used to signify the telecommunication platform (I will use the term Platform and
System interchangeably to denote the same thing). In its simplest form a
telecommunication platform could be understood to be system on which other programs
or operating systems operated. A telecommunications platform often denoted a specific
technology and architecture, consisting of content and user application layer, a
communications control layer, a connectivity layer composed of hardware, an operating
system, and finally software applications on top. Within such a system the software
elements often determined the functionality of the platforms whereas the physical
features determined its overall capacity. This operating system software (i.e. the platform)
provided the interfaces through which numerous internal and external applications
together making up the telecommunications network were controlled (Yakob and Tell,
2007). Hence it often served as a technological and architectural base for the development
and evolution of additional systems and applications not only within the platform firm,
but also externally by other industry players.
The Platform was a carrier–class technology which facilitated the access and transport of
products and services in mobile and fixed networks. It was an execution and transport
platform with specialised interfaces for application design. The execution part consisted
of support for the design of application hardware and software. The transport part, which
could be seen as an internal application to the execution platform, comprised several
protocols for communication, signalling, and exchange terminal transmission. The
Platform constituted the base for the firm’s third generation (3G) products. The Platform
could also be categorized as an industry platform (Gawer and Cusumano, 2002; Evans et
al, 2006) as it held a central role in the development of applications within the industry.
The Platform server occupied a central position in the telecommunication network,
storing and processing large amounts of data. The Platform was introduced onto the
market as the firm’s technology for third-generation radio access. The firm used the
Platform technology to optimize the access transport solutions in its base station. The
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Platform carrier-class technology could be used for small base stations that contained few
radio channels as well as for large control units that used hundreds of processors and
filled dozens of cabinets. Physically, the Platform used several magazines with different
types of circuit board for various functions, referred to as Nodes. A Node consisted of a
set of magazines which incorporated circuit boards that carried out different tasks. Each
circuit incorporated the software to carry out the specific task which it had been
developed for, such as storing data, communicating with the environment, or for running
Internet Protocol traffic. On top of the Node, the operative system and a number of
functions operated. Applications were found on top of this operating system and had the
task to steer the radio network, which furthermore were connected to a number of radio
base stations. The Node hence controlled, steered and directed mobile communications.
Each telecommunications network consisted of a number of different Nodes used for
connecting the network to the fixed telephone system. Within the Telecommunications
industry telecommunication platforms often evolve incrementally and the introduction of
new platforms within the industry represented major technological developments
requiring major investment. Hence it was customary for telecommunication platforms to
develop through a series of enhancement projects where additional functionalities and
capacities were gradually added to the original platform. Consequently many
telecommunication platforms were released as a newer version of an already existing
platform, i.e., version 1.0, 1.1, 2.0 … 6.0 and so forth.

4.1 The Telecommunication Platform Project
The firm studied was a leading global telecommunications firm, which developed,
produced, supplied, and installed telecommunications systems (Hereafter referred to as
‘Platform’). One of its major business areas was in the provision of telecommunication
platforms, platforms which made up the technical foundation for products of other firms.
Operating in a dynamic and competitive industry, the company was challenged to
continually enhance its existing platform base to stay abreast of new customer and market
demands and to defend and increase its market shares. Thus, the firm operated several
platform enhancement projects in parallel, projects that generally ran for several years.
One such project was initiated in 2003 following a three month feasibility study. This
feasibility study constituted the assignment specification provided for the project. The
project in turn was responsible for defining, developing, verifying, and delivering the
Platform, covering all aspects from pre-study to product introduction. The aim of the
project was to introduce an enhanced version of an existing post-3G telecommunications

74

platform. Project goals were to deliver the enhanced platform on time, at specified cost,
quality and with functionality according to the main requirements specification.
The platform enhancement project was important in order for the firm to defend and
increase its market share. An upgraded platform was necessary to make new deliveries as
well as facilitate the upgrade of a large and already installed base. This could be achieved
by providing stable and reliable Nodes’ with high quality on time. The high number of
Nodes in the field implied that the platform required good enough support for reliability,
a high focus on cost efficiency, delivery on time and low manufacturing costs. Equally
important was the development quality criterion, as this would make it easier to migrate
existing customers away from the old products. In order to persuade customers to switch,
ensuring quality in the development work was very important.
Quality and delivery precision of the product was not only determined at the point of
production ‘output’ but was also a result of customer or user ‘input’. Ensuring
development work quality was thus very important. The development task predominantly
concerned the development of the software which would determine the functionality of
the Platform and thereby increase data traffic capabilities and add new functionalities to
the existing platform. Hardware development challenges, to cater for the platforms’
capacity, were carried out in a separate project that was initiated before the software
development project. This division in the project was made possible due to the fact that
hardware development was not dependent on release dates as long as there was support
for it in the software. Hence backward compatibility, the requirement that the new
platform should be able to operate with old software and hardware, was important.
Developing the telecommunications platform was a lengthy process, spanning several
years from the point of initiation to market introduction (Figure 2: Platform Project
Time-Plan). It was therefore not rare for existing customers to operate on systems
developed two platform generations back. As a result of this, a platform development
project was often initiated without any significant customer input and customers and
operators were not engaged in the discussions until several months into the development
project.
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Figure 2 Platform Project Time-Plan
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Source: Adapted from internal company material

The development phase could be understood as consisting of two product releases, each
release acting as quality assurance point. At Product Release A (PRA) the platform was
delivered to a limited number of customers. Usually a small number of strategic
customers and markets were selected, where the product was evaluated in function for a
period of three to six months. If this evaluation showed that the product could withstand
the demands of the markets and not carry any serious faults, it would enter Product
Release B (PRB) stage, where it could become generally available for all customers. At this
stage, the maintenance level of the product would generally have decreased, as much of
the required support and error corrections would have been carried out in the period
between PRA and PRB. Towards the end of the product development phase there was a
full product introduction stage. At this point the product was deemed to be complete and
sent to internal customers in the form of different base stations. These base stations in
turn made up the different parts of the total telecommunications network and made
deliveries to their external customers or operators.

4.2 Organizing the Project
Within the organization the Platform Project Steering Function (PSF) served as a Product
Portfolio Control Board for all platform projects. The PSF had the responsibility and
authority to review old products and make decisions about prolonging product lifetimes.
It also made decisions with regards to new product introductions, substitution of
products, phase outs and the approving of further investment in new products. The
function of the PSF was furthermore to coordinate the work of Applications and the
Platforms overall plans such as roadmaps and support plans. In addition to this, it
undertook preparation of product decisions related to the Platform and assessment of
changes to the release and changes to project baselines.
Under the Project Steering Function operated the Project Management Function (PMF),
in which the Total Project Management Team (TPMT) resided (Figure 3: Platform
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Project Organization). The TPMT’s main responsibility was the fulfilment of the project
goals and the specification requirements. In terms of authority and in order to secure
Project goals, the TPMT had at its disposal all the resources specified. These included
delegating tasks to other members of the TPMT and preparing and alter project
specifications. It also had the responsibility for monitoring and taking actions in the subprojects and within the TPMT so that the project goals and objectives were achieved. A
central responsibility of the TPMT was to ensure that the Project was executed according
to the way of working that had been chosen. It had to ensure that the defined processes,
methods, tools and communication plan were followed and that necessary changes were
controlled. Its role in the different sub projects was to follow up progress, time, cost and
quality, thereby having a good overview of the status of the sub-projects. It also needed to
make decisions about issuing assignment specifications to the different sub projects,
assignment specifications which in turn would be developed into Work Packages and
assigned to WP Teams. It also played an important role in ensuring that project
resourcing was correct and for arranging overall Project meetings. It was also responsible
for driving the External Coordination Group in which exchange of information between
the Platform Project and the Application projects took place. Thus, it had the
responsibility of informing internal customers about project status and possible deviations
but also to take on the role of protector, especially from external impact on the scope of
Project once the project entered the freeze stage. Important roles within the TMPT were
the Project Leader, Assistant Project Leader, the Technical Coordinator, and the Test
Coordinator.
Figure 3 Platform Project Organization
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The role of the Technical Coordinator (TechC) at the total project management level was
to interpret customer demands into technical demands for the different sub-projects. By
means of engaging in discussions with internal customers and by drawing upon the
TechC’s experience and knowledge of platforms, the TechC interpreted and translated
customer demands for the Project. The TechC was thus responsible for helping the
different sub-projects to interpret the demands into what needed to be done and in what
order. The TechC role was characterized as a “spider in the web” with regards to product
knowledge and market knowledge. The role of the TechC also included the responsibility
for checking the specifications of the different WP Teams and ensuring that they verified
at an adequate level against set technical demands.
Furthermore, it was the TechCs role to act as the technical interface to the project
manager and sub-projects. This also means that the TechC had the authority to take
technical decisions on project level. The TechC was expected to provide technical
analyses when technical direction of the project had to be decided or when direction was
not clear. In terms of activities at a project level, the TechC was responsible for arranging
meetings, at need basis, with the design and test teams in order to clarify customer
requirements described in input documents and to ensure that the teams knew what was
expected from them. In terms of coordination between WP teams, the TechC was
required to ensure the coordination of the technical implementations by the different
teams within the project. Finally the TechC had the role of spreading information and
increasing technical awareness within the project and coaching staff in technical matters.
The role of the Test Coordinator (TestC) at TPMT level was to spread out total test
activities and clarify what was going to be tested at the level of the development team and
what was to be tested at a central level. The role of the TestC was to ensure that all tests
within the platform project were carried out correctly, from the lowest levels all the way
up to final system level before shipment to the customers. Thus the TestC had an
important role with the responsibility to state the overall platform project test strategy. In
addition to this, it was the TestC that produced and updated the platform design
architecture after total specification work had been carried out (at TG2). The TestC made
decisions and created strategies for tests in simulated and target environments and led the
testing teams. He also ensured the coordination/reporting of all testing activities and
assisted in coordination and setting up delivery plans for the project. Further, the Test
established and controlled that all interfaces between sub-projects were tested and on a
total platform level. This included controlling all interfaces on a sub-system level,
interfaces which enabled a function to work and be tested as specified.
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Securing test equipment and test tools at the System Integration and Verification level
(Integration and Verification Unit - IVU) and providing assistance when queries were
raised concerning testing issues was also the responsibility of the TestC. The TestC
reported and worked closely with both the total project manager and the sub-project
managers and was responsible for performing handover from Design to IVU. In this
handover, the TestC had to ensure that the sub-projects had carried out their tests to such
at degree that quality could be assured before delivery to IVU took place. Then he had to
ensure that IVU carried out their tests so that the required quality could be delivered to
Applications. Finally, the TestC was involved in ensuring that Applications developers
continued testing before they sent the system to final customer.
The platform enhancement project (the ‘Project’) consisted of a number of different subprojects and a number of different roles and responsibilities that existed in every subproject. The project was divided into seven different sub-projects, each dealing with
specific functional and capacity aspects of the total platform. The sub-project manager
was responsible for carrying out project management tasks according to the set
assignment specification. The sub-project manager’s immediate task was to ensure that
the sub-project goals were fulfilled and reached. This meant that they had to follow up
progress, time, cost and quality for the sub-project. This was part of the detailed activity
plan for the sub-project which the sub-project managers also needed to prepare. In
addition to this, it was the sub-project manager’s responsibility to perform activity risk
management and to deliver updated and approved sub-project documentation. In terms
of testing and design engineering work that was carried out at a sub-project level, it was
the role of the sub-project manager to ensure that the total project test strategy was
accurately implemented. Sub-project managers were also required to have a clear and
good overview of the sub-project and arrange sub-project meetings with the personnel
involved in the sub-project, providing them with required information. The sub-project
managers reported directly to, and worked closely with, the total project manager. Their
responsibility included ensuring that defined processes and methods were followed and
defined tools used. Finally an important aspect of the sub-project managers’ responsibility
was to adhere to the delivery date and facilitate the integration of the work of the
different Work Packages.
Design engineering work took place on the level of the different sub-projects and was
carried out by both static and dynamic teams and role responsibilities. Static roles and
positions were predominantly found at the level of Total Project Management, since these
resources were involved in the project throughout its life. The dynamic teams were the
engineering development teams (Work Package Teams). A WP Team (WPT) was a cross-

79

functional development team with end-to-end responsibility for the development,
analysis, testing, and verification of a single system function. It consisted of a number of
different expertises in the form of system, design, test, and integration. A WPT consisted
of a Team Leader, a Function Test Leader, System Developer, Light Regression Test
Leader/Joint Verification Leader, Local System Configuration Manager, and a
Component Test Leader. A WPT was a cross-functional team with up to 20 members, of
whom the majority was system developers. A WPT had to carry out analysis and design
and components tests as well as function tests and light regression tests, and had the
responsibility for work package implementation, verification and integration. Each subproject was assigned a Technical Coordinator who was responsible for technical demands
set by the project, ensuring that specifications were followed and also coordinated the
technical aspects within the work packages. There was also a person called the Test
Coordinator whose responsibility was to ensure that the work packages were tested
correctly. An assistant sub-project leader was responsible for quality and work processes.
This meant that the responsibility of the sub-project leaders was mainly to control the
budget, the time plan, ensure that information was communicated and also to oversee
overall coordination within the sub project. Thus roles and responsibilities at total project
management level were reflected in each sub-project. After making the functional delivery
according to the specification set, a WP Teams would be dissolved.

4.2.1 The Communication Plan
One important aspect of the project organization and the new way of working was to
ensure that every member of the Platform Project was informed of what was happening
in the Project as a whole. Each project member was expected to be aware of the status
and the challenges current in the project and was also expected to understand how their
design engineering output was performing in comparison to the rest of the project. For
this reason, a number of different meetings were required to disseminate project
information, as well as to control progress in accordance with the way of working. These
meetings were stipulated through the Project Communication Plan, which in essence
made up the backbone of the different meetings and technical forums. Different roles and
areas of responsibility were required to schedule, set-up and lead these meetings on a
regular basis. In addition to describing the content of the different meeting and forums
to take place, the communication plan also contained the instructions for the guiding
principles for meeting participation. These guiding principles urged meeting participants
not to make any assumptions with regards to the work that they or someone else had to
carry out.
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Further to this, own awareness of issues was a must before attempting to make others
understand. This in turn required project members to be open and facts and action
oriented. The members were encouraged to become aware of the complexity of the
enhancement project and they were expected to have a proposal for a solution to any
problem they had. Furthermore surprises would not be accepted in the meetings and early
warnings were necessary if the action needed could be initiated.
The Total Project Operative Steering Group Meeting (TST-OSG) was held twice a month
or more frequently, on needs basis. At this meeting, total Platform Project status was
reported and overall total project problems and risks would be discussed and actions and
decision taken. Decided directives and information would then be distributed to the Total
Project Management Team. The Total Project Management Team was expected to meet
once every week to update and analyse the status of the total project. Presence at this
meeting was mandatory for all total project management team members and this meeting
also had priority over all the other meetings of the week. They were also expected to meet
face – to- face every second week. These meetings were used to understand how the
project was progressing, the challenges it was facing, and actions required to be taken. In
addition to this, these meetings were used to spread total platform project information,
news, and directives as well as other relevant total project information. At these meetings
the sub-project managers were responsible for establishing progress reports and all for
arranging all the relevant activities to establish sub-project progress. Finally they were the
responsible for distributing any total project directives, information and news coming
from these meetings into the sub- projects.
The Change Control Board Meetings were held on a weekly basis. The meetings were led
by the Configuration Manager and usually, the technical coordinator, at sub-project level,
also participated in these meetings. At this meeting, change requests (CRs’) generated
from customers would be filtered in terms of what would be carried out and what would
not, before reaching the project. Thus at this meeting a quick study of CRs was initiated
and performed without disturbing the project. If a decision to include the change request
was taken it was then forwarded to the Project Change Control Board. At this meeting a
further analysis of costs, the availability of required competence, time, and delivery plans
were decided.
Total Project Technical Coordination Meetings were to be held as frequently as needed
during a week in order for the management team to obtain full technical control,
coordination and information sharing in the total project. Participants in this meeting
were the sub-project technical coordinator and the total project technical manager. The
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support function, consisting of the test coordinators and the technical coordinators, could
meet in a forum called the Technical Coordinator Board (TCB) once a week. In this
forum all the technical coordinators from all the sub-projects could meet to discuss
functionalities, problems that could arise and events that could impact on other sub
projects.
Integration and Verification (I&V) coordinators at sub-project level and the total project
Test Coordinator were also expected to meet frequently every week. Like the technical
coordination meetings, the total project I&V meeting participants were expected to obtain
full technical control, coordination and information sharing in relation to project
Integration and Verification.
Project Quality meetings were held between the Quality Coordinator of the project and
sub project quality coordinators at least once a month in the beginning of the project. At
these meetings the participants established quality routines and ways of working in the
project. Similarly the Configuration Manager met with the sub projects’ configuration
managers at the Configuration Management meetings, to establish Configuration
management routines and ways of working in the project.
In the platform project, active work with platform characteristics and capacity was
expected from the beginning. This meant that the total project was expected to train the
designers in the sub-projects on how things should be described in the Implementation
Proposals (IPs) for instance. This would allow designers to get an understanding of the
characteristics impact on the platform. Design results would consequently be monitored
from a characteristics and capacity point of view. For this, specific characteristics and
capacity meetings would be organized on a needs basis.
The Process, Methods and Tools meetings were held to work actively with process
improvements form the beginning of the project and to ensure that outcomes from
improvement programmes taking place in other parts of the firm were incorporated and
deployed in the project. A further reason for these meetings was to ensure that the project
would be able to deliver on time with the right quality. Consequently, meetings and
workshops would be organized on a needs basis.
Moreover, sub-project members were expected to arrange meetings of their own. How
frequently and in what way sub-project team members would meet was left to the subproject managers and the team leaders to decide. Since technical contacts were almost
always made at lower hierarchical levels within the project, at the level of Work Package

82

Teams, teams from different WPTs with interdependencies could meet to discuss
technical issues. The availability of the Anatomy which visualized the different WPs, the
interdependencies and relationships made it clear early on which teams needed to work
closely together and exchange information. In addition to this, the Technical Forums
were used to discuss interdependent aspects of the development work and their impact
on other work packages. This allowed for cross-reviewing to take place between the
affected parties, at the same time as they could draw upon existing interface descriptions
and documentation.
The Latest System Version meetings took place once every week. In those meetings, the
different sub-project leaders were given the opportunity to run though the LSV plan, to
see what it looked like, how it would develop, if there were any delays, and also make
changes to LSV out-deliveries. Here each sub-project was given the opportunity to raise
any concerns they may have about being delayed and also to track and understand how
different deliveries affected each other. This gave the different sub-project leaders an
opportunity to discuss action that needed to be taken in order to adapt to the LSV plan.
Systems Integration and Verification had in-delivery meetings with the different work
packages before they made a delivery. In these meetings they had to fill out an in-delivery
checklist, stating what they were delivering and that also opened up a forum for asking
questions about different issues that the Integration and Verification Unit needed to
know about. The aim of these meetings was to ensure that the deliveries were of good
enough quality for the rest of the system not to be jeopardized.

4.3 The New Way of Working
Despite recognition of the fact that high quality and delivery precision was essential for
the success of the platform enhancement project, adherence to the set requirements had
become a concern for many within the firm. In particular, previous experience had made
visible the difficulties of meeting the requirement standards set, especially in the design
engineering development work.
“The reason for introducing a new way of working and a new build environment was
a result of panic of not having the right quality. That required proper and drastic
measures because we all knew that we could not continue in this direction but that
something needed to be done.” (Assistant Project Manager)
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One important aspect was to address the quality and delivery precision failures that had
led to in previous development projects. Addressing failures and correcting system errors
after final delivery had been a common aspect of the development process.
“Design quality was low when we delivered to other units and we had poor delivery
precision. When we said that we were going to deliver at one point it never
happened. Or it did but then we had to make a number of error corrections later on.
So in essence the project was delayed anyways.” (Technical Coordinator)

In conjunction with the increased demands on complexity due to the functionality
handling requirements expected by the platform, the management team had to reconsider
the traditional project model and introduce a new approach to the way the enhancement
project was organised and managed. This was done by addressing the structure of the
platform development process in order to increase quality and delivery precision. In an
attempt to reduce costs, increase quality and flexibility, and shorten delivery time, the firm
drew experience and learning from previous platform development and enhancement
projects. The platform development process used in previous projects can be explained as
ranging from sequential engineering approaches to concurrent engineering. In this old
approach, development work initiated with a common design base on which larger
functional increments were created and developed in concurrent fashion. Development
responsibilities were functionally divided and unverified code was delivered and integrated
at one point, at the point of final system version creation. This often led to an integration
big-bang since larger increments had to be managed. Responsibility for verification and
functional tests lay with each Product Area Integration and Verification Unit rather than
at the level of individual functionality development. Functional verification took place
after final systems integration, which meant that errors in functionality delivery
disseminated into the work of other engineering development teams and functions and it
became difficult to distinguish what was working and what was not. The new way of
working (Figure 4: Project model development pattern) was an evolution of the way in
which development activities had traditionally been managed within the firm and built on
a development logic in which the system was developed in smaller, but more frequent
steps.
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Figure 4 Project model development pattern
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With this change from a historically sequential approach, towards a focus on concurrent
engineering, the new approach would allow for a mix of approaches. Focus would be on
more, frequent and tighter technical integration of development output. The method used
in the platform development process was Integration Centred Engineering (ICE). By
increasing focus on technical integration it was believed that delivery precision, quality,
and flexibility could be increased. The new way of working was expected to provide better
provision for both increased system stability and for increased quality by dividing the
content of the complete project into smaller parts, so called Work Packages (WP), and
develop, verify and integrate them into the system as soon as possible. In addition to
design engineering development, function component, function and regression tests
would be carried out earlier. Thus in the new way of working it was decided to introduce
a new way of planning, through the creation of the Anatomy, introduce a new way of
performing Integration and Verification, in which verification would precede integration,
organize the work in cross-functional teams, and put more effort into component testing
and verification.
In addition to this, it was expected that decreased development costs could be achieved,
both in the short and in the long term, as there would be less need for corrections to take
place. Such savings were expected to arise from the process of verifying functional
development before integrating software increments with other parts. In particular, it was
believed that this would allow errors that occurred or were identified after integration to
be linked to the latest set of WPs being integrated. This in turn would reduce the need to
backtrack very far in the development process to identify the source of the fault or error
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identified. Further, taking smaller steps would facilitate and speed up the time needed to
react, re-plan and re-allocate resources.
Since this approach would allow a more dynamic and pro-active stance in the project, it
was believed that better and more accurate resource allocation decisions could be taken
when problems or new opportunities were encountered. Hence, by allowing smaller steps
of system evolution and growth, it was deemed that resources could be better and more
efficiently utilized. It was also believed that smaller steps would allow project members to
better understand and come to grips with what was currently being developed, thereby
making it easier to follow the overall plan of the project, and to stay abreast of
forthcoming development steps. This new way of working would also draw more heavily
on cross-functional team constellations consisting of members from organization and
product areas such as system, design, test, and integration. Yet another advantage was that
by initiating the testing of the different parts of the system early on, system stability could
be increased. It was a new way of working and aimed to reduce the time between indelivery from different sub-projects to the complete integration of the different parts,
and to shorten the development process and also to increase quality.
“The essence of the new way of working is to break up the development work in
smaller work packages, establish the interdependencies and create the Anatomy.”
(Sub-project Leader 1)

Due to the significant changes in the way of working, much initial effort was geared
towards making all the parties involved in the development work understand why and
how to work with the new development concept. Central to meeting these requirements
were three fundamental development concepts; the project Anatomy, Work Packages
(WP), and Latest System Versions (LSV). Smaller and more numerous functional entities
(Work Packages) would gradually be integrated to form latest system versions (LSVs)
which in effect would become the design base for the following set of work packages,
leading up to a final system version.

4.4 Anatomical Decomposition
One central requirement of the new development process was the early planning of
system technicalities and the creation of the Anatomy (Figure 5: The Anatomy). The
Anatomy was a visualisation of project work broken down into Work Packages (WPs),
their interdependencies, and the grouping of WPs into Latest Systems Version (LSV). It
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was recognized at an early stage that the quality of the Anatomy would set the path for
the success of project through its mapping of the technical development pathway of the
platform project.
“The idea is to have a holistic picture on paper, and also have the possibility to
restructure within the project, when required to.” (Test Coordinator)
Figure 5 The Anatomy

Design Base

Design Base

Work Package
Shipment 1

Integration
Dependency
Shipment 2

Shipment 3

Shipment
(Delivery to customer)

Source: Adapted from internal company material

A Work Package (WP) is a functional entity that can be integrated into the system on its
own and defines a small addition of verifiable system qualities. In the model above, a line
between two WPs represents an integration dependency. A line from one WP to another
means that a WP has to be integrated into the system before the other WP can be
integrated and verified. Integration of numerous WPs results in the creation of a new
Latest System Version (LSV). A newly created LSV will in turn become the latest version
of the system and make up the design base for further development engineering work. A
LSV can also be shipped to customers as a functioning part of the anticipated final
system. In such a case the LSV will become a customer ‘Shipment’. A shipment was a
functioning version of the system, although it had limited capacity in comparison to the
final product. Work with the Anatomy was highly iterative and continuous throughout the
project. The importance of getting the Anatomy right was not only a matter of
establishing the necessary WP teams needed but it was also important in order to create
the correct delivery plan. Because the project stretched over a long time period it was
important to establish the delivery in such a way that functionality could be incrementally
added.
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“One of the strengths of the way of working and the Anatomy is that Latest System
Version plan is foreseeable for everyone. It tells you what functionality comes in
what timeslot. And if you have carried out your technical analysis correctly, the
functionality should be rather independent of each other. So hypothetically you
should be able to move them around a bit.” (Technical Coordinator)

The Anatomy visualized interdependencies that constrained the order in which WPs
could be developed, verified, and integrated to create LSVs. As such, it provided the
means and possibility to map which WPs within which sub-systems required attention
first in the engineering development work. Hence, the Anatomy visualised which WPs
that could be developed and integrated in parallel, which needed to be developed and
integrated sequentially and which development steps needed to be taken within the
project. It also visualized deeper technical requirements, for instance visualizing internal
dependencies within WPs and sub-systems within the total system. The Anatomy was also
used to visualize the number of shipments planned for the project, their shipment dates,
and their content in terms of included WPs.
The planning and creation of the Anatomy had two main purposes. One was to map
technical development paths and the second was to illustrate required resource demands.
The technical aspect was fulfilled by the determinacy of functionalities, their
encapsulation into WPs and the establishment of interdependencies, interconnectedness
and their position in the Anatomy. One important point was that WPs were not directly
defined from the requirements of the system but instead on the implementation analysis
that was performed for all the requirements. Thus it was total system requirements and
characteristics that determined the development of WPs’.
Integrating WPs was deemed a central activity. The organizational aspect was primarily
concerned with the deployment of resources to each WP and the overall progress control
of the project.
“Project management must be involved in order to care for the resource
dependencies and really make an estimation of the resources required for each Work
Package.” (Assistant Project Manager)

The creation of the first Anatomy was a demanding task that took approximately three
months to complete. Responsibility for this work was assigned to the Product
Management Team that together with internal customers and receivers of the platform
determined the initial functionality requirements and the specification of the system.
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Important resources involved in this work included the Integration and Verification Unit
at central level (IVU).
“It is important that Systems Integration, both centrally and those assigned to the
different sub-projects, are involved early in creating the anatomy. The reason is
simple; the work process is integration driven and the dependencies between the
work packages are integration dependent.” (Assistant Project Manager)

A System’s Management Team had the responsibility of breaking down system
requirements into technical requirements according to different sub- and system areas.
Since the successful and accurate creation of the Anatomy was central to the development
success of the Project, meeting frequency was high at the beginning of the project. This
was to ensure that WP development work was on schedule and to see whether all risks
associated with the established interdependencies between WPs had been identified or if
there were interdependencies which had not already been identified or defined.
The new way of working thus required more issues to be taken into consideration and
planned than before. The project required planning so that each development step taken
was the continuation of a previous one, thereby minimizing the need for re-work. This
also meant that the efficiency of the project was highly dependent on each development
step being functionally and technically sound. Thus, having a comprehensive
understanding of the interdependencies between different WPs was crucial in the creation
of the Anatomy. If new interdependencies were identified at a later stage later in the
project, it could mean that the whole project had to be re-planned. This was pointed out
as a deficiency in the development process, since success hinged on the successful
creation of the Anatomy.
“It is important to have a good understanding of the interdependencies between the
different work packages. The reason is that a newly identified interdependency later
on in the project could mean that the whole project needs to be re-planned. And that
is the real vulnerability in this process. If you don’t succeed with creating the
Anatomy, and have the necessary preconditions to create the Anatomy, then you will
have trouble later on.” (Technical Coordinator)

Establishing the WPs and identifying the independencies between them was a complex
task necessitating awareness of interdependencies on a deep technical level. Consequently,
ground-level planning was also required. The inherent complexity involved in mapping
the system from start to finish and due to system size, the number of system areas
involved, as well as the number of interdependencies, meant that complexity was too high
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to be handled by a single or a few individuals. Participation, interaction, communication
and negotiation between numerous areas of expertise fed into the Anatomy. When
consolidating all these WPs in a large diagram, participants had to engage in discussions to
make adjustments and see what the Anatomy should look like.
“You really need competent people that can sit and do the project planning. And you
need technical people that can do the Anatomy and the division…//…there are a
number of parameters in this that needs to work. If you can get project management
together with the technology then you have the pre-requisite to succeed.” (Test
Coordinator)
“At a lower sub-system level it was possible for a single person to establish these
dependencies, but at the level of the total system it still required a group of
knowledgeable people to make the feasibility study and the initial Anatomy.”
(Assistant Project Manager)

The problems with establishing the interdependency between WP teams was a result of
not including enough design engineers in the earlier project phase of creating the
Anatomy. The reason for omitting design engineers was because the previous project was
at its peak from a resource point of view, which meant that that project consumed the
majority of design engineers. At the same time, the realization of that the planning stage
and the creation of the Anatomy was more demanding then expected was not obvious
when the project started. The understanding of this did not become obvious until work
had started and it later became apparent that a number of interdependencies existed.
With the creation of the initial Anatomy, the project was planned from start to finish.
However, since the project ran for almost 3, years it was deemed problematic to
determine a specification and Anatomical decomposition that could hold for the whole
period. Project management had recognised the difficulties of planning on a detailed level
too far ahead. Establishing all system interdependencies at the outset of the project was
not seen as a viable approach and consequently, it was important to incorporate replanning flexibility into the Anatomy. Hence the product management team was involved
in continuously communicating changes made to the specification. This was in order to
allow the restructuring and reordering of the position of WPs. The Anatomy had to
provide rigour to proceed with development activities at the same time as it required
flexibility to incorporate changes without interfering with existing development work.
Reorganizing the initial positioning of WPs, or creating new WPs taking into
consideration interdependencies and dependencies that already existed, became crucial to
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the success of the Project. Decisions to delay some WPs or to bring forward others
became a necessity.
“Some work packages were independent of others, they had no immediate
interdependencies that required attention and they were easy to move around in the
Anatomy and bring back in the development.” (Technical Coordinator)

