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The MICORD research program
This dissertation is the result of one of the projects within the MICORD program, initiated by Prof.
Dr. Jan de Wit and Prof. Dr. Ben Dankbaar. The MICORD program (acronym for Managing Innovation,
Cooperation and Outsourcing of Research and Development) is intended to contribute to the
understanding and solution of the so‐called “Knowledge Paradox”: universities develop a wealth of
new knowledge, but the industry does not seem to be able to use this knowledge for its economic
activities. Pre‐research carried out in 2004 in 22 companies in different industrial sectors resulted in
two probable causes for this:
 Firms have diminished their investments in fundamental research and are therefore not
capable anymore of radical innovation
 Industrial researchers are too much oriented on the short term have lost the ability to
effectively communicate with university scientists
Based on these preliminary results we chose to investigate three sectors in more detail: the food
industry, the chemical industry and the high‐tech machine manufacturing industry. These three
sectors are representative for three of the four types of sectors identified by Pavitt (1984b) in his
influential paper on sectoral patterns of innovation. Moreover, these three sectors are important
sectors in the Netherlands. They are represented by companies like Shell, AkzoNobel, DSM
(chemicals), Unilever, FrieslandCampina, Heineken (food), and ASML, Philips, Océ (equipment).
Within the MICORD program, four PhD projects in the food and chemical industries are based on the
abovementioned missing links. In the third sector we found that innovation is already at the center
of interest, but we identified two other problems:
 What should the role of suppliers be in new product development?
 How can companies develop new business opportunities?
The 2 projects in the high‐tech machinery sector are based on these two problems.
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The first four projects started early in 2006 and the other 2 in the latter half of 2007. The Micord
program is sponsored by the Top Institute Food & Nutrition; TNO Innovation Policy; the Ministry of
Economic Affairs; the Ministry of Education, Culture and Science; Dutch Polymer Institute, Akzo
Nobel, The Netherlands Organisation for Scientific Research (NWO), Philips, ASML and Shell.
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Preface
As long as human beings have had the ability to reflect on our existence, we must have asked
ourselves the question “what sets us apart from the animals?” “Just about everything,” could be the
answer of a creationist. An evolutionist would probably say, “almost nothing”. I think that the
essence lies in two aspects of mankind in particular: our use of technology and the concept of
division of labor. This book is about both. It is about the way in which we continuously push the
boundaries of our technological envelope. Despite the fame of great inventors such as Thomas
Edison or Henry Ford, this process of innovation is rarely an individual effort. Innovation is nearly
always a team effort. This is true for people, but also for the high tech companies that appear in this
book.
Perhaps that is why I find advanced technology so fascinating; because it lies so close to essence of
human nature. Or perhaps those big metal boxes chockfull of intricate wires, tubes and
miscellaneous bits and pieces remind me of the first piece of equipment I ever took apart. Needless
to say, the oscilloscope, signal generator, or whatever piece of 1970s electronic equipment it was,
proved impossible to put back together in a working fashion for a six year old. Maybe not knowing
what sort of apparatus it was, contributed to my failure to ‘repair’ it. (In fact, I am not entirely sure if
it was actually defective before I started working on it.) Still, that was probably the moment at which
my fascination with complex technology first manifested itself. It has not left me. Even today, I can
stare intently at a complex piece of equipment and try to work out what purpose each part serves. I
find myself wondering what engineering decisions must have been made to result in this particular
design.
Although my fascination with complex technology has stuck, it has evolved. My focus moved from
the technological solutions themselves to the business context in which they are conceived. This
book is the evidence thereof – it is the product of my own journey of discovery in the world of high‐
tech innovation. But this book is also the evidence of the help I received from many people in all
stages of this project. Without attempting to mention every person who has helped me in some
way, I would particularly like to thank the following people; their support has been especially
important to me, both personally and professionally.
First and foremost, I would like to thank Ben and Jan for their guidance. Ben, I have always admired
the swiftness and accuracy with which you put your finger on the essence of whatever research
problem I wrestled with. With just a few questions, you were able to drill down to the heart of the
matter and to get me unstuck when needed. Jan, your support was equally vital, but focused on the
process instead of the content. By doing so, you augmented Ben’s input and greatly helped me to
(more or less) complete my project in a (more or less) timely fashion. The presence of a duo of
amiable and wise men was not only conducive to my own professional development; it was also
very enjoyable.
From my professors, it is only a small step to my other colleagues in the MICORD research program.
Armand, Maarten, Mark, Marc and Karen: you paved the road and made my work a lot easier.
Before I could even run into problems, you had already solved them. You tirelessly helped me by
offering useful advice, participating in (sometimes heated) debates and, most importantly, by being
the most pleasant group of colleagues a person could wish for. I admire each of you and I cherish the
memory of your faces occasionally peeking from behind a computer monitor or a pile of papers. The
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same goes for the colleagues who ‘invaded’ our room – it turned out to be the most friendly invasion
in history. Peter, Martin and Jochem: thanks for bringing variety to the debates in our room, but first
and foremost for being the pleasant company that you are. Oh, and Jochem: it’s your turn to cook
dinner
Also part of the MICORD team and associated with fond memories: Hanneke, Geert and Ton.
Hanneke, you were the cheerful oil that kept the machine running as smoothly as it did. By
supporting us in many ways, you allowed each of us to focus on our jobs. On a personal level, I am
particularly thankful for the way you helped me cheer up our room with various potted plants. It
might seem a small thing, but it made my time in the Huygens building so much more pleasing. Ton,
you always had a knack for pointing out essential aspects of the high‐tech industry that fascinated
both of us. Your ideas usually came in the form of questions that sometimes seemed trivial, and I
pretended to be able to answer them. But in reality, you made me think about things I had skipped
over too easily but that were essential to the dynamics of innovation in the high‐tech equipment
industry. Geert, associated with you is an image of the two of us sitting at your kitchen table;
sometimes just the two of us, sometimes accompanied by your exceptionally hospitable, friendly
wife and children. For me, that image has become a symbol of the inquisitiveness that binds all
researchers. I have cherished (and will keep doing so!) the way in which we debated many subjects;
whether or not related to my research. I have always enjoyed your insightful association and playful
wit.
While some people supported my project indirectly, others did so very directly and explicitly, by
helping me to ask the right questions, by taking the time to answer them or by helping me to reflect
on the results of my study. I would like to express my gratitude for the helpful purchasers, managers
and engineers at the companies I investigated. From the start of my project, I have been amazed at
the willingness of such busy people to dedicate some of their time to helping me. And towards the
end of my project, it was the commitment to your work and the enthusiasm with which you spoke
about it that kept me going. In particular, I would like to thank Ton, Hans, Merlin, Claudia, Clemens
and Jan for their enduring support.
A number of students of various universities also helped me to develop my thinking and keep up my
motivation. It is true what some people say: that the best way to learn about a subject is to explain it
to others. My apologies for confusing you at some point; it is inevitable that I did so. After all, I was
explaining things that I did not fully understand myself. Wouter, John, Tosca, Niels, Bart and Ivar: I
have enjoyed your enthusiasm and inquisitiveness. Crispijn: it was a true pleasure to get to know you
again, after a decade. And Merijn, you were truly ‘my’ student. I admire your perseverance in
dealing with the endless stream of comments I bombarded you with. Of course, you can always call
on me for advice in future hard‐ and software purchases.
Finally, I want to express my love, gratitude and respect for the amazing people who are closest to
me: my family and friends. We are a small, but close‐knit tribe. My views are biased, sure, but that
does not change the fact that you are exceptionally wonderful, admirable and intelligent people.
Odile, Merlijn, Tobias, Edith, Frits, Agnes, Tineke and Gerard: thank you for being there.
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Introduction

1 Introduction
This study is about research into supplier involvement in new product development (SI in NPD) in a
setting of high‐tech original equipment manufacturers (OEMs). We investigate how SI in NPD takes
place in this setting, and in particular how characteristics of the product influence SI in NPD. We do
this with specific attention to the long‐term, evolutionary dynamics of high‐tech systems and buyer‐
supplier collaboration. In order to define a broader context for this research, we argue that
innovation is essential to companies, and we briefly review sources of innovation and the concept of
open innovation. We then briefly discuss the phenomenon or supply chains, or rather supply
networks, and zoom in on how suppliers contribute to a focal firm’s innovation efforts, by providing
access to technologies and NPD capacity that the focal firm requires. While this may explain why SI
in NPD exists, it does not explain the form in which it occurs or how it may evolve over time.
Our central thesis is that SI in NPD is essentially shaped by the product and technology involved, and
we therefore spend particular attention to the concepts of product complexity and modularity and
on the specific investments in knowledge and competencies related to the development of a new
product1. SI in NPD, the complexity of the product, and the investments and benefits associated with
high‐tech NPD, are the three pillars on which this research is based. We will briefly introduce these
subjects in this chapter, and we will explore them in greater depth in the following chapters.

1.1 The relevance of product innovation
Product innovation is the changing of existing, or development of new concepts and technologies
and then applying them in products and services that constitute value to a set of users or customers
(cf. Tidd, Bessant, & Pavitt, 1997; Trott, 1998). Innovation has enjoyed ample attention from
researchers in the past few decades, but it has been identified as early as in the first half of the 20th
century as an essential driver of economic development. Innovations can translate into rents
enjoyed by individual firms, while it can also change the rules of operation of an entire industry; the
rents enjoyed by one firm encourage others to follow suit and perfect the developed technology
(Schumpeter, 1934).
Hence, innovation is to a large extent comparable to an arms race in which companies must keep
innovating in order to keep up with their current and future competitors. According to Schumpeter,
every radical innovation unleashes a genie from its bottle, with companies responding to each
other’s innovations and thereby shaping and altering business landscapes.
Product innovation is key to a company if it intends to remain profitable in the long run, which is
illustrated by several studies that have demonstrated a relationship between the innovativeness and
the profitability of firms (Geroski, Machin, & Van Reenen, 1993; Lawless & Anderson, 1996; Roberts,
1999). For practitioners, this raises the question where innovations come from. One of the
important contributors of product innovation is in‐house research and development (R&D).
Research’ is the more fundamental aspect of R&D and generally concerns the development of
technology on a conceptual level, while ‘development’ refers to the implementation of those

1

This is, of course, a bit of a simplification. Technology is certainly not the only factor that influences inter‐firm
collaboration. However, it is an important aspect, in particular in a technology‐intensive industrial
environment, and therefore it is a useful analytic viewpoint to explore.
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technologies in actual products. While research is not necessarily focused on commercialization of
the outputs2, product development has the inherent intention to generate a product that is intended
to fulfill a specific market need (Cooper & Kleinschmidt, 1986; Rosenberg, 1990).

1.2 The open innovation paradigm
R&D can be performed within the boundaries of a firm, in which case we speak of internal R&D.
However, R&D can also be completely or partly performed outside the firm by external parties. In
this case, the firm’s own R&D is aimed at integrating the externally created knowledge instead (or on
top of) creating knowledge of its own (Cohen & Levinthal, 1989). The acquisition of external
technology has arguably occurred since the formation of specialized organizations. After all, any
product composed of different components that are bought from external suppliers depends on
external R&D, albeit often indirectly. Also, inter‐firm alliances for the purpose of product
development have been around for many years.
Hence, external R&D is not a new concept. However, it has gained particular attention from
practitioners and researchers alike since the paradigm of open innovation became popular. The
advocates of this paradigm contend that a firm’s innovation efforts must include externally created
knowledge, while it can also ‘spin‐out’ internally created knowledge for other firms to use in their
own innovation (Chesbrough, 2003a). This results in a network view on innovation, in which new
products and services ultimately rely on combinations of knowledge from different organizations.
Within that network view, several sorts of organizations can be the source of the knowledge and
partial innovations that are at the basis of new end products and services. There are ‘pure’
knowledge creators such as universities and research institutes which deliver conceptual knowledge
(Kaufmann & Tödtling, 2001). Alliances are an important vehicle for joint innovation, where
organizations with complementary assets such as technological competencies or market knowledge
cooperate for the development of new products and services (Sakakibara, 1998). Furthermore, a
company can cooperate closely with customers and thereby gain access to knowledge or capabilities
needed for new product development (Lagrosen, 2005; Ritter & Walter, 2003). We earlier
mentioned suppliers as potential source for innovation, as they can develop and produce
components for use in compound products elsewhere in the business network. In this study, we
focus on suppliers as contributors to a company’s product innovation activities.

1.3 Suppliers, business networks and supply chains
We define suppliers as companies that deliver products to other companies in return for payment,
and those customers can in turn consume the products or re‐sell them to other parties. The
definition of suppliers is inherently ambiguous due to the variety of products that they can provide.
Obviously, products can be physical ones, but products can also be intangible. For example if the
product is actually a service rendered, or the supplier provides knowledge instead of an actual
product or service. It is defendable to speak of suppliers in all of these cases. In addition to the
nature of the product that is exchanged, the relationship between a buyer and a supplier can be
characterized by its intensity and/or its duration. On the one hand, the interaction between a buyer
and a supplier may be limited to an incidental purchase made by the customer. On the other hand,
there are long‐term relationships in which large numbers of transactions are made between the
2
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For example if it is performed at universities or non‐commercial research institutes.
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buyer and the supplier over the course of a long period of time. Moreover, long‐term buyer‐supplier
relationships tend to involve relationship‐specific investments and mutual trust between partners
(Bensaou, 1999; Ganesan, 1994). This study deals with suppliers that deliver physical goods to their
customers in the setting of a long‐term buyer‐supplier relationship.
In the above, we spoke of a supplier and a customer, i.e. a dyad consisting of two organizations that
have a commercial relationship. But in our brief discussion on open innovation, we also mentioned
the larger network of organizations that contribute to innovations, products and services. Once
more focusing on physical products, the business network produces a wide range of products and
services that are consumed by individuals, or consumers. On the other extreme of the network are
elementary resources such as raw materials. The transformation of raw materials into products for
end‐users involves many actors, each of which operates his own set of production processes and
performs the related, supporting activities. The chain of companies that contribute to an end‐user
product is often called the supply chain.

Figure 1: The complexity of supply chains, or networks, is illustrated by this abstract example. This example
is the supply chain of the focal firm, which delivers its products to end users. The focal firm relies on a
network of suppliers that do business with customers in other supply chains as well and purchase
equipment from equipment suppliers. Equipment suppliers have their own respective supply chains.

However, the term ‘chain’ is misleading, as a chain consists of a number of serialized links, each link
connecting to one previous and one next link. Supply ‘chains’ usually have ‘one‐to‐many’
connections, with each customer linking back to several suppliers. Each of those suppliers in turn has
its own suppliers, resulting in a fan‐shaped network. To complicate matters, each supplier, or actor
in the network, usually has more than one customer, and each actor may also use equipment that in
turn comes from equipment suppliers and their respective supply chains (see Figure 1). Viewing the
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business network in its entirety, the image arises of a massively large and complex network that
turns various raw inputs into a wide range of products. Hence, discussing a particular supply chain is
effectively limiting the number as well as scope of businesses one wants to include in the analysis. A
single ‘supply chain’ is therefore always a somewhat arbitrary selection of a number of companies
that are in the end embedded in a larger network (cf. Uzzi, 1997).
There is another implication from the connectedness of business networks and supply chains: what
constitutes a supplier, depends first and foremost on the viewpoint one takes within the network.
From the viewpoint of the end user, there are only suppliers. From the viewpoint of one of those
suppliers, e.g. ‘A’, there are more suppliers (e.g. ‘B’ and ‘C’). However, from the viewpoint of B and
C, A is a customer.

Figure 2: Which company is a supplier depends on the viewpoint we choose. From the viewpoint of A, B and
C are suppliers. For B and C, A is a customer, the end users consider A as a supplier.

These considerations necessitate a definition of what constitutes a supplier. In the following, we will
define suppliers as commercial organizations that deliver physical products to their customers, who
incorporate these products in their own products. Furthermore, we are interested in the role
suppliers play in the innovation efforts of their customers. Therefore, we will focus on buyer‐
supplier relationships in a business‐to‐business setting.

1.4 The role of suppliers in NPD: core competencies and outsourcing
Returning to the subject of innovation, we can now ask the question what role a supplier can play in
the innovation efforts of its customers. Note that in the following, we discuss the dyadic relationship
between one supplier and one customer. Hence, the term ‘customer’ refers in the following to the
customer within the buyer‐supplier dyad; not to a third party beyond the buyer‐supplier dyad. Since
Clark’s (1989) seminal work on supplier involvement in new product development (‘SI in NPD’),
many studies have been published investigating the collaboration between manufacturers and
suppliers for the purpose of NPD (Johnsen, 2009).
The involvement of suppliers can take on different forms. Customers may delegate the responsibility
of the development of entire subsystems to their customers (Gadde & Jellbo, 2002). But suppliers
may also just share their knowledge with buyers during product development. Somewhere in‐
between, suppliers can perform smaller development tasks or supplier representatives may be
included in product development teams of their customers (Petersen, Handfield, & Ragatz, 2005).
From the viewpoint of the customer, the supplier is a useful source of engineering capacity and/or
technological competence (Fine & Whitney, 1996). By including suppliers into NPD, customers aim to
improve their NPD efficiency and effectiveness. This may result in increased product quality, reduced
development lead times or reduced development and production costs (Gentry & Savitskie, 2008b).
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In terms of core competencies, outsourcing development tasks to external parties such as suppliers
can be a means for a company to remain competitive by doing what it does best.
The concept of core competencies, and the related concept of capabilities, requires some further
explanation, as they have often been applied in the extant literature without an explicit definition.
Prahalad and Hamel (1990, pp. 83‐84) argue that a competence is ‘core’ if it (1) can be used to
create value for various markets, (2) it helps create value for the customers in those markets and (3)
it is difficult to imitate by competitors. Bogner, Thomas and McGee (1999, pp. 283‐284) have
attempted to create clarity on what a competence exactly is, and argue that it is a skill‐based
resource that is unique to a firm and that helps the firm to create competitive advantage. They
argue that a capability can be viewed as similar to a competence in the sense that it is also a skill‐
based resource, but other than a competence, a capability does not lead to competitive advantage.
Furthermore, Tidd, Bessant and Pavitt (1997, p. 54) state that the “distinctive technological
competence” of a firm is “what it knows about terms of its product or service and how that is
produced or delivered effectively”. Sanchez, Heene and Thomas (1996, p. 8) define competence as
“the ability to sustain the coordinated deployment of assets in ways that help a firm achieve its
goals.” Like other authors, Sanchez (2004) places a clear link between competencies and the
creation of value. In this study, we focus on product innovation. Synthesizing the views on the
concept of competencies for our study, we refer to the innovation‐related capabilities of a firm to
use its assets (such as knowledge) for the creation of products or services that are valuable in the
market place. If we speak of a core competence, we refer to a competence that is an essential
contributor to the focal firm’s competitive advantage, in line with the views of Prahalad and Hamel
(1990).
By delegating activities that rely only on non‐core competencies to external organizations, the focal
firm can enjoy the economies of scale that its partners can generate. This notion is especially
relevant when the developed products are complex and requires the integration of many
technologies; a situation in which it is unfeasible for a single firm to possess all the necessary
knowledge and competencies that underlie the creation of its products (Hobday, Prencipe, & Davies,
2003; Prahalad & Hamel, 1990). Note also that competencies have been argued to be dynamic and
subject to change: a company can further develop and refine its competencies by feeding back
lessons learned in the development of products, by bringing new assets under control of the firm
and by transforming existing assets (Bogner, et al., 1999; Teece, Pisano, & Shuen, 1997). Companies
can create competitive advantage in the short term by applying their core competencies to the
creation of new products, and remain competitive in the long term by developing their core
competencies over time.
Thus, customers can reap benefits from SI in NPD through improved NPD performance. However,
research has also shown that these benefits are not always realized (Eisenhardt & Tabrizi, 1995;
Koufteros, Cheng, & Lai, 2006). This illustrates that the management of SI in NPD is a complex
matter. It is about creating new products in the context of a commercial inter‐firm relationship, and
it is this combination of business and technology that makes SI in NPD challenging. Both of these
aspects that come together in SI in NPD have been popular subject of research in the past years.
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1.5 Product complexity and modularity
The technology aspect of SI in NPD is recognizable in the ongoing discussion regarding product
modularity. This concept, along with the related concept of product complexity, plays a central role
in this research. Product complexity can be viewed as an emergent property of a product that is the
result of the presence of a multitude of components, interactions and (new) technologies in a
product. In order to make the complexity of a product manageable, the product can be made
modular, which entails dividing the product into distinct parts (modules) that interact in less
unpredictable ways. Both product complexity and product modularity will be discussed in depth in
the next chapter, but in this section, the relevance of these concepts in terms of SI in NPD will be
briefly discussed.
Product modularity has been embraced by engineers and business managers as an effective means
to create variety in products in an efficient way, by developing product platforms that can be
extended with a range of add‐on modules that define the set of functions of a specific product. The
PC industry is an often‐cited example that illustrates this (Baldwin & Clark, 1997; Langlois, 1992;
Langlois & Robertson, 1992). In terms of ‘mass customizability’, the ultimate goal is that modules can
be freely recombined to create a vast range of different products that will suit virtually any user’s
needs without each product having to go through a long period of development and industrialization
(M. M. Tseng & Jiao, 1996). Instead, each module is developed in separation from the others, which
is enabled by the definition of stable and well‐described interfaces (Baldwin & Clark, 2000). The
extent to which a product is modular is an architectural decision, with product architectures being
either modular or integrated (Ulrich, 1995).
From a perspective of inter‐firm NPD collaboration, modularity has been argued to be an effective
way to partition the development of a product into separable tasks that can be performed by
decoupled teams (Sanchez & Mahoney, 1996). Stable interfaces between modules form the enabler
of interfaces between firms along which NPD can be coordinated, and modularity thereby becomes
a means of task partitioning (Von Hippel, 1990). However, some key aspects of modularity and its
application in business management remain ambiguous or even unexplored, such as the question
what modularity precisely entails and the nature of the relationship between modularity and
outsourcing, especially in the long term (Campagnolo & Camuffo, 2009).
In addition to its architecture, a product can be complex in terms of NPD because of other
characteristics. In particular, the uncertainty of the underlying technologies has a profound influence
on the NPD process. On the one hand, technological uncertainty can increase the need to involve
external partners such as supplier in NPD in order to resolve unanticipated problems during
development (Petersen, Handfield, & Ragatz, 2003; Wasti & Liker, 1997). On the other hand,
uncertainty makes NPD processes challenging to plan, as considerable flexibility in the execution of
processes is required to deal with the uncertainty (Olausson & Berggren, 2010; Pich, Loch, & De
Meyer, 2002). If NPD processes are being performed across organizational boundaries, technological
uncertainty can be a daunting issue, which is evidenced by reports of reduced project performance
in projects associated with technological uncertainty (Eisenhardt & Tabrizi, 1995; Petersen, et al.,
2003).
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1.6 Investments and benefits associated with high‐tech NPD
The commercial aspect of SI in NPD can be recognized in the research on relationship marketing, and
in particular that on relationship value. This stream of literature deals with the creation and
distribution of value in business relationships. Relationship value can be regarded as the
combination of sacrifices and benefits that arise in the context of the business dyad (Ravald &
Grönroos, 1996). Benefits include the monetary compensation that partners receive for products
delivered or services rendered to the other party, but also include ‘indirect’ benefits that may take
longer to translate into monetary value or whose realization can depend on other relationships the
business has (Walter, Ritter, & Gemünden, 2001). Sacrifices include the monetary and non‐monetary
investments the participants make in the relationship (Monczka, Petersen, Handfield, & Ragatz,
1998).
The commitment of both participants to a dyadic relationship depends on their perception of the
value that they will receive as a result of maintaining and developing the relationship (Ellegaard,
Johansen, & Drejer, 2003; Ring & Van de Ven, 1994). In a context of SI in NPD, this means that both
the buyer and the supplier will expect certain benefits to arise from collaboratively developing
products. For buyers, these benefits can be expected to lie in line with the reasons why they turn to
SI in NPD in the first place: improved NPD and product performance. However, existing studies of
relationship value imply that suppliers will also seek benefits if they are expected to remain
committed to a collaborative relationship (Walter, et al., 2001). Since SI in NPD requires specific
competencies from suppliers , the question arises under what circumstances suppliers will be willing
to build these competencies. Obviously, a supplier will be willing to do so it is financially
compensated by its customer for its investments. But such a direct compensation may not be
offered by the customers. In that case, the benefits suppliers can be expected to reap from the
competencies they built for a particular customer will depend on the extent to which they can be
used to target other customers, or its inverse: the extent to which they are specific to one single
customer (Danneels, 2007). However, the dynamics of value are still relatively unexplored and more
research has been called for, especially in the form of longitudinal studies (Nyaga, Whipple, & Lynch,
2010).

1.7 Contributions of this research
We discussed the importance of innovation and new product development for businesses, and the
role suppliers may play in this context. By contributing to their customers’ NPD projects, suppliers
can potentially improve their customers’ NPD and new product performance. However, managing
collaborative product development is challenging, as it is involves an integration of aspects of
technology and business. This is true for innovation management in general, but expanding the
innovation process across firm boundaries adds to this complexity.
The purpose of this research is formulated as follows (see chapter 5, page 78): “the primary goal of
this research is to understand the practice of SI in NPD in a specific context that is characterized by
advanced and complex technology: to identify and understand the dynamics and interactions
between organization, strategy and technology. In particular, we are interested in the changes in SI
in NPD that can occur over a long period of time.” Essentially, in this research we will attempt
answer the preliminary question that we set out to answer at the beginning of the project: how does
SI in NPD actually work in a high‐tech context? This looks like a relatively simple and straightforward
question, and one that could very well be covered already by the considerable body of work on SI in
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NPD. But we will show that SI in NPD in a high‐tech context is an inherently complex and intricate
phenomenon that requires an understanding of several subjects and their relationships. In searching
an answer to the initial question mentioned above, several aspects of SI in high‐tech NPD were
encountered, which led to the formulation of more specific research questions (see next section and
chapter 4)
Underlying the difficulty of effectively managing SI in NPD are more fundamental discussions in
business research. We highlighted two of them: the relationship between product modularity and
management of NPD, and the investments and benefits associated with collaborative innovation.
Both of these streams of research have not led to definitive answers to the questions around which
they revolve. In this research, we hope to contribute to the existing knowledge on the management
of SI in NPD and to connect it with related subjects such as the relationship between technology and
management and the dynamics of value in relationships.
Taken together, this research intends to advance management science in the following ways:
‐

‐

‐

‐

We intend to create an integration of the domains of SI in NPD, relationship value (in
particular costs and benefits for the involved supplier) and product complexity (specifically
product modularity and technological uncertainty). Such an integration is currently absent in
the literature.
SI in NPD occurs within buyer‐supplier relationships, and these are often of a long‐term
nature. Research in which the long‐term evolution of collaborative buyer‐supplier
relationships is investigated is very scarce (Gentry & Savitskie, 2008a; Van Echtelt, Wynstra,
Van Weele, & Duysters, 2008). We intend to fill this gap in the literature by investigating
long‐term issues related to SI in NPD.
By exploring the investments and benefits associated with SI in NPD for the supplier, we
intend to expand the literature on relationship value. We hope to make the concept of
customer attractiveness more tangible by identifying specific sources of value for suppliers
and mechanisms through which the willingness of suppliers to collaborate for NPD is
influenced (Schiele, Veldman, & Hüttinger, 2010).
By exploring the temporal aspects of product modularity and SI in NPD, we intend to add to
the debate concerning the relationship between organizational and product modularity, that
revolves around the direction and the causality of this relationship (Campagnolo & Camuffo,
2009; Frigant & Talbot, 2005).

1.8 Structure of this book and research questions
The final section of this chapter briefly outlines the content and organization of this book. In the
following chapters, we will explore the existing theory on each of the three pillars of this research
that we have briefly introduced in this chapter. Chapter 2 deals with the characteristics of the
product and its influence on collaborative innovation. In particular, two aspects of the product are
discussed. In section 2.1 we explore issues related to product complexity and we introduce
modularity as a means to make the development of complex products manageable. Section 2.2 deals
with the extent to which a product is specific to a customer. Using transaction cost economics and
the concept of asset specificity as a theoretical starting point (sections 2.2.1 and 2.2.2), we argue
that product specificity has implications for the value that partners experience in the context of
inter‐firm NPD collaboration (sections 2.2.3 and 2.2.4).
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Chapter 2 sets the stage for the actual subject of this book, which is SI in NPD. The existing literature
on this subject is discussed in length in chapter 3. The pros and cons of SI in NPD are discussed in
sections 3.2 and 3.3 respectively. We then explore the management of SI in NPD in section 3.4,
departing from the notion that careful management is required to realize the potential benefits of SI
in NPD and to avoid its pitfalls and to minimize its drawbacks.
In chapter 4, we will identify gaps in the extant literature and use the literature to construct a
conceptual framework for this research. That conceptual framework is used to derive the research
questions that our empirical work intends to answer (see also previous section). The conceptual
framework serves to divide the research into manageable chunks, but at the same time preserves
coherence between the different subjects that are addressed. Chapter 4 mirrors the structure of
chapters 2 and 3: in section 4.1, we focus on the form of SI in NPD, i.e. the way in which it is
organized. This results in the following research question:
(1) “In what ways does the form of SI in high‐tech NPD influence the investments of, and the
benefits for the supplier involved?”
Section 4.2 deals with the way in which the technological characteristics of the product, in particular
its complexity, influences the inter‐firm collaboration. The associated research question is the
following:
(2) “What is the relationship between the complexity of the product and the form of SI in
high‐tech NPD?”
Section 4.3 results in a research question that reflects the relationship between the customer‐
specificity of the product and the nature of the collaboration:
(3) “What is the relationship between the customer‐specificity of innovation‐related assets
and the form of SI in high‐tech NPD?”
We discuss the research strategy and methods used in chapter 5. We start with a reflection on the
purpose of this research and indicate that we approach this research in a post‐positivist fashion. The
resulting research strategy is a longitudinal/retrospective, multiple case research (section 5.1).
Section 5.2 explains that the research phase on which the empirical chapters report (see below) was
preceded by a pilot phase. Section 5.3 is about the level and unit of analysis; both of which are
difficult to capture, since the subject matter spans several levels and units of analysis. The data
sources used and the selection of companies, cases and interviewees is explained in section 5.4, and
section 5.5 deals with the analysis of the gathered data.
Chapters 6 through 8 are the empirical chapters. In chapter 6 the companies and case studies are
introduced. Chapter 7 discusses the complexity of the modules that are central to the case studies. A
distinction is made between the complexity on the level of the overall product (section 7.2) and the
level of the module itself (section 7.3). Chapter 8 deals with the customer specificity of the product
and the impact that has on the value that the supplier receives from SI in NPD. In that chapter, value
is approached from a cost/benefit perspective, in which the costs are represented by the
investments that the supplier needs to make in collaborative NPD, while the benefits are the
financial and non‐financial returns that the supplier receives.
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In chapter 9, a cross‐case analysis is made of the relationships between the themes in chapters 7and
8 and SI in NPD. In this chapter, our findings are also linked to the existing literature. This creates an
integration of existing knowledge using the existing literature as building blocks and our empirical
data as the cement that connects them. Finally, in chapter 10, we derive conclusions from the
analysis. This is done by revising the conceptual model on which the research questions are based in
a stepwise fashion. The OEM’s strategy is recognized as a driver of SI in NPD (section 10.1), while the
complexity of the product (section 10.2) and the availability of suitable suppliers (10.3) moderate the
relationship between the OEM’s strategy and the form of SI in NPD, which is discussed in depth in
section 10.4. Finally, section 10.5.1 indicates in what ways this study is limited, which results in a
number of suggestions for further research. A few implications for managers at OEMs are offered in
section 10.5.2.
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2 Product characteristics: complexity and specificity
We start the construction of the theoretical framework that underlies this study by addressing the
subject of the collaboration rather than the collaboration itself. Hence, we will start by discussing
the product. In particular, we will highlight two aspects of the product: its complexity (section 2.1),
and the extent to which it is specific to the buyer in the buyer‐supplier relationship (section 2.2).
One important note must be made at this point: the following discussion is not limited to the
characteristics of the product itself. Since the focus of this research is on collaborative NPD, we are
particularly interested in how the nature of the product influences its development and the context
in which it is developed. We will therefore deviate from the product itself and explore the influence
of the product on its (collaborative) development and the buyer‐supplier relationship in which the
development takes place.