Attempts to establish aggregated responsiveness was made in several ‘technical forums’
held a coupe of times a year. At these technical meetings and forums, interdependencies
between WPs and the cross-WP impact of the integration process were discussed. These
meetings were important in order to provide full technical control, coordination, and
information sharing in the complete project. They provided an opportunity for subproject representatives to run through the Anatomy and discuss its evolution, any delays,
and also any required changes. Indeed, engaging in discussions to find collective solutions
were deemed to be the most important problem-solving exercise.
“There have been numerous workshops to find solutions to problems that we see
will come later on in the project. This has made everyone become involved and
committed to the task.” (Project Manager)

By enabling the re-planning of the Anatomy, new requirements, both internal and
external, could be included in the system development work. Though these forums
fulfilled an important role in bringing together representatives from all sub-projects and
facilitated information sharing, the possibility to establish future integration impact was
still limited and overall system performance difficult to establish.
“The complete and exact impact of future LSV’s has not been simple to understand
until the work has actually been done.” (Sub-Project Leader 2)

4.5 Encapsulation
A central aspect of the design engineering process was to make all sub-projects involved
in the project consider the activities they had to carry out in order to deliver the required
functionality. Analysing the activities that needed to be carried out to fulfil the
requirements of the system specification consequently led to a division of functionality
and the engineering development work into Work Packages (WPs). A WP was a
functional entity which was feasible to integrate into the system on its own and that
would add value to the total system. Through the creation of WPs, it was possible to
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separate the development work into smaller verifiable parts which could be integrated
into the total system and thereby also establish the order in which the system’s
functionality should be developed and integrated into the system.
“The Work Package concept is created to handle and cater for change. It has never
been the goal to freeze the project content, but rather to provide a way of working
that survives change.” (Technical Coordinator)

The Work Package creation process started with the early creation of the Implementation
Proposal (IP) in the conceptualization stage (pre-TG2 milestone). When the IP was
created, no decision as to whether it should be included in the project or not had been
made. It could be understood as a pre-study stage where the point was to establish the
costs of developing functionality, whether to develop it, and how much time it would take
to develop it. A decision would be taken after that whether to include or exclude the
functionality depending on whether the costs could be borne. If a decision to carry on
was taken, project management started planning the order in which IPs were to be carried
out and which sub-projects and (potential) WP Teams should be given the responsibility
for further analysis.
Within an IP, there could be a number of functionalities incorporated. After detailed
analysis, an IP could become several different WPs in either one sub-project or several
different sub-projects. The deciding factor was the richness in the scope of the initial IP,
as this determined how much functionality was going to be developed. Of importance
here was the capsulation of a single functionality within one WP and one WP Team. The
division of the IP into several different encapsulated functionalities led to the creation of
a number of different Work Package Assignments (WPA). A WPA contained information
on a high level of what engineering development work needed to be carried out, who the
team members would be and how long the development work should take. Thus the
creation of a WPA signalled the creation of a WP Team and also defined the scope of the
work that was required to be carried out.
A WP clearly demarcated the functionality that was to be developed and undergo rigorous
testing before delivery for integration. In addition to this, a WP was required to always be
sufficiently complete for integration into the system and still ensure that the system
worked. This required each WP to be verifiable and backwards compatible. Compatibility
would allow integration into the system without interference with the functionality of the
existing design base or with previously delivered WPs. Parallel development and parallel
integration with other WPs was another important characteristic of a WP. The function
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capsulation within one single WP had to be small enough to enable it to be easily
removed if this became necessary due to changed prioritization or resource shortages.
Working with WPs was a flexible way of incorporating new requirements into the Project
scope since they could be divided if they became too large or complex. These newly
created WPs could then be included somewhere else in the Anatomy. Working with large
increments could be avoided, thereby reducing major effects on system structure. Thus it
was important that WPs had their own identity since this would allow changes to the
Anatomy to be made. Important characteristics of a WP were its value-adding
contribution, its independent integration into the system, and that it would ensure that the
system worked after being integrated. Each WP was required to be verifiable
independently, within the system as a whole and also backward compatible.
“What is important is that these work packages have their own identity. That is
important in order to be able to make changes in the Anatomy.” (Assistant Project
Manager)

Apart from encapsulating the technical functionality, a WP also allowed resource
demands for functionality development to be visualized. This took its form in the shape
of a WP team assigned to each WP. In terms of human resources and development time,
it should be possible for a team of 10-20 people working for 6-12 weeks to integrate,
implement and verify a WP. One WP Team was assigned to each WP defined in the
Anatomy. The role of the WP team was to develop and deliver the required functionality
in accordance with a delivery date for integration into the LSV.
“What is a Work Package Team? It is the competence mass you need to create your
product.” (Test Coordinator)

4.6 The Work Package Team
The work of the Work Package Team (Figure 6: Work Package Team Responsibility)
starts with the creation of the Work Package Assignment (WPA). There was a need to
assign a team leader and preliminary team members to each Work Package early on in the
development process so that further analysis work could be carried out. Once the WP
Team received the WPA from the project management team they negotiated and agreed
on the assignment given.
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Figure 6 Work Package Team Responsibility
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Once the WP Team had been created, it took over responsibility for the WPA and
worked towards the 1/3rd review point. The WPT began analysis work with the aim to
investigate how the WP should be implemented and verified what resources would be
required to carry out the work. The WPT had to undertake an analysis to identify those
tests that needed to be carried out in order to ensure that both the design base and
previously delivered WPs would work together with new WPs, i.e. carry out a light
regression test and ensure that the proposed work would be backward compatible. A WP
team also had to establish joint function tests that were required if the WP had
interdependencies to other WPs. In terms of coordination, it was the responsibility of a
WP team to identify the other WP teams that they needed to be coordinated with and
make sure that this coordination would be secured. These coordination requirements also
included instances in which the development work would change any internal as well as
external interfaces that might affect other WPs’
Once the analysis had been carried out and the Work Package Specification created, it was
sent to the 1/3rd review where it would be deemed either as complete or in need of
further analysis. At the point of the 1/3rd review the Work Package Specification (WPS)
should have been completed. The WPS contained detailed information needed for design
engineering, development and implementation work to be carried out by the WP Team.
This information was required to be on such a detailed level that anyone who got access
to the information should be able to carry out the work. At this review, it was decided
how much testing the WP Team would have to carry out before they could deliver a WP
for integration into a LSV. Decisions with regards to the tests that were required after
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delivery and integration had been carried out were also made. Such tests included a
function test and light regression tests carried out by the WP Team, a regression test
carried out by the Product Area Integration and Verification Unit (IVU) and system test
and early system verification by IVU. If the review was successful, the WPT would get the
green light to proceed with the implementation work. If the specification did not pass the
review, the WPT would be requested to continue the analysis work.

4.6.1 The Resource and Competence Bargaining Process
Each WP development assignment was often larger in terms of resource demands than
the resources assigned to each sub project. Whenever a need for additional resources
arose, this demand had to go through the project management team. Sub-project leaders
did not have the authority to seek resources or competencies outside of the total project.
This meant that sub-projects often lacked sufficient resources and had to convert to
negotiating between the different sub projects, borrowing and adding resources and
competencies that way.
In essence this meant that each sub-project was given a development responsibility that
was larger than they were able to handle with the resources allocated to them. However,
at the same time, they had been given the freedom to engage in negotiations with all the
other sub-projects in order to raise the resources and competencies required to complete
their tasks. This was considered a positive thing from a total project management
perspective. Having this resource responsibility on a lower level made it possible to
establish quality at this level before delivering to System integration and Verification. This
was also considered as positive because total project management did not have to control
everything so rigorously and because at a lower level they had known that they could
negotiate and bargain for competencies in other places in order to get their task done, as
well as knowing that what they delivered was a finished part. The reason this process of
bargaining and negotiating worked well was because all the sub-project leaders had some
idea of where to find the competence they needed. This was facilitated by their presence
at project meetings and to the fact that already knew each other from earlier projects.
Resource reallocations between the different work packages took place in order to avoid
delays. This reallocation occurred not only in between work packages within the sub
project but, as far as possible, also between different sub projects. However, the degree to
which such reallocation was helpful depended to a large extent on the nature of the
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problems or issues encountered, as the work within the different sub-projects was
different.
“You are often specialized within your sub-project or sub-system…and often there is
not much you can do to help within other sub-projects or sub-systems…it stretches
as far as doing some configuration work.” (Sub-Project Leader 2)

In addition to this, the different sub-projects did not always have knowledge and
understanding about technical aspects facing other sub projects in their development
work. However there is a view that it is possible to gain some insight into the work of
other WPs, to the point that the different sub-projects knew what to do with the in
delivery once delivered.
“It is possible to get some insight into what the others are working with...not to the
point that you become an expert…but at least you know what to do with it (what
they deliver).” (Sub-Project Leader 3)

In terms of technical knowledge, there is some overlap between the different sub-projects
as there often is some interface between the system parts. But on a personal level and in
terms of personal knowledge there is a fairly strict division. When similarities can be
found it is where the functionality level within the different sub-projects/systems is
similar. Even within the daily work of Designers, the way of working differs. Individual
differences within a sub-project as well as between sub-projects can exist. That others do
not understand certain parts or that someone has not been informed and made to
understand that others need to understand something can be a cause of problems.
The importance of having some understanding of each others knowledge, or a shared
knowledge base is identified as something important and something that can facilitate
design engineering work.
“I think it is very useful to have that understanding…. and also to build it up. It may
not have to be on a very detailed level but at least on an overall level. I think that
would ease the development of new functionality and the overlap between units.”
(Sub-Project Leader 3)
“When conflict arises it is often a result of not having enough knowledge about each
others areas. If you understand how others are working then you can often take that
into consideration if there are things that overlap and need to be discussed jointly.”
(Sub-Project Leader 4)
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4.6.2 Design Engineering
Once the Work Package Specification (WPS) had been approved by project management,
design engineering development work initiated. The WP Team became responsible for
designing, coding and carrying out component development up until the point of
implementation of the WP functionality and for reaching required software quality. Based
on the content of the WP the WP Teams were allowed to decide themselves how the
design engineering development work would be carried out. Hence each WP Team was
left to find its own optimal way to fulfil the requirements in terms of content, quality and
lead-time. What was taking place at the team level within each work package was not
something that was controlled by the project management team. The process of having
meetings, where and when, with whom and why and about what, was something that
needed to be established by the work package teams themselves. The Total Project
Management team was only involved in the start up of a work package and its finish. In
between, a great deal of responsibility was given to the team to establish how to do things
in the most efficient way.
Design engineering development work was carried out in a local system environment,
separated from all other development work. This meant that a WP Team always operated
in their own local system environment and on their own copy of the LSV, referred to as
the Latest Local Version (LLV). A LLV was an exact copy of the Latest System Version
(LSV), which consisted of a number of verified and integrated WPs. Working with a LLV
allowed ‘local’ system testing and verification to take place before deliveries for
integration into the LSV were made. Development, testing, verification, and integration of
a WP on a LLV prior to the integration and creation of a new LSV on a central level were
central, since this reduced the need for later testing and verification activities. Another
salient reason for working with LLVs and carrying out tests on a local version was to
avoid ongoing design engineering development work within one WP team impacting any
other WP team or the LSV. The LSV should only contain verified and functioning WPs.
Thus, increased attention had to be given to testing and verification activities prior to the
integration exercises.
Ideally, there would be no requirement for making any additional test or integration
between WPs before they were sent to systems integration and verification. However, due
to the recognized difficulties of establishing all interdependencies and determining system
effects at the start of the project, some testing and verification were still carried out
centrally (at IVU) to ensure the successful integration of two or more WP into LSV. The
process of encapsulating functionality and thereby reducing interdependencies between
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WP proved to be difficult since many WPs built on each other to arrive at the required
functionality. This further necessitated the simultaneous testing of several WP despite the
careful planning and creation of WPs in order to avoid too many interdependencies had
been recognized as important. Hence, although the WPs were supposed to be totally
independent from each other, reality was different.
“The system wasn’t designed like that so at times one Work Package had to be
delivered to another and then they had to sit down in the same lab and test it before
delivery. There are Work Packages that have more interfaces to each other than
others. They have to live on the result of a previous work package. And that means
that you have tighter cooperation in those work packages.” (Technical Coordinator)

What was required was broad knowledge to ensure that that each WP was planned in the
right way. This planning would have aided in ensuring that not too many
interdependencies would exist between different WPs, forcing them to deliver at the same
time. Despite recognition of that broad knowledge and tight cooperation between
technical areas was important to ensure that WPs were planned correctly, this was a
difficult endeavour. Avoiding too many WPs being delivered for integration at the same
time proved difficult. It was recognized that those responsible for planning the Work
Packages did not always have the required knowledge.
“It is viable to include people with a bit more technical background that perhaps see
these things which you should find at an early stage. So that creates huge problems
once you begin the work. You find that you have interdependence to another WP
team, which no-one had thought of. And if it then shows that one team is delayed
because of this, then the whole thing must be postponed.” (Sub-Project Leader 2)

Hence it was recognized that it would have been better to include more technical
expertise earlier in the planning process in order to identify interdependencies. Newly
identified interdependencies late in the development process often led to delays and
postponement of integration activities.
“You need to be aware of the interdependencies on a deep technical level, as deep as
software module level, and that is a pretty tough task in a project of this size.”
(Assistant Project Manager)

At the same time, it was problematic for all the project participants to have a clear and
broad understanding of the scope of the project and how the design engineering
development work carried out in the different sub-projects influenced, impacted or
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contributed to the complete system. Thus the understanding of the complete system did
often not stretch further than the immediate sub-project and the technical demands and
functional requirements that needed to be developed. Although some additional
knowledge could be gained through the error reports that were distributed from the IVU
whenever such were encountered, the understanding of the design engineers did often not
stretch further than the individual WP.
“Often you have an understanding of what and when a work package team will be
delivering a new functionality. What you don’t always have an understanding of is in
what way their delivery will affect us. Often you wish to have the help of that team
making the delivery to find that out.” (Sub-Project Leader 2)
“I don’t think they understand much of the [final] product at the lower level. They
have their tasks to concentrate on. At top management level, we know what the
product is going to look like at the customers, but to take all that knowledge and
make it comprehensible for everyone…we haven't succeeded in that. The team
leaders have to a certain extent understood their task and try to understand the
interdependencies to the other work packages but not much more than that.
(Technical Coordinator)

This also had an effect on how and who was approached whenever a problem was
encountered. Since the design engineers often did not have an understanding of the
complete system, they would most often revert to discussion with their immediate peers
when engaged in problem-solving. Another reason was that it was seen as problematic to
approach a sub-project leader or the management team for guidance when a problem was
encountered. In particular it was felt that communication and the problem discussed
often was filtered through so many communication lines that information was lost. So for
instance whenever the project leader engaged in discussion with the sub-project leader to
clarify a problem pointed out by a design engineer, more information was lost. So even if
the right person to resolve the problems finally was found a lot of information would
have been lost in the process as well as it taking a longer time.
“You always encounter problems or issues that need to be resolved or there is
something that does not function. At such instances you need to sit down and try
and identify those people that are concerned and then you need to make sure that
they take some action on that.” (Sub-Project Leader 4)
“The biggest difference in this project has been the level of cooperation between the
different sub-projects. This in turn meant that they did not need to go through their
line managers to resolve issues but could discuss them locally with other sub project
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managers, and thereby find solutions. This is something I understand has been
almost impossible before (in previous projects).” (Sub-Project Leader 5)

Yet there was a tendency to not engage in technical discussions that were too deep with
every participant, especially with regards to problems and errors encountered. Although it
was possible to draw upon the guidance and knowledge of sub-project leaders and the
technical coordinator at the total project management level to gain increased
understanding of technical aspects of the development work, this was often avoided.
Instead, design engineers preferred to stay close to the WP Team participants since they
were considered to be closer to the engineering development work and therefore had a
higher degree of insight into the technicalities of the functionality being developed.
“If we find a problem we’d rather speak to a technician…the integrators would
rather speak to someone that knows what the deal is, or what is wrong, and that can
answer their questions. So being able to address the technicians directly is better in
many ways, often leading to the issues being handled quicker.” (Sub-Project Leader
2)

In addition, the difficulties of spreading the understanding of the complete system to all
project participants arose from the breakdown of the complete system into so many
different and smaller parts. In particular it was believed that despite the contribution
made by the Anatomy, there was still a lot of information which was necessary to include
that was not covered by the WP breakdown or was not included in the Anatomy. Looking
at the Anatomy could for instance give a view that the position of a particular WP was
due to its interdependencies with other work packages and therefore had to be delivered
earlier. But after closer reflection it could become became apparent that the location of a
WP in the Anatomy also could be influenced by customer demands. That could be
technically wrong, but an external factor had influenced the positioning of a WP. This
was often information that was not passed down the hierarchy and that project
participants further down the line were unaware of, which in turn could lead to confusion.
“There is always a desire to broaden the knowledge of individual people and a desire
to understand things better. But because there often is no time for that, people tend
to get stuck in a niche where they become experts. Thus time constraints make it
difficult to broaden your knowledge.” (Sub-Project Leader 1)
“When dealing with new knowledge, both from others but also new encounters
within what you are working with as well, the challenge is to find the time to absorb
it. You might end up in a situation where you come across a very good solution but
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that you don’t have the time to reflect around this or react to it. That is something
which is very common. “(Sub-Project Leader 1)

At times, some WPs had the tendency to become so large so that they were almost
considered to be smaller projects within individual sub-projects. This was explained as
being a result of that at times too much functionality was being incorporated within one
single WP to be developed by one WP Team. In turn, this was explained as resulting from
that a WP should capsule one functionality, and that independence from other
functionalities would be the line of separation. The aim was to avoid the need for
dependence of one WP on the delivery of another. In order for this to be successful there
was a need in the earlier phases of the project (pre TG2) to successfully plan and establish
the dependencies, deliveries and the work that had to be carried out in the future.
However, this was something that could not be completely established at the outset of the
project which consequently led to many WPs having dependencies to other WPs. This
meant that some teams that worked early in the project had dependencies towards other
WP teams and deliveries further down the development chain, necessitating their work to
be extended. Consequently, some WP teams worked for a long period of time with their
development task.
“It would have been better to create a larger team rather than having to deal with the
increased coordination demands of working in three different work packages that
required to be delivered at the same time and be integrated.” (Test Coordinator)
“You have a number of release points, and if they happen every three weeks, every
week, or every second week, then that determines how often the work packages are
allowed to be slotted in.” (Technical Coordinator)

One technical coordinator implied that what they had was a management group that
focused on the structure and only a bit on the process, and then you had the technical
part, with designers who thought about the technology and only a bit on the process and
what was required was for these two perspectives to meet. The problem was to find the
time and the opportunity to talk to each other. It was believed that this was required in
order to make the whole thing work.
“Honesty and early warnings as key elements in the communication plan has worked
very well in the project. We have been honest towards each other and warned of
risks before they became a problem.” (Technical Coordinator)
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“Another success factor has been to be one step ahead. This has saved us from being
delayed several times as there has been time to take corrective action.” (Test
Coordinator)
“Each Work Package Team has to prove that the quality is good enough to deliver to
the LSV. If a WP has problems they are not allowed to deliver, which means that the
LSV has always been green. This means that a problem in one WP Team is isolated
and is not impacting the progress for the other WP Teams in the project.” (Assistant
Manager)
“The communication required at the lower levels, at the levels of work package
teams, is nothing that the total project management team has controlled. That also
means that they have not in many circumstances been aware of the problems that
have existed and that has had to be resolved at this level. A lot of technical issues
between work packages have been dealt with at the technicians’ level without any
inclusion of the total project management team.” (Sub-Project Leader 1)

When the WP team had performed both function and light regression test they delivered
their WP for integration into the LSV. The delivery and integration of the WPs into the
LSV was visualized in the integration plan, which contained the planning of deliveries and
the integration of WPs. Nonetheless, the decision about which WP would be integrated
was taken by the Build Control Board (BCB). It was not until the BCB had given its
approval that a WP could be delivered and was sent to System Integration and
Verification Unit which integrated the WP and produced a new LSV. Before delivering a
fully tested WP, a decision from the Total Project Build Control Board (BCB) was
required. The BCB decided whether the WP was of good enough quality to be delivered
to Systems Integration and Verification. There was a document that went under the name
BCB (Build Control Board) which was a check list. This meant that whenever a work
package team had fulfilled its mission, they constructed a document stating how they had
fulfilled the different demands, how testing had taken place and how the work package
team had worked in general. This was then discussed in the BCB meeting which included
representatives from line management, the project, and the customers. In this meeting it
was also decided whether or not a Work Package was of a high enough quality to be
considered complete and ready for delivery. When the Build Control Board had decided
that the Work Package was of a good enough quality it was delivered to the Integration
and Verification Unit (IVU) and the WP Team is resolved.
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4.7 System Aggregation
A central element of the new way of working was the integration of numerous WPs into
periodically created aggregated wholes, the so called Latest System Version (LSVs). This
was an important activity that ran throughout the project from its initial point up until the
final system verification and delivery. The integration of WPs developed in different subprojects and within the realm of a WP Team into coherent wholes was carried out at the
Integration and Verification Unit (IVU) at central system level. Thus it was the
responsibility of the IVU to integrate the deliveries from different sub-projects, carry out
the necessary testing and verification and ensure that WPs were functioning together to
make up an entire system. IVU consisted of two separate, but closely integrated units that
worked in the same sub-project, namely Systems Integration (SI) and Systems Verification
(SV). System Integration (SI) was responsible for performing platform test analysis. It also
had the role of carrying out systems integration and creating the LSV plan. SI was
required to support the test coordinator in creating the overall test strategy plan. Once
Systems integration had finished their work, the system was sent to System Verification
(SV). At SV, the system underwent approximately six weeks of verification in order to
ensure that it had the required quality. SV was also responsible for performing platform
test analysis. Further, SV created the system verification plan and supported the test
coordinator in his work of creating the overall test plan. Finally, it was the responsibility
of SV to write the final test report at Product Release A (PRA) and the test report made
per shipment (customer delivery). Both SI and SV had the role of preparing deliveries in
accordance with the delivery plan, were required to follow the integration and verification
plan of the platform within the project scope and to make deliveries according to
platform project needs. However since there were interdependencies between subprojects with regards to the development work these carried out, integration and
verification activities took place at all levels of the project.
“Integration happens at several levels in the project. It happens within work
packages, between work packages and then it happens at System Integration and
Verification. It is more of a fluid process where the strict hierarchical division is
abandoned.” (Technical Coordinator)

Consequently there were integration and verification capabilities at the level of individual
sub-projects in addition to overall IVU. This was referred to as Product Area Integration
and Verification (PAIV). The role of PAIV was to integrate and verify together all the
parts that a particular sub-project was responsible for. Therefore some testing for
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integration between different sub-systems was carried out by the different WP Teams
before they made a delivery to the central Integration and Verification Unit.
Central to the work of the Integration and Verification Unit was the periodically created
Latest System Version (LSV). An LSV was a functioning aggregation of the system, and
was created every second week. For each new LSV produced, more functionality and
characteristics would be integrated and introduced into the system. Each new LSV was
expected to undergo an extensive regression test (backward compatibility) by both the
central System and Integration unit as well as by each product area’s systems integration.
Consequently a delivery of WPs from the different sub-projects to IVU led to the design
base being updated with new functionalities.
Once all delivered WPs had been integrated and the integration process had been
completed through the creation of a new LSV, the LSV was made public to all the subprojects and WP Teams. It subsequently became the new Latest Local Version (LLV) of
the system, against which further design engineering development, verification and WP
work was carried out. This process also ensured that all new WPs that followed the
integration and creation of a new LSV were working on a similar and latest design base
Each new LSV was required to undergo extensive regression testing (backward
compatibility) by the IVU as well as by each product area’s systems integration. When the
last WP within a periodical LSV had been delivered and integrated into the LSV and the
LSV had been regression tested, the LSV (could) became a shipment that was delivered to
customers. The shipment of a LSV to customers was possible since it contained verified
and tested system functionalities. Within the project, five LSV shipments had been
planned to be carried out and delivered to customers before the final product system was
finished.
It was decided to break up system delivery into five different shipments in order to avoid
too much functionality being delivered at the same time. In this way a ‘big bang’ effect
was believed could be avoided, when customers had to integrate the delivered system into
their own systems. Another advantage of using shipments was that early feedback could
be obtained as customers would be able to start using parts of the system at an early stage.
“The only difference between a shipment and the final system, apart from the fact
that quality and functionality is improved, is that no new additional functionality has
been added. In essence, each shipment is a product that can be seen as a functioning
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system to be used, although it has a limited capacity in comparison with the final
product.” (Test Coordinator)

Frequent systems integration in the form of LSVs and the creation of shipments served
several purposes. One was that it had an internal development purpose in that it allowed
more frequent test and verification activities to be carried out, thereby ensuring the quality
of the system parts. However, frequent system aggregation also meant that technical
development limits were set by the functional capacity provided by each newly created
LSV. For each LSV, a predetermined degree of functionality was integrated, thereby
setting the limits for how large the technical steps taken by the following WP teams could
be. In the new way of working, the process of more frequent system aggregation thus
influenced the development steps that could be taken within the system.
“In terms of the technical requirements and the functionality developed, the limit is
set by Latest System Version, if you are going to maintain a high quality. It does not
matter how many resources you assign to development. It’s a question of time, on
system level we only want to integrate a certain degree of functionality. That puts a
limit on the size of the technical steps we can take.” (Technical Coordinator)

Further to this, as had been shown historically, since integration issues was the key
determinant for delays, an approach whereby gradual integration could take place was
required. This had effect effects not only for the internal development process but also
influenced internal customers concerned with developing platform applications. It also
had the purpose of making it easier for internal customers to integrate the development
output with their own systems. By enabling system aggregation several times during the
life of the project, it was possible to facilitate greater and closer integration with the
immediate internal customers of the product. Such dependencies predominantly came
from the need to integrate Applications development work in the planning of the
anatomy. This meant that Applications were engaged and involved in a different way in
the development process than previously. They were now in a better position to be able
to communicate their requirements and were given ‘priority’ in the development process.
This allowed early delivery of the functionality required for them to carry out their own
development work. Thus, providing Applications with a functioning system at an early
stage allowed them to start their development process of the applications earlier as well.
All in all, this meant that the time from which it took the Platform to be fully developed
and was out at the operators’ network could be reduced, since the platform was used
further in the development chain to provide a fully fledged communication system. This
also allowed the earlier establishment of which functions in the application development
work would address which functions in the platform development work and vice versa.
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Allowing internal customers to gradually integrate the platform with their own
development work, facilitated parallel development between projects.
“Our Anatomy is governed by what parts, which Work Packages they (Applications)
are dependent on in order to carry out their own development. Now they can start
their own development after our first delivery because what is most critical for them
is included in that.” (Technical Coordinator)

Yet another purpose of the stringent testing, verification and the aggregation process was
to identify and exclude WPs that adversely affected aggregated system performance. This
in turn ensured system quality and the progression of engineering development work.
This simply implied that WPs which proved to have an adverse affect on system
performance were not integrated into the LSV but were instead excluded and subjected to
further development work and test, in whilst remaining engineering development work
continued as planned. Since the integrity of the LSV had to be maintained at all costs, no
deviations in terms of only accepting fully tested and verified WPs for integration was
ever made. This meant that unverified software modules were never integrated into a
LSV. Only after it had been determined that these did not have an adverse effect on the
aggregated system, were these WP considered for integration into the following LSV.
Another reason for ensuring completeness before delivery was that the new development
concept built on the breaking up of WP Teams once delivery had been made (although
some remained for error correction). This breaking up of WP Team members meant that
it was imperative that no design engineering development work remained to be done once
a WP had been delivered. If a Work Package had been promised for delivery at a certain
point then it was expected that it would include all the necessary parts and components
such as code, test reports, and any required documentation.
With the aim of reducing any negative effects on overall system performance, this process
nonetheless had wider implications for development work carried out later in the
development process and for the creation of future LSVs. The initial idea had been to try
to keep the size of WP deliveries small so that there would not be so much functionality
to integrate, which in turn would make the process faster.
However, problem rectification turn-around time was high since the rectified WP could
only be integrated when creating the following LSV. Despite the possibility to identify
errors when integration tests were carried out, the correction process was slow.
Correction responsibility had to be assigned, corrective development work carried out,
integration and verification activities on LLV performed, and integration into LSV at
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predetermined time slots facilitated. Consequently it could take up to six weeks for a
corrected WP to be integrated into a LSV, during which time functionality requirements
and complexity could grow as development work proceeded.
“It is like an assembly line. Many stations on the way and if you find an error, before
it has passed through the whole line and reached the point where you found it,
several weeks have passed.” (Sub-Project Leader 4)

At times, several large WPs were delivered simultaneously, making the integration activity
difficult. Initially the idea had been to keep WP small by reducing functionality contained
within each, thereby facilitating and speeding up the integration process when creating
LSVs’.
“The larger the design is the more effort is required to make Work Package teams to
do a correction because it generally means that the requirement is more complex. If
the design area is smaller you get a quicker turn around.” (Sub-Project Leader 6)

When a WP team delivered, what they delivered often came with a number of error
reports. These error reports accumulated over the course of time. They could be
addressed and corrected in a number of places, either WP level or at sub-project (Product
Area) I&V. However, they were never corrected on SIV level. This meant that situations
would arise when SIV tried to integrate but encountered errors. In order to adhere to
delivery dates, it was required at times exclude delivered Work Packages from integration,
meaning that what was developed on WP level was not the same as what was integrated
and delivered to customers. Integration difficulties were however not only to be
encountered at the Integration and Verification Unit. Another issue was a consequence of
the frequent aggregation of the LSV which would make up the latest design base for WP
development.
Because a new version was delivered every two weeks, a Work Package that was extended
into the future usually meant that WP team members had to spend a lot of time and
energy to take in all new deliveries into their work. This was expressed as leading to a lot
of overhead work which has nothing to do with coding and development. So in essence
these work packages spent their time trying to do incorporate the new LSVs rather than
engage in new development. That contradicted with the essence of Integration Centred
Engineering (ICE), which was based on frequent and short integration and design base
uplifts every second week to carry the development work forward.
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“What has taken time is to lift up the code base (from LSV) and run your local test
with your development before delivery. We haven’t managed to speed up that
process.” (Technical Coordinator)