2.1 Complexity of the product and its development
This section deals with the complexity of technical products and the consequences of product
complexity for new product development. We depart from a brief discussion of the concept of
complexity as an abstract concept and briefly visit its theoretical underpinnings. From that, we
extract a number of defining elements of complex products. We then introduce two means of
dealing with the development of complex products: by carefully controlling the development
process, and by devising a modular product architecture. We zoom in on the concept of product
modularity and discuss its relationship with collaborative or outsourced NPD.
2.1.1 Complexity as an abstract concept
Even though it is used abundantly in a wide range of domains (see e.g. Sussman, 2002 for an
overview of publications on complexity), the term complexity lacks a single, agreed‐upon and widely
accepted definition. Simon in his seminal contribution on the subject discusses the concept of
complexity in the context of hierarchic systems, which he defines as being “composed of interrelated
subsystems, each of the latter being, in turn, hierarchic in structure until we reach some lowest level
of elementary subsystem.” (Simon, 1962, p.468; 1995) Simon discusses social (e.g. organizations),
biological (e.g. organisms) and symbolic systems (e.g. musical compositions). He argues that
complexity emerges from “large numbers of parts that interact in non‐linear ways” (p.468). Hence,
Simon provides us with two basic precursors of complexity: a large number of elements in a system,
and non‐linear interactions between elements.
Dealing with social systems, Sterman (2000) approaches complexity of systems as an engineering
problem that can be modeled using system dynamics techniques. These techniques were ‘borrowed’
from the development of early missile defense systems, and then applied to a managerial context to
understand and optimize the behavior of production systems and supply chains (Forrester, 1958),
but can also be applied in other contexts such as policy making (Sterman, 2000). Sterman
distinguishes two sorts of complexity in social systems: combinatorial complexity and dynamic
complexity. Combinatorial complexity arises as a result of the number of elements and combinations
within the system, while dynamic complexity incorporates a temporal dimension and refers to the
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feedback loops3 that define the behavior of the system. Sterman argues that dynamic complexity is
the result of social systems being dynamic, tightly coupled, governed by feedback, nonlinear,
history‐dependent, self‐organizing, adaptive, counterintuitive, policy‐resistant and characterized by
trade‐offs (p.22). The result of this complexity is that social systems may respond in unexpected
ways to interventions, necessitating the modeling of their behavior to assist in effective policy
making. Hence, using Sterman as a basis, we can add time dynamics to our set of defining elements
of complexity.
In a context of systems comprised of physical as well as social elements, Perrow (1984) puts
complexity at the heart of a phenomenon he calls ‘normal accidents’. Perrow studies large systems
that combine technical installations with human organizations such as nuclear power plants,
chemical plants and aircraft, and argues that in such systems, catastrophic failures are in the end
inevitable: they are ‘normal’. According to Perrow, a normal accident occurs when several small
failures that in isolation would not have large consequences, interact to create a catastrophic event.
Perrow mentions several characteristics of complex socio‐technical4 systems, including proximity
between components, the presence of feedback loops, interconnections between subsystems and
limitations to our understanding of systems. Perrow captures the characteristics of complex systems
in two main factors that potentially lead to the catastrophic normal accidents: tight coupling and
interactive complexity between components. Tight coupling refers to a situation in which system
components exhibit strong interdependencies, and is essentially the inverse of loose coupling (Orton
& Weick, 1990; Weick, 1976). Interactive complexity captures the notion that parts of a system may
jointly exhibit behavior that is unintended and not foreseen by designers and operators. Hence,
Perrow’s views on complex systems revolve around interactions between system components, and
the limitations of the people that work with those systems to understand those interactions. Perrow
strengthens the notion that non‐linear interactions within a system add to its complexity, which we
discerned earlier in Simon’s work.
At this point, there is a parallel between Perrow’s views on complexity and the literature on task
complexity. Complexity can originate in the task itself, which may involve uncertainty on how to
achieve certain goals, and a task may comprise sub‐tasks that are to some extent mutually
dependent. But the complexity of a task can also depend on the person who executes it, and more

3

A feedback loop emerges if elements influence each other in a circular manner. Consider for example the
system that represents a simple society. Our society consists of two entities: farmers and food. Food influences
the farmers, in the sense that the more food there is available, the more farmers will emerge as a result of
breeding. On the other hand, farmers influence the amount of food available because they produce food. The
system of food and farmers constitutes a positive feedback loop. Feedback loops make systems complex
because they can lead to cumulative effects, and because several feedback loops in the same system can
interact with each other (Sterman, 2000). Note that our simple example illustrates a problem that is inherent
to systems thinking: defining the boundaries of the system. Is it reasonable to model a society with food and
farmers, but not include a source of water, arable land or fertilizer? Should the weather be included in the
system, or natural disasters that could threaten the food stocks? Defining the boundaries of any system is to
some extent an arbitrary process, for every system is embedded in a larger, all‐encompassing system (cf.
Midgley, 1992).
4
The term ‘socio‐technical system’ is not to be confused with the body of work that deals with organization
(re)design, taking into account the interactions between humans and technical artifacts (De Sitter, Den Hertog,
& Dankbaar, 1997). In this document, if the term socio‐technical system is used, it simply refers to a system
that consists of both human and technological elements, and not to a particular paradigm in business research.
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specifically be the result of the relationship between the properties of the task and the capabilities
of the person (Campbell, 1988; March & Simon, 1958). Hence, complexity can have a subjective
dimension in the sense that the perceived complexity of a system or task depends on the ability of a
person to understand interactions or to perform activities. So the complexity of a system is to some
extent subjective, i.e. the degree of complexity of a system depends on who is dealing with it.
2.1.2 Complex products
The discussion above concerns complex systems, with the term ‘system’ being used in generic
manner. We can make this more explicit by applying the aspects of complexity to a subset of
systems: commercial, physical, products. By doing so, we can infer a definition of a complex
product. Taken together, we can assemble a list of characteristics that make a system, or more
specifically a product, complex:
‐
‐
‐

‐

Diversity: complex products consist of many, often unique, elements, that may be arranged in a
hierarchical fashion.
Interactivity: the elements in a complex product interact in many ways, potentially resulting in
unexpected behavior.
Subjectivity: the complexity of a product is subjective in the sense that it depends on the
capabilities of the persons who analyze, develop or operate it. Two products may be equally
complex in an absolute sense, in terms of the number of components and interactions between
those components. But if one product is developed by a firm that is better capable of dealing
with complexity than the other, then the first product will be relatively less complex when
viewed from the perspective of its developing form.
Uncertainty: In addition to the above, since we are dealing with products, the possibility exists
that the technologies that are part of the product are uncertain themselves. During the
development of a new product, technologies may be included in the product that are involved
with high development risks (Ragatz, Handfield, & Petersen, 2002). It is debatable if uncertainty
in a context of innovation is a characteristic that should be attributed to the product or
technology, or to the development process (Eisenhardt & Tabrizi, 1995). We will discuss
uncertainty as an NPD process characteristic in further depth in section 2.1.3.1.

2.1.3 Managing the development of complex products
Since the focus of our work is on collaborative NPD, we will now explore the management of
complexity in NPD. The relationship between organizations and complexity has been studied
extensively . In a context of NPD, product complexity has been found to result in reduced project
performance (Griffin, 1997). But strictly speaking, it is debatable if product complexity is likely to
directly influence NPD project performance. Complexity of the product has been argued to
contribute to complexity of the NPD project, and project complexity has been found to reduce NPD
project performance (Myer & Utterback, 1995; Tatikonda & Rosenthal, 2000). The underlying
mechanism is that the development of a complex product requires the development and integration
of many components, some of which may rely on technologies that are new to the firm. This leads to
both a broader scope of development activities for the new parts or technologies, as well as an
increased difficulty of integrating the parts into one product. The result is an increase in task
uncertainty, both due to the newness of the technology to the firm and due to the fact that
problems at the system level may go unnoticed until the different parts are integrated in a late stage
of the project (Olausson & Berggren, 2010; Tatikonda & Rosenthal, 2000; Tushman & Rosenkopf,
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1992). Therefore, development of a product of high complexity is essentially an exercise of dealing
with uncertainty as well as with interdependencies between the development tasks related to
different components (Von Hippel, 1990).
2.1.3.1 Dealing with process uncertainty
NPD processes of near‐decomposable, hierarchic systems can be thought of as inherently uncertain:
they start with a relatively global description of requirements and a product concept, which is then
worked out in progressive detail until all uncertain elements are dealt with (cf. Muller, 2009;
Prencipe, 2003). But product complexity can add to the uncertainty of a development process as a
complex product may involve interactions between components that are difficult to predict before
they are integrated, and because the development may involve the inclusion of technologies that
are new to the company (see above). On a conceptual level, this is expressed by Galbraith, who
argued that there is a relationship between uncertainty and the amount of information to be
processed. Predictable tasks with low uncertainty can be preplanned, and relatively little
information processing needs to take place during the execution of the task. In situations with high
uncertainty, however, possibilities for planning are limited and more information processing is
needed during task executions to reach the desired performance (Galbraith, 1974). Flynn and Flynn
(1999) note that complexity in manufacturing environments depends on the amount of information
to be processed (Galbraith, 1974), which results from uncertainty, and this uncertainty in turn stems
from diversity of customers, suppliers, tasks and products. Arguably, the development of complex
products involves larger quantities of information, because complex products involve the integration
of many different components and/or technologies.
Diving deeper into the concept of uncertainty, a noteworthy distinction should be made between
two different kinds of uncertainty. On the one hand, there is the uncertainty related to the
outcomes of known parameters or processes. This means the structure of the problem is known, or
a parameter is already recognized as important, but the outcome is still unknown and will only
become apparent in the course of the process. This form of uncertainty has been referred to as
‘structural uncertainty’ (Fliess & Becker, 2006; Langlois & Robertson, 1995). The other form of
uncertainty is more fundamental; the structure of the process is unknown from the start, or
important parameters have not yet been identified. Structure and relevant parameters themselves
will only be recognized during the process. This form of uncertainty has been labeled parametric
uncertainty, and has been related to a lack of information due to e.g. bounded rationality (Langlois &
Robertson, 1995). The concept of parametric uncertainty bears kinship to that of ‘unk‐unks’, or
‘unknown‐unknowns’, which cannot be planned for due to the inherent lack of information
regarding their existence. Structural uncertainty can be regarded as ‘known unknowns’, or
parameters that are recognized as relevant, and contingency plans can be made to accommodate
different outcomes (Pich, et al., 2002).
An alternative nomenclature was put forward in a publication by the same authors (De Meyer, Loch,
& Pich, 2002, p. 63). Here, they refer to unpredictability in projects as a result of variation in known
factors as ‘foreseen uncertainty’, and project unpredictability as a result of unknown factors as
‘unforeseen uncertainty’. They place these two concepts between ‘variation’, which refers to
variation of known parameters within known intervals, and chaos, which refers to a situation in
which unforeseen events make for a completely unpredictable process. It stands to reason that in
particular the integration of new technologies in a product, which we earlier defined as a
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contributing factor to product complexity, involves ‘unforeseen uncertainty’ or ‘unknown
unknowns’. More categorizations of uncertainty are available (Eckert & Clarkson, 2010, p. 155). They
usually include something similar to the distinction between ‘known unknowns’ and ‘unknown
unknowns’, but distinctions have also been made between uncertainty that is within or outside the
influencing sphere of the company confronted with it , or a distinction between uncertainty as a
result of how a concept is defined (or the lack of a definition) and uncertainty that exists regardless
of the definition of a particular actor.
In conclusion, uncertainty can be described as a lack of information regarding the value of known
parameters, or even the existence and relevance of the parameters themselves (Langlois &
Robertson, 1995; Pich, et al., 2002). Intensive information processing and specific management
structures are necessary to deal with the uncertainty that follows from complex environments,
technological diversity and complex products (Flynn & Flynn, 1999; Galbraith, 1974; Tatikonda &
Rosenthal, 2000). In the case of complex products, both the diversity of components and the use of
new technologies can increase the uncertainty of the development process.
The following management practices have been associated with NPD projects with high uncertainty:
‐

‐

‐
‐
‐

Late design freezes , frequent iterations and separate concept stages to develop and evaluate
radically new technologies in order to deal with high levels of technological newness and
uncertainty (Shenhar, 1998).
The use of procedures and simulations to accommodate low levels of uncertainty, and the
implementation of flexibility through iterations and the possibility for goal adjustments in
situations of high uncertainty (De Meyer, et al., 2002).
Recognizing what information and resources are necessary to accommodate deviations in
projects and dynamically integrate them into the project (Hällgren & Maaninen‐Olsson, 2005)
The use of simulations and prototypes to predict product behavior before actual products are
introduced to the production system (Pisano, 1996)
(A strong vision, shared belief and commitment to the project in order to keep it alive, even
though the project may seem unsuccessful in the short term (McDermott, 1999))

In short, these approaches revolve around two essentials: firstly maintaining the flexibility in a
project to deal with unexpected events, and secondly locating and integrating any information that
can help preparing for uncertain outcomes. Note that the presence of flexibility in an NPD process
does not mean the process is not structured; Veryzer (1998) observed that the flexible processes
used to deal with the uncertainty inherent to radical innovation were still consistent and logical.
2.1.3.2 Dealing with interdependencies: product modularity
As stated before, complex products involve interactions between components, and the management
of those interactions causes interdependencies between the development tasks related to those
components (Von Hippel, 1990). This is in particular true if the feedback loops in a system (see
footnote 3 on page 12) stretch out over several separate components. What does this mean for the
management of complex NPD? In addition to simply being aware of the degree of complexity of a
project (Kim & Wilemon, 2003), there appear to be two basic approaches towards developing
complex products: careful project management and modularization of the product architecture. The
former method attempts to make product complexity manageable by modifying the NPD process,
while the latter modifies the product itself in order to achieve the same.
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Managing complex NPD through structured project management
Control measures must ensure that activities in a project are executed as planned. Formal control
refers to structured, codified procedures, while informal control refers to behavioral, person‐bound
forms of control (Jaworski, 1988). Lukas et al. (2002) found that control speeds up NPD, with
informal control being beneficial to both invention and innovation‐related activities, and formal
control enhancing the speed of innovation activities. It could be argued that control introduces
stability in the process of NPD, and thereby makes it more consistent and reliable. A well‐known and
often‐used NPD process paradigm that revolves around formal control is the stage‐gate approach,
which partitions the NPD process in distinct phases or ‘stages’ that begin with an initial idea and the
decision to commit resources to the project, and ends with a post‐implementation review that
occurs after the product is introduced to the market. The stages are separated by ‘gates’ that can
only be passed by going through a formal review in which the achievements of the previous phase
are assessed and the requirements for entering next stage are verified to be met (Cooper, 1990).
According to Cooper, the stage gate approach helps maintaining consistency in execution of NPD
projects and thereby benefits the quality and timeliness of the process and its deliverables. Variants
on this elementary process design with clearly defined phases and review moments have been
published and implemented, some of which allowing for some overlap between phases in order to
optimize project performance (see e.g. Hughes & Chafin, 1996; Joglekar, Yassine, Eppinger, &
Whitney, 2001).
Other formal project management tools that may be helpful in complex NPD include quality function
deployment (QFD) and the design structure matrix (DSM) (Danilovic & Browning, 2007). QFD is a
means of linking customer requirements to different development activities throughout all the
stages of an NPD process involving several actors (see Chan & Wu, 2002 for an extensive review of
the literature on QFD). It helps keeping track of potentially large numbers of requirements in order
to achieve that the requirements are met consistently within the financial and temporal boundaries
of the project. A well‐known implementation is the house of quality (HOQ), which revolves around
graphical representations of tables in which customer requirements are listed, along with their
relative importance, and are coupled to specific activities or product parts (Hauser & Clausing, 1988).
The HOQ approach has been used to help coordinate collaborative NPD between a buyer and its
suppliers; by linking requirements to activities or product parts, development tasks can be more
easily partitioned, which facilitates the distribution of NPD tasks over the involved organizations
(Holmen & Kristensen, 1998; Von Hippel, 1990). Griffin (1992) investigated the use of QFD in NPD
and observed that the application of QFD to the development of complex products was less
successful than in less complex products. However, this does not imply that QFD is necessarily
inappropriate for complex NPD; it merely shows that non‐complex NPD is more successful than
complex NPD when QFD is applied to both5.
DSM is similar to DFQ in the sense that it revolves around the mapping of relationships in the form
of matrices. However, while DFQ link customer requirements to activities, resources and
organizational units, DSM is centered around interactions, in particular interactions between parts of
a product or between NPD activities (C. C. Tseng, Torng, & Lin, 2010). However, both DSM and DFQ

5

Arguably, this is likely to be just as true if QFD is left out of consideration due to the inherent difficulties of
developing complex products.
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are flexible in the sense that they can be adapted for use in different circumstances (Chan & Wu,
2002; Danilovic & Browning, 2007). Hence, on a conceptual level, they offer the same basic solution
to the problem of complex NPD: the ability to visualize the interdependencies between aspects of
both the product and the NPD process, making it possible among others to prioritize and dedicate
resources to activities.
Note that all of the means of gaining control over NPD processes mentioned above function by
shaping the NPD process itself. I.e., none of them rely on modifying the product itself, which sets this
category of managerial tools apart from the one we will discuss below: modularization of the
product.
Managing complex NPD through modularization of the product
Physical products can be divided into integrated products and modular products. Strictly defined, a
modular product is a product that consists of (physical) modules, each of which performs a specific
function, resulting in a one‐on‐one mapping of functions to physical parts (Ulrich, 1995). In an
integrated product, however, this one‐on‐one mapping is absent: several physical part contribute to
the same function, and each part may play a role in defining several of the product’s functions.
Modularity has also been defined in terms of standardized or stable interfaces connecting the
different modules (Hsuan Mikkola, 2003; Sanchez, 1999). Modularization enables the breakdown of
a product into different parts that in turn can be developed in a decentralized fashion (Sanchez &
Mahoney, 1996; Ulrich, 1995). In an integrated product, the possibilities for such a breakdown are
limited. According to Ulrich (1995, p. 423), the interfaces in an integrated product are coupled: if
something changes in the part on one end of the interface, then the part on the other end will need
to change too to accommodate the change in the first part. In a modular product, interfaces are
generally decoupled, which prevents design changes in one part from influencing the design of other
parts.
The decoupled interfaces in modular systems allow for decentralized product development. This, in
turn, enables the outsourcing of NPD tasks. In some industries, such as the automotive and the
aircraft industries, this has led to the situation where one firm is in the lead of the development of a
product, while a large share of the actual development work is delegated to external organizations
(Frigant & Talbot, 2005; Gadde & Jellbo, 2002; Sako, 2003). The organizations that are in the lead of
the development of complex products, sometimes referred to as ‘system integrators’, must build
and maintain the capabilities to manage the overall NPD process as well as maintain a shared
cognitive framework across the network of involved companies that develop subsystems (Pittaway,
Robertson, Munir, Denyer, & Neely, 2004; Prencipe, 2003). In addition, some overlap in knowledge
bases is necessary in order to be able to manage system‐level interactions and maintain radical as
well as incremental innovation on both the module and the system level (Dibaggio, 2007; Henderson
& Clark, 1990; Takeishi, 2002).
Modularity is a popular subject of research, and both organizational and technical aspects have been
documented extensively (Campagnolo & Camuffo, 2009). Moreover, modularity is relevant in a
context of high‐tech systems (Baldwin & Clark, 1997, 2000), especially because of its implications for
the organization of NPD (see above). Therefore, we will explore the subject in further depth.
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Theoretical underpinnings of product modularity
Complexity and modularity are conceptually linked together. The concept of modularity can be
traced back to Simon’s (1962) concept of near decomposability. Simon observes that complex
systems can only successfully undergo a process of evolution if sufficiently stable intermediate
stages are attainable that prevent the system from collapsing during its evolution. According to
Simon, this is possible when the system is hierarchical, and interactions between elements on the
same hierarchical level are stronger than those between elements of different levels6. This
combination makes it possible that evolutionary changes occur in one part of the system without
rendering the system as a whole dysfunctional. Simon calls this combination of a component
hierarchy and strong local interactions vs. weak global interactions ‘near decomposability’. Simon
applied his thinking on near decomposability to more than just biological systems, and explicitly
included other types of systems as well, including social systems such as organizations (Simon,
1962). Focusing on physical systems, modular products are also examples of near decomposable
systems, with linkages between components within the same module being stronger than between
components in different modules (Baldwin & Clark, 2000; Campagnolo & Camuffo, 2009).
When considering modular products, a parallel can be drawn between Simon’s argument about near
decomposability being a precondition for successful evolution and what Henderson and Clark (1990,
p. 12) call modular innovation. Despite the parallel, Henderson and Clark recognize the possibility
that a product can undergo architectural innovation, where the cohesion between modules changes,
instead of (‘architectural innovation’) or in addition to (‘radical innovation’) the intra‐module
interactions. For product development, this is a notable addition, as Henderson and Clark argued
that modular innovation and architectural innovation put different requirements on the developing
organization and the knowledge and capabilities of engineers. The consequences of architectural
innovation are illustrated by the frequent inability of established firms to remain competitive after
architectural or radical innovation has resulted in a new dominant design (Henderson & Clark, 1990).
Modularity can also be recognized in Weick’s work on loose coupling; modular systems can be
described as being loosely coupled (Orton & Weick, 1990). The elements in a loosely coupled system
“are somehow attached, but […] each retains some identity and separateness” (Weick, 1976, p. 3).
Some authors have described modularity in terms of loose coupling (Campagnolo & Camuffo, 2009;
Sanchez & Mahoney, 1996). In essence, a loosely coupled product is a product whose modules are
joined in some way so they can function together, but they remain recognizable and separable as
distinct elements. It is important to note that the concept of loose coupling was first proposed in a
context of organizations, not products or technical systems (Weick, 1976). Still, loose coupling was
soon to be applied to the combination of both technical and social systems in the theory on normal
accidents (Perrow, 1984). Perrow later offered more support for the connection between loose
coupling and modularity by proposing to modularize complex sociotechnical systems in order to
make them more loosely coupled, thereby reducing their proneness to normal accidents (Perrow,

6

Simon argues that complex systems are often near decomposable, but also notes that it is this property that
makes humans capable of identifying them as systems. This implies that non‐decomposable systems may very
well exist, but we simply fail to recognize them as systems. An implication more relevant to this research is
that man‐made systems will generally be near‐decomposable, at least to some extent, because according to
Simon’s reasoning, humans are incapable of purposefully creating a non‐decomposable system with a specific
function.
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2008). Similar to near decomposability as a conceptual basis for modularity, the route from loose
coupling to modularity also offers the possibility to apply modularity to physical as well as social
systems. Indeed, the concept of modularity has enjoyed ample attention from researchers in both
management and engineering over the past years (Campagnolo & Camuffo, 2009). In modular
products, loose coupling makes for “interdependence within modules and independence between
modules” (Zirpoli & Camuffo, 2009, p. 251).
Although an interesting conceptual basis, loose coupling has also been noted as ambiguous, due to
the paradoxical combination of ‘determinacy (coupling) and indeterminacy (looseness)’ (Beekun &
Glick, 2001, p.228). Near decomposability is similar in that it is an interesting conceptual basis, but is
at the same time seems too generic to serve as a definition of modularity in an empirical study.
Hence, if we want to define the concept of modularity in a useful manner, we will have to be more
specific. Firstly, although modularity has been applied to organizations as well as products
(Campagnolo & Camuffo, 2009), our focus is primarily on product modularity. The literature on
product modularity revolves around two defining characteristics of modular systems: the mapping of
functions to parts, and the presence of decoupled, stable and/or standardized interfaces between
parts (Hsuan Mikkola, 2003; Sako, 2003; Sanchez, 1999; Ulrich, 1995). We will see, however, that this
is still a simplification that may not be sustainable if we want to learn about innovation processes
surrounding complex technical systems.
The first part of this characterization of modularity, a one‐on‐one mapping of functions to physical
parts, requires some further explanation. The rationale behind this is to limit the interactions
between modules, by grouping components that need to interact intensively within the same
module (Ulrich, 1995). This results in a 1:1 mapping of functions to physical modules. An example of
a modular system is a personal computer, which consists of several physical parts that can easily be
removed, with each part performing a specific function. E.g. a hard drive serves to store data for
longer periods of time, random access memory (RAM) temporarily stores data for quick access by
the central processing unit (CPU), which performs calculations using the data. However, the term
‘interactions’ also requires some further explanation. In particular, the parts of a product may
interact in more ways than only physically and functionally. Functional interactivity is in itself
ambiguous due to the ‘manifold and nonstationary’ nature of functions (Baldwin & Clark, 2000, p.
63): functions are heterogeneous and functional interactions cannot be characterized in a single,
simple way. Baldwin and Clark therefore chose to base their definition of modularity on the concept
of ‘structure’, but arguably, that concept is just as problematic as functionality, and for the same
reasons. Like functionality, structure can be a heterogeneous concept. This is illustrated by the fact
that Baldwin and Clark themselves speak of both design and task structure, which are conceptually
distinct concepts. One refers to the architecture of the product, while the other refers to the
grouping of activities in the NPD process.
In their work on product platforms, Erens and Verhulst (1997) add a third dimension, technology, by
viewing a product as three interrelated ‘models’: a functional model that describes how the product
fulfills its functional requirements, a technology model that describes the technological concepts
that are used to perform the product’s functions, and a physical model that describes the physical
implementation of the product. All of these dimensions, i.e. physical, functional, structural (design
or task), or technological, can be confronted with each other, resulting in an analysis of how e.g.
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functions map to physical modules or which technological concepts are used in which physical
modules.
The second characteristic of modular products, as we argued earlier, is that of well‐defined
interfaces between parts. Interfaces serve to manage the interactions between the different parts or
modules7 of a product. Those interactions can be diverse. Above, we mentioned the fact that parts
or modules can interact in different domains, such as the physical, functional and technological
domain (Erens & Verhulst, 1997; Ulrich, 1995). But interactions can be described in more ways. For
example, Pimmler and Eppinger (1994) conclude that elements in a product, in this case an
automobile, may interact spatially, but also through the exchange of materials, information or
energy. This could be regarded as a combination of functional, physical and technological
interactions, but it is a different set of dimensions that divides the interactions between product
parts or modules in a different way. Pimmler and Eppinger proposed their typology of interactions
for the purpose of facilitating the development of complex, engineered products. Erens and Verhulst
(1997) have a similar goal, but focus on the proliferation of different versions of a product through
the use of a modular architecture and investigate the cost/benefit tradeoffs of architectural
decisions. Hence, interactions can be described in various ways, depending on the purpose of the
description, and these descriptions can be an aid in understanding the definition of the interfaces
between the parts or modules of a product. According to Baldwin and Clark (2000), those interfaces
serve to confine the complexity of a module to that module and to prevent it from having an impact
on other parts of the system. Or, in terms of coupling, the definition of interfaces is a means of
making sure that modules are loosely coupled, but the parts within modules may be tightly coupled.
The presence of clearly defined and stable interfaces enables the distributed development of
complex products. I.e. it allows for separate teams to concurrently develop parts of the same
products, for they only need to stay true to the interfaces of their own module, without having to
take into account the inner workings of other modules than their own. Von Hippel (1990) recognized
the relevance of this separation of NPD activities to innovation projects and called it ‘task
partitioning’. Sanchez and Mahoney (1996) also conclude that a modular product architecture will
enable a modular form of organizing innovation. This opens up the possibility to distribute the
development of complex products, not only over different teams, but even across organizations
(Mikkola & Skjoett‐Larsen, 2003). Taken to the extreme, the concept of a market can even been
argued to be a far‐reaching form of organizational modularity, with prices acting as a standardized
interface (Sako, 2003). Although it is questionable if a market should be compared to an
intentionally designed and governed organization, it does illustrate how product modularity may
influence not only one or a handful of organizations, but it may have repercussions on a much larger
scale. For example, Langlois and Robertson (Langlois & Robertson, 1992) argued that product
modularization, implemented in order to meet the requirements of demanding customers, was the
driving factor behind the horizontal and vertical disintegration of the microcomputer and hi‐fi
equipment industries. In the next section, we will further explore the relationship between product
modularity and the organization of NPD.