Yet despite these quality demands, the general logic within the project had always been to
get the project moving forward. Consequently, decisions were taken at times that allowed
WPs that had not been fully tested to deliver partially. Such decisions were required at
times to due the interdependencies that existed between WPs and between sub-projects,
and which threatened to delay the whole project. The results of such decisions were
nonetheless not always positive, and led to problems further down the project due to the
fact that unsolved issues had not been tested enough.
“It often leads to more problems and at times it would have been better to delay the
whole project…or at least that how you have felt afterwards.” (Sub-Project Leader 2)

Another integration challenge arose from the fact that the current project was running in
parallel with an earlier initiated project. In particular the fact that the earlier project was
being managed in a different manner led to some challenges. The increased focus on
quality in the current project meant that a lot of correction of errors inherent from the
earlier project had to be carried out. Often the problems that arose were visible at the
lowest software module level, making it difficult at higher levels to ingrate the codes from
the earlier project into the current project. Consequently, at times, error correction as well
as new development had to be carried out simultaneously in the current project. Due to
the projects being at different life, design engineers often had to work in two different
development environments with different process perspectives.
Despite the focus on integration, integration between the different LSV and the previous
versions of the systems was riddled with controversy. The way which it was decided to
approach the integration between the different LSVs and the earlier versions of the
system, was to focus on the integration between the different LSV created and leave any
issues concerning compatibility with previous CPP versions to the last LSV delivery. The
reason for this was because it was deemed that too many interface changes would have
been required between each separate LSV and earlier system versions. However, this view
was not shared by all. One opinion was that this perspective would allow the system to
degenerate too much before integration issues were addressed at the last LSV. Thus the
notion of backward compatibility did perhaps not stretch as far, nor occur as often as
required, into previous system versions. Rather the prevailing practice was to repair
compatibility as soon as time to deliver the final LSV drew near. The result was that there
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were a number of errors that needed to be addressed at the latest LSV and more work
had to be carried out.
When the last shipment or the last function delivery had been produced, final systems
verification was performed and the system thoroughly regression tested. After
approximately two years of development work, the final system version was delivered for
commercial use on several markets. The new way of working with platform development
(Figure 7) proved successful in reaching the time and quality criteria set and has continued
to be used within the firm. Despite the challenges involved, the platform development
process used in the project was deemed highly successful, meeting delivery requirements
not only in terms of time but also specification.
“I think we delivered as we should….I don’t know if it meet the expectations we had
on budget but I fell we adhered to the time plan and the quality expected. (Project
Manager)
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Chapter Five
5 Platform Development in the Automotive Firm
According to senior managers within the case firm, the automotive industry has been
subject to dramatic changes over the last decade, characterized by overcapacity in
production of approximately 20 percent on an annual basis. Within this competitive
business environment it has become more demanding for smaller manufacturers to
compete globally. New competitive conditions result from the emergence of new
manufacturers and stronger production from East Asian manufacturers, where smaller
manufacturers are developing ambitions to supply the larger global markets. Further, its
argued by senior managers that end customers have changed their purchasing behaviour
and are becoming more demanding and expect more in return for their money. For
instance, within a five year period, customers tend expect up to 20 percent more features
in a vehicle without having to pay more. This means that new add-on features and
functionalities on a vehicle tend to become part of the standard offering within a few
years of development and introduction. Further to this, changes in the industry have also
led to less time being available to develop new vehicles. This change is attributed to
competition and competitors but also to consumers who have developed an increased
awareness of the multitude of products available to them. Consequently, the perception
within the company is that automotive manufacturers are facing increasing difficulties in
becoming visible in a crowded market and competitive business environment. Resulting
from these new demands is the need for vehicle manufacturers to change and introduce
new vehicle models more frequently in order to incorporate new required and expected
features and functionalities and to charge towards new ones. This means that vehicle
manufacturers have to be to be able to develop and manufacture vehicle variants more
frequently, and often at a lower cost. According to senior managers, time to market, the
time it takes from the decision to initiate a vehicle development project until the end
product is sold on the market, has become one important variable for competitive
advantage. Flexibility in vehicle development has become increasingly important in
conjunction with the ability to reduce the design freeze period in the development of new
vehicles. Through the ability to retain the option of making later decisions, senior
managers believe that the company will be better positioned to provide markets and
customers with the end product they require and expect.
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5.1 Platform and Vehicle Development in the Automotive Firm
In an attempt to adhere to new industry and markets pressures, the case firm has
introduced a new way of working with platform and vehicle development and
manufacturing. Traditionally, the development of derivative products followed a logic
whereby components and sub-systems engineering work was carried out at an early stage
of development, with the subsequent breakdown of requirements into individual
components at the lowest technical level. Following this, development and verification
work on component level was initiated, followed by development and verification
activities on sub-system level, system level and finally at the level of the whole vehicle.
Finally, production adaptation was carried out so that complete vehicles could be
manufactured. However this traditional way of working was deemed to not function very
well and furthermore had given rise to challenges that had become increasingly difficult to
handle. The main problem of the traditional way of working had been identified as being
the inclusion of innovative solutions in the development of components, since it was not
determined up-front how components should be developed. Consequently, end results
could not be determined up-front either. One reason for this was due to the development
activities that were carried out at the level of individual components once their
requirement had been established. The uncertainty involved in developing the required
components was extensive, leading to ambiguity in terms of time required or the quality
of the end results when these reached time of delivery. Since quality could not be
established up-front, there was often a need to re-loop the whole process of requirement
breakdowns and component development and verification. This in turn involved the
adjustment of initial requirements or the reworking of the initial specification by
excluding certain aspects so that quality and time targets could be reached. As a result of
changing external forces and based on the need to increase development efficiency, a new
way of working with regards to component and vehicle development was implemented.

5.2 The Global Product Development System (GPDS)
This new way of working, the Global Product Development System (GPDS), constitutes
the way the case firm works with product and platform development (Figure 7: Global
Product Development System). GPDS is a joint development system between different
brand organizations within the parent firm. It is a development process that contributes
to increasing integration between different development projects within the overall
organization. The joint development process provides the for instance different brand
organizations with a common development language. It also aids in the synchronization
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of development work across different brand organizations and between different areas of
responsibility within a project, by having joint delivery points in the time plan. By
emphasizing stronger adherence to joint delivery points, it is believed that the overall
progress of projects can be enhanced by reducing the need to wait for delivery from other
product development areas within a project. Within GPDS, nine different product
development areas are involved in parallel activities to derive the final product. These nine
product development areas are 1) Program management, 2) Finance management, 3)
Quality assurance, 4) Marketing, 5) Product planning and basic design, 6) Design
development, 7) Development and Engineering, 8) Purchasing, and 9) Mass production
Preparation.
The aim of the new development process is to reduce different time aspects in the
development of a new derivative model. One issue that it addresses is the pressing need
to reduce the time from taking a decision on initiating a new derivative development
project, to the point the product is on the market for sale. It also aims to reduce the time
from when investments outside the firm are made (for instance in manufacturing tools),
to the point revenues are coming back into the firm. It also aims to reduce the time from
completion of the development and construction work until the product is out on the
market. Finally, it aims to reduce the time from design freeze to the point the product is
out on the market. Overall, the new development process aims to reduce the time it takes
to develop new derivative products by reducing the business process as well as the
development process.
Figure 7 Global Product Development System (simplified illustration)

Source: Adapted from internal company material
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The development process within the firm can be understood as consisting of four major
phases. The first phase is the annual work phase, the second the concept design phase,
the third the engineering design phase, and the final phase is the manufacturing and
assembly phase. On a higher level, these phases can be divided into two major stages; the
pre-development stage (predominantly the annual work phase and some concept
development aspects) and secondly the engineering development stage (consisting of
engineering development and manufacturing and assembly).
The new way of working moves away from a focus on development per brand specific
vehicle program with limited re-use and knowledge building, to an annual process that
delivers possible solutions that can be used by all the different vehicle programs to reduce
cost, reduce lead-time, and improve quality. Working with vehicle development also
includes a move away from incompatible targets and late change in both the business case
(fiscal justification) and the content of the development project (technical justification).
Focus is on compatible targets where targets are aligned between available solutions and
expectations from the Cycle Plan (Figure 8: The Product Cycle Plan). The Product Cycle
Plan is a ten year plan containing information about future derivative vehicles that are
being planned for production.
Figure 8 The Product Cycle Plan
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Source: Adapted from internal company material

The Product Cycle Plan process runs for a year (from February to February) and is
divided into three phases. In the first phase, work related to analysis and strategies is
carried out. A run through of all the plans and strategies is carried out to see how these
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plans are interrelated and what they contain. For this activity, input in the form of internal
and external factors which relate to business environmental aspects such as the market,
customer demands and needs, societal issues and concerns and trends is required. Input
concerning target settings and financial resources is also required. An analysis is then
carried out on the level of the firm as a whole and another is then carried out by each
business function in order to look over their own operations based on this overriding
input. Following this input, an individual analysis by the three distinct business
perspectives, platform perspective, vehicle perspective, and power train perspective is
carried out. The intention here is that they should all carry out this analysis at the same
time. Following this, issue lists are created and brought up in discussions between the
three perspectives in order to create actions plans and find solutions.
In the second phase, the studies which have been agreed will be carried out in order to
find solutions to the problems relating to plans that do not correspond with each other.
For these activities, three major areas of the firm, in the form of Business and Product
Definition, Technical Work (engineering, design, manufacturing and sourcing) and
Marketing, work together in order to find solutions to the problems that concern all three
business functions. During the second phase, descriptions of which products are desired
and which demands on systems and technology these exert are also derived. In the third
phase, the Integration Phase, an update of all strategies and plans based on the previous
studies and their results is carried out. The strength of the Cycle Plan Process is said to be
that the Vehicle, Platform and Power-Train programs are required to take internal and
external factors into consideration at the same time, across different functions.
This new way of working also implies changes to the way suppliers are selected. Focus is
on the selection and development of key supplier relationships, based on the supplier’s
ability to support a two-stage design progression in which under-body selection and
design precedes upper-body development. The development process also aims to steer
away from the release of unsynchronized vehicle designs which uses a staggered start of
tooling construction, to a synchronized development, so that the process ends with a
single point of design completion. This in turn will enable a synchronized start of tooling
construction with the aim of improved quality assurance. A final aim is the ambition to
move away from long lead times that can arise due to late compatibility assurance in
required design changes and quantities. The development process aims to provide a
compatible and stable program direction which in turn, will lead to shorter lead times.
More specifically the firm aims towards establishing up to 80 percent of component
development requirements (both platform and derivative), prior to initiating design
engineering development work.
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Establishing requirements and solutions is a process which is catered for by the Annual
Process, an important and central aspect of the development process (the Annual process
will be discussed in more detail in the next section). Knowledge and information about
systems solutions created in the annual process and stored in the systems library will in
turn determine the technical solutions that can be used in the engineering development
phase. Only solutions that the R&D organization, the manufacturing and assembly
organization, after sales organization, and the market organization have jointly agreed
upon can be used in future vehicle projects. By establishing and agreeing upon technical
solutions at an early stage and incorporating these solutions into the cycle plan, the
requirements for future vehicles can be established based on the knowledge of
components and systems solutions in the annual process. Through this procedure the
firm hopes to minimise the element of surprise in component design results.
The creation and storing of knowledge about future technical solutions in the system
library also means that verification and integration activities will no longer be carried out
at the level of individual components but rather materialise at the system level. Through
this approach, it is believed that the early stages of the development process (the annual
process) can be reduced by up to four months, since the design architecture development
phase utilizes more of the knowledge created in the Annual Process. Product strategy
decision about what technical requirements should be included in the vehicle can be taken
earlier, thereby providing increased stability for the design engineering development work.
It also allows the possibility to have joint virtual development processes, enhances the
synchronization of data between R&D, manufacturing and sales, improves the reuse of
components and increases the application of commonality. It is anticipated that another
four months can be saved on the later stages of the development process since
manufacturing and assembly time can be reduced by informing design engineers earlier
about what solutions will be developed.
In the new development process, the pre-development phase and the concept
development phase run longer than in the previous development process. The ambition is
to develop and choose from already existing concept solutions that have been used in
previous projects or a new concept solution that has been developed outside the projects.
The earlier the prerequisites can be decided in terms of requirements and the more one
can stick to these, the better the final output will be. This means that the development
work should be finished by the time the tooling order is made and that the verification
should also have been completed. In this way, it is expected that they will know exactly
what will happen when the vehicle goes into the assembly and production stage.

115

One compelling challenge in the new development approach is the early identification of
problems. This is recognized as a major challenge, especially since no physical test objects
exist at an early stage and consequently no physical test activities can be carried out. For
the purpose of understanding the impact of component related problems on a complete
vehicle the firm employs a Failure Mode Effect Analysis (FMEA) process. For instance, it
is believed that over 90 percent of the failures found on the market are failures that also
can be found in the FMEA database. At the same time, the application of the FMEA
approach within the firm is regarded as immature. It is for instance claimed that there are
more issues in the database than can actually be found in the field and some of the
failures found in the field are not in the database. Further, there is no trust in the process.
Hence the need to become better at trusting the instruments available, both existing
simulation tools and mental capacity, has been identified. Much of this trust is catered for
through the annual process, where efforts to foresee what technical solutions will be
required, and what the future market will look like and how the firm will attempt to reach
it, is established.
“By simply thinking things through, and have a strict process before we decide on
the content of the project…were we appraise the risks and value the knowledge we
have…that makes the risk of including things that do not work smaller.” (Part
Module Sub-Team Leader 1)

Altogether, GPDS is a high level illustration and description of the vehicle development
process. Within each illustrated phase and at each important milestone, a number of
activities are carried out within and across a number of different development units, both
within the development project and within the permanent line organization. The activities
within each step of the development process are too numerous and at times too complex
to be visualized on a detailed level. They are also frequently specific for a particular stage
of the development process. GPDS is therefore expressed as a higher level visualization
of the vehicle development process, indicating the most important deadlines, stages and
higher order development activities.

5.2.1 The Pre-Development Phase
In the Annual Program Process, strategies and plans, cross-brand and cross-platform
issues, and cross-power-train matters are handled in order to make projects come
together. It is a multi-program which includes all the cycle plans for products, platforms,
power-trains, and the commodity business plans. In the Annual Program Process all the
strategies and plans required to make the business operate are developed. Thus it is a
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strategy process for planning and acts as a planning framework for other programs. The
Annual Program Process is concerned with yearly system development work, engineering
work which lies outside of the projects. Within the Annual Program Process, the
framework for each vehicle program is set in terms of vehicle programs, framework for
platform program, and the power train program. This process finishes with the freezing
of the cycle plan, which is an annual event.
The difference between the Annual Program Process and the Pre-Program phase is that
the former handles all the programs in the cycle plan, including Power Trains and
Platforms at the same time, whereas the Pre-Program phase is program specific (Vehicle,
Platform, Power-Train). In the Annual Program Process, the balancing and integration
between power-train and platform takes place, both within the firm and cross-brand to
include those brand organization towards which dependencies exists.
In the Annual Program Process, three different work perspectives are applied. The first is
the vehicle perspective, where each brand needs to think about its vehicles and its own
product portfolio. To do so, awareness of existing platforms and power-trains is required.
The second perspective is the platform perspective where the perspective is to work
towards many different vehicle perspectives. The third perspective is the Power-train
perspective which functions similarly to the Platform perspective. The Annual Program
Process has three main goals: The first is to deliver a robust cycle plan and aligned
supporting strategies and plans for that cycle plan. The second goal is to deliver robust
input to the Pre-Program Processes (Vehicle, Platform, Power-Train), and the third goal
is to ensure that each brand delivers their requirements for the yearly system work in time,
and are engaged in the balancing work when it is time to balance requirements on systems
when several brands will share the same system.
One problem encountered with the previous way of working with vehicle development
was the recognition that when reaching Program Start, the different perspectives had
reached goals which did not correspond to each other. This in turn required the redoing
of the matching process. At the first Program Start, tests were carried out to ensure that
development goals corresponded and matched. If this was not the case, a loop had to be
carried out with the aim to rectify goals, reduce the content or lower the feature
requirement of the different programs and thereby get a business case together. Since new
issues could continue to emerge, numerous loops had to be carried out before a final
Program Start could be reached (Figure 9: Previous Program Alignment Process).

117

Figure 9 Previous Program Alignment Process
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In the new development process, the firm set out to understand what loops are required
at an early stage and attempts to formalize these before reaching Program Start (which
initiates the planning process) (Figure 10: Current Program Alignment Process).
Synchronizing the business, the product and the overall goals and establishing the
framework for individual projects becomes important. In the new Annual Process layout,
there are three loops available for making these aspects match and correspond to reach a
solution at Program Start. All together this process should take no more than 6 months to
complete. The aim is to avoid Annual Program Process issues (making things match and
synchronization) materializing in the Pre-Program process stage.
Figure 10 Current Program Alignment Process
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When the Annual Program Process is complete, the Pre-Program Process starts. The PreProgram Process can be applied for a vehicle project, a platform project, or a power-train
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project and is usually integrated. A platform is thus created together with the first
derivative coming off the platform, and the same procedures apply in the case of the
power-train. This stage also includes raising awareness about what the focus of the
development to come should be. However, within the Pre-Program Process, work is only
carried out within ones own specific framework (Vehicle, Platform, Power-Train). There
is consequently a need to resolve all issues that lie outside of individuals own specific
program but which can affect the work of others. The aim is to avoid disturbing cycle
plans and other programs which lie outside the current work done.
The need for a new Annual Program Process where agreement is reached prior to
development start is a direct consequence of the increasing reliance on platforms for
derivative development. In many instances a platform on which a derivative is to be based
upon has been developed many years prior to the development start of the individual
derivative project. The platform, as well as the power-train, is therefore at most time
specified prior to project start. Further to this, system plans have been developed in
cooperation with and across several technical and functional areas. The idea is to include
that which is agreed and given in the new vehicle project, since nothing new should be
added but what already exists should be used. This also means that it becomes a challenge
to construct and deliver according to market needs, since much already has been decided
upon. In the Annual Program Process however, all planned vehicles need to be
extensively thought about years before development initiation so that their future
requirements can be catered for. When planning for future vehicle derivative projects, it
becomes possible to set demands on system development, power-train development, and
platform development in the Annual Program Process. Through the process it becomes
possible to ensure that the required technology is available when the future derivative
project is initiated.

5.2.2 The Development Phase
The development stage that follows the Annual Program Process starts once the Program
Start (PS) milestone has been reached (Figure 11: Development phase timeline and
milestones). At PS, derivative projects are initiated and a number of alternative ways to
deliver the program of derivative vehicles envisioned in the Cycle Plan are evaluated. The
work in the PS stage involves simultaneous work on the three different models which
make up the backbone of the future derivative vehicle. This is the final stage, where work
on several different models is undertaken. Higher compatibility between systems across
vehicle, platform and power-train is established and a high level architectural re-use of
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systems and commonality is fostered. At the PS milestone, a decision about the content
of derivative vehicles should also be taken. These tasks are the responsibility of a small
cross-functional team which needs to take into account customer, business, technical and
manufacturing perspectives when making choices. At this stage only a limited set of
resources are involved in the work of defining the content. Although the first Component
Assignment Leaders (CAL) usually enters the development process in the PS stage, the
majority of them are assigned their responsibilities later on in the process (at PTCC).
Figure 11 Development Phase Timeline and milestones
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At times, resources are brought in at this early stage to support with concept study and
are later retained as CALs. The PS stage signifies the culmination of the Annual Process
and the Pre-Program Start activity that is required in order to establish the Program
direction and compatibility. At this stage, existing vehicle platforms are reviewed for
component re-use and commonality and design concepts and proportion models created.
In the following phase, which leads up to Program Strategy Confirmed (PSC), single
model selection is required, whereby one vehicle model is selected for further
development. In this period, compatibility between marketing targets, financial targets,
quality targets and functional targets is set. In this phase, hardware selection and
verification timings are confirmed and work plans and the availability of the resources
needed to achieve successful delivery to the next milestone (PTCC) is confirmed. In this
phase, remaining under-body and platform systems are selected and required systems
alternatives are also identified.
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In the period leading up to Program Target Compatibility Checkpoint (PTCC) attribute
targets are aligned and balanced. Targets are set in terms of quality, cost, weight, and
functional performance. On reaching the PTCC milestone, the firm should have looked at
the whole derivative project. The milestone constitutes a checkpoint for evaluating that
targets are in line to be met and that it is feasible to initiate project specific work aspects.
The content of the vehicle is further refined At PTCC since a specification of the
requirements exists. The aim is to reach a point where the foundations for project work
should be set and a detailed requirement specification is available. As a result of the many
features and parts that are expected to merge into one whole, technical aspects are
reviewed and adjusted in the phase between PSC and PTCC. The balancing and
refinement of requirements is an important activity in this phase. In the refinement
process, deeper studies on packaging issues and the initiation of discussion with suppliers
are also initiated. Another important outcome in this stage is a more accurate estimation
of the costs involved in developing the chosen vehicle (which at the PS stage is more a
rough estimate). At the PTCC milestone plus three months, all suppliers for Upper Body
components and systems should have been chosen, and a Sourcing Agreement should
have been written with the supplier. The Sourcing Agreement stipulates that the supplier
can deliver the required components according to the set specification or at a specific
cost. Finally systems and sub-systems should be selected and reconfirmed as being
compatible with quality, cost, weight and functional targets (QCWF). Once this has been
completed, the Component Assignment Leaders are chosen.
Between PTCC and Program Target Compatibility - Data Release and Judgement (PTC –
DJ), integrated program targets are set and a single design theme is confirmed. In this
phase, work should be carried out to reach a detailed design and the design work should
also be initiated. Under Body and platform designs for instance should be ready for
prototype tooling activities once the PTC-DJ milestone is reached. Consequently, much
of the effort in this phase is aimed towards refining designs so that tools can be produced.
In is also in this phase that prototype data is analyzed by means of Failure Mode Effects
Analysis (FMEA), Process Failure Mode Effect Analysis (PFMEA), and Design
Verification Processes (DVP). Finally, work the production assembly launch plan is
initiated.
In the phase between PTC – DJ and the Program Approval and Final Appearance
Approval milestone (PA/AA2) business strategy and functional targets become objectives
and target agreements with suppliers are finalized. At this stage, the prototype UnderBody structure and specifications are determined and an engineering feasibility study of
both the interior and exterior of the vehicle is approved. Design Feasibility is carried out
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and development work between designers and engineers initiated. Following the PTC –
DJ milestone, the Appearance Approval (AA1) process phase is started. Between PTC –
DJ and the Appearance Approval 1 (AA1) milestone, vehicle styling should be completed
and delivered in accordance with the agreed appearance of the final product. Between
AA1 and Program Approval/Appearance Approval (PA/AA2) there is room for
adjusting production tools and for confirming QCWF targets as compatible objectives. In
this phase, preliminary activities for mass production are also initiated, the final interior
and exterior design is approved and the design data released for design engineering work
to initiate.
The Program Approval milestone is important since expenditures up until this stage are
rather limited seen over total final costs. Major vehicle development expenditures are
incurred after the PA milestone, accounting for as much as 90 percent of total costs. In
the work towards this milestone an evaluation of whether to proceed with the derivative
vehicle projects is made and a decision to commit large expenditures has to be taken. An
evaluation of whether to proceed with the development projects is made at PA and
commitments to larger expenditures are made. Contracts with suppliers should also be
signed before reaching the PA milestone and an Engineering Statement of Work (ESOG)
delivered. An ESOG is a definition of what a supplier should deliver and is delivered early
so that sourcing activities can come underway. Although the responsibility for developing
the ESOG is the SU’s (System Responsible), in reality the responsibility to create the
ESOG often falls on the CAL.
The Final Appearance Approval (FAA) milestone denotes the completion of Appearance
Approval process. When this point is reached, interior and exterior final refinements and
highlights should have been approved and supporting design data updated. FAA acts as a
feasibility checkpoint, where an evaluation of whether the derivative vehicle to be
developed is the right product for the market is made. At this point it is also possible to
abandon the project if this is found to be the best option.
Between the FAA and Final Data Judgement (FDJ) milestone, all the designs are worked
on for completion and things should be ready for prototype tooling. This point is an
evaluation and judgement made by the senior engineering management team. At the FDJ
milestone Single Point of Release should also have been reached. This constitutes a four
week period during which all systems should have reached a point where it is possible to
initiate the forming of production tools. After this, components and sub-systems should
be put together and sent from the suppliers for assembly at the firm. At this stage it is
important to establish that no geometric conflicts exist and that the component or sub-
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system can be assembled to make the final product. When this has been verified, a
complete tooling design begins for a period of between 12 and 16 weeks. One final
important event that takes place after the FDJ milestone is the assembly and building of
the first Verification Prototype (VP) which is delivered to customers (internal customers).
At the Preliminary Engineering Completion (PEC) milestone, all components should be
in accordance with the given specification. At this point, hard tools (tools for developing
the individual components) are up and running. From this point on, the adjustment work
and work towards making required changes is also initiated. Major decisions about
changes that are required can be made and subsequent changes to hard tools are made as
well. At this milestone, having functioning components without any flaws is important. At
PEC, all design validation testing should be completed and all the engineering issues and
proposed countermeasures have been identified by the functional areas. Detail design of
tooling equipment and arrangement should be completed and the production launch plan
finalized.
Following PEC, senior management needs to authorize Final Engineering Completion
(FEC). Their authorization is based upon the successful completion of all design
validation testing and confirmation that there are no remaining unfinished issues. At this
point, all the testing should have been successfully completed and from this point
onwards, the aim is to make all the required changes that are believed will impact on
vehicle production start. The aim is to reach the Launch-Sign-off (LS) milestone whereby
agreement is reached to proceed to pilot production is obtained. During this phase,
customer vehicles are being produced, albeit for internal firm customers.
The Job1 (j1) milestone signifies production readiness and confirmation of completeness
for all cross-functional activities. At this point, final pricing is established and the first
production vehicles for external customers are completed and speed up by the assembly
plant is initiated. Following Job1 the project continues for approximately another five
months until the Final Status Report (FSR) milestone is reached and the project deemed
finished. Between Job1 and FSR, assembly plant acceleration takes place and production
is increased.

5.2.3 Organizing the Development Work
Development work in the firm is organized in a manner which is believed will facilitate
cross-functional teamwork at operational levels. It aims to encourage simultaneous or
parallel product and process development through cross-functional teamwork, using a
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goal oriented working methodology. This implies for instance that engineering
development work will be carried out simultaneously, or in parallel, by engineers localized
together and who in daily cooperation construct and agree on an activity plan. This way
of organizing has implications for the R&D department as a whole, both in terms of line
organization and project organization.
The R&D division is responsible for developing the cycle plans and initiating the yearly
processes which aim to advance technical solutions. Accordingly, the R&D department
has main responsibility for technical development within the firm. Technical
enhancement and the development of better technical solutions is an on-going operation
carried out by different line organizations within the R&D department. On a yearly basis,
identified market needs are matched with existing technical know-how and customer
requirements. The activities of identifying what derivative vehicle model to produce, at
what time and with what content is a complex process and is predominantly carried out in
the concept phase. This is a process governed by the different line organisations that have
responsibility for competence-, process-, system development and R&D. Permanent line
organizations do not have the authority to make development project related decisions.
As a result, permanent resources within the line organizations are not used as frequently
once the development project has been initiated. Instead, managerial responsibility shifts
towards the project management team and the resources assigned to the development
project. This transfer of responsibility to the project management team and the project
organization takes place once the concept phase has been completed.
In the project organization the senior project management team consists of a Business
Project Leader (BPL), a Market Project Leader (MPL) and a Technical Project Leader
(TPL). The BPL is responsible for the total business of a specific project. The
responsibility of the MPL includes the business of the new derivative vehicle in terms
prices, specifications, market communication, marketing, sales, and volumes. The
responsibility of the TPL includes design, purchasing, production, characteristics, factory
issues, and industrial issues. From an engineering perspective there are a number of
middle manager positions under the Technical Project Leader position. These positions
are made up of the Sub-Project Leaders (SPL). Since a complete vehicle is divided into
four major sections, a number of SPLs can be found within each of these four sections.
These four sections are Body and Trim, Electricity, PowerTrain, and Chassis. These four
sections in turn comprise in total 42 different Product System Structure (PPS) areas for
which a number of SPLs are responsible. Within each of these PPS areas there is a
Component Assignment Leader (CAL) which has in turn been assigned one responsible
leader. The CAL has the responsibility for leading the development work on a specific
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component for a specific vehicle project. The CAL and the group of employees from
different competence areas and of different expertise assigned to the development of a
particular component are referred to as the Preparation Group. Formal positions within
the Preparation Group are the Design Engineer (who is often the CAL), a purchaser, a
technical purchaser, a CAD designer, and a supplier contact. These resources can also at
times be assigned to more than one Preparation Group which in turn makes it difficult to
organize the development work.