7

Both parts and modules are mentioned as constituents of a product, because the product can be either
modular or integrated. If it is modular, it would be appropriate to speak of modules, but in an integrated
product, the use of term modules would be inappropriate.
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Product modularity vs. organizational modularity: industrial evolution
If we broaden our scope and include not only the product itself, but also the organizational
processes that surround a product such as product design and production processes, it becomes
apparent that there are interdependencies between technical products and organizational
processes. For example, complex products can be developed in a hierarchical fashion by first
executing a process of decomposition, followed by a process of integration (Muller, 2009; Prencipe,
2003). Decomposition, which Baldwin and Clark (2000, p. 132) refer to as ‘splitting’, involves dividing
the product (or rather: its concept, for the product does not yet exist as a tangible artifact at this
point) into smaller chunks. These chunks can then be divided in yet smaller chunks. This process can
be iterated any number of times, until a level is reached at which it is possible to delegate the design
of these chunks to a distinct development team. The resulting partial designs can then be put
together, resulting in the intended product. This method of product development relies on a
hierarchical product architecture with recognizable parts and well‐defined interfaces between the
parts. Hence, this method results in modular products.
The close relationship between product modularity and organizational modularity discussed above
has implications beyond the boundaries of a single firm. Because the product is divided into distinct
modules that are delegated to distinct teams, it is also possible to delegate parts of the development
work to teams external to the company. Langlois and Robertson (1992) observed this in the context
of the personal computer and hi‐fi industries. They argued that such a modular, distributed and
networked form of innovation helps create economies of scale, it benefits optimally from a division
of labor between organizations and it enhances the competitiveness of companies in these
innovation networks.
More recently, Takeishi and Fujimoto (2003) have explored the relationship between product
architecture and organization architecture in the context of the automobile industry. They conclude
that the same product can be described in terms of different ‘hierarchies8’, depending on the
viewpoint that is adopted. The viewpoints that Takeishi and Fujimoto discuss include that of the
market needs the product should fulfill, its structural design and the production processes needed to
manufacture the product. These viewpoints correspond with organizational processes surrounding
the product; e.g. marketing, product architecting and production. Decisions on product architecture
and modularity to optimize from one viewpoint will likely influence the degree of modularity from
another, and through that route, different business processes surrounding a product will influence
each other. Indeed, it has been argued that the ‘architecture’ of the organization that develops the
product usually mirrors the architecture of the product. Sanchez and Mahoney (1996) argue that
modularity is a means of embedding NPD process control into the product architecture, enabling the
use of a modular NPD organization. The reverse could also be the case: organizational architecture
influencing the architecture of the product. The direction and nature of the relationship between
organization and product architecture a subject of ongoing debate (Campagnolo & Camuffo, 2009;
Frigant & Talbot, 2005). So the concept of modularity can be applied to organizations just as it is
applied to products: some organizations have clearly recognizable departments that are loosely
coupled with each other using well‐described organizational interfaces (Campagnolo & Camuffo,

8

They write about hierarchies in a similar fashion as Erens and Verhulst (1997) write about models; in both
cases, they (models, hierarchies) are perspectives or dimensions along which a product can be described.
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2009). Although organizational modularity can be studied without referring to product modularity,
we are particularly interested in the modularity of products. Hence, we will below discuss the
modularity of the NPD organization in the light of the developed products.
Offering empirical support for the line of reasoning that organizational modularity follows from
product modularity, Novak and Eppinger (2001) argue that in complex systems, with substantial
interactivity between different parts of the product (an automobile), it makes more sense to carry
out the development of a module within the organization. So well‐defined interfaces serve to create
stability by preventing the complexity within modules from ‘flowing over’ into others, thereby
enabling distributed NPD of complex systems. In certain industries, for example the aircraft
manufacturing industry, this has led to the situation where the manufacturer primarily defines the
requirements for the overall product, decides upon an architecture and defines the interfaces
between the modules, while all actual development and manufacturing work is performed by
suppliers (O'Sullivan, 2003). As a result, those suppliers acquire more influence in the process of
innovation (Baldwin & Clark, 1997). This way of working, which has been labeled ‘systems
integration’, is argued to have emerged in the US defense industry (Sapolsky, 2003).
So product modularity, and the related presence of decoupled module interfaces, can be regarded
as a contributing factor to organizational modularity and the related practice of outsourcing.
However, the exact nature and direction of the relationship between product modularity and
organizational modularity remains an issue of debate (Campagnolo & Camuffo, 2009). On the one
hand, it can be argued that product modularity leads to organizational modularity (Mikkola &
Skjoett‐Larsen, 2003; Sanchez & Mahoney, 1996). But other studies refute this view and have
proposed that the relationship between product modularity and the organization of innovation is
not so straightforward. For example, Zirpoli and Camuffo (2009) concluded from a study in the
automotive industry that product architecture in itself is not a determinant of the division of NPD
tasks between a buyer and supplier. Other factors such as both firms’ strategic objectives and their
respective bodies of technological knowledge were recognized as other factors influencing the
partitioning of tasks and the coordination of collaborative NPD work.
Furthermore, Frigant and Talbot (2005) observed that the evolutionary dynamics of product and
organizational modularity can be different in different industries. According to them, both the
aircraft and the automobile industry have arrived at a current status of both product and
organizational modularity. The automobile industry arrived there by moving towards a more
modular product architecture to suit the existing, worldwide organizational modularity which had
emerged in the form of a large network of specialized suppliers. In contrast, in the aircraft industry,
organizational modularity was embraced to match the existing modular architecture of airplanes.
These findings bear resemblance to the conceptualization devised by Sako (2003). She proposed that
the evolution from a situation of in‐house creation9 of an integrated product towards outsourced
creation of a modular product can follow three routes. A company can first adopt a modular
architecture, and then start to outsource product creation activities, analogous to Frigant and
Talbot’s observations in the aircraft industry. The second option is to first outsource activities, and
then adopt a modular product architecture (cf. automotive industry). The third possibility is to do

9

Sako (2003) discusses activities such as development, manufacturing and assembly in the car industry, but
abstracts from these activities in her conceptualization of different paths to outsourced, modular products.
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both at the same time: devise a modular product, and outsource its creation in one go. Although she
argues that adopting product modularity has ultimately led to outsourcing in the automotive
industry, Sako seems to offer some support for the viewpoint adopted by Gulati (1996) that product
architecture and organization design influence each other. Evidence for the influence of organization
design on product architecture can be found in studies in several industries. For example, in both the
photolithographic industry and the disk drive industry, existing competencies and knowledge bases
of incumbent firms have hampered architectural product innovation (Chesbrough & Kusunoki, 2001;
Henderson & Clark, 1990; Sako, 2003).
So what does the interplay between product modularity and organizational modularity mean for the
evolution of industries? Chesbrough (2003b) attempts to integrate the seemingly conflicting views
by viewing technical evolution from a long‐term perspective. Following Baldwin and Clark (2000), he
proposes that the technology in a particular industry may mature and through the emergence of
clear interfaces gravitate towards a situation of both technical and organizational modularity10. But
Chesbrough goes further and suggests that at some point, the agreed‐upon architecture will have
reached its limits and a new architecture will emerge. In a situation of both technical and
organizational modularity, the definition a new, integrated product architecture requires that
intensive coordination takes place. Chesbrough argues that a market cannot meet this requirement,
and therefore, the shift form a modular product architecture towards an integrated will be
accompanied by a shift of the coordination of innovation activities from the market to a leading firm.
The new architecture can in turn mature and coordination of innovation may shift back again to the
market. This closes the loop of Chesbrough’s cyclical model.
Christensen, Verlinden and Westerman (2002) are inspired by the same empirical context and
patterns of evolution as Chesbrough, but they provide a nuance to the pattern outlined above. They
argue that initially, an integrated or ‘interdependent’ product architecture will dominate an industry.
For this, they refer to Ulrich (1995) and the arguments that an integrated architecture does not
require the rethinking of a product concept and the compromises inherent to segmenting a product
into distinct modules. The first argument relies on the notion that when new technologies are used,
engineers are not capable of defining module interfaces early on in the development, automatically
leading to a non‐modular architecture. Based on this, Christensen et al. argue that the first product
generation in an industry will have an integrated, non‐modular architecture, because of the need to
extract superior performance from the new technology. This technical performance is in that period
the primary factor that drives competition. At one point, however, all functional requirements of the
customers in the market will be met, and competition starts to revolve around other aspects, such as
the ability to rapidly introduce new product generations and to offer a wide variety of products. A
modular architecture is more suitable for those aspects, and hence, the initial, integrated product
generation will be followed by a modular dominant architecture. This may occur through a process
in which the incumbent firm outsources the manufacturing and perhaps design of components for
its initial, integrated architecture. For this purpose, interfaces are defined, and those interfaces may
be adopted by other firms, resulting in a gradual move towards a modular product architecture.

10

Which is not to say that a modular product is always associated with a modular organizational design.
Chesbrough (2003b, p. 178) argues that this can only be the case if a number of criteria are met regarding both
the product and the market in question.
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Christensen et al. (2002) associate the integrated architecture with a vertically integrated firm, and
the ensuing modular architecture with an equally modular organizational network of specialized
suppliers. So not only the product evolves towards a more modular architecture, the same trend is
visible in the organizational architecture of the industry. Judging by the work of Christensen et al.
(2002), within one evolutionary generation, it seems that product architecture dictates the degree of
organizational modularity. But when a longer period of time is considered, this does not hold true:
according to Chesbrough (2003b), a new dominant architecture will be necessary in order to meet
new technical requirements at one point, and Christensen et al. (2002) suggest that this architecture
will probably be integrated (non‐modular) as it is the best candidate to meet those technical
requirements. As customer requirements change, the industry may move towards a more modular
product as well as organizational architecture in order to compete on other aspects besides
technical product performance. Hence, customer requirements seem to be the determinant of both
product architecture and the design of the organizational network, with very high technological
requirements being associated with a vertically integrated organization structure and an integrated
product, and a modular product as well as organization architecture to meet demands for product
variety and economic efficiency. But the evolution from an integrated product/organization
combination towards a modular constellation remains largely a black‐box, although certain
mechanisms how the transformation occurs are hinted at.
In conclusion, modularity is used as a means to make the realization of complex systems manageable
by confining intensively interacting components to distinct modules and defining stable interfaces
between those modules (Baldwin & Clark, 2000; Ulrich, 1995). In terms of coupling, a modular
architecture achieves loose coupling between modules, while tight coupling within modules may be
present. Loose coupling between modules enables, but not necessitates, a modular organization of
innovation, with the possibility of delegating innovation work to external organizations such as
suppliers (Sanchez & Mahoney, 1996). This way, different firms can focus on their respective core
competencies, while collaborating with others to enjoy the benefits of their complementary assets
(Faems, Van Looy, & Debackere, 2005; Teece, 1986). According to Sanchez and Mahoney (1996),
loose organizational coupling as a result of product modularity allows for strategic flexibility. It must
be noted that the organization may also influence the product architecture, i.e. the relationship
between organization and product architecture is a bidirectional one (Sako, 2003). A particular form
of organization may over time even hamper innovation at the architectural level, although it is
possible that in a given industry there is a continuous iteration between a modular product and
organization and an integrated product and organization (Chesbrough, 2003b; C. F. Christensen, et
al., 2002). Even though the literature quoted above appears to suggest that modularity (both
organizational and of the product) is a desirable thing, not everyone agrees with this. In particular,
Fujimoto has frequently expressed the advantages of being able to effectively integrate
manufacturing and design knowledge, and has argued that the capability to do so is one of the
strengths of Japanese companies (Clark & Fujimoto, 1990; Fujimoto, 2002, 2007). This does not
necessarily mean an integrated product and organizational architecture are preferable. However, it
does indicate that even if a modular structure is implemented, care should be taken to allow
knowledge, functionality and capabilities in different parts of products and organizations to be
combined in order to create value for customers.
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2.2 Specificity of the product and innovation‐related assets
Section 2.1 dealt with innovation in terms of product architecture and organization design by
analyzing the concept of product complexity and related issues, in particular product and
organizational modularity. In this section, we complement this view by looking into the customer
specificity of the collaboratively developed product and the influence thereof on the value that is
created and distributed in the buyer‐supplier relationship. Hence, we focus on buyer‐supplier
relationships in which supplier involvement in new product development (SI in NPD) occurs. When
we talk of a buyer‐supplier relationship in a context of SI in NPD, the buyer is the lead firm that
offers a product to the market, and delegates the development of a part of that product to the
supplier. In other words, the supplier is involved in the buyer’s NPD and contributes to the
realization of a sub‐product, which can for example be a module of a complex system that is
integrated by an OEM. Hereafter, we will simply refer to that sub‐product or module as ‘the product’
(see also section 5.3: Level and unit of analysis). In order to understand the sharing of investments
and benefits between business partners in general, we will rely on the literature on transaction cost
economics and particularly the concept of asset specificity, which we will explore briefly in the
following sections. From there, we will distill some implications for the specific collaboration linked
to SI in NPD. We place them in a long‐term perspective by discussing the concept of relationship
value, which deals with the investments and benefits that both partners experience in a
collaborative relationship. Relationship value is then used as an explanatory factor of change within
such business relationships. In the next chapter, which deals with SI in NPD, we will draw on the
notion of relationship value and highlight the supplier’s side of the relationship by discussing the
particular investments of, and benefits for the supplier in a context of SI in NPD (see section 3.6).
2.2.1 Asset specificity
The literature on transaction cost economics (TCE) attempts to find explanations for the form of
organization or governance in which economic exchange occurs. Two polar types of governance
forms are widely recognized: markets and hierarchies. In markets, transactions are governed
through prices, parties protect their interests using contractual agreements and haggling. In
hierarchies, the economic exchange occurs within the legal boundaries of the organization, is
governed through the use of routines and conflicts are settled through the organization’s hierarchy
(Powell, 1991; Riordan & Williamson, 1985) But besides these polar types, other forms such as
networks and collaborative relationships have been recognized as relevant alternative governance
(Powell, 1991; Ring & Van de Ven, 1994; Thorelli, 1986). These alternative forms seem of particular
interest in our study into collaborative innovation, as that appears to occur predominantly in the
setting of intensive and long‐term relationships.
The concept of asset specificity, which originates in theory on TCE, has been tied to the choice of
governance mechanisms for transactions. Classic TCE dictates that the governance of repeated
transactions involving high asset specificity should be controlled by the buyer instead of performing
them under control of the invisible hand of a market (Williamson, 1979). As the ultimate form of
buyer control, activities could be brought within the boundaries of one organization through vertical
integration. This is researched in studies on make or buy decisions. Such decisions which revolve
around performing activities within the boundaries of the firm as opposed to contracting products or
services from an external market (Walker & Weber, 1984). Riordan and Williamson proposed a
mathematical model that suggests that vertical integration makes sense when asset specificity is
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high (Riordan & Williamson, 1985). So asset specificity is recognized by some as an antecedent of the
governance mechanism for transactions. But what is asset specificity exactly, and what does it mean
for collaborative innovation?
In the context of TCE, Williamson (1979, p. 239) noted that “the degree to which (…) transaction‐
specific (nonmarketable) expenses [are] incurred” for a transaction is an important determinant in
the governance of transactions, along with the uncertainty involved in and the frequency of the
transaction. These expenses can be seen as investments in assets, which can be unique to a single
transaction or a set of similar transactions with the same business partner. The extent to which such
assets can only be used to enable that particular transaction or collection of transactions is referred
to as asset specificity. Examples of assets that may be specific to transactions include production
facilities, production equipment, and the skills and knowledge of employees (Williamson, 1983). The
extent to which assets are specific to a transaction or collection of similar transaction is the ‘asset
specificity’ of the transaction.
As mentioned above, asset specificity has been connected to the choice of governance mechanisms
for transactions. Several empirical studies have investigated this relationship. For example, Heide
and John (1990) study purchasing agreements of financially independent buyers and suppliers. They
base their study on TCE theory, with the central premise that asset specificity and uncertainty ‘evoke
shifts toward more bilateral governance’ (p. 26); i.e. buyer‐supplier relationships become more
closely knit. They find that specific investments of both the buyer and the supplier contribute to joint
action, which can include joint NPD next to other collaborative activities. They also find that
technological unpredictability decreases the continuity of the relationship. The rationale for this is
that a buyer will want to retain the flexibility to divert to other suppliers in order to meet changing
requirements. The study by Heide and John illustrates how considerations of specificity, among
other factors, can influence businesses to enter a relationship instead of reverting to market
transactions. In comparative studies of the US and Japanese automotive industries it has been
observed that co‐specialization at Japanese OEMs (i.e. buyers) and their suppliers enables them to
create superior value in comparison with their US counterparts (Dyer, 1996; Dyer & Ouchi, 1993).
This later evolved into the relational view of the firm, which argues that co‐specialization can be a
source of competitive advantage (Dyer & Singh, 1998).
2.2.2 Specific assets in a context of collaborative NPD
But what sort of assets are subject to specificity, in particular in a context of NPD? Williamson (1983,
p. 526) distinguishes four types of assets that are subject to specificity: human, site, physical and
dedicated assets. Human asset specificity is the knowledge of workers that they acquire through
experience or education. Site specificity refers to the location of a plant, which can be in the vicinity
of and thereby specific to a customer. Physical assets are machinery and equipment, and dedicated
assets are also physical assets, but acquired for the sole purpose of serving one specific supply
contract11. Heide and John (1990, p. 27) mention “tools, equipment, operating procedures and

11

The conceptual difference between dedicated assets and other forms of transaction‐specific assets is not
entirely clear. Williamson argues that dedicated assets are tied to a supply contract. Since several supply
contracts may be present within a single buyer‐supplier relationship, for example for the manufacturing of
different product types, it can be argued that dedicated assets are even more limited in their alternative uses
than assets that are tied to a single business partner. However, Dyer’s (1994) publication on dedicated assets
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systems that are tailored for use with specific firms” as examples of specific assets. In the context of
supply networks in the automotive industry, Dyer (1997) remains close to Williamson’s terminology
and discusses site specificity, physical asset specificity and human asset specificity. He argues that
Japanese firms have lower transaction costs than their US‐based counterparts. He offers various
possible explanations for this, including tight integration between buyers and fewer numbers of
suppliers in combination with reduced information asymmetry, co‐specialization of assets and the
use of trust as a safeguard against opportunistic behavior. According to Dyer, this leads to
economies of scale and scope and overall lower transaction costs. There are a number of causes for
this, the presence of cospecialized assets being one of them (pp. 543‐544).
In a conceptual paper, Nooteboom (1993) attempts to clarify different types of asset specificity and
the implications for the dependency of a buyer on a supplier and vice versa. Interestingly, he adds a
distinction to asset specificity by proposing that the product itself (in addition to a product‐related
asset) may be specific to a buyer or a supplier. He notes that specificity may lead to dependence; not
only of the supplier on the buyer, but also the other way around. Dependency will stimulate a
supplier to safeguards its relationship‐specific investments. According to Subramani and
Venkatraman (2003), a supplier can accomplish this through quasi integration and joint decision
making on key issues in the relationship. Quasi integration refers to the supplier allocating its
outputs to one buyer, accomplishing a state in which the buyer and supplier are effectively
integrated to a large extent, although they remain separate in legal terms. Subramani and
Venkatraman note this in the context of asset specificity. In addition to specificity of physical assets
and site specificity that we also encountered in other studies, they mention the specialization of
intangible assets that are relevant in a context of collaborative innovation, in particular business
processes and specialization of domain knowledge. Regarding domain knowledge, Subramani and
Venkatraman refer to the work of Von Hippel (1994) who argued that knowledge needed for
technical problem solving is often ‘sticky’: it is difficult and costly to transfer. Through that logic, it
makes sense that technical domain knowledge is or becomes specific to a business partner. Business
processes include engineering and manufacturing processes and are subject to specialization,
thereby contributing to the extent to which a company that has asset which are specific to its
business partners. Bensaou and Venkatraman (1995, pp. 1474‐1475) argued that asset specificity of
business partners contributes to ‘partnership uncertainty’, a concept which they add to those of
market uncertainty and task uncertainty. According to the authors, partnership uncertainty is a
relevant theme in the organization of inter‐firm collaboration, just as market uncertainty influences
the governance of market transactions and task uncertainty the organization of vertically integrated
activities.
Especially the presence of intangible and product‐related assets in theory on asset specificity
illustrates the potential relevance of this theme to a study of collaborative NPD. This is emphasized
by Christensen (1995), who distinguished four types of innovation‐related assets: scientific research
assets, process innovative assets, product innovative application assets and aesthetic design assets.
Scientific research assets refer to the technical knowledge base that a firm has as a result of
performing basic or applied research. Process innovative assets are aimed at innovation of business

casts doubt on this analysis, as he appears to consider dedicated assets to be tied to a customer, and not so
much to a supply contract. Due to this lack of conceptual clarity, we will not use the term dedicated assets in
the remainder of this study, and only include it here for sake of completeness.

27

Chapter 2
processes such as manufacturing, logistics and quality control. Hence, process innovative assets deal
primarily with the realization of products once they have been developed and engineered. The
preceding phase of new product development is captured by Christensen in the product innovative
assets, which revolve around “the resources and capabilities required to deal with product
development activities […]: product engineering, instrumentation and software development” (p.
731). The author argues that different products require different combinations of innovation assets.
For example, chemical products require little in the way of aesthetic design assets, while this is
different for consumer goods. In terms of dynamics, the emphasis on specific assets may change as
an industry evolves.
We can conclude that asset specificity influences the behavior of business partners in relationships,
in particular their choices related to the governance of transactions, and is therefore an important
contingency factor in business management. Transaction‐specific assets can be tangible or
intangible. Tangible assets include production sites, tools and machinery. Intangible assets include
knowledge and business processes. Additionally, the product itself and product‐related assets can be
specific to a business partner. Therefore, the design12 of a product may be specific to a business
partner as well. We will now briefly explore the literature that deals with asset specificity in a
context of collaborative NPD, with a particular focus on buyer‐supplier collaboration.
In their study on success factors of collaborative NPD between buyers and suppliers, Monzcka et al.
(1998) address the issue of asset specificity by connecting it to the concept of commitment. They
note that “[c]ommitment to a relationship is most frequently demonstrated by committing
resources to the relationship, which may occur in the form of an organization’s time, money,
facilities, etc. These types of resources are often referred to as ‘asset specific’ resources, in that
they are directed specifically towards the other party.” (p. 557) However, the results of their study
suggests that commitment in this sense has little effect on the success of industrial purchasing
alliances, which is the domain of Monczka’s study. This finding puts this study at odds with other
studies, in particular one by Mohr and Spekman (1994), that did suggest a relationship between
commitment and partnership success. However, Mohr and Spekman did not explicitly define
commitment in terms of asset specificity, but speak of “the willingness of trading partners to exert
effort on behalf of the relationship” (p. 137). The differences in findings between the studies of
Monzcka et al. and Mohr and Spekman may therefore be due to differences in operationalization of
the concept of commitment.
Sobrero and Roberts (2002) study the influence of asset specificity as well as uncertainty on
contractual coordination and information exchange between buyers and suppliers that are engaged
in collaborative NPD. They furthermore link contractual coordination and information exchange to
relationship outcome, thereby creating an indirect link between asset specificity and success of the
relationship, similar to Monczka et al. (1998). Sobrero and Roberts (2002) conclude that procedural
coordination mechanisms aimed at facilitating information exchange are in particular essential to
the success of relationships in the long term, while the intensity of coordination should be
minimized for short‐term success from a viewpoint of the buying firm. They furthermore warn
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Note that by design, we refer to the technical implementation of the product as expressed in technical
documentation such as blueprints, and not to the product’s aesthetics.
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managers against focusing on contractual agreements at the expense of investing in other forms of
coordination.
While in the studies cited above (Mohr & Spekman, 1994; Monczka, et al., 1998; Sobrero & Roberts,
2002) only benefits of specific assets are mentioned, Stump et al. (2002) offer a more balanced view.
They apply transaction cost theory to the customization of products by a selling firm for a single
buyer. From the perspective of the supplier, the downside of product customization is that it results
in products that may be unmarketable to other customers without additional adaptations. On the
other hand, a specialized product may lock in a buyer to the supplier by inducing switching costs for
the buyer. Song and Di Benedetto (2008) follow a similar line of reasoning in their investigation of
supplier involvement in radical new product development. They include specific investments in their
analysis, on the conceptual basis that it can either reduce or intensify involvement. Specific
investments may trigger opportunistic behavior by business partners in an attempt to maximize
value through bargaining and haggling, or even threatening to end the collaboration, resulting in
reduced supplier involvement. But intensification of involvement is also a possible outcome, with
business partners attempting to protect their investments and create value by collaborating closely.
It is the latter reasoning that appears to be dominant in practice, as the outcomes of the study
suggest that specific investments lead to more supplier involvement. Similarly, Mikkola and Skjoett‐
Larsson (2003) found that asset specificity, along with product complexity, contributes to intensive
buyer‐supplier relationships involving early supplier involvement in NPD. They observe that the
trend towards more SI in NPD results in suppliers taking responsibility for an increasing scope of NPD
tasks.
A recent study uses a framework based on transaction cost economics to research the influence of
asset specificity and uncertainty on outsourcing decisions of a buyer (Griffith, Harmancioglu, &
Droge, 2009). The actual decisions studied pertain to the concentration of suppliers, or the number
of suppliers for a specific product, and the degree of supplier involvement in new product
development. Three forms of asset specificity are considered: the degree of modularity of the
product, the strategic importance of the project and the specificity of the technology. By the
specificity of technology, the authors refer to the use of proprietary technologies in a product.
Product modularity enables coordination and distribution of knowledge and thereby reduces the
chances of leakage of knowledge as well as the need for tight integration. The strategic importance
of a project is also conceptually linked with the sensitivity of the knowledge involved, and the
specificity of technology refers to any proprietary developments that occur as a part of the project,
which create differentiation and hopefully result in competitive advantage for the buyer. However, if
such custom developments are performed by the supplier, the buyer might be locked in as a result.
Griffith et al. (2009) find that modularity leads to a reduced supplier concentration, or a larger
number of suppliers used to procure a product, apparently in order to reduce the risk of lock‐in to a
supplier and to reduce transaction costs. However, they also observed that in projects with a higher
strategic importance, the reverse occurs and firms reduce their exposure to risk by reducing the
number of suppliers with whom they collaborate for NPD. Regarding SI in NPD, the authors find that
technology specificity and discontinuity result in the a reduction of SI in NPD. Griffith et al. (2009)
furthermore find that product modularity and the strategic importance of projects positively
influence SI in NPD, even though they expected otherwise on the basis of their framework
comprising elements of TCE and resource dependency theory (RDT). The authors propose that a
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modular architecture, although allowing for outsourcing of NPD activities, still requires firms to
agree on interfaces, resulting in some form of SI in NPD. Furthermore, SI in NPD could be a means to
intensify the relationships with key suppliers, resulting in better protection of the interests of the
buying firm in strategic projects through the enforcing of social norms within the relationship (Heide
& John, 1992).
From the viewpoint of the supplier, Sun (2008) found that domain knowledge specificity of the
supplier contributed to joint product development with buyers. This seems desirable from the
viewpoint of the buyer, but how does it benefit the supplier? It has been noted that relationships
should not only meet current demands, but they should also meet future demands through
innovation (Nooteboom, 1992). Expanding on the supplier’s viewpoint, it has been argued that
innovation helps creating new competencies, which is necessary for firm survival in a dynamic world.
However, successfully making use of existing competencies requires the building of new (customer)
competencies. Indeed, developing new products is one thing, but gaining access to new markets is
another, and market‐related competencies are necessary in addition to technology‐related
competencies (Danneels, 2002, 2007). The issue of strategic development by means of leveraging
core competencies has been discussed by other authors as well. For example, Marino (1996) has
proposed a process for identifying and leveraging core competencies that must result in informed
strategic decisions. Such a process can be the linking pin between the current set of core
competencies of a firm and the decision to develop new competencies through collaboration with
customers.
However, the addition of new competencies tends to be in line with the current set of
competencies, as a certain degree of path dependency is always present in the long‐term strategic
development of a firm (Leonard‐Barton, 1992). For suppliers, the above implies that the decision to
invest in innovation‐related assets for the benefit of a specific customer will be influenced by the
current set of competencies and the potential of such investments to pay off at a later date. This in
turn means that to the dynamics of the buyer‐supplier relationship, in which specific investments are
an important issue, will be to some extent influenced by the business network in which that
relationship is embedded, in particular the other customers and markets the supplier has (J. C.
Anderson, Håkansson, & Johanson, 1994). We will therefore now address a topic that deals with the
investments and benefits that occur in the context of business dyads: relationship value.
2.2.3 Relationship value13
While the relational view (Dyer & Singh, 1998) describes why the dyad of a buyer and supplier may
benefit from co‐specialization, it does not explicitly deal with the wish of either party to commit to a
relationship by investing specialized assets. In terms of asset specificity, especially the supplier’s side
of the relationship is of interest, as that is the usual locus of relationship‐specific assets14. So the
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The following sections (2.2.3 and 2.2.4) are adapted from Smals and Smits (2012).
Arguably, the buyer’s side of the relationship is also relevant, as a buyer might become locked into the
relationship with a supplier with specialized assets; outsourcing activities that require specialized assets on
behalf of the supplier may lead to a dependency on that supplier due to the high costs of developing an
alternative option in the supplier market (Lonsdale, 2001). In addition, a buyer may also have invested in
assets that are specific to one supplier relationship (Bensaou, 1999). Note that opportunistic behavior on
behalf of the supplier has been considered early on scholarly discussions on transaction cost economics
14
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question arises under what conditions it is desirable for a supplier to make investments in assets
that are highly specialized to a single buyer; after all, investments are usually made before any
returns will materialize, and this makes the supplier vulnerable to opportunistic behavior by, and
dependent on the buyer (Williamson, 1983). Kamath and Liker (1990) observed that suppliers that
are highly dependent on a particular buyer are likely to invest in innovation for that buyer if the
buyer clearly communicates the direction in which that innovation must take place. The supplier will
then comply in order to safeguard its existing business with the buyer. Independent suppliers,
however, were found to be more stimulated by the potential (financial) returns innovation might
bring them, for example in terms of spin‐off with other buyers. Hence, a supplier will only accept to
invest in assets if a reasonable return (‘value’) can be anticipated in some way (Ring & Van de Ven,
1994). Moreover, such value can either be realized by securing returns from highly specific assets
within the relationship with a single buyer, or by marketing less specific assets to a broader
customer base (Subramani & Venkatraman, 2003; Williamson, 1983). We will discuss the
investments and benefits of a supplier in a context of collaborative innovation in section 3.6.
We will now introduce relationship value as a conceptual lens through which to view the subject of
specific investments and the benefits within the context of business relationships (Payne & Holt,
1999; Tzokas & Saren, 1999). The reason why we adopt this perspective is because asset specificity
deals mostly with the investments made by an organization, but not specifically with the benefits
that may result from making those investments. The concept of relationship value captures both
investments and benefits (Flint, Woodruff, & Gardial, 1997; Zeithaml, 1988), thereby potentially
explaining why a business may choose to invest in relationship‐specific assets.
The term relationship value lacks a broadly accepted definition (Lindgreen & Wynstra, 2005; Walter,
et al., 2001). Defining the value of a relationship as the ‘present value of future profits that can be
expected from it’ is tempting but dangerous, as it is virtually impossible to assess those profits due
to their often intangible nature and connectedness with other aspects such as firm strategy and the
nature of other relationships (Ford, Gadde, Håkansson, & Snehota, 2003, p.73). However, some
apparently agreed upon aspects of relationship value can be distilled from the existing literature:
relationship value can be seen as the difference between sacrifices made, and benefits enjoyed in
the context of a business dyad. Furthermore, value is often of an intangible nature, making it difficult
to quantify. Several non‐monetary forms of value have been found to be relevant (Möller &
Törrönen, 2003; Wilson & Jantrania, 1994), relationship value has been argued to depend on a
party’s perception (Ellegaard & Ritter, 2007; Ravald & Grönroos, 1996; Van der Haar, Kemp, & Omta,
2001; Werani, 2001), and a distinction has been made between potential and actual value,
suggesting that value may need to be combined or transformed in some way in order to become
relevant to a party (Ramsay, 2005). This illustrates that value is not strictly an economic or financial
concept (Ford, et al., 2003).
Traditionally, the literature on relationship value has focused on suppliers creating value for their
customers (Ramsay, 2005). However, two recent additions have been made to enrich the theory on
relational value. Firstly, it has been proposed that the relationship itself can be a source of value that
transcends the value of the products or services exchanged in the relationship (Lindgreen &