5.3 Working with Platform Development - Shared Technology Focus
The development and utilization of a platform is a key component of derivative product
development within the firm. Currently, the firm operates two platforms of which one is
for medium and large sized vehicles. The platform is a European based platform on
which medium and large sized derivative vehicles will be produced. The first derivate
vehicle based on the Platform became available in 2006 and the last derivative vehicle
based on the Platform is planned for introduction towards end of 2010. The Platform is a
three brand platform on which 13 different derivative vehicles across three brand
organizations will be produced.
One difference between the Platform development project and a derivative vehicle
development project stems from the availability of information regarding the
requirements of the different derivative vehicles. Since derivative vehicle projects are
initiated in a chronological order and planned for the future, it becomes problematic to
obtain detailed information and knowledge of the technical solutions that will be required.
This information and knowledge is required in order to better determine the initial
architecture of systems’ solutions that should apply and cater for the needs of all future
derivative vehicle projects. One reason for this is that future derivative vehicle projects
are not resourced until much later. As a result of this, very little groundwork has been
done into the needs of future derivative vehicle at the initial determination of platform
solutions. Further to this, the firm with all its different departments has a development
trend that follows individual vehicle projects rather than the platform project. This leads
to platform activities being rather isolated events.
The development work carried out in the Platform project is also seen as having more
elasticity than individual derivative vehicle projects. This is because working within the
Platform project entails working across three different brand organizations rather than
with one specific brand derivative project. According to project and sub-project leaders,
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this gives rise to more complexity in terms of reaching agreement across different parties
than having to deal with one brand organization does. Consequently, at the beginning of
the Platform project, much effort is put into reaching an agreement across the different
brand organizations on a common specification for the platform. The Platform project
has also more continuity and necessitates longer forward planning since it outlives
individual derivative vehicle projects.
“The Platform project is not a project in the same traditional term. It’s a shared
technology set-up which has a life-cycle responsibility for its components and
systems. And that is something we have managed to make the higher structure
understand, but as you move down the structure this seems to be a dimension which
they haven’t really grasped.” (Part Vehicle Team Manager)

The Platform project is responsible for developing and delivering platform components
to the different derivative vehicle projects. From this perspective, it is the individual
derivative vehicle projects that make up the customers of the Platform project. A division
of responsibility is made between Under-Body (undercarriage) components and UpperBody (top hat/chassis) components, in which the Platform project is predominantly
responsible for undercarriage components. Consequently commonality aspects are related
to undercarriage components whereas the top-hat caters for the unique aspects of the
final product offering.
“The thing is to reach maximal commonality and maximal differentiation at the same
time. That’s the thing. To get as much new vehicle as possible, to make it be
perceived as unique, with unique characteristics, as a new unique offering, based on
maximal commonality. That is the thing.” (Technical Project Leader)

In the delivery constellation through which the Platform project delivers components to
the individual derivative vehicle projects, the platform project is required to follow the
same milestones as individual derivative vehicle projects. One reason for this is to align
development work and avoid duplication of development activities. Time difference of
approximately two months does however exist between the delivery of platform
components and the start of the next required activity in the derivative projects. The
reason for this is to facilitate the hand over of required documentation and information
concerning platform components to the derivative project.
“It’s quite logical the set up, that you begin from below, that which is hardest to
change. We establish that first. And then the others begin their work. It’s a bit more
cost effective to change unique articles.” (Part Module Sub-Team Leader 2)
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Yet another reason for the close alignment between deliveries and derivative vehicle
development milestones is that no process exists within the firm whereby components are
created and put on a shelf, with the aim that they will be used in a project in the future.
No provision is made for carrying out engineering work, testing and verification activities
or manufacturing components which do not have a customer or for which no formal
order has been made.
“You can theorise about a solution and offer it in a software database, but you will
never be able to offer the physical product, without someone there to use it.” (Part
Vehicle Team Manager)

The platform development project follows a delivery plan which contains milestones and
deadlines that take are scheduled to be completed before those of the individual
derivative projects. In order to be able to make the required deliveries to the derivative
projects, the development work on individual platform components that is carried out
within the platform project needs to be completed and signed off before being delivered
to the derivative projects.
These milestones and deadlines need to be reached up to one year ahead of the individual
derivative projects. Something that is required in this process is the collection of
important input regarding the requirements of future derivative projects. One important
aspect in the development of the platform is that derivative projects initiate their planning
before or at the same time as the platform project. By doing this, the derivative projects
are better positioned to provide input into the development of platform components.
However, since many derivative projects are not planned to be initiated until after a
considerable time and thereby are not resourced, the process of gaining the required input
from the different derivative projects becomes problematic. It can for instance take two
years from the initial conception of the platform until a derivative project building on the
platform is initiated. Deciding on the platform specification is part of the concept stage
and it is also here that the decision on the number of derivatives that will be based on the
platform is made and the individual specification for each derivative product is made.
These specifications contain the information about which elements the platform should
be based on. In setting of the properties of the platform, the Match Trio Team fulfils an
important role. Through the meetings held by the Match Trio Team, representatives from
different brand organizations meet and are engaged in continuous communication with
each other to understand and come to an agreement as to how to coordinate the work
and understand potential problems that can arise.
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5.4 The Platform Organization
The development lead on the platform lies within the case firm and is a responsibility
assigned to the EUCD organization. The EUCD comprises of approximately 20-25
employees engaged in the manufacturing, finance, and purchasing aspects of platform
development. It is mainly concerned with coordination and compilation and
coordination/management activities.
“One of our main goals is to secure commonality or maintain commonality. It should
be hard to break the commonality.“ (Part Vehicle Team Manager)

It is the responsibility of the EUCD to manage the mandate given to the organization by
the different brands, namely to deliver a platform tool-box with a number of different
components. The EUCD is given a sum of money for tools and production costs by the
different brand organizations which it administers. However, this money is usually spent
on the first derivative projects coming off the platform. Over time, the different brands
need to cover their expenses for new derivate products or new components individually,
or together.
The EUCD can be divided into four streams, each of which is involved in different
phases of the development process. The first is called the Pre-Programme stream,
characterized as the product planning stage. At this stage, the EUCD is only sporadically
represented, since much of the responsibility is distributed to the different brand
organizations. Then there is the Automotive Models work stream where new derivatives
are developed or where the organization is engaged in new derivative projects. Then
follows the Launch stream, which shoulders its responsibility mainly six months before
JOB1 and three months afterwards. Finally, there is the Current Model or PVT stream
which deals with aspects of quality and cost. In this stream, the organization also deals
with quality problems that emerge on the field or which are encountered after production.
Platform related development is managed by a number of different Program Module
Teams and PMT Leaders. Each Program Module Team consists of a number of Program
Module Sub Teams (PMST) and PMST Leader. Thus, Body & Trim for instance is to be
regarded as a program module team, consisting of seven different program module sub
teams, led by one individual. The seven sub teams of the Body & Trim module are: front
structure, midrange board, forward and backward floor, covering sheet metal, instrument
panel and parts underneath it, climate, and finally safety items. Each sub module team is
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responsible for delivering components that comply with the requirements demands and
characteristics of each respective brand.
The PMST Leader is development responsible for one technological area. A PMST leader
does not engage in any construction himself. Instead he/she is the leader of a number of
Component Assignment Leaders (in essence Design Engineers). His/her job is to
participate in a number of meetings where he/she is provided with information about
design engineering work. This information often concerns future changes. The PMST
Leader also participates in decision meetings which often generate reconstruction
requirements. The PMST also take part in meetings with suppliers to go through the
constriction and propositions and problems encountered, in order to reach and establish
agreement on requirements and demands. Once the platform component has been
developed for the initial derivative projects the PMST Leader role becomes more of an
administrative role. This depends on how well commonality has been managed and
planned for the remaining derivative projects. Smaller adjustments might still take place,
but usually these do not demand very much effort.
The EUCD organization does not have any Component Assignment Leader (CAL)
positions of its own, and CALs are only found in the derivative projects. Leading the
work of CALs responsible for the development of platform element is the Program
Module Sub-Team (PMST) leader. PMST leaders are mainly involved in coordination and
management to make sure that the components that are included in the tool-box increase
in number. The work carried out by the Component Assignment Leaders (CAL) within
an ordinary non-platform related vehicle project and a platform related derivative project
is the same. The difference is that a platform related CAL needs to be aware of how his
or her work affects the platform, since he or she report not only to the derivative project
but also to the platform project.
Working with platform development also means working with a larger group than when
working with derivative elements. This brings about other demands on communication,
as communication with the different brand organizations development teams is required.
This increased communication demand arises due to the need to agree on one solution or
one platform element which will be used by all brands. Working with multi-brand
platforms also gives rise to increased organizational complexity, since interaction needs to
take place between a number of different organizations. This is because the EUCD
organization is an entity in itself, required to interact with the different brand
organizations. This in turn means that decision approval must be agreed with a number of
organizations.
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Another organizational issue stems from who should lead the development work. In
particular, the fact that there is a System Responsible (SR) at both the derivative and the
platform project makes it difficult at times to establish who should lead what and gives
rise to conflicts. EUCD is represented in the Annual Process by a Pre-Program Managers
who engages in discussions with the different product planning organizations of the
different brand organizations. At these stages, rough studies of new derivative vehicle
projects is done by the different planning department, drawing upon the input from
different technical areas. Technical plans and commodity plans are developed with the
input provided by the Pre-Program Manager. The key to this activity is the product or
commodity plan for respective brands, in which it is clearly stated which derivate vehicle
projects are to be based on the platform. In this work, the Pre-Program Manager attempts
to establish a common picture, irrespective of the viewpoint of the different brand
organizations. Often, different views are represented which can lead to different ideas,
views and thoughts being generated. Hence it becomes important to try and negotiate a
common understanding of how things and solutions should be. This is a typical preprogram question, where the different product planning organisations of the different
brands need to agree. The platform organisation and its representative aids in pinpointing
the synergy effects that can be reached in terms of timing, when the different elements
should be introduced to ease product launch.

5.4.1 The Coordinating Teams – Part Vehicle Team and Match Trio
Within the EUCD organization lays the Part Vehicle Team (PVT) organization. The PVT
is responsible for development work of unit delivery and needs to ensure that quality
criteria are met. This responsibility includes a run-through of all development assignments
that fall within the platform tool-box to check and ensure that they have been delivered in
accordance with expectations. PVT also needs to ensure that all documentation about the
development work is available. The different derivative projects, where component
development work is carried out, need to reach an agreement with the PVT organization
that the projects have been complemented and that there remain no question marks with
regards to platform components before PVT takes over responsibility. Once the
responsibility has been transferred, the PVT Organization deals with problems arising due
to assembly issues and quality issues from the market. It is responsible for aftermarket
service and is an organization that is concerned with product care in production. The
PVT organization needs to ensure that no additional problems remain before ending its
responsibility.
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Important roles within the PVT organization (which is more a team than an organization)
are the Launch Manager and the PVT Manager. The Launch Manager predominantly
deals with the period immediately before start of the production of derivative models. It
is the responsibility of the Launch Manger to resolve problems that arise, and to resolve
them quickly. This work includes analysis of how solutions affect commonality. Hence,
the work of the Launch Manager involves dealing with reaching solutions to secure the
launch of derivate products and to interact with the PVT Manager who is responsible for
products already in production.
Whereas the Launch Manager and the PVT Manager are predominantly concerned with
development aspects late in the development process, or even after production has been
initiated, they also closely aligns their requirements through the Match Trio Team. The
Match Trio Teams were central to the engineering work of platform components. They
are responsible for meeting with the different brands and engaging in discussions to keep
commonality aspects together. A Match Trio Team consists of a representative from each
brand organization. This team is to be considered as a design team that together should
agree on any changes that are to be made to platform elements. These agreements are
related to technical aspects, irrespective of the monetary issues and decisions required to
implement the change. But the technical aspects need to be agreed upon first. Thus at an
early stage, the Match Trio team tries to agree on technical solutions with the aim of
coming to an agreement over coherence across the different derivative projects. It is an
important resource at the beginning of platform development which is when decisions
about system solutions are made and when the basic concept is designed. The Match Trio
Team should exist throughout the lifecycle of the derivative projects and is regarded as a
one of the core pillars of the set-up of working with platform development. It is through
the Match Trio Team that platform development throughout the development process is
ensured up until the engagement of the Launch Leader and the PVT Manager. However
the Match Trio Teams plays an equally important role towards the end of derivate
projects and the start of new derivate projects when changes have to take place. Since
such changes can have a reversible effect on products already in production, the
discussion about what the affects of these changes are becomes very important.
However, there seems to be a tendency to abandon, or reduce, the resource allocation to
the Match Trio Team when a project enters the production stage and responsibility is
transferred to the Plant Vehicle Team organization. Resources are often allocated to other
functions or only allow for part-time work in this area, thus making the process of
reaching cross-brand solutions more difficult. This leads to problems with maintaining
contact with other brands to discuss occurring or required changes. Thus the person
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responsible, who has the main responsibility for one platform element in one brand
(PMST Leader), can find it a difficult process to find and engage with the right person in
other brand organizations. Hence the decision to disband the Match Trio Team person in
some brand organizations has led to difficulties in maintaining the communication
required for reaching cross-brand solutions.
“The kinds of problems arising later on are often quite acute. It’s a question of not
being able to sell the product and that requires quick answers. And that has become a
problem. We have raised the question in the organization, that if we have a team
here, then they need to have it in the other brand organizations as well. But that is
not what is happening currently.“ (PMST Leader 3)

This means that once issues and problems have become official, it is harder to contact the
right people and set up the teamwork required for finding a solution and making the
required changes. One reason is that the PVT team is much larger than the Match Trio
Team and deals with a larger area of responsibility (many derivative products).
Consequently there is no counterpart with whom to engage in discussion when problems
arise. Since one organization has the lead on the platform and the responsibility for the
component all the way, this lead organization retains their Match trio Team. However,
this is not the case with the other brand organizations that dismantle their Match Trio
Team once the component is developed, the project finished, and responsibility
transferred to the PVT organization. Overall, the process of maintaining the Match Trio
Teams, both on the engineering, as well at the PMST level (where they are also supposed
to exist) has been regarded as problematic.
Abandoning the Match Trio constellation also affects the work of Component
Assignment Leaders in the different derivative projects, since they are engaged in
developing components that are required to fit with platform elements. They are
therefore required to be aware of changes made to platform elements so that they can
adjust their development work accordingly. However, since the Match Trio Team has
been dismantled, design engineers need to engage in communication directly with the
PVT organization in respective brand organizations in order to be able to cater for
required changes. Another problem with the Match Trio set-up has been that the
personnel holding this representative position within each brand have often worked too
close to their own organization and looked after brand specific interests rather than
evaluating solutions across the whole rang of derivative products. Hence they have not
been acting as part of the EUCD organization but instead as keepers of their own
domain, representing their own brands.
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5.5 The Platform Concept – Logics and Artefacts
According to managers in the EUCD organization, there is a need within the firm to
clarify what is meant by the ‘platform’, which is usually associated with the floor panel
and everything that is below it. According to the Launch Manager, when talking about the
‘platform’, all parties involved in development work need to look the floor panel and try
to identify elements and technologies that can be shared across a number of derivative
products. Although design engineering development work still concerns a particular
platform element or a sub-system, a change in mindset is argued for. Due to different
demands on the functionality of platform element, smaller adjustments to platform
elements are many times required in order to make it fit with other non-platform
components or in order to cater for brand unique characteristics. Components are
therefore required to vary slightly from derivative to derivative.
“The optimal thing would be if all could use the same component. But if you have
the same engineers, and the same principal solutions, and the same supplier, and the
same base architecture, then it does not make so much a difference if you need to
adjust the holes, or if you append a smaller add on.” (Launch Manager)

Hence a different mindset on what and how the platform concept should be perceived is
required to enable these adjustments to be made. System solutions and Concept Solutions
are consequently part of the platform tool-box, stretching as far as supplier structures.
Although there might not be any single component that is shared identically on a system
level, the use of a similar supplier base, similar fundamental material specification, similar
connectors/couplings, or similar architectural set-ups allows a shared technology
perspective to be taken on a system-level.
“That’s why we are so successful in having differences between products, because we
focus more on the technologies, to pick amongst them, rather than to pick a floor
and everything that is underneath the floor.” (Launch Manager)

Components might not have the same article number but by having incorporated so
much testing, trails and sampling of component development, it is possible to broaden
the platform concept in several ways. For instance it becomes easier to coordinate
requirements and standards across several derivatives which contribute to commonality
profits and this coordination need to be incorporated into the platform concept. Working
according to the notion of shared technologies means that technical adjustments become
easier to make when required.
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“There are different kinds of commonality. You can opt for commonality on a
system level as well. And then if there is a small area differing, it does not make that
much of a difference. You start from the same architecture. For an uninformed it
might look like the same thing. But it’s not. That’s where the architecture comes in
play.” (System Responsible)

The degree of commonality going into a vehicle also has implications for the project as a
whole. It is believed that a project with a lot of commonality has a larger chance of
success since it applies components which have already been developed.
“If you are developing a vehicle, there is a difference if you begin with 20 percent
finished or if 80 percent is finished. The end result is a vehicle that should be in
production at the right time, at the right cost, with the right quality. How much work
is that? How many more risks do you take if you are to have 80 percent new stuff
rather than 20 percent? It’s quite obvious.” (Technical Project Leader)

In particular, the shared system architecture is believed to allow for a higher degree of
shareability by providing a common design language that is shared as well. Although this
design language is different across brands, it is the same within a family of products. This
new way of viewing the platform as a set of shared technologies with increased flexibility
to make adjustments, rather than a toolbox of components from which derivative
projects can chose, is to large degree shared at middle management levels. However, at
this level the platform is also seen as a go-cart, a view shared by many of the employees
involved in design engineering work. The inclusion of more ‘business thinking’, or
strategic influence on commonality decisions, has become visible since it is no longer only
product and geometry considerations that need to be taken into consideration. Influences
such as which power train families to support, manufacturing capacities and support
structures, are of equal importance according to the employees. There is now recognition
of the need to include decisions as to what is feasible to develop in one place and what
should best be kept as a common component and what should not. Thus, something that
is important in the discussion surrounding commonality is the identification of those
components that are required to be different or unique for each derivative model. These
are usually components which are required in order to retain the uniqueness of the
derivative products.
“The more a component is connected to the brand and the unique brands identify,
the less is the possibility to share it with other brands. And vice versa.” (Launch
Manager)
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However, even in situations where different brand organizations come with different
demands, and use different design languages, the existence of knowledge of different
aspects related to the component, facilitates the implementation of adjustments, making
the need to develop a brand specific component redundant.
According to the Technical Project Leader, the easiest way to engage in a discussion
about the platform is to talk about the components. Such a perspective would then focus
on the go-cart. However, he also states that the notion of a platform has gradually started
to give way to the concept of shared components, since this provides better leverage and
more volume. Such a perspective makes things even more complex than just focusing on
the platform as something made up of components. He also stated that the logic for
attempting to maintain commonality is to keep costs down. In reality however there
always exists a need for minor adjustments to the different platform elements in order to
make them fit the demands and requirements of the different derivatives.

5.6 Challenges in the Platform Development Process
In terms of complexity, platform development work is considered to be one of the most
challenging aspects of development work within the firm. This complexity has its roots in
the difficulty of obtaining a good understanding of the whole development process when
dealing with platform related components.
“When talking about complexity…there is nothing more complex…the platform is
probably the most complex thing you can find in terms of development here.”
(PMST Leader 1)

Due to the large number of components involved and the many interdependencies
between components within the platform and across several derivative vehicles, it is
problematic to keep track of all the different aspects of the development work. It has not
been possible to create a process that covers all aspects of platform development work.
Platform development challenges in the design engineering stages are therefore often
characterized by ‘case by case’ engagement. One reason for this is attributed to the
emergence of new unknown challenges as platform development progresses in time.
“Towards the end of the life of a platform, development work becomes more
complex. The reason for this is because considerations to more derivatives need to
be taken.” (PMST Leader 2)

135

The challenges that the progression of platform development gives rise to lie in
attempting to not allow common system solutions to diverge too much. Once the
platform flora which is to be included in the platform has been defined and agreed upon
and common solutions have been decided, changes are easier to handle. However, there is
a risk that commonality aspects will be challenged by the many unique demands stemming
from the requirements of different derivative vehicle projects and additional properties
that are to be included. Yet another challenge in platform development is a result of the
early establishment of the platform. Platform development needs to be initiated prior to
the start of individual derivative vehicle projects, since these derivatives utilize platform
components for their own development work. In the process of initiating platform
development, one major challenge is the way to establish the requirements of all future
derivative vehicle projects materializes. From the perspective of individual components,
the platform development challenge is about taking into consideration and deciding on a
number of issues related to the platform tool-box.
“The synergies in the platform are found in the reduction of the number in the
component flora. And the larger it is, the more expensive.” (PMST Leader 4)

At the same time, it is said that there is a varying degree of interest and maturity to work
with platform components and the view of it being a good thing for the total business.
However, when engaging in negotiations with the different brands, a view of self interest
and a lack of willingness to accept the platform related solution offered is noticeable.
These views vary a lot and there is a long negotiation and decision path before a decision
on whether or not to allow deviations is taken. One reason for this is because it requires
decisions at a very high organizational level for this and these issues do not really meet
until they have reached up in the organizational structure.

5.6.1 Identifying the Platform Tool-Box
One major challenge in working with the development of the platform is related to
determining of how many different derivative vehicles and the size of these vehicles the
platform should be able to accommodate. This is a question of platform bandwidth which
needs to take into consideration the number and different sizes of the derivative vehicles,
the price difference between these derivatives, the adjustment potential that the platform
should be able to handle and the need to balance the function and quality demands of the
more expensive vehicle and the cost demands of the smallest vehicle based on the
platform.
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“At some point I think you reach break-even of what is profitable. You have the
bandwidth, you have brands and different identity aspects, where is break even on
this coordination, the communication need that follows, negotiations….cause you
can’t do without negotiations, facts are not enough. A platform, across brands, it’s a
negotiation.” (Launch Manager)

This negotiation process starts in the pre-study phase with discussions about how to
determine the content of the platform and which components should be included within
its tool-box.
Agreeing on what requirements should be part of the platform is initially a responsibility
of the different line organizations within the different brands. This is because the
technical expertise lies within these line organizations, which house personnel with the
knowledge of what the specifications potentially should be. Initially, these experts are
important in providing the required support for the creation of a common specification.
The approach is initiated with a projection of which derivative vehicle models the
different brands will base on the platform and which systems and components need to be
included. Important parameters in this projection are cost efficiency, the sharing of power
trains or the possibility to increase volumes, supplier considerations, or the reduction of
development spending on aspects of development work that are not design dependent.
Initially, this projection is only tentative, since changes in the cycle plan, where new
derivative projects are decided upon, will directly affect the development of the platform.
The process of determining which components should be part of the platform is a long
process and involves on-going work throughout the life cycle of the platform. This is
considered problematic since the requirements of the different brand organizations differ
and because they are developing derivatives which are quite different in the end.
Nonetheless, a decision about which elements should be included in the platform has to
be made at some point. The reason for this is that the platform project needs one
common platform specification to work towards. For the purpose of reaching an
agreement, a database storing all the common requirements is used. This database in used
as a tool during the conception of the platform for all parties concerned to add
information about their own requirements. Reaching an agreement on the platform toolbox is also dependent on the commitment given by development areas outside the
immediate realm of the platform. Since developing platform components is a complex
endeavour, carried out in individual derivative vehicle projects, there is a need to establish
the commitment of supporting functions that work towards individual derivative projects.
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Related to these decisions is the planning and establishment of the platform component
flora, which greatly influences the number and size of derivative vehicles that can be
produced based on the platform. Early decision with regards to the platform needs to
include the number and type of components that should be included in the platform. The
challenge which decision makers face is a result of many different aspects that need to be
taken into consideration. One such aspect giving rise to difficulties stems from the fact
that a number of derivative vehicles are to be developed based on the platform, often
with several years of interval between the initiations of the derivative project. This in turn
requires as much as up to 10 years of planning foresight to be incorporated into the initial
conception of the platform.
“It’s not for sure that you have the insight or the resources or the knowledge, or not
even the design ready. You have no idea how the products should look. So when you
begin to set the requirements and demands, that’s when the difficulties begin. How
far in the future can you look and quality wise guarantee these requirements and
demands? You’re dealing with a time span of 8-10 years almost……” (Launch
Manager)

In this process, the input of future derivative projects into the early conception and
development of the platform is required. This is however not a viable approach since
many future derivative projects are not resourced, or only in a limited fashion, at the
initial conception of the platform. The challenge here is in securing the knowledge and
understanding that is required early on, when setting platform requirements and deciding
its content. In reality, this means that a prediction or approximation of future platform
requirements has to be made.
“It’s pretty crass this reality. We have to sit and predict the future.” (System
Responsible)

The platform tool-box is consequently largely influenced and determined by the
requirements of the derivative projects being initiated early, and later derivative projects
influence the platform tool-box to a lesser extent. The reasons for this situation are
attributed to the challenge of knowing about future users of the platform and have future
customers for the final derivative products when planning the platform flora.
“You know that there is a new derivative, it’s in the business plan. But it’s not very
concretized as a product. The earlier derivatives set the concept because they are
specified in a whole different way than the future vehicle. And there is a big risk that
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you do this for good and bad. There is a risk that the earlier derivatives get to much
influence.” (Group Leader)

According to the PVT Manager, later derivative vehicle projects must have major
problems in accommodating platform components into their own development activities
if they are to have a saying or being able to make larger changes to platform components
once they have been determined. In such rare instances they are also required to finance
any required changes themselves. In an ideal situation, all derivative vehicles utilizing the
platform should be involved in the initial decision making process as this is believed
would ease the definition phase of the project.
“There’s no point in sitting and creating it for yourself if no one wants it.” (System
Responsible)

One approach to overcome the deficiency in required knowledge and understanding of
the needs of future derivative vehicles is to incorporate flexibility in the engineering
design work of chosen platform components. The way this is approached is by focusing
on commonality aspects at the level of sub-systems and attempting to find system
solutions that can be shared across derivative vehicles, rather than component level
solutions. The challenge in setting the properties of the system solutions determining the
development of individual components is a result of the demands for different profiling
amongst the different derivative vehicles.
“Where do the problems begin? Its partly because of demands for different
profiling…//…but also because derivatives within the same product family are
developed with interval.” (PVT Manager)

Such unique demands do not provide much room for compromise since they contribute
to distinctiveness and uniqueness. It does however allow minor adjustments to be made
as long as the base system is used for making these adjustments. As a result of system
solution decisions taken early and of the inclusion of the requirements of early derivative
vehicle projects in determining the platform tool-box, the EUCD organization often
have to try and ‘sell’ platform components to later derivative vehicle projects no or
limited modification. There is room for new components to be added to the platform
tool-box even if such have not been included initially. Often this is even viewed positively
as it increases the chance to increase scale economies for all brand organizations. The
drawback of including a new component in the platform tool-box is that this also requires
a new variant to be added to a system, for instance a fifth variant of a cross-beam. The
relative ease and the positive contributions of an add-on hinges to large extent on the
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required costs for implementing such an add-on. At times, it is only a matter of adjusting
already existing manufacturing process and if the manufacturer’s process is flexible, then
it will not drive any significant cost in relation to engineering design work.
“I think we still have to learn from our experience, when it comes to defining what is
possible to handle within a system….” (PVT Manager)

It is argued that there is no reference book within the firm with information about how to
deal with platform related components or about what can or cannot be part of the
platform tool-box. Instead there are a plethora of different parameters that need to be
included into the equation when making a decision. Based on these different
considerations a projection on what should be included is made. After having made the
first projection, the task becomes one of trying to understand if it is possible to fulfil all
the demands or whether deviations and departures from what was initially decided is
required.
“And then the fermentation process, the balancing process begins. And sometimes
things fall away, but it can also be so that things are added. But you still have to make
a projection, there is no ready solution.“ (Launch Manager)

The platform is therefore also seen as being in constant change. As long as new derivative
projects are initiated or planned, the platform needs to adjust accordingly and in the
process grow according to the new requirements of the derivative projects. Despite the
fact that the specification and the tool-box of platform components are fixed at one
point, the degree of commonality is not. Therefore there are various degrees of
commonality across different derivative products depending on a decision to make a
component or system solution part of the platform tool-box. Once a system has been
decided to be part of the platform, it will take a lot of effort by the derivative projects to
change the basic system, although they might be allowed to make adjustment to the base
selection in order to make a solution fit their individual product.

5.6.2 Maintaining Commonality
In the design engineering phase, the understanding of how design solutions affect other
components, both platform and non-platform, is important. In this process, the role of
the Launch Manager and the PVT Manager is to promote for the selection of design
solutions that contribute to the maintenance of commonality across different derivative
vehicles. This in turn creates an increased challenge for engineers involved in design
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engineering work. In particular, more attention to carry- forward and carry-back effects
has to be given, as the number of derivative vehicles in production grows and the
requirements of future derivative vehicles become better known. As the need for taking
into consideration existing derivative vehicles and the knowledge and understanding of
the requirements of future derivative vehicles increase, so does design engineering
complexity.
“That’s the primary problem…that the concept phase is too short. You only do a
draft…the details are not really worked through very well.” (PMST Leader 2)

Since a number of derivative vehicles will be based on the platform, required changes
need to be carefully investigated to determine carry back-effects. Before implementing a
change it is necessary that the effect this change will have on derivative products in
production is carefully investigated and understood. Changes also need to be agreed with
the different brand organizations. In situations where it is found that carry-back
implementations will most probably yield positive long term benefits from a commonality
aspect, there might still however be difficulties in reaching agreement with the different
brand organizations and the different derivative vehicle projects. The reason for this is
attributed to the additional cost incurred for derivative projects in adapting a component
so that it can be carried back. In many instances, derivative projects see no motivation or
benefit for their own derivative product in spending part of their component
development budget on something that someone further down the line will benefit the
most from.
In addition to carry-back and carry-forward considerations, there is also the notion of
carry-over components. A carry-over component is a component that has been identified
as a solution that can be used in other derivative vehicles without first requiring any
alterations to be made. It is in essence an already existing component that has been
developed for one derivative product and which it has been decided will be used again in
the design of a new derivative product. A carry-over component is not regarded as being
the same thing as a platform component, although it builds on the same principle as a
platform component, i.e. to increase commonality aspects. It is not planned to be
included in the platform flora but rather is an emerging opportunity for increased
commonality in derivative development. It is perceived as an opportunity to use an
already existing solution and is more a recycling decision. The components that are part
of the platform tool-box are pre-planned together with the derivative products to be
produced and are referred to as ‘common part’, in order to distinguish them from carry-
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over components. Carry-forward decisions however do not come without accompanying
drawbacks.
“Carry over concept means carry over problems as well. In essence we also have
carry over problems in carry over articles. That is something they usually tend to
want to forget when choosing a concept solution.” (CAL 1)

Design engineering work therefore needs to attempt to handle problems inherited from
previous derivative vehicles and to improve known problem areas. The ideal quality
procedure is said to be to stick to the same concepts as long for as possible in order to be
able to make them more sophisticated, and thereby preventing future problems in a step
by step manner over time.
In the development of platform components there is a trade-off between finding
solutions that are acceptable for all future users and the adjustment of the development
process to allow solutions to be implemented on all derivative products, and the decision
to look for a unique solution and component for a shorter time. In certain instances, the
lack of knowledge, understanding, time, or money merits the implementation of unique
solutions. Such decisions do not mean that the system solution is completely abandoned,
although this alternative also exists.
“I would say that in 98 percent of the cases we chose the same system solution, when
deciding on unique component. Then you buy some time to further ahead balance
and turn the component to find a common solution that can be carried back to all
other derivate products in production, because the strive is still to always have
commonality.” (PVT Manager)

Since substantial differences in derivative vehicle characteristics exist, this, in combination
with the inability to receive early input from all potential future projects, makes it difficult
to determine the full platform tool-box at initial conception. Additional requirements
have to be added throughout the life cycle of the platform, contributing to the growth of
complexity. The further as to into the time horizon of product family planning the
conception of the platform is, the greater will be the challenges. Further to this, the
initiation of derivative vehicle projects also exerts demands on the platform tool-box
selected.
“That’s where the challenge is. To keep as much as possible and not follow the
demands, but let the demand for common components be the base for the
development. So the unique has to be adapted. But then that does not always work
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100 percent. And then it’s about establishing how much you need to change because
you didn’t have the demands in the first place. And that’s the success factor! This
recipe and this mix, cause it isn’t black or white.” (Launch Manager)

The starting point is to try and find a common solution for all brands and all derivatives.
However, this is also expressed as not always possible.
“Initially, that is the aim. But because of various different requirements that the
different brands have this doesn’t happen. Then you have different things, what the
different brands find important for their derivative. And this means you have to
make deviations from the requirements. Hence some decide to go unique and you
end up with a larger variety of flora.” (PMST Leader 4)

5.6.3 Making Platform Changes
During the course of the development process, changes to platform components are
inevitably required. Required changes are identified by the different derivative projects,
which have mandates around their project. Those components and vehicles that are in
production are the responsibility of the different brands and the derivative projects within
these organizations. Consequently, the final decision about required changes lies within
these organizations. This in turn stipulates that proposed changes, irrespective of who has
proposed them, need to be accepted by the different brands organizations and derivative
projects before being implemented. If it is found that the best compromise across all the
derivative vehicles is the addition of a component variant, the different derivative projects
are required to take a stand. The results of proposed changes often boost several
derivative vehicles and at times the proposed change might lead to the introduction of an
extra variant of a component for a specific derivative vehicle model.
The responsibility for making inquires into how a proposed change impacts across the
different brand vehicles lies within the line departments responsible for technical
solutions. In their inquiry, the different line organizations need to contact a wide range of
different functional areas to understand the impact. They are required to communicate
across a wide network, which at times is problematic due to a lack of initial contacts. In
such instances, the EUCD organization plays an important role in aiding this process.
Whereas the derivative projects are accountable for the finished product to the customers,
the EUCD organization is responsible for maintaining commonality to as high a degree as
possible. Communicating and negotiating across a wide network of contacts is part of the
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complexity involved in reaching the best solution across a number of different brand
vehicles.
Required changes that only affect costs related to investment in new production tool
needs to be covered by the brand organization and derivative project that have requested
the change. In such instances, there are generally no conflicts between the different brand
organizations. However in instances where a proposed change impacts on the unit price
for a component, disagreement between the different brand organizations is likely to
arise. As a result of such disagreement, a component might be slightly modified to fit the
needs of one derivative project. However, such a decision can also mean a loss in the
degree of commonality.
“If there is no problem, then we don’t do anything. If you do, you will probably
create a new problem. That’s the reason why the last derivative coming of the
platform is so bad. There’s too much rationalization.” (System Responsible)

One important reason for avoiding major changes to platform components is due to the
problems that such changes might give rise to for the following derivative project using
the same component. A particular challenging situation arises when a deviation from
accepted requirements is accepted and implemented. In such instances, the following
derivative project based on the platform might still have the original requirements
specified but will have to face a situation where they will have to use the previously
modified components as a carry over component. In such situations, the deviation arising
due to the carry over effects need to be accepted at the highest derivative project level. A
requirement deviation accepted in one derivative project and the decision to use the
deviated component as a carry over component does not automatically mean that the
deviation will be allowed in future derivative projects. Hence there are voices who express
concern over this extra requirement for decisions regarding deviations since they feel that
one deviation accepted on a platform component, which in addition becomes a carry over
component, should automatically be accepted for all the coming derivative projects. Thus,
what is currently required is to get another acceptance decision on a deviation which has
been inherited. Increased awareness of what derivative projects and products are next in
line to be developed, based on the platform, is argued to be important.
“What is a platform and what is not? Are we making a platform project decision or
are we making a derivative project decision? It is two different things. In a particular
derivative project it might have been ok with a deviation, but for the next you decide
to implement a carry over solution, but then you need to include all potential
requirements deviations as a consequence.” (PMST Leader 5)
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“Perhaps the decision was made in the wrong decision forum. Perhaps you shouldn’t
have taken it in the derivative project but rather in the platform project.” (PMST
Leader 5)
“The more you can stay away from poking on what is common, the better. Because
that has already been quality checked and verified. Try and take the hit somewhere
else.” (Technical Project Leader)

5.7 Problem Management – Automated Issue Management (AIM)
Design engineering related problems (of a technical character) are referred to as ‘Issues’,
‘AIM points’ or ‘Problems’ and the terms tend to be used interchangeably. The reason for
using the terms interchangeably is that once a problem has been identified, it is registered
into the Automated Issue Management (AIM) system. The AIM system is in essence a
database where problems encountered can be registered and a brief notice with
information about the problem written. Once a ‘Problem’ has been encountered and
registered into the system, it in effect becomes an ‘AIM point’ in the database or an
‘Issue’ that needs attention.
“Problems materialize all the time. In development operations life is filled with
problems. If you find that hard, you should probably be doing something else. And
problems you can look at in two different ways. Some call it an opportunity, but why
not call it a problem if it is a problem?” (Technical Project Leader)

In the development process, handling deviations from expected quality output are
essential activities and make up a large portion of the time spent by Component
Assignment Leaders (CAL) in their daily work. Reporting identified problems and
working with their solution is regarded as a key aspect of development work and one
important responsibility of the Component Assignment Leader (CAL). In essence this
stipulates much of the work that is carried out on a daily basis, especially in the
engineering design phase and the later manufacturing and assembly phase.
“That which does not exist officially in the AIM system is not a problem. So if you
don’t create this entry, nothing will be done.” (PMT Leader)
“This is in essence what drives the work; first a problem and then a solution.”
(PMST Leader 4)

The AIM system of reporting and handling problems is considered good as it helps to put
focus on an issue that needs to be handled. The only way to get rid of an AIM point is to
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initiate an investigation to try to understand the issue, and if required, find a solution to
the issue.
A proposed solution to an AIM point is referred to as a Concern. A Concern is a detailed
proposal for a solution to and contains all the required and associated information for
implementing a solution. It comprises a detailed proposition of a solution with design
models and geometrical information which is released for all relevant and concerned
parties to comment on. Through the creation of the Concern, the problem matter and its
solution is created and communicated to those who are affected. A Concern allows those
areas that will be affected by a proposed change to be noticed and informed that a change
has been suggested and is likely to be implemented. Once a Concern has been created and
completed, it is sent to suppliers in order to receive a price quotation so that associated
costs can be understood. It is a proposition for a solution with all the required
information, and needs to be approved by all parties concerned and by senior decisionmakers within the project prior to implementation.
5.7.1 Working with Automated Issue Management (AIM)
AIM points are registered whenever a component-related issue is encountered. The
system works so that the person who has encountered an issue is the person responsible
for creating and registering the issue in the AIM system, where it becomes an ‘open’ AIM
point.
“Where do you find problems? If it is the local person finding a problem then
he/she will work with it himself. But in the type of problems where conflicts arise,
then you identify them either at a test activity or at a geometry review activity or in a
worse scenario at an assembly activity. Somewhere you note it. And we have quite
many work methods for finding problems.” (Technical Project Leader)
“There is a little bit of a mentality that if you don’t hear anything, then there aren’t
any problems. Since we have the AIM system, we expect people to let us know if
there is a problem. Right or wrong…? You often get blind after a while with your
own stuff so it’s good that someone else is checking for problems.” (PMST Leader 4)

When an AIM point is initially created, the initiator documents what specific development
area he/she believes the AIM point concerns. Thus, in the AIM system, a provisional
assignment of an AIM point is made to a concerned Component Assignment Leader.
Following the registration of an AIM point, the initiator needs to engage in a ‘hand-shake’
procedure with the person to which the AIM point has initially been registered. The aim
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of the ‘hand-shake’ procedure between the initiator and the person to which the AIM
point has been registered aims at reaching agreement that the AIM point has in reality
been assigned to the right party to be responsible for undertaking a deepened
investigation and for coming up with a proposal for a potential solution. The ‘hand-shake’
procedure is an informal activity whereby the two parties concerned try to reach an
agreement so that the person to whom the AIM point has been assigned, understands the
content of the AIM point registered and agrees to take on the responsibility to make an
investigation, come up with a proposed solution, and make the required adjustments. The
content of the identified problem and the reason for why and how it occurred is not
always easy to describe early but the basic idea behind the ‘hand-shake’ procedure is get
one party to accept the AIM point. Agreement that an AIM point has been assigned to
the right party is however not always reached in the ‘hand-shake’ procedure. In situations
where a disagreement between the AIM point initiator and the person initially registered
for the AIM point exists, the matter can be transferred to a Binning Meeting.

5.7.2 Connecting Issues to Issue-Solvers
The Binning Meeting takes place every Monday between the Program Module Team
(PMT) Leader and the Program Module Sub-Team (PMST) Leaders. The initiator and the
person preliminarily assigned to an AIM point is also contacted during this meeting and is
required to contribute with information so that an agreement about who the AIM point
should be assigned to can be reached. The aim of the Binning Meeting is to assign the
responsibility to one party for investigating the issue matter deeper and finding a potential
solution to the reported issue. The focus of the discussion at the Binning Meeting
involves understanding the reported issue and assigning the matter to one PMST area. At
times, the responsibility for an AIM point is assigned to the AIM point initiator.
The reason for allowing the AIM point initiator and the initial assignee in the discussion
taking place at the Binning Meetings is that the Component Assignment Leader (who is
usually the person reporting the AIM point) is often the most knowledgeable person with
most insight into the problem reported. At times, the CAL is not in a position to
contribute to the discussion taking place at the Binning Meeting. In such instances, it is
the PMST who participates in the meeting to discuss the points. However by not having
the CAL present when discussing the AIM point some CALs feel that it is not always
possible to make the right decision as to what the issue is and who should be responsible
for driving the change. Although the SU engages in discussions with the CAL prior to
attending this meeting, to get valuable input into the argument, they are still believed to
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often lack the detailed knowledge of the component and hence the problem encountered
and reported.
Once an AIM point has been assigned to a PMST area and a Component Assignment
Leader, it becomes registered and visible in the AIM system as an ‘Open’ AIM point.
Following this, the PMST Leader is required to mobilize his development group to initiate
an investigation around what the issue might be or to gather more information about the
obstacle that has been reported. Every PMST area is responsible for working with the
AIM points assigned to them internally, drawing upon their development teams. In these
teams, both CALs and suppliers might be involved. The AIM system allows the
investigating team to continuously feed information back into the system so that it
becomes visible to all interested parties. When the investigation has been completed and
all the information on the reported issue has been gathered, the team starts working on
finding potential solutions. The PMST area is required to report their suggested solution
to the PMT Leader and when it can be implemented. The PMT Leader can then search in
the AIM system and see how many AIM points have been assigned to the different PMST
areas. The PMT Leader in turn reports the status of the AIM point to the next
hierarchical level. This control is regarded as a weekly cycle and is done in order to ensure
that solutions are found and implemented in time for the next production series, thereby
avoiding the same issue materializing.
“It’s not always obvious who should have the responsibility. But in due time you
usually get it pretty correct in the Binning-meeting. And then you can always add
what is needed.” (PMST Leader 3)

Sometimes, the initial investigation can therefore lead to an understanding that an AIM
point has been assigned to the wrong PMST area or development team. The investigation
can therefore come to the conclusion that the best potential solution can best be found
within another PMST area or another development teams responsibilities. In such
instances, the AIM point can be transferred. It is thus always the responsibility of the
PMST Leader and his development team to initially determine what the cause of an issue
is whenever one is reported. Whilst in the beginning of a development project the PMST
Leader is also responsible for any potential corrections or solutions to issues determined
to be affected by his area, his responsibility or role generally tends to change later in the
development project. At later development stages, solutions might be identified as being
better applied in other areas, leading to the role and responsibility of the PMST being one
of initially determining what the causes for the issue are and where to implement the
solution, and to provide support for this activity.
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Accepting an AIM point means acceptance of the responsibility for investigating the
solution to a reported issue. Having been assigned the responsibility for an AIM point
does not however always mean that there is an issue with a component within the
assigned PMST area. Rather, AIM points can be assigned to PMST areas and Assignment
Leaders for the reason that another component has an issue and the PMST area or CAL
responsible might need assistance and help in resolving the matter. Consequently, the
relationship between where the problem arises and where the potential solution exists is
believed by employees to be a matter of judgement.
“Early on [in the development process] you get AIM points because you have done
something wrong, an error. But as you progress, there might be someone else having
a problem and then you can still get an AIM point, but to resolve someone else’s
problem.” (PMST Leader 5)

The PMT and PMST Leaders are also responsible for working with issues that have been
encountered in vehicles already in production and on the market. Traditionally, this
responsibility fell on the PVT organization which works with quality problems in the field
and that therefore had the responsibility for investigating and resolving reordered issues.
Whenever an issue is reported from the field, the PVT organization creates an AIM point
which is communicated back to the PMT and PMST leaders, for them to resolve. Due to
the large number of common components in the vehicles in production, it is not found to
be viable to have a satellite division which makes changes to components with indentified
issues. Doing so means that commonality aspects could be broken since individual
projects have a tendency to opt for quicker, tailor made solutions. Following the initial
investigation that takes place once an AIM point has been assigned to a CAL, the results
of the investigation can lead to a view that in reality the reported Issue does not constitute
an issue problem that needs to be addressed.

5.7.3 Judging Issues and Solutions
A Judgement Meeting takes place whenever an AIM point has been registered and no
agreement as to whether it constitutes a real issue or not has been reached. A Judgement
Meeting is called because a conflict between two or more components has been found
and the Component Assignment Leaders (CAL) for the respective components cannot
agree whether or not the conflict constitutes an Issue. Disagreement as to who should be
responsible for initiating an investigation to find more information can persist as one
CAL might perceive an Issue where another might not. Disagreeing CALs need to
prepare and bring information to the Judgement Meeting about the implications of
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making or opting not to make required changes or the benefits of closing the matter.
Discussions as to why the matter should be perceived as an Issue or not take place and all
the parties concerned can put forward their views on the matter. Present at the Judgement
Meeting are senior project management team members and other parties concerned and
involved such as the Audit department.
If an AIM point has been referred to the Judgement Meeting there is a tendency for the
gathered resources at the meeting to come to an indication of how to deal with the issue
as well. Thus at the Judgement Meeting aid in addressing a reported issue is also provided.
The Judgement Meetings and the decision taken at this meeting or however not always
non-problematic since it at times is difficult to establish who has the last say at the
meeting, or even difficult to get a decision in either one or the other direction.
Another reason is that there are not enough resources available to address all issues
encountered, with might lead to wrong decision being taken. In addition to this situations
exist where decisions at the Judgement Meeting have been overruled later on by the
Technical Project Leader. In other instances there might be an agreement that an issue
persists, but disagreement as to who should be responsible for making the required
investigation to gain more information into the matter and come up with a proposed
solution to the reported matter. Matters that cannot be settled and decided at the Binning
Meeting for instance can also be referred to the Judgement Meeting.
Another challenge related to AIM points concerns potential solutions which Component
Assignment Leaders are proposing. At times, proposed solutions require other technical
areas to make changes or adjustments, something which is not always easy to agree upon.
One important role of the Component Assignment Leader is to make different technical
areas agree on what action to take in order to ensure the quality of the component for
which they are responsible. In situations where proposed solutions require other adjacent
components to make adjustments, and when an agreement to have this adjustment made
cannot be reached with one of the parties concerned, it is possible to refer the matter to a
Design Review Meeting (DRM). At the DRM the Technical Project Leader is present to
make a judgement on which solution to opt for and which changes are required to be
made by whom.
“All I can do is assuring that I have good material and explain that you can’t really
solve both these problems. If we chose this way, we will have these consequences,
and if we chose the other, we will have these. Then someone else will have to make
the decision.” (CAL 2)
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However, the Component Assignment Leader is not always present at the DRM. In such
instances, it is the PMST Leader or the SA (System Responsible) who engages in
discussion about solutions. At times, it is the technical level at which the discussions need
to be carried out or the complexity of the issues reported that determines who engages in
discussions at the DRM meeting. At the same time, depending on the technical level
discussed, the stand in for the Component Assignment Leader (CAL) might not be so
familiar with the complexity involved. From the viewpoint of the CALs this is seen at
times as being problematic.
”I have a problem when decisions are made without knowing about the details of a
component for which I am responsible. Then it becomes a problem because people
don’t have the detailed knowledge. It can be anything from tool solutions to making
decision about styling related changes. And then when we finally are asked we let
them know of the implications. And then it becomes a matter of reversing the
decision. And that takes time. Rather than talking to the KU directly. If I know what
the tool solution suggested was I could have told them about the implications
directly.” (CAL 3)

The DRM is regarded to be an important and useful meeting since many participants in
the project often attend and hence it is possible to get input from people with a variety of
experience and knowledge. At the Design Review Meeting, technical decisions are made.
At a DRM, there is of course a chance that a negative decision from the perspective of
one CAL is made. However, even when there is no conflict between two parties, but
rather the decision is to whether make a change to improve the component or to get rid
of a smaller issue, there might be a decision made to ignore this.
“All problems are not so big that we cannot live with them. And sometimes you
really wonder if something is a problem. No. We want to see this happen first. We
want to see this problem in reality. You take the risk to have to make that change
later. Then we wait until we have the prerequisite required to see it in reality.” (CAL
1)

5.8 When Encountering Issues
According to the Technical Project Leader (TPL) an issue discovered needs to be
analysed to enable them to understand what it consists of. The level of its severity needs
to be understood as well as its potential consequences. According to him, the idea is to
identify the most serious issues first so that they can be resolved.
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“So what do we do with problems? We try and explain them as they are; a
thing…//…They should all be solved; it is just a question of how much time we
have. And the tricky part is to understand where to draw the line.” (Technical Project
Leader)

At the same time, the early identification and understanding of issues is a challenging
prospect and carries implications for the management of reported Issues and the
development of component as a whole. Several design engineers state that one major
challenge of early Issue identification stems from the inability to always establish the right
way to verify a an issue early on. Verification procedures for specific components are
usually established at an early stage in the engineering design phase of the development
project. Verification is carried out by specialized units responsible for certain
components. Verification procedures are also subject to limitations arising from them not
having physical components. Consequently initial verification are carried out to establish
the most basic functions of a component, whereas full verification cannot be carried out
until construction tools have been developed and the components physically created.
“For this reason problems usually materialise late on and are not discovered until the
physical component has been created. And problems are always encountered and to
be counted on to materialise.” (CAL 4)

For the verification process, the Component Assignment Leader is expected to draw
upon the knowledge of a Test Engineer in order to determine how to best verify
components at an early stage. Attempts to predict issues that can be encountered for
instance in the assembly stage early are carried out and efforts are geared towards
understanding the best approach to verify the components likely to give rise to them. Yet
the process of verifying components early is considered to be problematic, especially
when attempts are made to identify the test method appropriate to use in the early stages.
”We put a lot of time into trying to predict problems, how to verify them. And there
we often fail, in verifying something before it exists…in determining which
verification method is appropriate to use early on.” (CAL 5)

The verification process in later development stages is of a more rigid and demanding
character than in the early stages. Final tests and verification procedures are for instance
carried out on a completely assembled vehicle and are more demanding than the
individual component verification tests, since the whole vehicle is put through forced
tests. Consequently an initial verification, which might have been carried out as long as
two years prior to final verification, might prove to have been insufficient and not been
enough to assure the quality requirements of the product once in the market. Rather new
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factors might be the determinants of a failing component or attribute to the inability to
fulfil functional requirements.
“And then time will have been lost since the development work has been carried on
based on a believed approved test.” (CAL 2)

New determinants for issues are rarely of a surprising character but instead tend to be
closely aligned to earlier identified problems. Component Assignment Leader express
concerns over this since late emergent or outstanding issues are issues of which all parties
concerned have been aware of for a long time.
“What shows at the end, is rarely anything that will shock us. And that is also a little
bit frustrating. Because you feel that you have already taken care of that. That every
[AIM] point I have left now, it’s been with us for along time. Ever since the
beginning we have known about it, but we have not found a way to verify it.” (CAL
2)

Resulting from this is the expression that the challenges in managing Issues stems not
necessarily from the difficulty in rectifying identified problems but rather from the
difficulty to early on understand emergent problems. This in turn carries implications for
the ease by which solutions to problems can be developed.
“It is generally harder to find the problems than it is to resolve them since resolving
the problems usually do not require difficult technical aspects. The time available for
coming up with a solution might however be a problem, especially in the later
stages.” (CAL 6)
“It is easier to solve the problem once you know it, than it is to find and understand
the problem in the first place.” (CAL 7)

The difficulty in establishing or understanding an issue early is claimed to be dependent
on the characteristics of the problem itself. At times, complex issues are easily
encountered early on but are hard to resolve. One such example is for instance in relation
to geometric or packaging issues, which are generally perceived as being of a more
difficult character to resolve than to identify early on. The reason for this is because many
geometric restrictions can exist or be created between components, especially towards the
end of the development process. In a similar vein, late change request in terms of request
for adjustment, design changes, or functional changes, are perceived as being one of the
greatest challenges to address and cannot most times be resolved.
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It is also argued that the AIM process of reporting issues is a reason for the reactive
nature of the design engineering development work carried out. In order to take a
proactive stand towards engineering development work, the CALs would need to register
and write and AIM point to themselves. This is however something that CALs do not do
frequently, since they are aware of that in doing so they will be required to carry out
follow-up work which in turn will generate more administrative work for themselves.
As a contrast to this, it is also said that some issues are of such a nature that it is possible
to determine what can go wrong with a component. In such instances it becomes easier to
predict where an issue might occur and to attempt to develop a solution to counteract the
issue if it occurs. One way to be proactive in the design engineering work is by
monitoring the work that has been carried with regards to a similar component in an
earlier phase, in a different project. Through this activity, the Component Assignment
Leader feels that it is possible to get better grip of issues they have encountered or issues
that can occur, and from there, attempt to take avoiding action by developing solutions. It
is therefore argued that forward planning, or the anticipation of future issues, is an activity
that can contribute towards the reduction of late emergent Issues. In early phases, the
Component Assignment Leaders feel that it is easiest to look forward and use experience
gathered in earlier projects to try and understand what might constitute a problem in the
future.
“Small problems follow you into the future. They do not disappear. If you do not
focus on them early, they will cause a stop later on.” (CAL 7)

In order to identify issues early on, the Component Assignment Leader (CAL) is often
required to draw upon the knowledge of other resources. In particular, from areas
responsible for different character attributes of the vehicle in the early phases of
component engineering development. By allowing these resources to have a look at the
construction whilst it is still only available in a virtual environment (in terms of drawings)
the CAL can obtain important feedback. Including these resources earlier and getting
their input, can add to the understanding of where issues might arise and include
solutions or take avoiding measures at an earlier stage.
“It is a matter of spreading out information about the problem to all concerned
parties. And then give feedback to those that ask questions.” (CAL 8)

Monitoring potential emergent issues enables a CAL to contact the right people directly
once an indication of future potential issues has been established. In this way, the CAL
can allow areas concerned to be involved in providing assistance in answering questions
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and resolving issues. Another aspect which illustrates the importance of communication
and monitoring work carried out on a similar component is that many issues are inherited
from adjacent elements.

5.8.1 The Temporal Order of Issues
Employees feel that there is a difference among issues in terms of when they are
encountered and the reason for their emergence between early phases of the development
process and latter phases in the development process. Differences for instance are found
in terms of the detailed understanding of the issue that can be unearthed in the different
stages.
”There are different types of problems. Earlier in the project the problems are not
that concrete. You might have a packing conflict, you can’t fit the things. You don’t
know which system you are going to use, because something has been changed.
You’re supposed to make styling aspects fit. You might even have many anticipated
problems. Someone might think there will be water leakage somewhere, someone
else thinks there will be noise leakage. When you’re in the assembly process things
are more concrete. But foremost there is a higher solution pace. It is much demands
to resolve the problems, because they can be measured in a different way.” (CAL 9)

Further to this, there seems to be a tendency for a shift in focus with regards to the
complete vehicle during the course of the development process. Component Assignment
Leaders for instance feel that in early development phase, focus tends to be on cost
reduction, followed by weight reduction, to a focus on quality issues towards the later
phases of the development process.
Resulting from the varying characteristics of development related issues is the change of
focus of Component Assignment Leaders in their work. From expectations and the
necessity to undertake activities and have a focus on issue-identification in early
development phases, employees state that there is a need to change these activities and
their mind-set towards a focus on issue-solving towards the latter phases of the
development process. In early development phases, work carried out is explained as being
design focused and drawing upon the virtual verification of one component. Towards the
later development phases, focus needs to be on gathering test and verification data from
many areas and attempting to understand issues that might have been encountered and
how to resolve them.
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“In the concept and design phase for instance, where focus is more on design
development/engineering then you are more likely to identify problems or potential
problems that might occur. In the later stages, the production and assembly stages,
everything becomes problem-solving and efforts are geared towards problem-solving
before starting to sell the product.” (CAL 9)
“The activities towards the end of the development process are different from earlier
phases. At the latter stages there is no development work carried out, rather focus is
on resolving physical and real problems. Then there are many quick changes…that
we should be able to find quick solutions.“ (CAL 6)

One explanation to the shift in not only the nature of issues encountered and how they
are addressed, but also the shift in focus during the course of the development process, is
attributed to the length of a development project. Since development projects tend to run
for three or four years from the end of the concept phase, for natural reasons issues can
emerge or be encountered at any time and at any stage over a long period of time. Due to
this, the nature of the work carried out by Component Assignment Leaders also tends to
shift during the long development process, requiring different approaches towards design
engineering development.
“In the beginning there are quite large degrees of freedom to make changes and new
things. Then these degrees of liberty become less and less the further in the
development process you are. And then when the assembly process begins and all
the final verification begins, then you are stuck with what you have. Then it becomes
a matter of tuning what you have to ensure that everything is ok when the vehicle is
sold. However you always encounter things that do not have the right quality, it can
be that things need to be strengthened or that a feature is not correct. Then it
becomes more problems based. You have a problem and you solve it.” (CAL 9)

Drawing upon virtual models to identify all existing and potential issues is recognized by
CALs as a challenge, since virtual models cannot cater for all aspects of component
development.
“Even if it works in the virtual world, it can still spread…especially in the early test
series. So when you go down and look at the vehicle it doesn’t add up…it doesn’t
look like it did in the virtual model.” (CAL 8)

Several vehicle characters attributes and characteristics, in particular sound, feeling and
handling force are found to be difficult to handle in terms of anticipating future end
results or future issues by drawing upon virtual models. Instead CALs draw upon virtual
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models when determining space requirements or when attempting to identify geometrical
restrictions and conflicts with regards to other components. However in the physical
assembly of a derivative vehicle, issues which were not thought of in the virtual models
emerge.
”In the computer you draw, in reality we produce. And that’s where we get variations
and deviations. We come across things such as that we get variations on one side but
not the other because there is a physical stoppage there. Then you know that it will
vary on the other side although it shouldn’t. You can still avoid many of these things
by drawing upon your experience and your competence. But it is still too complex to
understand everything. So when the physical component is created and assembled
you still learn something, even if it’s only that you were thinking in the right way
from the beginning.” (CAL 4)

At the same time, issues encountered in the assembly process are rarely of such a nature
that a major overhauling is required. One reason for not requiring major overhaul is that a
number of test series have been produced before the assembly stage, through which the
major potential incidents should have been identified and rectified. Issues encountered in
the assembly process are hence described as being of a “hands-on nature” and “having
their own, simple logic”.
“Things are different when we enter the physical reality stage. When we sit and draw
and design virtually…that is its own problem world and a different one from when
we have the physical tools and begin producing the physical component. It is an
exiting process, when you move from the virtual to the physical. And that’s where
you find most of the important competence, to make that work smooth and easy.”
(CAL 9)

Smooth and easy transition from the design engineering phase to the manufacturing and
assembly phase is facilitated through the various test activities carried out previously on
test series constructed. Major issues and problems are expected to have been identified
through the different verifications activities carried out and in various durability and
quality checks. Yet problems still emerge once the individual component is aggregated
with other components to make up the complete vehicle.
”It is when it comes to adding [the component] to the complex system which a
vehicle is, with all the parameters that can vary, that you really get to do. And we
have strict demands on us that it should fit very well to the vehicle, both physically
and geometrically. But it is two components that should fit together. And sometimes
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the other party finds a problem which they cannot make any changes to rectify, then
it is us that need to adapt. And it can involve tremendously tricky changes. So to be
able to physically try and build a vehicle and to see what it looks like when you put
on the component…we learn a lot both of us at the first physical aggregation.“ (CAL
4)
”It doesn’t matter how many virtual series we have built. When we get to the factory
floor and build the vehicle, that’s when the problems become visible.” (PMST 2)

In terms of whether issues are identified at the level of the individual components or
whether there is a need to wait until the aggregated whole is put together, there is a
general tendency that at individual component levels usually not many issues are
encountered This is explained as being a result of the knowledge expertise and experience
of the employees at the firm as well as of the supplier in developing required components.
Differences might however be found in terms of geometrical variations from the
specification. In such instances, the component will not fit easily onto the vehicle. This
might be due to the focal components deviating from the expected or it might be a result
of issues in other technical areas or components and deviations from nominal values.
In terms of whether it is difficult to establish who has made an error (something wrong)
the general perception is that this is difficult, especially when in the later stages of the
whole development process. When the vehicle is in final production or assembly it is not
possible to break up into different pieces to establish the issue due to the many
interdependencies. Rather a more controlled approach is required in order to not disturb
the production and assembly process.
”Many times it is not your own component that has given rise to the problem. It is
somewhere else that something is wrong. But the problem only shows when my
component is assembled…it can be an assembly problem, it can be due to contacts,
it can be the logic of the system, it can be cables, it can be many things outside of the
technical responsibility of my role and my technical area. But if my component
doesn’t work, then you turn to me.” (CAL 4)

Problems encountered in later development phases can be of various kind, size, and
character but have a tendency to be related to rust, wear and tear, noise issues, smell,
appearance issues and functional issues. According to a number of Component
Assignment Leaders it is possible to feel towards the end phases that issues arise at a pace
that is almost impossible to deal with. This in turn is argued makes it difficult to rise
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above the issues encountered, get a different perspective on the situation, and try and
think forward.
At the end of the case study, the platform development process was still ongoing. A
number of derivative vehicles had been produced, using the platform tool-box, and a
number of future derivative vehicle projects were to be initiated. Whereas many aspects
of the platform development process were considered to contribute to a better way of
working (such as minimizing the elements of uncertainty in design engineering), other
aspects were considered to not be as successful. For instance, organizational and
organizing demands set by platform development process constituted challenges that had
not been thoroughly addressed. Further, the time constraints that arose at the end of the
vehicle development process many times required quicker decision to be taken. However,
since the organizational structure was not set up for such quick decisions to be made, but
rather required all issues to go through the same process of evaluation, delays inevitably
occurred or wrong decision were made. Nonetheless, since the EUCD platform
development process was ongoing, continuous improvements were likely to be made to
the development process.
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Chapter Six
6 A Cross-Case Interpretation…Detecting Problems Early
In both case studies, identifying problems late in the platform development process is
argued to be an easier task than identifying problems early on. One contributing reason
for this is that in later development phases, feedback on implemented solutions is
generated faster than in early phases. This in turn allows the appropriateness of chosen
and implemented solutions to be evaluated directly by observing performance. Thus, the
ability to verify solutions and generate feedback on the performance of implemented
solutions makes problems easier to detect in the telecommunication and automotive case.
Identifying problems late in the development process is a straight forward approach
towards problem-solving in platform development. However, such an approach also
carries drawbacks for the ambitions of developing high quality platforms or derivative
products. It is a time, monetary, and resource consuming approach towards problemsolving since the possibility to rectify identified problems late in the development process
is limited. As more platform elements become intertwined with each other, emergent
complexity (Gershenson, 2002) become a compelling factor to take into consideration.
Hence, as platform elements become more tightly coupled to each other, the latitude for
making changes of a large character decreases. More consideration to adjacent platform
and derivative elements needs to be given before a viable solution can be found and
implemented, since such a solution will have an increasingly effect on adjacent elements.
In both case studies there are explicit attempts made to reverse the perspective of late
problem identification. Rather, the focus is on the early identification of problems, and
the subsequent early start of finding solution to these problems. The central theme
cutting across the platform development process in the two cases is depicted in the figure
below (Figure 12: Detecting Problems Early).
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Figure 12 Detecting Problems Early

Source: Adapted from Yakob and Tell, 2009

The approach towards identifying problems earlier is believed by the firms to contribute
to the possibility to take advantage of the higher latitude that exists in earlier development
phases for finding and implementing solutions to problems. The ability to work on
solutions early on has implications for the evolution of the platform throughout its
development path. In the creation of complex designs, exhibiting high degrees of
interdependence between their constituent elements, choices that create precedents and
are logically prior to other choices need to be made (Clark, 1985). These antecedents may
be inherent in the physical structure of a design or may arise because of interdependencies
between elements of a design. Subsequently, that which is initially decided upon provides
direction for which alternative solutions that can be explored and developed when
engaged in problem-solving. Clark refers to these as ‘apex’, arguing that “at each level in
the hierarchy competing alternatives have implications for subsequent decisions, but
choice at the apex has ramifications throughout the hierarchy” (Clark, 1985: 243).
Through early problem identification, and by reducing complexity prior to the
engagement of design engineering activities, it is believed that the search for viable
solutions can be facilitated. The aim is to take advantage of the higher latitude that exists
in earlier development phases for searching for solutions and making required changes.
One reason for this higher latitude is that in earlier development phases, less
consideration needs to be given to for instance physical constraints that result from
having to pay consideration to a large number of adjacent platform and derivative
elements.
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The purpose of early problem-solving is to decrease the challenge that results from
emergent complexity, as more elements become intertwined with each other. By
attempting to establish interdependencies between elements of the platform early on in
the development process, the aim is to increase understanding of what is possible to
realize with existing knowledge. This in turn is believed will aid in determining uncertain
aspects surrounding potential solutions. Such an approach will furthermore facilitate
increased understanding of functionality or performance requirements to incorporate in
the platform. Hence, the early engagement of problems has implications for the
development path of solutions, both in earlier development phases and in later phases.
At the same time however, the hierarchical characteristics of designs give rise to
challenges associated with the identification of interdependencies and consequently the
solution of problems (Vincenti, 1990). Identifying problems early involves a process of
identifying and understanding interdependencies between a large number of platform and
derivative elements that do not necessarily have physical attributes. Subsequently, the
challenge becomes one of attempting to handle logical constraints that arise due to the
many interdependencies that can exist between elements. One particular challenge resides
in attempting to gain insight into what is most likely to constitute a problem later on in
the process of developing the platform. Another challenge resides in understanding the
implications that solutions decided upon and implemented early in the development
process have for the platform in later stages of its development. When engaged with the
development of complex objects (which platforms inevitably are), attempts to decompose
problems which are not fully decomposable will unavoidably have to be made (Marengo
et al., 2005). One persisting challenge in these attempts is the required management of
interdependencies that cannot always be fully understood or decomposed early on in a
development process, consequently requiring the management of logical constraints in
addition to physical constraints. Given these challenges in decomposing problems which
are not fully decomposable, the effect of decisions regarding what problems to solve,
when to solve these, and how to solve these, is difficult to grasp in detail.