(Williamson, 1983). We will address this subject in more detail in the next chapter, where we will discuss the
strategic implications of outsourcing innovation tasks (see section 3.3: Drawbacks of SI in NPD)
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Wynstra, 2005; Pardo, Henneberg, Mouzas, & Naudè, 2006). The resulting ‘relational value’ tends to
be of a non‐monetary nature and may benefit either one or both parties in the dyad. However, this
benefit may only be reaped if the emerging relational value is combined with other assets (Ramsay,
2005) or applied in other relationships than the one it originally emerged in (Walter, et al., 2001).
Secondly, it is a recent observation that in a dyadic relationship, value is not only created for the
buyer, but also for the supplier (Pardo, et al., 2006; Ramsay, 2005). Both sides of a dyadic business
relationship will seek and perceive different sources of value (Nyaga, et al., 2010; Pardo, et al.,
2006).
The above also implies that in order to maintain commitment of both parties to the relationship, a
mutual understanding of relevant value for both parties needs to be present (Werani, 2001). This fits
in a recent trend that contends that a firm should not only make itself attractive to customers, but
also to its suppliers (Bew, 2007; Christiansen & Maltz, 2002; Ellegaard, et al., 2003). By doing so,
suppliers will be more willing to invest in the relationship for the benefit of the customer (Ellegaard,
et al., 2003). This is particularly important if we realize that any benefits reaped from the
relationship tend to trail behind investments (Ford, et al., 2003). Hence, in terms of collaborative
innovation and SI in NPD, it seems that suppliers can only be expected to make investments if they
perceive that they receive an acceptable reward and buyers should make themselves attractive to
suppliers (Benton & Maloni, 2005; Essig & Amann, 2009; Ghijsen, Semeijn, & Ernstson, 2010;
Wynstra, Weggeman, & Van Weele, 2003).
2.2.4 Relationship value and relationship dynamics
Some research exist on the dynamics of relationship value in business dyads. Gassenheimer et al.
(1998), for instance, formulated a conceptual model for the continuation or discontinuation of
business relationships based on the perceived economic and social value of the relationship. The
authors formulate eight propositions, which explore different patterns of distribution of social and
economic value between the buyer and supplier, augmented with the extent of dependency of one
party on the other. Only relationships that involve a high perceived economic or social value for both
partners and some degree of mutual dependence are positively sustainable. If only one, or more
partners do not receive any value from the relationship, Gassenheimer et al. (1998) propose that the
relationship should be ended15. Relationships with more ambiguous value distribution patterns and
low to medium mutual dependency are tolerable, but with the implementation of safeguards to
protect each party’s investments. Hence, this work proposes a relationship between relationship
value and relationship continuation. Ellegaard et al. (2003) also observed that both the offering and
the perception of value may change within a long‐term relationship, with potential negative
repercussions on the success of the relationship.
Additionally, research by Ring and Van de Ven (1994) has suggested that the development of
collaborative interorganizational relationships may occur in the form of a feedback system that
involves the making of commitments, the execution thereof and ensuing negotiations by two
partners. Ring and Van de Ven argue that in this process, the notion of ‘equity’ or ‘fair dealing’ is an
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This may seem straightforward: if no value is received from the relationship, there is no economic reason to
maintain the relationship. However, it is conceivable that either party does not currently receive value from
the relationship, but anticipates that this will happen nonetheless somewhere in the future. In such a case, it
may still be opportune to keep investing in the relationship, in the anticipation of future benefits.
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important aspect in the assessment of the process by both partners. Equity could be interpreted in
terms of value as a fair exchange of value (‘costs and benefits’) between the business partners (Ring
& Van de Ven, 1994, p.94). In this sense, the studies of Ring and van de Ven (1994) and of
Gassenheimer et al. (1998) reinforce each other, giving a perception of fairness regarding value
distribution in the dyad a central role in the evolution of the business relationship. More recent
research has explored the underlying dynamics of business relationships in more detail and in an
empirical setting, suggesting that relationship value influences a party’s satisfaction with a business
relationship.
Important related factors to relationship value dynamics are attractiveness, trust and commitment
(Ghijsen, et al., 2010; Hald, Cordón, & Vollmann, 2009), which can be regarded as links between
value‐related concepts and satisfaction with and continuation of business relationships. Trust and
commitment, in turn, have been related to improved performance and responsiveness of business
relationships (Handfield & Bechtel, 2002; Nyaga, et al., 2010). Arguably, this would in turn improve
the competitiveness of the relationship vis‐à‐vis competing dyads and the satisfaction of the
participants through the creation of relevant forms of value the involved parties. From this
viewpoint of the supplier, increasing satisfaction with the relationship may stimulate the supplier to
award the customer with a preferred status, which entails that the supplier will invest important
resources to create value for that customer. This could in turn move the customer to further align
itself with the supplier, making itself more attractive to the supplier, which could lead to increased
supplier satisfaction and thereby create a ‘virtuous circle’ (Schiele, et al., 2010, p.5). This mechanism
offers support for the reinforcing nature of healthy business relationships put forward by Ring and
Van de Ven (1994).
Hence, relationship value seems to play a pivotal role in the evolutionary dynamics of business
relationships. It interacts with factors such as trust and commitment to create a reinforcing system
that draws partners together and intensifies relationships (Ring & Van de Ven, 1994). However,
when objective value or the perception thereof disappears, the reverse occurs and a negative
development may occur that ultimately leads towards relationship discontinuation (Ellegaard, et al.,
2003; Gassenheimer, et al., 1998). Still, it has been noted that insight into the dynamics of supplier
value in the context of collaborative innovation is limited, and more research has been called for
(Lindgreen & Wynstra, 2005; Nyaga, et al., 2010).

2.3 Concluding remarks concerning complexity and specificity
In this chapter, two characteristics of the product have been discussed: its complexity and its
customer specificity. Two important aspects of product complexity have been mentioned:
uncertainty in the development process and interdependencies between the different parts of
complex products. Particular attention was spent on exploring product modularity as a means to
manage the development of complex products. We argued that product modularity and organization
architecture are related, and that product modularity also opens the way for the delegation of
product development tasks to external firms. This implies that product modularity has implications
not only for the focal firm, but also on the level of business networks, as it enables networked
innovation.
In terms of customer specificity of the product, we departed from transaction cost economics as a
theoretical basis and the concept of asset specificity. We argued that collaborative NPD involves
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relationship‐ or customer‐specific assets, and that the product that is developed can be one of these
assets. Asset specificity is interwoven with the subject of relationship value, as the building of
specific assets requires investments. In order to make the relationship attractive to the business that
invests in such specific assets, the investments must be balanced by returns. Such investments and
benefits can be spread out over a longer period of time, which is typically the case in long‐term
relationships.
In the next chapter, we will zoom in on the collaboration itself and discuss the concept of SI in NPD
in depth.
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3 Supplier involvement in new product development
This chapter deals with the literature on supplier involvement in new product development (SI in
NPD). After a brief introduction into SI in NPD, we will explore this subject by first addressing the
drivers for NPD collaboration with suppliers; why is it opportune for manufacturing companies to
involve their suppliers in NPD? We will then focus on the organization of the collaboration by
discussing the different forms of SI in NPD that research has uncovered. We will conclude this
chapter with a synthesis of those forms into two essential aspects of the organization of SI in NPD:
the coordination mechanisms used to align the processes at the buyer and the supplier, and the
choices made regarding the sharing of risks and value between buyer and supplier.

3.1 Supplier involvement: a brief history and theoretical underpinnings
Clear definitions of SI in NPD are scarce. We see two possible causes for the relative lack of clear
definitions of the term SI in NPD. Firstly, the term seems at first sight self‐explanatory and therefore
not in need of a further, more detailed explanation. Secondly, the literature that deals with SI in NPD
often does so without applying that term. Instead, the same activities are referred to as innovative
activities of suppliers (Kamath & Liker, 1990), supplier influence in NPD or on product design (Swink,
1999), collaboration in/for product development (Bello, Lohtia, & Dant, 1999; Littler, Leverick, &
Bruce, 1995), cooperation for product innovation (Bidault, Despres, & Butler, 1998), partnering with
suppliers for/in NPD (Bonaccorsi & Lipparini, 1994), co‐creation in a buyer‐supplier setting (Cova &
Salle, 2008; Grönroos, 2008), co‐development (Appleyard, 2003), or briefly (early) supplier
involvement without the trailing ‘in NPD’ (Bozdogan, Deyst, Hoult, & Lucas, 1998; Chung & Kim,
2003; Hartley, Zirger, & Kamath, 1997). Although these different terms imply different conceptual
nuances, the subject is in essence the same. In his dissertation on SI in NPD, van Echtelt (2004, p. 27)
provides a definition of the concept that we adhere to in this study:
“‘Supplier involvement’ refers to the contributions (capabilities, resources, information, knowledge,
ideas) that suppliers provide, the tasks they carry out and the responsibilities they assume regarding
the development of a part, process or service for the benefit of a current and/or future buyer’s
product development projects, aside from (co‐ordinating of) the manufacturing and/or delivery of
the part, process or service.”
This definition encompasses a broad range of inputs that a supplier may contribute to a buyer’s
innovation efforts and thereby conveniently captures the gamut of nuances we hinted at above.
However, in van Echtelt’s definition there are two important aspects that limit the scope of
collaborative activities between business partners that we can truthfully label SI in NPD. Firstly, SI in
NPD refers only to activities within the process of NPD, and thereby excludes for example
collaboration for the purpose of volume manufacturing of products. Secondly, Van Echtelt (2004, p.
28) considers only suppliers that have “the intention to produce, assemble or co‐ordinate these
activities with other supplying companies” and excludes suppliers of services and intangible products
such as research institutes. SI in NPD with such suppliers can be expected to bring specific challenges
in terms of value relationship management. There are two reasons for this: firstly, because after the
NPD project is finished, the buyer‐supplier relationship will remain in place, but the activities will
shift from managing collaborative innovation towards managing the purchasing and flow of physical
goods. So there is a heterogeneity of activities in such a collaborative relationship that is not present
in the relationship with a contractor that only performs NPD activities for a customer. Moreover,
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these activities are likely to interact with each other: possibilities and limits to industrialization
should be taken into account in the development of new products, and vice versa the design of a
product influences the way in which it can be manufactured (cf. Dankbaar, 2007). Secondly, both
innovation and manufacturing are activities that should create value for both participants. If these
activities occur within the same buyer‐supplier relationship, they may interact in terms of the
sharing of investments and benefits. So to some extent, the supply of physical goods and SI in NPD
can be expected to be entangled.
The literature on SI in NPD is not only diverse and even fragmented in its terminology, but also in a
conceptual sense. For example, the following themes have been addressed in research that can be
grouped under the umbrella of SI in NPD:










The influence of SI in NPD on performance, in particular within the scope of individual NPD
projects (Gentry & Savitskie, 2008b).
Coordination between buyer and supplier activities within collaborative NPD projects
(Lakemond, Berggren, & Van Weele, 2006; Van Echtelt, et al., 2008).
The interaction between aspects of technology and the organization of SI in NPD, in particular
coordination through modularity and the role of technological uncertainty (Eisenhardt & Tabrizi,
1995; Petersen, et al., 2003; Staudenmayer, Tripsas, & Tucci, 2005).
Buyer‐supplier relationship management, within or beyond the context of individual projects,
often dealing with issues such as trust, commitment and bargaining power (LaBahn & Krapfel,
2000; Walter, 2003).
The selection of appropriate suppliers, including the technological and collaborative
competencies of suppliers (Gadde & Jellbo, 2002; Hartley, et al., 1997; McCutcheon & Stuart,
2000; Wasti & Liker, 1997).
Internal organizational issues at the buyer, which includes the issue of ‘procurement
involvement in NPD’ and the buyer’s capabilities of managing NPD collaboration (Atuahene‐
Gima, 1995; Hillebrand & Biemans, 2004; Wynstra, Axelsson, & Van Weele, 2000).

Several authors have reviewed the literature on SI in NPD. Most notably Johnsen (2009) has made a
temporal segmentation of the literature. This sheds some light on the evolution on SI in NPD as a
research subject. It also helps to explain the diversity of subjects that has been addressed in this
stream of literature and the order in which those subjects have enjoyed attention, as especially the
early phases seem to be marked by an interest in specific aspects of supplier‐assisted NPD. Johnsen
(2009) distinguishes the following phases and associated research themes:
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‘Early beginnings 1980s’ (p. 188): SI in NPD is rooted in research in the automotive industry. The
focus is on comparisons between American and Japanese automotive OEMs.
‘Expanding the field: the early 1990s’ (p. 188): SI in NPD is identified as a potential factor
explaining the success of Japanese automotive OEMs; research in other manufacturing
industries beside the automotive industry.
‘A rapidly evolving field: the late 1990s’ (p. 190): further expansion of the empirical basis both in
the United States and Europe. Specific managerial challenges concerning the implementation of
SI in NPD are identified on both the project and the relationship levels. Nuances are added to
existing subjects: forms of collaboration are further characterized, relevant properties of
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suppliers are identified and more nuanced views are put forward concerning project
performance.
‘Increasing research sophistication: the early 2000s’ (p. 190): differentiation between contexts,
e.g. incremental vs. radical NPD, and the role of technological uncertainty in SI in NPD.
Increasing attention for relationship management and internal coordination at the buyer as
themes underlying SI in NPD.
‘Latest research into supplier involvement in NPD’; mid‐late 2000s (p. 193): increasing awareness
of fact that relationship dyads involving SI in NPD are embedded in organizational networks.
Increasing research into SI in NPD in relation to supply base rationalization16 and long‐term
supplier relationship management.