6.1 Design as a Search for Alternatives
One important component of design is the selection of one alternative among a number
of available alternatives (Simon, 1995). Simon argues that in the process of generating,
selecting and combining elements of a design, the choice for final design is in itself made.
Thus, when engaged in design, most time is not spent with choice aspect but with the
discovery and generation of design alternatives. Alternatives not only emerge in the
course of the design process, but so do the criteria and goals to be fulfilled. The design
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problem, the goals and constraints to be satisfied, is continually reformulated during the
process of design.
“Design is a process of forming, finding and solving problems. Nor does the forming
and finding come first, followed by the solving; all three sub-processes are
thoroughly intermingled.” (Simon, 1995: 251)

From Simon’s perspective, design is consequently a process of search and of the
discovery of new information about available alternatives and about the consequences
that will follow if those alternatives are chosen. Design is also a process for discovering
the goals to be achieved and the constraints to be satisfied, and goals and constraints are
no more fixed elements in design than is anything else (Simon, 1995: 257). As the
understanding of the implications and properties of chosen alternatives are challenged,
the goals and constraint to be satisfied change as well. Similarly to the arguments made by
Simon in that forming, finding, and solving design problems is an intermingled process
carried out in the creation of alternatives, so to can design goals change as designers come
across new experience, new knowledge, or new learning which in affect can change initial
preferences. Becker and Zirpoli (2006: 381) have argued that from a problem-solving
perspective, the involvement of formalized basic knowledge of physical laws and
technologies on the one hand and of experiential knowledge on the other hand, follows a
pattern of theory building and theory testing. This iterative process can in turn be
understood as a matter of problem-solving (Wheelwright and Clark, 1992). It is at the
same time also one of the most important aspects of problem-solving, especially when
addressing unstructured problems (Baba and Nobeoka, 1998; Becker and Zirpoli, 2006;
Davis, 2006). Davis (2006) drawing upon Mischke (1980) further illustrates the
distinction between theory-building and theory-testing by elaborating on the role of
engineers and engineering in the creation of designs.
“If we are given the input, the laws, and the system, and the goal is to determine the
output, then the skill required is deduction and the name of the game is analysis.
Conversely, if we know the output and need to determine the input, this is still
deduction, which we could call reverse analysis. Alternatively, if we are given the
input, the output, and the system, and the goal is to find the laws that govern how
the system works, the skill required is induction and the name of the game is science.
Finally, if we are given the input, the output, and the laws, and the goal is to create a
system (perhaps that does not yet exist) that provides the right output for a given
input, then the skill required is synthesis, and the name of the game is engineering.”
(Davis, 2006: 403)

166

Based on the discussion above, problem-solving emerges as a process concerned with the
generation of alternatives and the selection of alternatives that, if successfully
implemented, will aid in reaching a desired goal. Problem-solving can also be interpreted
as a search for the required input, output, and governing laws for the achievement of
desired goals and is further more a process where all three aspects are intermingled. Yet in
the process of generating alternatives, designers face a number of constraints (the ‘laws’ as
discussed by Davis above). These laws can in turn be understood as constraints which
influence the design task in deep and unavoidable ways and can be of both logical and
physical character (Baldwin and Clark, 2000). According to Baldwin and Clark, logical and
physical constraints comprise interdependencies among elements of an objects design
architecture.
Given the nature of uncertainty inherent in complex objects, interrelations among
elements of the object are unlikely to be fully understood and contradictions unlikely to
be resolved at the initial conception of a design (Clark, 1985). Faced with a number
alternative design choices, and through the inherent difficulty and non-feasibility of
examining and understanding all possible designs, design becomes the norm of satisfying,
i.e. finding an acceptable solution (Simon, 1975; 1995).
“Because human rationality is severely bounded, all thinking works with highly
incomplete models of the problem situation. The antidote to this incurable tunnel
vision is to retain flexibility, so that when a problem is later examined from a new
viewpoint, decision taken previously can be modified. Commitments must be
tentative. Without such flexibility, constraints cannot be applied sequentially.”
(Simon, 1995: 254)

Gavetti and Levinthal (2000) discuss three basic properties which they mean distinguish
search approaches in problem-solving; the mode of evaluation of alternatives, the
extensiveness of alternatives considered, and the location of these alternatives relative to
current behaviour. Consequently, a number of different search approaches can be applied
when searching for a solution to a problem. In platform development, how to manage the
search process for identifying and understanding problems and their required solutions is
dependent on the complexity involved.
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6.2 Three Approaches to Solution Search
In analyzing the development of complex objects, such as platforms, a distinction
between different aspects of design work can be made (e.g. Simon, 1975; Vincenti, 1990).
This distinction in turn perpetuates the application of different solution search
approaches in problem-solving, especially when the interaction between elements give rise
to affects that cannot be established through an a priori exercise (Nickerson and Zenger,
2004; Marengo et al., 2005; Brusoni et al., 2007). One important observation in the case
studies is the employment of different solution search approaches for generating
alternatives and selecting amongst these alternatives. Problem-solving has traditionally
been seen as either drawing upon analytical or directional search approaches (Gavetti and
Levinthal, 2000, Nickerson and Zenger, 2004). Yet, the case studies indicate that a third
search approach, synthesized search, play an important role in generating and selecting
among alternatives.
How these three solution search approaches are utilized in turn carries implications for
how problem-solving in complex platform development is conducted. The relationship
between three types of solution search approaches towards problem-solving; analytical
search, directional search, and synthesized search is depicted in the model below (Figure
13: Intelligence of search), and will be further elaborated upon in the next sections. This
model draws inspiration from the work of Gavetti and Levinthal (2000) on how not only
experience can lead to changes in analytical representations, but also how analytical
representations influences experiential learning. In their model “Intelligence of action”,
the authors show how beliefs about the linkage between the choice of action and the
subsequent impact of those actions on outcomes, can either reinforce or diminish the
engagement in choices of action.
Figure 13 Intelligence of search
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6.2.1 Analytical Search
Problem-solving based on analytical search approaches has been discussed under the label
of off-line learning (Lippman and McCall, 1976a), scientific search (Fleming and
Sorenson, 2004), exploration (March, 1991), heuristics (Simon, 1991), cognitive search
(Gavetti and Levinthal, 2000) and learning-before doing (Pisano, 1994). From this
perspective, problem-solving is seen as the process of thinking in advance of acting
(Smith, 1988), mirroring the analytical aspect of intelligence which is a forward-looking
form of search premised on actor’s beliefs about the linkage between the choice of
actions and the subsequent impact of those actions on outcomes (Gavetti and Levinthal,
2000: 113). Analytical solution search approaches build on evaluation of probable
consequences of for instance design choices, when such choices take place prior to the
informative availability of feed-back (Simon, 1991; Nickerson and Zenger, 2004).
Analytical search approaches can be seen as attempts to define solutions to problems
based on experience of judgement without the ambition to guarantee an optimum
(Foulds, 1983; Silver, 2004). Problem-solving can also be approached from the stance of
analytical representation of action-outcome linkages by drawing upon tested and existing
knowledge in the form of theoretical models (Pisano, 1994).
The application of analytical search approaches towards problem-solving recognizes the
difficulty in getting everything right at the first time. Organizations should nonetheless
attempt to anticipate and correct as many problems as early as possible. When
approaching problem-solving from a pro-active stance, learning-before-doing becomes
the norm (Pisano, 1994: 87). Faced with the challenge of understanding complex
problems and analytically determine action-outcome linkages however requires problem
solvers to revert to finding good enough rather than optimized solutions to problems
(Foulds, 1983; Marengo et al., 2005; Brusoni et al., 2007). These attempts are often
characterized by efforts to decompose the design architecture of the object to be
developed, in the process establishing the required elements and the interdependencies
between these elements. Drawing upon analytical representations of complexity and
problems can help illuminate important dimensions of a problem (Gavetti and Levinthal,
2000; Gavetti, 2005; Baldwin and Woodard, 2009), thereby also constituting efforts
towards establishing the type of solutions that should be sought for.
Analytical representations of complex problems aid in defining the solution landscape
where directional search for viable solutions take place (Nickerson and Zenger, 2004).
The notion of a solution landscape corresponds to the exemplification of the interaction
between elements within a system of varying complexity, as illustrated by Stuart
Kaufmann and the NK model (Kaufmann, 1993). In the NK model, complexity is
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defined as being made up of the total number of elements within a system that can
assume different states (N) and the interdependencies amongst these elements (K). It has
thus also been proposed that by combining elements in different ways, solutions with
different values can be generated (Nickerson and Zenger, 2004). Thus the interaction
between elements and the ways these elements are combined, represent different value
peaks on a landscape, where the highest peak represents the solution with the highest
value. This solution landscape can either be rugged, with many high-potential solutions to
a problem scattered across the terrain, or it can be smooth, with a single, high-value
solution or with high-value solutions concentrated in a particular region of the landscape
(Nickerson and Zenger, 2004: 618). Based on these representations of the solution
landscape, actors can engage in search activities to find solutions. Hence, analytical search
concerns the cognitive evaluation of probable consequences of action taken and aid in the
identification of useless directions of search beforehand by providing a glimpse of the
possible (Fleming and Sorenson, 2004). Further to this, as increased knowledge about
potential solutions is derived; representations of complexity or complex problems can
change (Gavetti and Levinthal, 2000). Analytical search approaches are warranted when
problems faced are complex, demonstrating high levels of interaction among knowledge
sets and design choices before a viable solution can be found (Nickerson and Zenger,
2004). Under such conditions, problem-solving needs to be characterized by collective
evaluation of consequences of choices and action taken. By drawing on several knowledge
bases the probability of discovering high yielding solutions can be enhanced. The distinct
knowledge sets needed for solving complex problems is likely to be widely dispersed
among different actors with unique knowledge or expertise (Tsoukas, 1996; Nickerson
and Zenger, 2004).
One important output of analytical solution search approaches in problem-solving is the
generation of feed-forward. Feed-forward aims at meeting the problem of delay in
feedback by predicting the effect of inputs on outcome variables from a model or theory
of action (Koontz and Bradspies, 1972, Carroll, et al., 2002). Drawing upon feed-forward
is an attitude towards the analysis and solutions of complex problems:
“Applying feed-forward mechanisms implies a shift away from emphasis on quickly
available data on final results to quickly available data on input variables that lead to
final results…//...it is a means of seeing problems as they develop and not looking
back – always too late – to see why a [planning] target was missed.” (Koontz and
Bradspies, 1972, p. 26)

Feed-forward is important in the process of identifying latent interdependencies and is
furthermore an important contributor to potential design changes that take place during
the course of the platform development process (Yakob and Tell, 2007). As such, feed170

forward concerns the anticipation of required information, taking into account future
constraints and opportunities, as early as possible in the development process (see
Verganti, 1997; 1999; Thomke and Fujimoto, 2000).

6.2.2 Directional Search
A number of different labels have been used to denote directional search approaches,
including on-line-learning (Lippman and McCall, 1976a; 1976b), trial-and-error (March
and Simon, 1958; Cyert and March, 1963), exploitation (March, 1991), local search
(Fleming and Sorenson, 2004), experiential search (Gavetti and Levinthal, 2000; Hsieh et
al., 2007), experimentation (Ulrich and Eppinger, 1995), or learning-by doing (Pisano,
1994). Directional search is portrayed as search guided solely by feedback or experience
from prior trials, where agents independently observe performance (Nickerson and
Zenger, 2004). Through actual experience of how action and outcome interlink, problems
that cause a gap between actual and potential performance can be discovered (Pisano,
1994). Thus, directional solution search approaches attempt to bridge the lack of prior
knowledge of how action and outcome interlink by independently observing how
performance reacts to changes. Changes made to elements of a product or system are in a
directional search approach towards-problem solving altered one at a time, in the process
gradually building up to a satisfying solution. Solving problems by altering one
component at a time and observing performance is an incremental approach towards
problem-solving, where experience of the resulting performance of changes made is an
important input into subsequent choice made (Fleming and Sorenson, 2004).
A central assumption made in directional search approaches is that whenever a problem is
encountered and engaged, the problem can be divided into several constituent parts, each
part worked on independently; and the contributing results of the solution to the problem
observed independently from other parts. However, the efficiency of directional search
approaches towards problem-solving diminishes as problems become more complex
(Nickerson and Zenger, 2004). When exploring solutions to high-interaction problems
become the norm, independent search for solutions by a number of independent actors is
an insufficient approach. Directional solution search approaches are warranted when
problems are decomposable and involving limited knowledge interaction, requiring little
interaction among design choices in defining the performance of a chosen solution (ibid:
620).
Directional search is one of the most important approaches for generating and facilitating
feedback (Ulrich and Eppinger, 1995). Feedback is in turn important for organizational
learning about how routines contribute to the achievement of desired or aspired
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outcomes. When discrepancy between outcomes and desired or aspired outcomes is
observed, feedback generated through direct experience (trail-and-error), contributes to
the incremental adaptation of activities (Levitt and March, 1988). The contributing value
of feedback towards understanding the appropriateness and performance of chosen and
implemented solutions is however dependent on sensing a deviation from desired
performance outcomes (Koontz and Bradspies, 1972). This in turn means that when
engaging in directional search approaches towards problem-solving, an understanding of
desired performance is required. By identifying deviations from desired outcome
whenever action is taken, corrective activities can be initiated. However, a shortcoming of
feedback is that it generally informs about what has happened rather than what will
happen.
“Feedback is not much more than a post mortem, and no one has found a way to
change the past.” (Kootz and Bradspies, 1972, p. 27)

Consequently, a challenge in directional search is related to ensuring early recognition of
deviations from desired outcome so that corrective action can be applied promptly.
Avoidance of product development short-comings due to after-the-fact problem solving,
rather than problem-preventing, stands out as one of the major challenges in product
development (Wheelwright and Clark, 1992). Worrying about the implications of
problems after their occurrence stands out as a reactive mode of adjustment which can
have long-lasting implications for later stages in the development process.

6.2.3 Synthesized Search
Gavetti and Levinthal (2000: 133) have argued for the need to investigate how analysis
effects the accumulation of experiential wisdom and how experience influences the
formation of analytical frameworks. Synthesized solution search appears important in this
process since it can provide unification of analytical and directional search approaches, in
the process providing important structure for understanding performance (e.g. Davies,
2006). Whereas complex problems and their potential solutions are established and
illuminated through analytical search approaches, and where such potential solutions are
further explored, developed, and implemented through directional search approaches,
synthesized search brings these two approaches together by simultaneously evaluating
analytical representations of required solutions and their actual contribution to resolving
the problem at hand. As such, synthesized search efforts can be seen as attempts to
recompose the same design architecture that was decomposed through the analytical
search approach and explored through directional search efforts. Brusoni (2005) has made
a distinction between problem-framing and problem-solving, arguing that although these
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constitute different problem-solving approaches, there are empirically, many times
inextricably interlinked. Brusoni brings forward synthesis as a problem-framing activity
which aims to generate a system from its constituent given different possible inputs and
expected outputs.
“Synthesis does not make things out of whole cloth, but assembles them from
components. What are given in the case of synthesis are a set of elementary
components and a grammar defining the admissible ways of combining components
into larger structures.” (Simon, 1975, p. 296)

When engaged with complexity in which interdependencies between elements is difficult
to comprehend, it is the totality of conjoined elements that provide understanding of
performance (e.g. Simon, 1996). Simon argues that understanding what happens on a
total level is as important as understanding what takes place between individual elements
and sub-systems within the same hierarchical levels. The ability to observe the behaviour
of conjoined platform elements is a strong contributor to increased design architectural
knowledge and knowledge about individual elements (Henderson and Clark, 1990; Helfat
and Raubitschek, 2000). Learning about problems and their solutions in turn contributes
to the analysis of new frames of reference, mirroring a higher-level of learning
(MacCormack et al., 2001: 138). Verganti (1990) discusses systemic knowledge and
learning as important in the development of complex objects and designs. Systemic
knowledge is knowledge required to detect and understand the consequences that
decisions regarding elements can have on later phases of a development process.
Systemic learning in turn is believed to occur if the result of original choices made is
directed back to agents responsible for conceiving initial concepts and specifications
(Verganti, 1997: 388). In the creation of complex platforms, synthesis emerges as an
important aspect of design since it provides the means by which preconceived
perceptions about the interdependency between input, output and the governing laws
can be verified and tested. Although initial alternatives and preconceived understanding
of the relationship between input, output and governing laws (as discussed by Davis)
might be incomplete models of the problem situation, the ability to learn from mistakes
allow an update of mental and intellectual models to take place (Baba and Nobeoka,
1998; Gavetti and Levinthal, 2000). The ability to update mental and intellectual models
makes it possible to increase knowledge of what the most likely outcome of a chosen
alterative will be (Becker and Zirpoli, 2006: 381-382).
Whereas analytical solution search has been illustrated as pertaining to search for
alternatives (what, when, how), and directional search concerned with the development
and implementation of chosen alternatives (given directions and set constraints),
synthesized search is a solution search approach concerned with the generation of
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outcome knowledge. Outcome knowledge is knowing how things turned out (Back et al.,
2007) and concern the evaluation of chosen and implemented solutions. Synthesized
search, generating outcome knowledge, is a search for the discrepancy between the
generation and choice of alternative solutions (based on analytical search) and
implemented solutions (based on directional search). Thus, it is characterized by
knowledge of action-outcome linkages between analytical search approaches and
directional search approaches.

6.3 Solution Search in the Telecommunication Case
Drawing upon the distinction between three solution search approaches discussed
above, I will in the following chapters analyze the two cases studies with respect to
which problem-solving activities were carried out, how these problem-solving
activities related to each other and how these relationships can be conceptualized.
The approach towards solution search in the telecommunication platform
development process is depicted in the model below (Figure 14: Search in the
Telecommunication Case). As previously argued, the development of the platform
can be conceptualized as centring around three main activities; the Anatomical
Decomposition, Design Engineering, and Aggregation.
Figure 14 Solution search in the telecommunications case
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6.3.1 Analytical Search - Simplified Representations of Complexity
One important aspect of the platform development process in the telecommunication
case was the decomposition of the platforms functionality, the partition of functional
requirements into Work Packages (WPs), and the establishment of interdependencies
between WPs. This activity was predominantly managed through the creation and
maintenance of the anatomical decomposition, which was created early on in the platform
development process. One important contribution made by the anatomy was that it
visualized the temporal order of development. It did so by visualizing interdependencies
that constrained the order by which WPs should be developed, verified, and integrated to
create a Latest System Version (LSV). The anatomical decomposition visualized different
types of interdependencies which in turn influenced whether WPs could be developed
and integrated in parallel, sequentially, or by drawing upon close alignment between two
or more WPs. By determining required functions and by establishing interdependencies
between functions, encapsulation of elements into individual WPs was possible and their
position in the anatomical decomposition decided. The focus of an anatomical
decomposition is on visualizing functional interdependencies in such a way as to create a
shared understanding within the development project (Berggren et al., 2009).
At the same time however, there is an inherent challenge associated with the a priori
establishment of the effect that elements exert on each other, especially in the case of
complex systems or products (e.g. Simon, 1975; Clark, 1985; Simon, 1995). In such
situations, where a large number of interdependencies between platform elements are to
be managed, a collective evaluation of action and consequences is required, drawing upon
the interaction of a number of knowledge sets to understand interdependencies. Similarly
in the telecommunication case, a number of key resources were engaged in the creation of
the anatomical decomposition. Further to this, input from lower tiers was also requested
in this creation. Creating the anatomical decomposition of the platform was characterized
by analytical solution search efforts based on previous experience and knowledge of
required functional requirements and the order in which they should be developed. This
exercise was carried out by senior engineers within the senior management team, with
partial contribution made by sub-team leaders.
One central challenge in the platform development process stemmed from attempts to
establish the exact nature of the required elements (WPs) and the functionality they
should embrace. Another central challenge was to establish the temporal order of
development, whereby the anatomical decomposition would “tell what functionality
comes in what timeslot. And if you then have carried out you technical analysis correctly,
then the functionality should be rather independent of each other” (Technical
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Coordinator). In the telecommunication case, the type of problems that were central in
the development of the platform is captured through the anatomical decomposition. The
hierarchical order of development was established, in effect determining what element to
develop and when. This was furthermore a recurring activity throughout the platform
development process. Working out the anatomical decomposition involved a process of
analysis, illuminating elements and their interrelations (see Clark, 1985). Though this
process, the design architecture of the platform was spelled out, representing an analytical
illumination of what the platform is or ought to be. Analytical representations of
complexity play an important role in seeding and constraining the process of directional
or experiential learning (Gavetti and Levinthal, 2000) and is an important tool in complex
problem-solving (e.g. Frenken et al., 1999). Albeit simplified representation of complexity,
such representations can provide an initial guide for subsequent efforts of directional
learning and can furthermore act as a constrainer on the type of solutions that are sought
for. This is because they act as representations of beliefs about cause and effect linkages.
Analytical solution search approaches can therefore be understood as a search for the
identification and understanding of directional search paths and constraints within which
potential solutions ought to be found. Creating design architectures by drawing upon
analytical search provide important input for subsequent design efforts.
I argue that the analytical search approach utilized in the creation of simplified
representations of complexity provided feed-forward for design engineering activities.
The anatomical decomposition represented a model or theory of action for the
development of the platform, providing feed-forward for different WP teams by
illuminating interdependencies between platform elements and how and when they were
most likely to exert influence on each other. The visualization of the epistatic relationship
between platform elements also facilitated the comprehension of the development
process and enabled design engineers to follow the overall evolution of the platform.
Design engineers could stay abreast of, and comprehend upcoming development steps,
identify important aggregation points, and understand how their development
contributions related to other elements and the complete platform. As argued by
Berggren et al., (2009), an anatomical decomposition can be used to visualize the process
and the logical steps for starting and testing functionalities and are “important semistructures that provide enough structure so that project members will create sense
making, facilitate organic integration, and be confident to act in complex situations” (p:
119). Thus, in the telecommunication case, it was the challenge in establishing what
functions (WPs) to develop, and when to develop these, which reflected the perception of
complex problems, in the process requiring the drawing upon higher interaction among
knowledge sets and design choices.
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However, in the telecommunication case it is also expressed that the contributions made
through the anatomical decomposition had its limitations. It was for instance argued that
if design engineers would have been contributing more to the creation of the anatomical
decomposition, more value could have been provided. In the absence of a wider
knowledge base and interaction amongst design choices in the creation of the anatomical
decomposition, the anatomical decomposition was limited in its ability to (1) provide an
representation of the design architecture with all pertaining interdependencies between
elements, (2) provide detailed understanding of how these interdependencies between
elements implicated on the final platform, (3) provide an understanding of how well
overall functional or performance requirements would be met once the platform was
complete, and (4) provide a structure of all design engineering activities that needed to be
carried out in order to meet set requirements. Drawing upon a purely analytical solution
search approach appears as an insufficient approach towards understanding the effects
that reciprocal interdependencies can have further down the development process.
Consequently, and despite the contributions made by the analytical process, problems
pertain or emerged during the course of the platform development process. Analytical
solution search approaches requires an evaluation of how well taken for granted
assumptions and representations correspond to actual outcomes, and furthermore require
the possibility to make amendments to initial beliefs about action outcome linkages.

6.3.2 Directional Search – Implementing Solutions
Based on the anatomical decomposition and the visualization of functional requirements,
the mapping of these requirements to Work Packages, and the illumination of
interdependencies between Work Packages, design engineering work was carried out.
How to engage in functional development and how to meet set requirements was decided
by individual WP teams. Whereas the anatomical decomposition in the
telecommunication case visualized what functional requirements to develop, which Work
Package should contain what functionality, and when to develop these functional
requirements, it did not illuminate how design engineering should be carried out. There
was a large element of flexibility concerning how to engage in design engineering once the
temporal order of development had been established. The decision of how to develop
functional requirements was assigned to different WP teams.
After encapsulating functions into WPs, a WP assignment was assigned to a WP team for
further analysis. Based on the analysis that was carried out, a Work Package specification
was created, detailing what was to be carried out in terms of design efforts. Thus, how to
engage in design engineering and how to provide required functions was a task assigned
to a cross-functional team responsible for the analysis, development, testing, and
177

verification of a single function. WP teams were further given mandate to negotiate and
engage in cross Work Package discussion in order to carry out their required tasks.
Whereas an anatomical decomposition can be used for visualizing “the process and the
logical steps for starting and testing the functionalities the system is supposed to be
capable of” (Berggren et al., 2009: 117) it does not concern how to engage in functional
development. When engaged in design engineering, contact, communication, and
collaboration predominantly took place within lower tiers of the project. This allowed
members from different WP teams with interdependencies between their deliveries to
discuss technical issues. WP team members could call upon meetings with other design
engineers whenever required, in effect creating cross-functional meetings. WP teams were
also given the mandate to engage in negotiations with all the other sub-projects in order
to raise the resources and competencies required to solve their tasks. One reason for this
was that quicker feedback on the issues raised could be gained. Further, since the
‘systemic knowledge’ of design engineers was limited, they most often reverted to their
immediate peers when stumbling across a problem.
Whereas the anatomical decomposition could provide feed-forward information with
regards to what functions to develop and how these functions interrelated in time and
space, it could not provide information with regards to how well design engineering
activities had been carried out or how accurate the illumination of functional
requirements and their interdependencies had been. In order to achieve this
understanding, feedback on design engineering efforts was required. Feedback is argued
to be crucial for the positive or negative reinforcement of prior decisions made and
contributes to experiential learning, which in turn can be seen as a form of backwardlooking wisdom (Levitt and March, 1988; Gavetti and Levinthal, 2000). Feedback in the
telecommunication case provided first hand experiential knowledge of which platform
elements that were impeding negatively on overall platform performance. It was an
important contributor towards the identification of accurateness in terms of what
functionality to contain within each Work Package and whether design engineering, tests,
and verification activities had been successfully carried out.
According to Carroll et al., (2002) mental representations or visualizations of complexity
can be used to compare outcomes to expectations through a feedback process. In
directional search efforts in the telecommunication case, feedback can aid in
understanding how a solution to one sub-part of a problem contributes to the solution of
the overall problem. It can also provide increased understanding of the smaller problem
itself. However, feedback on design engineering efforts could not aid in providing insight
into how well the initial decomposition of the platform had been carried out. The reason
for this is that the initial decomposition builds on an analytical solution search approach
of problems and such an approach is inherently limited in its ability to identify or
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understand all interdependencies that can give rise to problems. Further, the analytical
approach focuses on the decomposition of the design architecture of the complete
platform rather than focusing on how to develop functions. From this perspective,
feedback gained from design engineering activities provided limited contributions to the
analytical process of decomposing the anatomy. The development of functions carried
out by largely independent WP teams reflects a directional search approach towards
problem-solving, where the solution to one problem (i.e. to develop a function),
contributes to the solution of the overall problem (to develop a platform). This also
means that knowledge about the platform and how its parts interrelated did not stretch
further than the immediate sub-project in which design engineers were working. Although
the anatomical decomposition illuminated what function to deliver for integration, and
when to deliver this function, it was still difficult to “understand in what way their
delivery will affect us” (Sub-Project Leader). Whereas this approach gives notion of a
directional search approach in its traditional way, this was in reality far from the case. In
an attempt to increase systemic knowledge and limit negative impact of integrating
functions with each other, design engineering was carried out on a ‘dummy’ design base.
This design base was in essence a copy of the Latest System Version. By providing design
engineers with the ability to test how their solutions reacted when integrated with a local
copy of the existing system versions, it was envisaged that further understanding could be
gained.
6.3.3 Synthesised Search – Linking Outcomes to Representations
The exact influence that individual Work Packages had on the performance of the overall
platform emerge was difficult to grasp when engaged in design engineering activities. In
addition to this, the impact that Latest System Versions (LSV) had on design engineering
activities was also difficult to understand. In the telecommunication case, the effects of
unidentified interdependencies (or wrongly identified interdependencies) could not be
established until the design engineering work and the integration process had been carried
out. For this purpose the process of aggregation, whereby a number of different Work
packages would be integrated with an existing design base to create a synthesized new
LSV, was important. Once functional development had been carried out, tested and
verified by a Work Package team, the function was integrated with other functions and
the Latest System Version to create a new LSV. This synthesized evaluation of the
performance of the platform was important since it revealed new development
opportunities, new interdependencies, and constraints above this that were initially
represented in the anatomical decomposition of the platform.

179

Creating the LSV was important in several ways. Firstly, it provided feedback on design
engineering contributions made by individual WPs. Whereas verification and testing of
individual functions could be carried out by the WP teams themselves, aggregated
performance could only be verified and tested through the integration process leading to
the creation of a LSV. Through the aggregation process it became possible to identify
functionality that had an adverse effect on the platform. Functions that gave rise to
functional instability were subsequently excluded from the aggregation process and
subjected to further development work, testing and verification before being considered
for integration in the next point of aggregation. Thus, at the point of aggregation,
encountered problems could simply be ignored by excluding the function giving rise to
from the platform. Based on feedback from the LSV, further decisions and choices could
also be made with regards to design engineering efforts.
Another important role of the aggregation processes was that it acted as a verification and
test activity for the quality of the anatomical decomposition. By evaluating the aggregated
whole, it became possible to identify visual representations of the design architecture that
were not correct from the outset, or to identify new development opportunities.
Aggregation aided in the identification of interdependencies that had not been properly
identified, understood or mapped in the anatomical decomposition. Thus, the aggregation
process provided feed-forward concerning how to think about the anatomy and the
changes that were required. It contributed to decisions to alter already mapped
interdependencies in the anatomical decomposition. On the basis of the performance of a
LSV, discussions regarding how WPs affected the platform could be undertaken by the
central integration unit and the group responsible for creating and maintaining the
anatomy. The aggregation process and the creation of a new LSV allowed involved the
input from WP teams of how interdependencies affected WPs and what changes to the
anatomy that was required in order to accommodate and facilitate future design
engineering activities. At this point, the anatomical decomposition was updated to
incorporate the new knowledge obtained. By updating the anatomical decomposition,
design engineers were in effect updating their mental maps of what the platform should
look like, in the process incorporating new knowledge gained form the synthesized
response of the platform.
In the telecommunication case, aggregating numerous platform elements allowed
synthesized platform performance to be evaluated and furthermore aided in identifying
platform elements that gave rise to problems. In this way, the aggregation process
contributed to increased architectural knowledge and knowledge about individual
platform elements simultaneously. Required changes could be identified since the creation
of Latest System Versions allowed engineers to establish the direct impact that an
integrated platform element had on the aggregated whole. Functionality and Work
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Packages that had been wrongly mapped, needed to be split up, be excluded, or moved
for later development could also be identified. The existence of several aggregation points
in the platform development process also provided engineers with flexibility to make
changes between these points. Furthermore, these aggregation points limited the impact
of conjoining numerous platform elements to a certain development stage (i.e. between
two aggregation points), thereby constraining the impact that elements which did not
meet quality requirements had on the synthesized whole. The search approach for
identifying problems was also facilitated since it became enough to backtrack to the last
functioning LSV to identify the source of a problem. Another contribution made by the
anatomical decomposition to the process of searching for solution in the design
engineering process was that it also limited the possibility for problems to disseminate
into the work of other WP teams and made it easier to identify what was working and
what was not working. By reducing the search area for solutions, the anatomical
decomposition, in conjunction with the Latest System Version, set the scope of technical
development that could take place. The LSV thus acted as a ‘physical’ constrainer on
solutions that could be implemented.

6.4 Solution Search in the Automotive Case
The approach towards solution search in the automotive platform development process is
depicted in the model below (Figure 15: Search in the Automotive Case). Central aspects
of the platform development process evolve around the problem-solving activities
involved in Concept Solutions, Design Engineering, and Assembly.
Figure 15 Solution search in the automotive case
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6.4.1 Analytical Search - Simplified Representations of Complexity
In the automotive case, the challenge in establishing the design architecture of the
platform does not stem from attempting to determine what platform elements to develop
and when to develop these elements. Rather, the major challenge of the analytical search
approach emerges as being related to the issue of what elements to develop and how. The
temporal order of development activities (when) follows (physically) a bottom-up
approach where platform elements (predominantly part of the under-carriage) precede
upper-body development (part of top-hat) and are given at the onset of the development
process. Attempting to predict the future requirements that the platform should be able
to accommodate, and to incorporate solutions that can cater for future needs, emerge as a
central challenge. In the process of establishing the design architecture of the platform,
focus is on creating Concept Solutions (CS) than can provide direction for design
engineer efforts.
Concept solutions were created in early phases of the platform development process and
were efforts geared towards establishing solutions that could incorporate derivative
vehicle needs and requirements for a foreseeable future. They were solutions which could
be used by a large number of derivative vehicles and had their focus on the level of subsystems rather than strictly on individual elements. At the start of the platform
development process, establishing what concept solutions to use was based on analytical
search efforts, whereby senior engineers would engage in predicting required future
solutions. However, whereas analytical efforts can provide a guide to choice, it does not
strictly determine the actual set of behaviour that can emerge from that choice (Gavetti
and Levinthal, 2000). By establishing a space of potential solutions, and by narrowing
these solutions down over a series of test, a viable end solution can be found (Sobek Ii et
al., 1999; Krishnan and Ulrich, 2001; Terwiesch et al., 2002). By establishing concept
solutions early in the platform development process, design engineers were provided with
an initial framework from which further exploration for viable solution could be initiated.
The platform design architecture can even be seen as being made up of numerous
concept solutions that together make up the architectural framework for platform
development in general, and design engineering activities in particular. By allowing smaller
changes to base concepts to be made, rather than any major changes, it becomes easier to
implement required adjustments when adapting solutions to different derivatives.
Required adjustment then proceed from what is given from the base concept and similar
solutions attempted to be found.
The analytical focus on concept solutions is interpreted as recognition in the automotive
case that establishing all pertaining interdependencies between a large numbers of
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elements was difficult, especially when this was attempted at the level of individual
elements. One reason for this could be attributed to the intertwining of design
architectures discussed previously, whereby problems and solutions invariably would
stretch across several design architectures too. Interdependencies subsequently existed
between elements within the platform but also between the platform and individual
derivatives and at times between derivatives themselves. By attempting to establish
interdependencies at a higher level (at the level of sub-systems) the firm aimed to establish
a broader framework from which design choices could be made and solutions
implemented. This higher frame of reference determined the solution space in which
design engineers operated. Since there was no strict adherence to the same solutions being
implemented across all derivative products, the utilization of concept solutions and the
subsequent application of similar design structures provided development flexibility
which differentiated from that found in the telecommunication case. Provided with an
initially broader framework from which to engage in design engineering activities, a
gradual alignment to platform requirements could be made. This was for instance
manifested in the automotive case through the expression that problems emerging late in
the platform development process were rarely of a nature that required major overhauling
of design solutions or radical changes. Understanding of how close to a viable technical
solutions design engineers were was gradually obtained during the platform development
process. At the same however the compromise on commonality adherence across the
derivative vehicle range that the application of concept solutions implied, can give rise to
the emergence of new interdependency challenges.
Further, the lack of detailed derivative requirement specifications at the early inception of
the platform development process made the establishment of a platform design
architecture that could incorporate future derivative requirements challenging. By
undertaking architectural analysis at the level of sub-systems, rather than at the level of
individual elements, design engineering restrictions were set at a higher hierarchical level.
When faced with situations in which complex design architectures are to be established
there is a need to revert to simplified illustrations of encountered complexity (Brusoni and
Prencipe, 2001; Marengo et al., 2005; Brusoni and Prencipe, 2006). From a commonality
perspective, the analytical focus on higher hierarchical levels meant that commonality was
sought for at the level of sub-systems rather than at the level of individual elements. In
the automotive case it was instance argued that as long as design engineering initiated
from the same core architecture, it did not make much difference if deviations in design
solutions existed across derivative products. “For an uninformed it might look like the
same thing. But it’s not. That’s where the architecture comes in play” (System
Responsible). In early phases of the platform development process, the aim was to obtain
a basic appreciation of what might constitute a design problem and how it might reveal
itself later on. Design problems were expressed as being more fuzzy, diffused, and harder
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to grasp at early stages and had a tendency to remain so until the first test series have been
built. The concept solution stage in the development process was believed to only
contribute to the creation of “drafts where the details are not very well worked through”
(PMST Leader 1).
In the automotive case, the analytical process towards problem-solving initiated early. In
the Annual Process, priori to the start of any development projects, attempts were made
to establish solutions that would be used in the future. By enhancing knowledge of
systems solution through the establishment of concept solutions, the aim was to increase
awareness of development challenges and solutions required in the future. One part of
this understanding related to how solutions and elements interrelated across several
design architectures. Early creation and storing of knowledge about technical solutions
was a driving force of the new way of working since the creation of knowledge before
initiating physical development of platform elements made it possible to more accurately
determine development requirements. Based on the knowledge about future concept
solutions created in the Annual Process, a further narrowing of potential alternatives was
made in the cycle plans for what derivative vehicles to produce on the platform. Hence,
by continuously working on concept solutions over a long period of time, the aim was to
minimise the element of surprise in design engineering efforts when this development
phase was initiated.
The analytical focus on concept solutions early on in the development process also meant
that the focus of verification activities when assembling platform elements materialized at
a higher system level. Drawing upon already established solutions allowed decisions
regarding derivative characteristics to be made earlier, which in turn provided increased
stability in the development work that had to be carried out. By being able to establish
prerequisites and requirements earlier, not necessarily at the level of individual platform
elements but at the level of sub-systems, the need to make changes could be decreased
and stability increased. This in turn could lead to benefits in the form of less need for
demanding investigations to handle quality and functional issues. In the automotive case,
development success emerged as dependent on the alignment of goals and the agreement
of solutions and functional requirements earlier and prior to the engagement in design
engineering activities. From a platform perspective, it was important to have as few
alternative solutions as possible available since this reduced the complexity of having to
deal with numerous solutions.
The focus on early establishment of solutions that would be used in later development
phases indicated an attempt to deal with delays associated with feedback. Since it took a
longer time to derive to a point whereby physical elements (in the form of components)
are created, there was a need to analytically attempt to understand how solutions should
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look like at a sub-system level. This delay in the possibility to gain feedback on design
engineering activities was a result of not only the delay associated with physical
manufacturing of elements, but also resulted from the delays associated with the
establishment of future derivative vehicle specifications. Faced with the difficulty of
gaining information on the effect of future solutions, an analytical solution search
approach focusing on concept solutions established early and refined during the course of
the platform development process, was used. At the same time however, a drawback of
the analytical search approach was that it required predictions many years into the future
to be made. In this process, too much focus could be given to accommodate early
derivative vehicle projects, and thereby failing in reaching a more optimum configuration
of solutions that might provide for the needs of a wider range of derivatives. As a result,
later derivative vehicle projects might be looked into finding solutions that lay in the
vicinity of prior solutions which in turn could reduce the manoeuvrability in creating the
end product required once design engineering efforts initiated.
The higher analytical focus on concept solutions that could differ across several derivative
products implied that there was a relaxed view on commonality. This was a result of the
different demands that different brand organizations had on a platform elements. There
was consequently an explicit need to look away from the physicality of the floor panel and
instead aim towards identifying elements that could be shared across a number of
derivative products. The term ‘shared technology’ gained increased relevance in the
development of the platform, albeit this view was not always adapted by design engineers
involved in the physical construction of platform elements. Thus, the early setting of
concept solutions in the platform development process exerted limitations and acted as a
boundary to what could be done in terms of design engineering work.

6.4.2 Directional Search – Implementing Solutions
One central aim of the platform development process in the automotive case was the
reduction of required efforts for finding solutions once design engineering activities were
initiated. When design engineering was initiated, a concept solution should have been
decided upon and be ready for implementation. In the design engineering phase, only
value adding activities in terms of refining chosen concept solutions should be made and
there was not much room for creative solutions to be developed, or greater refinements
to be made. One reason for this was because not much time remained before physical
production started. If a concept solution showed to be less good than anticipated, design
engineering still had to live with the consequences of earlier choices made. However,
what was incorporated into concept solutions was room for flexibility, since commonality
aspects were sought for at the level of sub-systems rather than individual platform
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elements. Through this way, design engineers were provided with the opportunity to
make required adjustments or alternations at the level of individual platform components,
as long as the principal solution and base architecture remained the same. Directional
search efforts in the automotive case were characterized by efforts toward reaching design
goals given the constraints and opportunities provided through the analytical search
approach and the creation of concept solutions. Directional search stood out as an
attempt by design engineers to take identified inputs, and the perceived governing
interdependencies and constraints between these inputs (logical and physical), as an initial
framework for engaging in design engineering activities. In this process of search for
solutions, discovery and generation of alternatives can also take place (Simon, 1995).
In the automotive case, the difficulty in establishing and understanding the influence that
adjacent elements had on each other when physical production starts was evident. In spite
of virtual environments in which to carry out various test and verification procedures,
there was an explicit acknowledgement that the exact effect that elements had on each
other was difficult to establish early on: “Even if it works in the virtual world, it can still
spread…especially in the early test series. So when you go down and look at the vehicle it
doesn’t add up…it doesn’t look like it did in the virtual model” (CAL 8). Relying on the
analytical process to identify all potential problems that could arise as a result of
interdependencies between platform elements was insufficient since “problems usually
materialize late on and are not discovered until the physical component has been created”
(CAL 4). Thus, the exact influence and effect that adjacent elements had on each other
could not be known for sure until the assembly stage was reached. The analytical process
and the creation of simplified representations of complexity and problems nonetheless
fulfilled one important role. Through direct experience of how components interact,
influence, and are influenced by adjacent components it becomes possible to generate
greater insights and understanding and consequently pursuit new approaches as problems
are uncovered (e.g. Clark, 1985). “When the physical component is created and assembled
you still learn something, even if it’s only that you were thinking in the right way from the
beginning” (CAL 4). Design engineers, responsible for converting analytical
representations or specifications into ‘real’ objects, were not involved in the analytical
phase. Rather these design engineers were assigned to individual derivative projects to
carry out the development work assigned to them. Thus, a distinction between the agents
involved in the more analytical phases of the platform development process and those
involved in the design engineering phase could be made. Another important aspect of the
design engineering work was the drawing upon cross-functional knowledge. The
Component Assignment Leader led a group of diverse expertise who together worked
towards finding a viable solution based on the base concept that had been decided upon.
The drawing upon a number of formal resources assigned to one CAL could be viewed
upon as a reflection of the complexity involved in deriving design engineering solutions.
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In reality however, there were difficulties in mobilizing these resources around one
particular problem, since these same resources were engaged in the development of
several platform and derivative elements across numerous projects.
The notion of ‘shared technology’, that was shared by senior managers and applied in the
analytical process, did not emerge as strongly in the design engineering phase. At the
design engineering level, the platform was still predominantly seen as a physical object
made up of many tangible elements. One reason for this could perhaps be attributed to
the hardships of reality when attempting to implement alternatives into real solutions.
Engineers often derive their required knowledge from the internal needs of design itself
(Vincenti, 1990: 11), reverting to directional search activities that draw upon more easily
accessible knowledge or existing knowledge. For design engineers, the simplest solutions
to problems under the pressure of time were to argue for the implementation of a unique
solution. In such situations it was easy to forget, and hard to understand, how such a
change impacted and effected derivate products reversibly, i.e. products which were
already in production. Problems encountered by design engineers were thereby treated as
non-complex problems which were easy to address by on-off solutions and through a
focus on correcting deviations.
One difference found in the design engineering phase of platform development was that
the cross-brand and cross-project constellation found in earlier development phases no
longer could be drawn upon to derive solutions that could suit all concerned parties.
Whereas the Match Trio team was used to derive concept solutions early on in the
platform development process and to engage in problem-solving, the team was not
available towards the end of the platform development process. This in turn made it
difficult, if not impossible, to get a broader view and understanding of how potential
solutions impacted on commonality. This understanding stretched to include derivative
vehicles under development, current derivative vehicles in production, as well as future
derivative vehicles. Keeping track and order of all changes that were carried out, or
required to be carried out, was difficult. Further, towards the end of the platform
development process, consideration to more derivative vehicles to understand the effect
of potential solutions was necessary. Consequently, when problems were encountered
towards the later stages of the platform development process, there were difficulties in
drawing upon several knowledge bases and to engage in the collective evaluation of the
effects of potential solutions. Thus, in the design engineering phase, problems
encountered were inevitably treated as less complex then they were in reality, and their
potential solution drew upon a lesser collective evaluation. Focus was on developing what
had been decided and developed by edging out any remaining problems and making
minor adjustments to the required needs of the different derivative projects.
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In the development of the automotive platform, the EUCD organization had a pivotal
role to play when problems were encountered, and in analysing how solutions effected
commonality. It was the responsibility of the EUCD organization to decide which
solutions to implement when several potential solutions were found by design engineers.
In obtaining this understanding, the Launch Manager and the Part Vehicle Team Manager
was involved. More specifically, these two resources needed to be involved in the
investigation done by design engineers, and contribute to the understanding of how
proposed design solutions affected commonality aspects.
One reason for not engaging in any major overhauling of platform components in the
automotive case was to avoid escalating the effects of the required solution. Thus, it was
believed that solving one problem could lead to the emergence of other problems as the
consequences of decision made could not be known. If major changes for instance were
made to one concept solution for one derivative project, it become important to assure
that all future derivative vehicle projects were aware and accepted this deviation as there
was a chance of this solution becoming part of the platform toolbox. A major change to a
platform element needed to be agreed upon by all concerned parties and the impact of
such a change fed forward to future derivative projects. In the automotive case,
ambiguities resulted from mistakes made at the setting of initial requirements, at the point
at which a deviation was accepted, from the inability to include all coming derivative
projects in the decision, or from an inability to stretch thinking into the future. In order to
avoid complexities and irregularities as a result of changes made in one derivative project,
which showed to impact future derivative projects, platform thinking needed to be
applied. In particular a deviation accepted in one derivative project had to be valid for all
coming derivative projects.
The intertwining of solutions across several design architectures, at the level of individual
elements, across concept solutions or across derivative vehicles, was also reflected in the
manner by which issues were reported and handled in the automotive case. Issues and
their solutions were at many times not isolated to one platform element, but rather of a
cross-bordering character. Consequently, the involvement of more than one
development area was required in thoroughly understanding a issue and to derive a
potential solution. Nonetheless, responsibility for finding a solution to a reported issue
tended to be assigned to one sub-team and assigned to one Component Assignment
Leader. Although an AIM point might have been registered to particular platform
element, it could still be determined that the best, cheapest and quickest solution to the
identified issue might lay in making an adjustment to an adjacent element “There might
be someone else having a problem and then you can still get an AIM point, but to
resolve someone else’s problem.” (CAL 3).
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Altogether, the work of Component Assignment Leaders and actors involved in the
design engineering phase was of a reactive nature. Design engineering efforts were highly
dependent on input from other areas with regards to what was functioning and what was
not functioning in terms of technical solutions. Such input predominantly took it shape
in the form of AIM points, raising the awareness of an issue that needed to be address.
One reason for the reactive nature of the design engineering work was the lack of time
and understanding required for having a forward looking perspective on design
engineering efforts and upcoming activities and events. Once a concept solution had
been decided upon, there was a difficulty in getting acceptance of that future problems
have been identified, or problems encountered. It was also difficult to find or mobilize
the resources required to address a potential future problem. Focus was on activities that
had been carried out, rather than those that needed to be carried out. Yet, another reason
for the difficulty to foresee and address emerging problems in the design engineering
phase was due to the many interdependencies that existed between platform elements
and between platform elements and derivative elements. The new approach towards
platform development in the automotive case was a reflection of the ambition to deal
with problems in spite of the lack of early knowledge about problems. Such problems
were generally not found until physical test could be carried out on platform elements
“First when we do our own component tests and then when we do system tests. That’s
when we see that things do not work together.” (CAL 4)
6.4.3 Synthesised Search - Linking Outcomes to Representations
Although assembly took place late in the development process, it was important since it
provided design engineers with the possibility to carry out physical tests. Through the
assembly process, design engineers were provided with feedback on the viability of their
technical solutions, in the process allowing them to determine how their component
functioned in conjunction with other components. Feedback on performance when
synthesizing a number of elements is an important characteristic of a flexible
development process (MacCormack et al., 2001). At the same time however, such
feedback is associated with delay factors since it takes time to reach a stage where
synthesized performance can be evaluated (see Koontz and Bradspeis, 1972, March,
1991). Likewise, in the automotive case-study, assembly did not take place until physical
elements had been engineered and manufactured, and the assembly process initiated.
Feedback delays occurred due to the lead times associated with reaching the point of
manufacture and assembly, represented by the production of the first test series of
derivative vehicles. Since assembly did not take place until very late in the platform
development process, the number of times that synthesis could take place was not as
frequent as in the telecommunication case. Consequently, some of the drawbacks related
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to longer lead times before synthesized performance can be evaluated are evident in the
automotive case. Faced with this limitation, it became even more important to limit
interdependencies at an early stage of the development process, since not much latitude
for taking counter measures to address problems existed.
At the assembly stage of the development process, conflicts between elements inevitably
surfaced. Establishing what constituted a problem that needed to be addressed, and
deciding how to address such a problem, became important. One important aspect at this
stage in the platform development process was assigning the responsibility for making a
deeper investigation into a reported AIM point to one person. This decision was made
based on discussion between the PMT and PMST leaders, reflecting the need to draw
upon several knowledge bases in order determine what area was most likely to have given
rise to a reported issue and in which area the solution was most likely to be found.
However, assigning the responsibility for making a deeper investigation and deriving a
potential solution to a reported issue did not automatically mean that a solution would be
implemented. Due to the many interdependencies that existed between elements at this
stage of the development process, potential solutions could affect a number of other
elements. As a result of this, disagreement over what solutions to implement, or whether
to even implement a solution, could at times occur.
In such instances, the matter could be taken to the Judgement Meeting, whereby an
evaluation of the issue and its potential solutions could be discussed. At the Judgement
Meeting, an evaluation between different potential solutions and a choice of what solution
to implement could be made. This evaluation was carried out collectively between various
resources in the development project, attempting to come to terms with the effects of an
issue and also the effects of a potential solution. Since Judgement Meetings took place late
in the development process, when assembly had become possible, there was usually not
much time or resources available for engaging in major problem-solving. Focus was on
facilitating the assembly and production of complete vehicles. Only major problems in
accommodating concept solutions were considered for major changes once the concept
solution had been decided and design engineering work initiated. The onset of production
start exerted limits on the time available to make major overhauls of implemented
solutions. The challenge under such settings was rather “attempting to make the best of
prevailing circumstances.” (CAL 9).
Another important aspect of the Judgement Meeting was the collective evaluation of
whether a reported Issue that had been investigated by a CAL in essence constituted a
problem that needed to be resolved. Thus, at the Judgement Meeting, a proposed solution
could be evaluated and it could be determined whether an issue would persist after a
proposed solution had been implemented. Judgement of whether a proposed solution was
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a better option than living with the current issue was made based on the perceived
implications and effect on future elements that an implemented solution would have.
Not all reported and investigated issues were resolved, although such a decision inevitably
meant that the design engineers would have to live with the drawbacks. The ability to see
the physical effects of assembly was important in this choice since it many times was the
materialization of problems which contributed to how an Issue was perceived.
In earlier phases of the development process, there was a greater potential for design
engineers to take a pro-active stance towards their own development efforts. One reason
for this was that more latitude for making alterations to made design choices prevailed in
these earlier stages. Drawing upon previous design engineering experience to determine
what might constitute a problem in the future was facilitated by this higher latitude for
making changes and implementing solutions. Design engineers were through such an
approach in a better position to understand potentially emergent problems and better
positioned to develop and take corrective action, including implementing solutions before
a problem become real and of a significant character. However, problem-solving in these
earlier phases was a matter of obtaining a basic appreciation of what a future problem
might be or, how it was likely to reveal itself. Problems were hence fuzzier, diffused and
also more difficult to get a grip of, and tended to remain so until the first test series had
been built.
In later development stages on the other hand, focus was on problems that were apparent
since there was not enough time available to contemplate problems that might occur.
Problems at these later stages of the development process tended to be of a less critical
character, often requiring smaller adjustments to be made. This was to contrast with the
way in which problems were perceived in earlier development phases, where there
criticality tended to be of a more severe magnitude. Problems were more of a physical
character, many times making it easier to deal with them than it was for instance in a
virtual environment. In conjunction with a pressing need to adjust elements quickly, so to
not disturb the assembly process, encountered problems could be addressed by two types
of solutions, short-term or long-term. Due to time constraints, a quick solution was many
times necessary in order so that the assembly process was not disturbed. Problem-solving
was characterized by focus on facilitating the assembly process through slight
modifications or trimming activities. Secondly there was also a need to start investigating
a longer term solution to encountered issues. These longer term solutions were based on
an evaluation of what was possible to rectify and which potential solutions that could be
implemented. Such long term solutions in turn could require several months of
investigation and development before being able to be implemented. In the process of
finding a solution to a major problem encountered late in the assembly process, an
investigation needed to be carried out to establish whether there was something wrong
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with the platform element, whether the problem was due to manufacturing issues or
whether there was something wrong with the specification and hence the design
architecture of the platform element. However, since this physical realization came into
effect many years after initial design choices have been made, the majority of validation
had been carried out in a virtual environment and early on in the platform development
process. A long time lag between anticipated platform element functionality and the actual
physical materialization of that element persisted. Due to time lag between virtual
verification and physical validation, a discrepancy between aspired output and actual
output could emerge.
Further to this, the assembly process provided feed-forward on the initial restrictions set
(or opportunities provided) by the concept solution. Establishing how well a concept
solution contributed to the fulfilment of overall functional requirements of a derivative
vehicle hence becomes possible. However, whereas it was possible in the
telecommunication case to feed-forward output information several times into the
anatomical decomposition during the platform development process (in the process redecomposing the platform anatomy), the ability to draw benefit from feed-forward was
limited in the automotive case. The reason for this is two-fold. Firstly the platform
development process in the automotive case did not provide the frequent synthesis points
that were given in the telecommunication case. Whereas aggregation was an activity that
took place every two week in the telecommunication case, assembly in the automotive
case took place three times (three test series) before final assembly. Secondly, assembly in
the automotive case was an activity that was initiated towards the end of the development
process. This means that feed-forward output was not obtained until very late in the
process. Consequently there were delays factors associated not only with regards to
feedback, but also with feed-forward. Changes to mental models had to take place after
design engineering activities have been carried out and tested in the assembly stage, at
which time the latitude for making major changes was small. Solutions would have been
locked in due to for instance investments made in manufacturing tools or due to
agreements with suppliers.
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6.5 Intelligence of Search – an Interpretation
In the discussion that has taken place above, three different approaches towards solution
search have been elaborated upon and their application in the development of complex
platforms discussed. In this section I argue that the existence and application of different
solution search approaches in the development of complex platforms point to the need
for a developed conceptualization of ‘problem-solving’. In particular, a distinction
between a ‘problem’ and an ‘error’ provide explanatory value for the application of
different solution search approaches in problem-solving in complex platform
development. Different forms of solution search provide intelligence on various aspects
of action-outcome linkages, where intelligence in organizations can be understood as “an
attempt to make actions lead to outcomes that are consistent with desires or conceptions
of appropriateness” (Levinthal and March, 1993: 95).
6.5.1 The Distinction Between Problems and Errors
Although there is an arguable lack of a coherent and agreed definition of what a problem
is and what it is not, several contributions have aimed to develop the concept (see
Volkema, 1983; Smith, 1988). A problem is an impediment that makes it difficult to
realize an aspired target, intention or function and refers to a state that is unresolved and
dynamic in nature. Whereas problems are often manifested in physical attributes, they are
themselves not physical in nature. They have been described as a construct of intrinsic
subjectivity, whereby the understanding of a problem and the way it is understood defines
the problem domain (Smith, 1988). Due to the dynamic nature of problems, they often
give rise to the identification of new problems or sub-problems, as knowledge of them
increases (Volkema, 1983).
A number of different concepts have been used to refer to errors, including failures, bugs,
defects or faults (Carroll, 1998; Reason, 2000; Davis, 2006; Weick and Sutcliffe, 2007;
Berggren et al., 2009). An error can be understood as being closely related to the lack of a
correlation between the intended consequences of an action and its actual consequences
since it concerns the divergence between a desired and an actual condition. Reason (2000)
argues that an error can occur as a result of irregular human behaviour but also be of a
systemic character. In the systemic approach to errors, errors are an inherent part of any
organizational processes. They are seen as consequences of problems rather then a cause
for them. When dealing with complex designs, the existence of numerous elements (with
various interdependencies) obscures the impact of particular actions and gives rise to the
invisibility of latent errors (Carroll, 1998; Reason, 2000). Once detected, errors can be
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understood as weak signals of discrepancies given away by problems (Weick and Sutcliffe,
2007).
The distinction between a problem as an unresolved obstacle in the way of a desirable
condition, and an error as a divergence between a desired and actual condition, carries
significance for the process of theory-building and theory-testing associated with
problem-solving. A distinction between problems and errors can in particular contribute
to the evaluation of preconceived representations of action-outcome linkages.
“From both an understanding-oriented and an action-oriented perspective, it is more
important to clarify the deeper causes behind a given problem and its consequences
than to describe the symptoms of the problem and how frequently they occur.”
(Flyvbjerg, 2006 p. 229)

I therefore argue that in order to gain a deeper understanding about ‘problem-solving’ in
complex platform development, there is a need to make a distinction between a problem
and an error, which furthermore gives reason to the application of different solution
search approaches. However, a solitary application of search approaches that generate
solution alternatives to either problems or errors does not comprehensibly reflect the
required focus in complex platform development. Focusing only on problems does not
recognise the existence of latent errors that cannot be envisaged through an analytical
search approach for solution alternatives. In a similar vein, addressing errors is only likely
to reduce the signals of problems rather than addressing its underlying cause, i.e. the
problem. As argued previously, a synthesised search approach aid in evaluating
preconceived representations and contribute to increased knowledge of what the most
likely outcome of a chosen alternative is. As such it is a search approach contributing to
both problem and error solution search.
The conceptual difference between a problem and an error suggests that three search
approaches are applied in complex platform development. One is concerned with the
search for understanding why and how errors emerge and the consequent solution of
their underlying cause, i.e. the problem. The other is concerned with the search,
identification and correction of errors. Successful problem solving and error correction in
platform development becomes a matter of reducing the knowledge gap between an error
(effect) and the underlying problem giving rise to that error (cause). The process of
synthesized search has emerged as a third search approach that is important in reducing
the knowledge gap between problems and errors. Synthesized search aids in (1) translating
or migrating an error, conceived, anticipated, or materialized, into a problem, and (2)
resolving the identified problem, thereby avoiding that the error materializes or reoccurs.
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Synthesized search can aid in translating an error into a problem since it can link
outcomes back to actions and to mental representations of action-outcome linkages. This
in turn can facilitate the updating of mental representations of action-outcome linkages.
Synthesized can also reduce the occurrence of future errors or the reoccurrence of
problems by linking outcomes back to action, thereby contributing to a increased
understanding of what the effects of choices made will be.
This also subsequently means that in ‘problem-solving’, there is a choice to be made
whether to focus development activities on problems or on errors. Errors can be
addressed by an error-correction approach, characterized by quick- or short term
solutions, or they can be addressed through a problem-solving approach. In a errorcorrection approach, the effects of errors can however be carried over to the next set of
development activities, either further down the same development process, or give rise to
effects in another development project. The reason for this is that the underlying cause of
the error has not been addressed. Quicker solutions when facing time constraints can
however provide time for further analysis. In the later case, a more thorough analysis of
an error aiming at reducing the knowledge gap between the error and its underlying
reason is required. Here the aim is to come to terms with the reason for the existence of
errors, attempting to understand why a lack of correlation between intended
consequences and actual consequences emerged (cf. March, 1991).
A distinction between problems and errors in complex platform development provides
potentiality for the linkage by which learning from previous experiences of development
activities can take place. Whereas project-to-project knowledge transfer and learning and
the application of high-tech tools for understanding action-outcome linkages have been
proposed to facilitate early problem-solving (Verganti, 1997; 1999, Thomke and Fujimoto,
2000), recognition of the distinction between problems and errors and their associated
activities can facilitate inter-project learning (cf. Prencipe and Tell, 2001). By allowing
errors to be linked back to problems during the development process, rather than after
the completion of a development project, new understanding of how action-outcome
corresponds can be obtained and subsequent changes made. It therefore seems like a
distinction between problems and errors furthermore provides insights into the
mechanism by which mental maps are updated, since they in effect represent an actionoutcome linkage (see Gavetti and Levinthal, 2000).
A distinction between a problem and an error furthermore highlights the relationship
between the representation of a problem and what its solutions is, and the domain of
solutions that such a representation can produce (Volkema, 1983). Carroll (1998) has
made a distinction between design logic and operating logic, where the first logic builds
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on analytical efforts towards design and the latter concerns learning by doing. In complex
platform development, both logics apply with the same rigour. Analytical search efforts
need to be complemented by directional search efforts in order to reduce the scope of a
problem and its alternative solutions. Directional search is necessary for identifying
interdependencies that could not be identified, understood or predicted through a priori
analytical exercise, especially when dealing with a highly coupled set of elements (Fleming
and Sorenson, 2004). Design engineering focuses predominantly on the identification,
understanding and solution (correction) of errors; a directional search approach. Dealing
with problems through directional search, drawing extensively upon feedback
information, does not contribute to learning if this knowledge is not fed forward into
future platform design decisions. In attempts to shift the focus from outcomes (errors)
towards a focus on variables that will give rise to desired outcomes, a move from
backward-looking wisdom (Gavetti and Levinthal, 2000) to attempts to establish forwardlooking wisdom is warranted. These pro-active approaches to problem solution may
frequently take their shape in the form of analytical solution search approaches towards
establishing the required input, output and governing law for a desired output
performance. Such wisdom requires the ability to enhance the knowledge arising from
corrective activities (to identified errors), towards the increasing reliance on such
knowledge to avoid future problems (the source giving rise to errors). Proactively
addressing potential problems becomes a more viable way of reducing errors than reactive
adjustment of identified errors. For this purpose analytical search, directional search,
synthesized search and the management of feedback and feed-forward output is helpful.

6.5.2 Search as a ‘Choice’
The choice of which problem to engage and how has been attributed to the perceived
returns of engaging a specific problem (Nickerson and Zenger, 2004) or being dependent
on the nature of the problem faced (Gavetti and Levinthal, 2000). By choosing which
problems to solve and how to solve these problems, knowledge and capability
development can be enhanced. However, a distinction between problems and errors,
where problems are to be understood as the underlying reason for existence of errors,
carries implications for the perceived returns of their engagement and their very nature.
Further to this, such a distinction also justifies the application of synthesized search
approaches.
Problem-solving has traditionally been seen as drawing upon either analytical or
directional solution search approaches, or a combination of the two. This is because
problems occurring at higher levels of a hierarchical structure tend to be more conceptual
and unstructured, whereas problems found at lower levels are more defined and
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structured and tend to be concerned with the detailed aspects of design (Vincenti, 1990).
When a distinction between a problem and an error is made, the differing character
discussed by Vincenti becomes clearer. Analytical solution search approaches are
concerned with feed-forward aspects of search, which by nature is subject to delays in
actualization of action-outcome linkages. Analytical solution search approaches are
furthermore often concerned with generating abstract representations of how actionoutcome linkages are related and concern a broader range of design alternatives and
potential solutions. The search for solutions at higher hierarchical levels should be
incorporated into attempts to analytical conceptualize the required input, output and
governing laws for a desired output, e.g. in a design architecture. For these purposes,
higher levels of architectural knowledge about how elements interact and function is
required (Sanchez and Mahoney, 1996). Directional solution search on the other hand
generally draws upon feedback, where action-outcome linkages can be determined
quicker. They also concern the engagement and exploration of a limited set of design
alternatives and potential solutions. At this lower level, the level of transferring
conceptualization or representations into real objects, knowledge of alternative solutions
is derived from the internal needs of the design itself, is obtained quicker and is
furthermore closely related to previous experiences. Directional search allow design
engineers to carry out test on alternatives on the basis of an actual setting rather than a
mere representation of the setting. This form of search serve an important function in
identifying latent or unacknowledged interdependencies, especially when such
interdependencies result from emergent complexity (e.g. Gershenson, 2002). Analytical
and directional solution search approaches are complementary since mental
representations consider a broad array of alternatives simultaneously, whereas directional
search explore a small set of alternatives more thoroughly at any given time (Gavetti and
Levinthal, 2000).
Drawing upon both analytical and directional search approaches when engaged in
solution search also carries significance for the certainty, speed and clarity by which
interdependencies can be identified and understood. March (1991) argue that the
feedback associated with directional search activities is better suited for tying
consequences to action, whereas analytical solution search activities are subject to returns
that are systematically less certain, more remote in time and organizationally more distant
from the locus of action and adaptation. The employment of analytical or directional
processes for engaging in solution search can be seen as being closely related to the ability
and need of firms to generate timely information about a problem or an error. When
quicker feedback is required, directional search approaches are warranted. In development
processes that do not require the quick generating of feedback, or when generating this
quick feedback difficult, analytical approaches towards solution search are justified.
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However, in the engagement of complex ‘problem-solving’, an additional need arise.
Complexity encountered in the development of complex platforms, and the complexity of
the problems faced, is a result of interdependencies that cross several different design
architectures, consequently requiring cross-architectural solutions. Applying a pure
analytical search approach is limited in its advantage since this complexity makes it
difficult to establish all pertaining interdependencies a priori. At the same time, a
directional search approach is limited in its ability to incorporate requirements and effects
that are more distant in time and further away from the locus of attention (e.g. future
derivative requirements). The role and importance of feedback and feed-forward
discussed above suggest that there is a challenge associated with determining how
individual elements contribute to a synthesized whole. Albeit individual elements fulfil an
important function when viewed in isolation, they might contribute to the inadequate
fulfilment of overall platform performance requirements when synthesized with other
elements. Quality at individual platform element level does not automatically mean that
quality at a synthesized level can be reached. Establishing and carrying out the end-to-end
development requirements of a platform is more than a mere planning exercise that can
be catered for through extensive up-front focus (see Thomke and Fujimoto, 2000 on
Front-Loading). Strict reliance on pre-determined plans and development choices might
lead to sub-optimization issues and furthermore limit the ability to incorporate flexibility
in the platform development process. One reason for this can be attributed to the
limitations that exist when attempting to decompose a platform architecture that is not
entirely decomposable. Furthermore, whereas feedback stands out as valuable when
evaluating planned activities and to confirm or contradict simplified representations of
complexity, it does not provide extant value with regards to what future design decisions
or directions to take. The limitation of feedback when engaged in the development of
platforms stems from the need to provide information with regards to what choices to
make once synthesized performance can be evaluated.
In the development of platforms, the utilization of analytical search efforts to create
representations or visualizations of design architectures, in conjunction with the
application of directional search approach, fulfils an important role. Nickerson and
Zenger (2004: 618) have agued that the challenge in choosing design alternatives lays in
choosing valuable ‘problems’ which if successfully solved will yield desirable knowledge
or capabilities that will contribute to development success. Such design problems can in
turn be of a low-, moderate- or high interaction character depending on the easy by which
interdependencies between elements can be identified and understood. This choice of
‘problem’ type in turn carries implications for the manner in which development is carried
out. Whereas attempts to deal with complexity and ‘problems’ in the telecommunication
case had its central premise as attempting to establish the what and when aspects of
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engineering design, it had its central premise on establishing the what and how aspects of
design engineering in the automotive case. In the two case studies, solution search
emerges as a choice of what elements to develop, when to develop these, and how and
also as a choice of which of these aspects to focus efforts on. It also emerges as a choice
with regards to engage in searching for solutions to problems or by addressing errors
once they were encountered.
By drawing upon analytical representations of what the final platform should look like or
which design base design engineering work should initiate from, a reduction of the search
space for solutions was aspired and established in the Telecommunication Case.
Following this, directional search approaches were initiated to further explore potential
solutions. Finally, a synthesized search approach was required in order to derive outcome
knowledge of how well analytical representations of alternatives in conjunction with
directional efforts towards finding solutions fulfilled desired outcomes. Based on output
from synthesized search, problems and errors emerged. Consequently in the
telecommunication case, search efforts were geared towards problem-solving with the aim
of reducing the number of errors that would materialize late in the development process.
In the automotive case on the other hand, correction of errors was seen as an inevitable
part of the platform development process since it was envisaged that errors could not be
avoided by drawing upon analytical solution search approaches. As a result of this,
different focus was given to the analytical and directional search activities within the
development process. Whereas error detection and problem understanding- and solving
by drawing upon analytical- and synthesized search was the focus in the
telecommunication case, error detection and error correction by drawing upon
directional- and synthesized search was the focus in the automotive case. Thus, a choice
of whether to focus problem-solving activities on solution search for problems and/or
errors emerges.
In the two case studies presented in this dissertation, the analytical level at which the
complex designs of the platform was analytically decomposed (and consequently also the
problems faced) differs. In the telecommunication case a higher level of analysis resulted
in the creation of the anatomical decomposition of the platform, illuminating required
elements, the mapping of functions to these elements and the pertaining
interdependencies between these elements. Through the mapping of functions and the
illumination of interdependencies between platform elements, a reduction of errors was
anticipated. Problem-solving concerned the establishment of what functions to design
and when. In the automotive case the platform was decomposed at the level of subsystems (by creating concept solutions), in the process narrowing the solution area for
design engineering activities, and thereby anticipating fewer errors. Problem-solving
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concerned narrowing the correction search area for anticipated errors, a matter of
establishing how to engage in design engineering. In the two case studies, the process of
synthesizing several elements together contributes to increased knowledge of both the
design architecture and the performance of individual platform elements. This
synthesizing of individual platform elements can contribute to learning which in turn can
be applied to both a specific context or be of the kind whereby deeper knowledge of
problem-solving is achieved.
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Chapter Seven
7 Conclusion and Summary of Core Findings
My findings indicate that platform development can be comprehended as concerning the
search for design alternatives, which if successfully chosen and implemented will
contribute to the fulfilment of desired goals. In this process, a number of impediments
making it difficult to realize an aspired target, intention or function will have to be
resolved. This process, the process of searching for and choosing between design
alternatives that can aid in reaching desired end results, can be seen as a problem-solving
process. It can also be interpreted as process of search for the required inputs, outputs, or
governing laws (i.e. solutions) that are required for reaching a desired goal, and is
furthermore a process where all three aspects are intermingled. Thus, solution search in
complex problem-solving in the platform development process concerns the
identification and choosing between inputs, outputs, and governing laws and is a dynamic
process. Consequently, different solution search approaches need to be applied in
complex platform development, and in complex problem-solving. Whereas analytical
search approaches seem to be concerned with the inputs required for reaching desired
outputs, directional search with the implementation of such inputs to reach outputs,
synthesized search is an approach concerned with the identification of the governing laws
that determine how input (action) and output (outcome) interlink.
Secondly, solution search in complex platform development implies a distinction between
problems and errors. This distinction provides a nuanced and more representative picture
of solution search in complex platform development and complex ‘problem-solving’.
Solution search with regards to problems emerge as being concerned with understanding
action-outcome linkages prior to carrying out activities, and with the understanding of
why and how errors emerge. Problem-solving include attempts to find solutions to errors
before they materialize by addressing their underlying cause. Solution search with regards
to errors emerge as being concerned with the search for, identification of, and correction
of errors that emerge despite problem-solving efforts. It is a search for the actualization
of action-outcome linkages. Since the search for inputs, outputs, and governing laws is
intermingled, goals, constraints, and aspirations can be continually reformulated during
the design process (e.g. Simon, 1995; Davis, 2006). By linking errors to problems, and by
reducing the knowledge gap between errors (outcome of action) and their underlying
cause (action), successful search for solutions can be undertaken. Whereas the
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understanding of action-outcome linkages has been suggested as important in successful
problem-solving, a distinction between problems and errors make the understanding of
outcome-action linkages equally important.
Thirdly, given the distinction between problems and errors, different solution search
approaches are required in the development of complex product platforms. Solution
search in complex platform development has emerged as drawing upon analytical search
efforts and concerning the identification of inputs for reaching desired outputs. Analytical
search efforts towards problem-solving appear important in narrowing the search space
for finding solutions to anticipated, emergent, or concrete errors. Solution search in
complex platform development also draws upon directional solution search efforts aimed
towards implementing solutions and deriving real objects. Directional search approaches
are predominantly concerned with error detection and correction in design and are
required for understanding the implications of chosen and implemented solutions. A third
process, depicted as synthesized search has emerged as important in evaluating perceived
input-output linkages and establishing the governing laws between inputs and outputs.
Synthesized search concerns the search for discrepancy between the generating and
choice of solution alternatives, and the subsequent implementation of such solutions. It is
a search effort geared towards increased understanding of the inter-linkage between
chosen and implemented solutions, and the outcome of those solutions. Such an
approach is important in the search for latent or unknown interdependencies that give
rise to errors, when these interdependencies cannot be established by drawing upon
analytical search approaches for finding solutions to problems. By reducing the
discrepancy between analytical search efforts and the result of directional search efforts,
synthesized search emerge as a means to bridge errors and problems. The ability to learn
about problems and errors simultaneously seems favourable when engaged in the
development of complex products or systems such as platforms. Synthesized search is
also important in the decisions concerning whether to engage in further analytical search
for finding solution to problems, or whether to engage in directional search efforts aimed
at correcting errors. In this choice, it is not only the content of the problem or error that
is important, but also the understanding of the implications that will follow by a chosen
and implemented solution.
Fourth, given different solution search approaches, solutions search emerge as a matter of
choice. Managerial decisions and choices of whether to engage in problem-solving
activities (drawing upon analytical search approaches) or error-correction activities
(drawing upon directional search approach) during the course of the platform
development process need to be made (cf. March, 1991). Synthesized search aid in this
choice process since it highlights deviations from expected or desired outcomes. The
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distinction between a problem and an error not only contributes and provides justification
to the application of different search approaches during the development process of
complex platforms, but also carries implications for the manner in which different phases
of the platform development process are organized and resourced. Such decisions seem
to be highly influenced by resourcing and time constraints. The utilization of three
different search approaches in the development of complex platform development points
to the need for organizing and resourcing search activities accordingly. Solution search
efforts need to be organized and resourced to facilitate analytical, directional, as well as
synthesized search approaches, so that the benefits from all three search approaches can
be gained. For instance, choices regarding resource allocation to analytical search efforts
at the beginning of complex platform development needs to be given, and followed by
adequate resources for engaging in directional search efforts as well as synthesized search.
Further to this, given the iterative process of solutions search and the intermingling of
these solutions search approaches, choices with regards to whether to engage in problem
or error solution search is required throughout the platform development process.

7.1 Main Contributions

7.1.1 Empirical Contribution
Contributions made in this dissertation answer calls for a deepened understanding of the
managerial, organizational, and processual implications of running different kinds of
projects in general (Dvir et al., 1998; Shenhar, 2001; Halman et al., 2003) and platform
development projects in particular (Sundgren, 1999; Tatikonda, 1999; Halman et al., 2003;
Sköld, 2007). Thus, whereas the strategic and operational implications of platform
development and usage has been discussed extent in prevailing literature, less is known
about the managerial challenges associated with complex platform development and how
these challenges express themselves (see Sundgren, 1999; Halman et al., 2003; Sköld,
2007; Brusoni and Prencipe, 2009). In this dissertation, I have contributed to the remedy
of the need for empirical studies that closer investigates challenges associated with
platform development and its managerial implications. By focusing explicitly on the
platform development process per se and conceptualizing what the main challenges
associated with the platform development process is, I have distinguished this process
from derivative product development (see Wheelwright and Clark, 1992; Meyer et al.,
1997; Tatikonda, 1999; Halman et al., 2003; Lenfle et al., 2007). I have responded to the
call for empirical studies by providing a detailed description of complex platform
development, drawing upon a case-study methodology, using interviews, documentation
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and observations to study two platform development processes in two different industrial
settings. A substantial potency of these studies is that they have allowed me make
evidential the use of similar solution search approaches in two different industrial
contexts, at the same time as it has allowed me to illuminate their differences in
application. By drawing upon a particular focus on solution search approaches in
problem-solving activities, the managerial challenges that involve organizing solution
search efforts have been brought to light.

7.1.2

Contribution to Problem-Solving Research

The findings in this dissertation indicate the potential benefits of making a distinction
between problems and errors in analysing problem-solving in platform development. I
believe that a step has been taken towards fulfilling the need for investigating how
analysis effects the accumulation of experiential wisdom, and how experience influences
the formation of analytical frameworks (as argued by Gavetti and Levinthal, 2000). In
product development processes where efforts are geared towards correcting errors,
localised search and localized knowledge accumulation takes place, leading to the localized
accumulation of experiential wisdom. When this experiential wisdom is fed forward, with
the aim to understand the underlying reasons for errors (problems), it influences the
formation of new analytical frameworks. Individuals, groups and firms have a choice to
make regarding the facilitation of these two mechanisms. The empirical findings from the
telecommunication and automotive cases imply that different solutions search approaches
in complex platform development need to be utilized when dealing with complex
problems. In particular, these findings contrast views that solution search in complex
problem-solving draw upon either one of two search approaches; analytical or directional
search (Vincenti, 1990; Gavetti and Levinthal, 2000; Nickerson and Zenger, 2004). With
the emergence of synthesized search as a third solution search approach in the
development of complex platform development, a relaxed view on the perception of
solution search approaches as focusing either on analytical or directional search can be
made. Output of the synthesis exercise contributes to determinants of how well beliefs of
action-outcome linkages are consistent with desires or conceptions of appropriateness,
how well individual functional requirements are met, the contribution to; and effect that
individual platform elements have on the synthesized whole, and the identification and
comprehension of interdependencies between platform elements. Further to my
knowledge, the importance of the temporal application of these three solution search
approaches has not been emphasized or shown empirically in previous studies.
On the basis of the empirical findings, I infer that instead of making use of one particular
solution search approach, effective solution search in complex problem-solving is a
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matter of iterating between a number of different search approaches. This conclusion
constitutes the foundation for the iterative model of solution search in complex platform
development (Fig 13: Intelligence of Search). This model is a dynamic model which
acknowledge solution search as a process that evolves over time, and which can reiterate
during the course of a development process. This model illustrates the relationship
between the three solution search approaches identified and analyzed in this dissertation.
This model points to the need to draw upon both feedback and feed-forward in the
development of product platforms. Feed-forward is important to establish future
development paths and contributes to the updating of mental representations of actionoutcome linkages. Feedback is important to compare with, and contrast to, planned
activities, plans, mental maps, existing knowledge and to evaluate and determine output
success, by evaluating outcome-action linkages. Synthesized search has emerged as
important since it can provide both feedback and feed-forward in the development of
complex platform development. The ability to generate, draw upon, and apply feedback
and feed-forward throughout the platform development process contributes to an
increased understanding of emergent complexity and furthermore add to the ability to
handle numerous interdependencies between platform elements.
Thus, from a nearly decomposable perspective, managing complexity indicates that a
development process in which output can be treated as both feedback and feed-forward is
favourable. Furthermore, there is the need to incorporate and integrate such information
in the evaluation of design choices made and future design choices to be taken (Yakob
and Tell, 2007). Directional search approaches aid in making updates to initial
representations of complexity and complex problems, in the process rendering these
representations non-static entities that are subject to updates (Gavetti and Levinthal,
2000; Nickerson and Zenger, 2004). Feedback thus plays an important role in that it
provides a means by which the ‘accuracy’ of cognitive representations of a problem and
chosen solution can be evaluated. Feedback can also provide information contributing to
a change in the representation of what a problem is and what its solution ought to be.
However, it also appears as feedback is limited in its ability to provide the required
understanding of action-outcome linkages, given the directional path set by analytical
solution search efforts towards problem-solving. Rather it is feed-forward, the ability to
link outcomes back to action that can generate the increase in understanding that
contribute to the update of mental presentations of complexity and complex problems.
Feed-forward enhances learning from past experience by incorporating this learning into
current or future activities. Thus, feed-forward derived from synthesized performance can
provide increased understanding of what future development paths should look like by
aiding in the visualization of both enabling and impeding synthesized platform
characteristics. Feed-forward acts as a mechanism for illuminating development paths and
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design choices, both immediate and future, in the process acting both as an enabler and
impeder of aspired platform requirements. Its enabling power is derived from its
contribution towards increased understanding and identification of new opportunities for
functional development. As an impeding factor, feed-forward illuminates the limitations
to final platform functional requirements. Identifying critical areas, the most uncertain
elements in the development process, and forecasting their influence on the development
process stands out as important. It is these areas that are most likely to give rise to costly
and time consuming corrective actions if detected and handled late in a development
project. I argue the synthesized search is a viable approach for judging the accurateness of
analytical representations of problems and the subsequent development and
implementation of solutions through directional search efforts. Synthesized search merges
the iterative process of theory-generation and theory testing and the creation of analytical
and experiential knowledge.
In particular, the Intelligence of Search model illustrates the iterative relationship between
representations of solutions to problems, the implementation of such solutions, and the
subsequent evaluation of such solutions. By enabling the representation of actionoutcome linkages, the implementation of perceived action-outcome linkages and the
subsequent evaluation of outcome-action linkages, and by illustrating the iterative process
of updating mental representations of solutions to problems, an iterative model of
solution search in complex problem-solving has been presented. By taking into
consideration problems and errors in solution search, the iterative model provides a novel
perception of solution search in complex platform development. It links analytical
solution search efforts to directional search and directional search back to analytical
search, indirectly by drawing upon synthesized search. Initial analytical representations of
complexity, problems, and how they should be overcome, are implemented by exploring
solutions, and tested against the synthesized effects of their contribution. Through this,
problem-solving emerge as a choice of whether to reiterate the problem-solving process
or to engage in correcting errors. Solution search in complex problem-solving emerge as
being concerned with the application of different search approaches, the implementation
of solutions, the testing of outcomes of such solutions, and the choice of what do to with
these outcomes if desires or conceptions of suitability are not met.
Further, a distinction between problems and errors should aid in pinpointing the
coordinating and organizational features of the manner in which firms engage in problemsolving. For one, this distinction could aid in discriminating between activities geared
towards problem-solving and activities geared towards error-correction, in the process
provide clarification with regards to the unit of analysis of the research undertaken. From
a more general perspective, the magnitude of efforts required to reiterate the solution
search approach for engaging in problem-solving once errors have been encountered, can
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be viewed as a testimony to the complexity involved platform development. The relative
easier it is to engage in searching for solutions to the source of errors and to implement
solutions, the less complex can the faced complexity be argued to be.

7.1.3

Contribution to Platform Research

For researchers interested in platform development, the empirical findings in this
dissertation provide a contemporary view of the platform development process in two
high tech industries. As such, it has pointed towards the potential benefits of making a
distinction between problems and errors in analysing problem-solving in platform
development. It has furthermore pointed towards the benefit of making a clearer
distinction between the platform development process and the derivative product
development, especially when the platform process constitutes the observational unit of
analysis. At the same time however, the empirical findings in this dissertation has
illuminated the intertwining of platform and derivative product development processes
(especially in the automotive case study). Setting a clear observational boundary between
platform development and derivative product development can thus be challenging.
Consequently, the parallel investigation of platform development and derivative product
development when engaged in problem-solving and solution search can be beneficial
when attempting to provide multifaceted descriptions of platform development
processes. Since design architectures are inevitably interlinked, solutions to problems or
errors are too. Thus, the symbiotic relationship between platforms and derivative
products cannot be ignored. By observing how solution search approaches are carried out
across design architectures, and how solutions are implemented across design
architectures, further descriptive and explanatory studies can be undertaken. By
highlighting the core challenge of platform development, namely that of commonality
versus distinctiveness, and by focusing research not on development project boundaries
but instead on particular problems associated with platform development, contributions
in this dissertation point towards investigations of platform specific development
challenges when engaged in platform related research. For instance, in this dissertation,
such challenges were problem-solving activities geared towards solving issues concerning
the maintenance of commonality.
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7.1.4 Managerial Implications
The findings in this dissertation are not merely empirical and theoretical, but also provide
some tentative guidance for managers engaged in platform development. First of all,
problem-solving in platform development, or the development of complex products or
systems in general, involve the application of different types of solution search. Firms can
benefit from recognition of the different between problems and errors, and the
subsequent application of an appropriate solution search approach for the solution of
these. The recognition of the differentiating aspects of these solution search approaches
appears important in firms’ ambitions to organize for resourceful problem-solving.
Another important aspect that needs to be taken into consideration is the temporal order
of solutions search, tightly associated to the differentiation between problems and errors
mentioned above. In particular analytical solution search approaches tend to precede
directional and synthesized solution search approaches. For managers, this implies that
during a development process, there is a need to facilitate the generating and
incorporating of both feedback and feed-forward information during the course of the
development process. By doing so, managers can provide for both problem-solving and
error-correction.
Successful solution search also involves facilitating the updating of mental models of
complexity and action-outcome linkages, by enabling knowledge of errors to be linked
back to potential problems. This subsequently means that when engaged in platform
development and complex problem-solving, the understanding of outcome-action
linkages also need to be managed. By making it possible to investigate outcome-action
linkages, the knowledge gap between errors and problems can be reduced, in the process
contributing to increased problem-solving capabilities. A recognized distinction between
different types of solution search approaches, with their associated attributes, can
therefore carry organizational implications. Firstly, platform development is not only a
matter of deciding and planning what elements should be part of the platform, and to
decide this early on. It also involves the ability to organize for re-planning and for taking
into consideration new demands and solutions during the evolvement of the platform.
Secondly, management needs to make organizational provision in order to be able to
organize for problem-solving and error-correction activities. The cases studies have for
instance pointed to the need to not only take the content of a problem or and error into
consideration when engaged in solution search, but equally important has emerged the
understanding of the implications of solutions. For this reason, it becomes important to
facilitate the process of solution search for both problems and errors so that fruitful
decisions can be made.
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7.2 Proposing Future Research
The findings and contributions made in this dissertation have pointed to the
conceptualization of solution search as a matter of choice between alternatives, where the
solution of problems and correction of errors are two distinctively different aspects of
‘problem-solving’. One obvious avenue to direct future research is therefore towards the
deepened investigation of how this choice is carried out in the development of complex
products and systems (where platforms represent one type). Provided that it is not only
the content of a problem or error that is important to understand in the search for
solutions, but also the understanding of the implications that will follow if solutions are
implemented, the choice process between search efforts geared towards solving problems
or correcting errors becomes important.
Further, investigations of whether there is there a scale of complexity that determines the
eventuation of solution search strategies exist can be undertaken. Such studies could be of
a multi-case character, constitute a survey across a larger population within an industry or
across industries, or they could take on the character of modelling or simulation exercises.
Investigating how firms and managers chose between different solution search
approaches also point to the need for further research on how different solution search
approaches are organized in complex platform development in particular, and complex
product and system development in general. How do firms organize for different solution
search approaches in the development efforts of complex products or systems? The
ability to engage in early problem-solving is tightly knitted to the ability of ‘problemsolvers’ to link errors to problems, in the processes facilitating within project knowledge
transfer and learning. Organizing search approaches in manners whereby the search space
for problem-solving and error-correction activities can be reduced, should be an
important endeavour for firms engaged in complex product or system development. How
expanded or diffused are the application of different solution search approaches in
various industries or across industries? Such studies could be carried out by using survey
or sample studies, aimed at investigating how complexity as a contingency variable gives
rise to the application of different search approaches.
Within the empirical context of platforms, my findings and contributions have also
pointed towards potential future investigations of how to organize for solution search in
settings where problems and errors are distributed, either across architectural designs
within one firm or across different organizations. How can firms organize solution search
when symptoms of errors and their underlying reason are separated not only in time but
also in space (e.g. across organizational or national boundaries)? Such a scenario seems
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possible when taking into consideration the symbiotic relationship between platforms and
those applications or derivatives that use the platform in their own development.
Investigating solutions search approaches in such settings simultaneously could provide
useful insights into the challenges associated with platform and derivative development.
One avenue in which to point such research would for instance be in the context of
multi-national product, system, or platform development projects and processes in
transnational corporations. Moreover, agents of problem-solving can themselves be
separated, not only in time and space, but also through the different knowledge sets they
posses or through their varying professions. Investigating collaboration for solution
search in for instance inter-firm development projects is another interesting avenue of
future research.
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