A picture emerges of SI in NPD as a practice‐induced subject that arose in the context of the
automotive industry, which was then adopted by an increasing number of researchers and applied
to different contexts. With that adoption came a fanning out of subjects, perpetually refining the
challenges, antecedents and effects of SI in NPD in different contexts. It is worth to mention that this
evolution involved a framing of SI in NPD in terms of three more fundamental theoretical
frameworks (Johnsen, 2009):






16

Transaction cost economics (TCE): According to TCE, organizations are likely to vertically
integrate NPD activities if they want to avoid being subject to opportunistic behavior of external
parties (Wasti & Liker, 1997). Transaction costs can also be used as a framework to characterize
collaborative tasks and then to explain how the collaboration is organized as a function of task
characteristics. Relevant characteristics include uncertainty and specificity (Sobrero & Roberts,
2002). Asset specificity has been argued to underlie the commitment of both partners in the
form of specific investments in an innovation‐oriented buyer‐supplier relationship (Monczka, et
al., 1998; M. Song & Di Benedetto, 2008). Refer to section 2.2 for a discussion of some aspects of
the relationship between asset specificity and inter‐organizational relationships.
The resource based view (RBV) of the firm: The resource based view argues that that a network
of innovative suppliers form a difficult to imitate resource that enhances the competitiveness of
a firm (Schiele, 2006). Collaborating for innovation within a supply chain setting makes sense as
it allows the participating firms to focus on their core competencies and create value together by
enjoying the complementarity of each other’s competencies (Koufteros, et al., 2006). Combining
the RBV with the concept of asset specificity in TCE, Dyer (1996, 1997) concludes that co‐
specialization of assets allows a firm to profit from the resources of other firms in a value chain,
reducing transaction costs between partners and resulting in enhanced firm performance.
However, Dyer states that more specialization is not necessarily better, as disproportionate
specialization may lead to excess resource consumption or lack of flexibility in the face of drastic
changes in the environment.
The relational view (RV): Taking the line of reasoning of the RBV one step further, Dyer and
Singh’s (1998) ‘relational view’ argues that the inter‐firm relationship itself forms a source of
competitive advantage through the presence of specialized assets, complementary resources,

st

st

Reducing the number of 1 tier suppliers by appointing a limited set of 1 tier suppliers with which high
value‐added activities (such as SI in NPD) are undertaken, and allocating other suppliers to higher (2nd and up)
tiers, effectively stratifying the supply chain into a more hierarchical system (Cousins, 1999).
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knowledge sharing routines and an appropriate governance structure. The relational view can be
interpreted as an extension to the RBV towards a larger unit of analysis, i.e. the inter‐firm dyad
as opposed to the single firm. SI in NPD seems strategically relevant from this theoretical
perspective. Companies still face difficulties in successfully implementing SI in NPD and
sometimes hesitate to collaborate intensively, fearing the leakage of proprietary knowledge
(Wagner & Hoegl, 2006).
In conclusion, a picture emerges of SI in NPD as an applied subject in management research, that is
rooted in a heterogeneous theoretical foundation. The diversity of subjects addressed in this field of
research seems to be the result of an expansion towards different empirical contexts and the
repeated recognition of new managerial challenges over the years. Despite its diversity, the
literature on SI in NPD is tied together by a number of characteristics. These include:






Research into SI in NPD is set in a supply chain setting, which places this form of collaborative
innovation in the context of inter‐firm relationships that involve other activities and issues
besides collaborative NPD. Examples include the manufacturing and trading of physical goods,
and the degree of financial or strategic interdependence between buyers and suppliers.
SI in NPD deals with the viewpoint of the customer in a buyer‐supplier dyad; research into the
supplier’s side in an industrial setting is scarce, even though it is the other side of the same
medal and the managerial challenges involved in customer integration in NPD seem similar to
those in supplier integration (Enkel, Perez‐Freije, & Gassman, 2005; Koufteros, et al., 2006).
From a theoretical viewpoint, the consensus seems to be that innovation‐related competencies
of buyers and suppliers are to some extent complementary, and that in many cases firm
performance, and arguably even commercial performance of the business dyad or network, is
improved when that complementarity is utilized through SI in NPD.

The above introduction into the subject has attempted to answer the question why SI in NPD exists
as an apparently popular research subject and how it has evolved over time. The major themes and
developments in the research arena have been touched upon. In the following sections, the
literature on SI in NPD will be further explored by addressing two themes that frequently recur: the
rationales for managers to implement SI in NPD, and the different ways of organizing SI in NPD.

3.2 Rationales for SI in NPD: potential and desired outcomes
Publications that describe effects of involving suppliers in product development mostly describe
perceived or desired benefits from a viewpoint of the buyer in the buyer‐supplier dyad. They can be
divided into two categories: improved performance in the short term, and long‐term, strategic
rationales for SI in NPD (Van Echtelt, 2004). While the potential benefits in the short‐term are indeed
often measurable and specific benefits, the strategic relevance of SI in NPD plays a role on a higher
level: it has more long‐term implications, and potentially has an impact on the organization on a
larger scale, for example in terms of redefining the boundaries of the firm. This requires researchers
to abstract from individual firms and shift their focus to larger industry structures. We will deal
separately with the short‐term performance‐related aspects and the long‐term, evolutionary aspects
of SI in NPD in the following sections.

38

Supplier involvement in new product development
3.2.1 Project performance improvement through SI in NPD
Performance improvement can occur on four product‐ and project‐related aspects: product costs,
development costs, new product lead time and product quality or technical performance.
Improvement on these parameters leads to ‘better, cheaper, or faster’ NPD (Gentry & Savitskie,
2008b, p. 18). Table 1 provides an overview of a number of publications and the aspects of project
performance that they discuss in a context of SI in NPD.
Product costs

Development
costs

Development
lead time

Product
quality

●

●
●
●

●
●

(Birou & Fawcett, 1994)1
(Bonaccorsi & Lipparini, 1994)
(Clark, 1989)
(Dowlatshahi, 1998)
(Van Echtelt, Wynstra, Van Weele,
& Duysters, 2006)
(Evans & Jukes, 2000)
(Handfield, Ragatz, Petersen, &
Monczka, 1999)
(Hoegl & Wagner, 2005)
(Koufteros, et al., 2006)
(O'Neal, 1993)
(Petersen, et al., 2003)

●
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●
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●
●
●
●

(Primo & Amundson, 2002)
(Ragatz, et al., 2002)
(Wagner & Hoegl, 2006)
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1

Study focuses on an ‘Integrated Product Development’ process. 49% of the
organizations studied involved suppliers in their NPD efforts.
2
Indirectly through increased stock efficiency.

Table 1: Benefits associated with supplier involvement in new product development

The question arises, however, under what circumstances these benefits can be realized. Most
importantly, the publications indicated above investigate the subject of supplier involvement in a
wide range of industries. The following review of the sources quoted in Table 1 discusses the
research context in which the benefits were identified.
Birou and Fawcett (1994) base their results on a survey completed by 216 managers of a selection of
“major” US (133) and Europe‐based (83) firms that participated in conferences on the management
of NPD (US sample) or that were selected by the International Federation of Purchasing
Management (EU sample). The companies were mostly in the automotive, electronics and
machinery manufacturing industries. The premise of the article is the appropriateness of an
“Integrated Product Development” process that simultaneously addresses the development of a
new product and the manufacturing process. Since the NPD process has a high impact on the
resulting product’s cost and quality, involving suppliers in NPD can be expected to influence those
parameters.
Product cost and quality are also emphasized by O’Neal (1993), who adds development lead time to
the set of desirable outcomes of NPD. O’Neal bases his observations on data from the context of
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copier manufacturer Xerox, supported by views expressed by managers at other equipment
manufacturers such as Motorola and Bose. Using Total Quality Management (TQM) as a starting
point, O’Neal argues that product quality, cost and development lead time are interrelated, they all
contribute to the value that the final customer experiences and can be realized through a concurrent
engineering approach. O’Neal (1993, p. 8) formulates the basic guiding principles for managers as
“doing the right things” and “doing them right the first time”, in which early procurement and
supplier involvement could be helpful. In order to achieve the desired results, i.e. reduction of cost
and lead time while increasing quality, several conditions must be met: an effective supplier
selection process must be implemented, the contribution of external suppliers to the development
process must be identified, persons have to be appointed who will form the interface between the
supplier and the manufacturer organizations and the degree of co‐location that can be employed to
achieve smooth coordination must be established.
Koufteros, Cheng and Lai (2006) approach SI in NPD from a social network perspective using the
concept of embeddedness (Uzzi, 1997) to describe collaborative buyer‐supplier relationships as
opposed to arm’s‐length relationships. The authors hypothesize that this ‘embeddedness’ with
suppliers facilitates grey‐ and black‐box forms of supplier integration. That would result in ‘product
innovation’, which in turn leads to ‘external quality’ (Koufteros, et al., 2006, p. 850). External quality
indicates the “capability of a firm to design and produce products that fulfill customer expectations”,
while product innovation is defined as “the capability of organizations to introduce new products
and features” (p. 854). The authors found support for their model in survey data data from 157 US‐
based manufacturing firms in five SIC industry categories, including SIC 35 (‘industrial and
commercial machinery’; 33 firms) and SIC 36: ‘electronics, electrical equipment and components’ (31
firms). The studies by both O’Neal (1993) and Koufteros et al. (2006) underline that SI in NPD can
facilitate the creation of new products, but also enhance the extent to which those products
conform with the requirements of customers.
Analogous with Koufteros et al., Hoegl and Wagner (2005) also investigate the intensity of buyer‐
supplier relationships. They use frequency and intensity of communication as descriptive concepts
for relationship intensity and conclude that an intensive buyer‐supplier relationship translates into
cost, quality and lead time benefits. However, they do propose an inverted U‐shaped relationship
between frequency and intensity of communication and advantages experienced as a result of
supplier involvement, more specifically development budget and product cost. Hence, they
conceptualize that a law of diminishing returns applies to relationship intensity, and that beyond a
certain point investments in communicating with partners does not translate into tangible benefits
and only drives up coordination costs. This finding was based on quantitative analysis of data
gathered using a survey that yielded information on 28 projects in 6 large (turnover > $ 890 million)
manufacturing firms of high‐tech and/or complex systems17 in Germany, Switzerland and Austria.
Primo and Amundsen (2002) highlight the impact of a supplier’s quality control practices on the
success of a supplier involvement process, stating that supplier cooperativeness will improve by the
presence of effective quality control practices at the supplier’s premises. An uncooperative attitude
of the supplier, indicated by the supplier causing delays in activities or giving priority to other

17

Plant construction, high‐tech machinery, elevators, railway systems and medical devices.
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customers, can jeopardize the NPD project. However, in cases of “breakthrough” projects with high
technological uncertainty, the relationship between a supplier’s quality control practices and a
cooperative attitude could not be found. In such projects SI in NPD appears to occur more often than
in projects dealing with proven technologies. A possible explanation could be that the involvement
of suppliers in breakthrough projects is not so much focused on product quality, but primarily on
technology realization, where the supplier’s input is deemed essential in realizing new technology
and quality control is of lesser importance (cf. Wagner & Hoegl, 2006).
The notion that certain elements of supplier involvement are more likely to be applied in situations
of technological uncertainty is confirmed by a study by Ragatz, Handfield and Petersen (2002). The
data for this study were collected from a selection of 83 companies. The authors state that supplier
involvement has a positive impact on product cost, quality and development lead time in projects
dealing with new, complex or rapidly changing technology. In a later publication based on data
collected from 225 mostly US‐based manufacturing companies in a variety of industries including
automotive, chemicals and industrial equipment, they found that especially the timing of the
involvement of the supplier and the level of supplier responsibility are important parameters that
impact the outcomes of the NPD project. Early involvement positively influences the quality of the
resulting product, and in projects where the supplier is granted a high level of design responsibility
(‘black box’; see Figure 7 on page 57), it is vital that the supplier is also involved in setting the
technical parameters for the part (Petersen, et al., 2005). They furthermore emphasize the
importance of supplier selection criteria incorporating elements of company culture in addition to
parameters relating to supplier capabilities. They also found that a supplier’s input on setting project
objectives (both technical and business‐related) positively influences project performance in the
case of grey box co‐development projects, while a negative impact was observed with black‐box
projects. This could be due to the supplier behaving opportunistically, for example as a result of the
supplier having insufficient knowledge or simply ignoring customer needs in such projects.
While other authors include quality and cost as perceived benefits of supplier involvement, Clark
(1989) focuses primarily on the relationship between project lead time and project scope; a
construct comprising parts strategy, or the ratio between unique vs. carry‐over and common18 parts
and in‐house vs. external/supplier engineering hours. This study was situated in the automotive
industry and drew on data gathered from 29 car development projects of American (3), Japanese (8)
and European (9) car manufacturers. Clark concluded that subtle differences in project scope
definition contribute to relatively large differences in project lead time, underscoring the strategic
importance of scope definition and thus of supplier involvement in NPD. Interestingly, in the
automotive industry, indications exist that in some cases, in‐house development is hampered by
bureaucracy to a larger extent than outsourced development is hampered by coordination costs in
the supplier network. This observation emphasizes the importance of considering indirect costs in
the decision to outsource development tasks or to perform them in‐house (Hoegl & Wagner, 2005).
Van Echtelt et al. (2008) in a study based on eight projects involving suppliers in the context of
printer/copier manufacturer Océ make the distinction between short‐term and long‐term benefits
for the customer of supplier involvement in NPD. By short‐term benefits they indicate advantages

18

“Unique” = specific to a single car model, “common” = used in other car models, “carry‐over” = re‐used
unchanged from the previous model (Clark, 1989)
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such as lower part/development cost and increased part performance. Long‐term benefits include
more efficient/effective future collaboration with suppliers and access to suppliers’ technological
competencies. Van Echtelt et al. claim that for these sets of benefits to materialize, management
processes must be implemented in tandem on the operational level and in what they call the
‘strategic management arena’. This allegedly contributes to the building of a “willing and capable
supplier base to meet the current and changing future technology and capability needs” (2008, p.
197), underlining the importance of a collaborative supplier attitude also mentioned by Primo and
Amundsen (2002).
Evans and Jukes (2000) describe an improvement project at an automotive manufacturer and 88
international suppliers. The project was aimed at better aligning the product development
processes, targeting a 40% reduction in development costs and a 30% reduction in both
development lead time and overall part costs. The potential of effective supplier involvement is
illustrated by the fact that in this case, the manufacturer succeeded in realizing these targets. The
authors state that underlying this success is an effective alignment of the involved organizations.
This involves making the development processes in both the manufacturer and supplier
organizations more consistent, as well as developing an understanding of each other’s practices. Not
only alignment between organizations, but also within the outsourcing organization has been
mentioned as a critical success factor for inter‐firm collaboration. Internal coordination serves as a
basis for external coordination, and at the same time external collaboration may promote internal
collaboration, suggesting a bidirectional relationship between the two (Hillebrand & Biemans, 2004).
In the light of this observation, the success of SI in NPD seems at least partly dependent on the
extent to which an outsourcing organization successfully aligns its internal departments, such as
marketing, manufacturing and research and development, with each other.
Another factor that can contribute to the success of SI in NPD and inter‐firm collaboration in general
is that of modularity. We already explored the relationship between product modularity and inter‐
firm collaboration in chapter 2, and concluded that modularity can act as a means to partition the
development work into self‐contained tasks, enabling the definition of clear interfaces between
parts of a system and a partitioning of knowledge between individual firms (Takeishi, 2002; Ulrich,
1995; Von Hippel, 1990). The view that modularity enables inter‐firm collaboration has both face
validity and is also recognized by some members of the scientific community (Campagnolo &
Camuffo, 2009; Sanchez & Mahoney, 1996). Quoting Gadde and Jellbo (2002, p. 44): “There is a clear
connection between increasing modularization and outsourcing. Most companies nowadays strive to
make use of external sources and at the same time to reduce the supplier base. System sourcing
based on the principle of modularity makes this combination possible.
Interestingly, Lau, Yam and Tang (2007) argue that collaboration in a supply chain setting promotes
the definition of module interfaces early in the process. Their study is based on data from Hong‐
Kong based manufacturing companies, including many small and medium‐sized enterprises (SMEs).
The authors regard involvement of customers, suppliers and internal organizational departments in
NPD as an antecedent of product modularity. This direction of causality has been demonstrated
before in a study that investigated changes in system architecture as a result of inter‐firm
collaboration (Hsuan, 1999). Adding a temporal dimension, it has been suggested that
modularization and outsourcing influence each other, and that the direction of the relationship can
change over time, modularity alternatingly acting as the dependent and the independent variable

42

Supplier involvement in new product development
(Fixson, Ro, & Liker, 2005). The variety in views on the collaboration‐modularity relationship
illustrates that this remains a relevant issue for research (Campagnolo & Camuffo, 2009; Frigant &
Talbot, 2005). We intend to contribute to this expanding field of knowledge with the present study.
3.2.2 The strategic, long‐term backdrop of SI in NPD
Van Echtelt (2004, p. 32) mentions the following strategic benefits of SI in NPD: “(1) more efficient
and effective future collaboration, (2) alignment of technology strategies, (3) improved access to
supplier’s technologies, (4) a contribution to product differentiation”. Van Echtelt continues by
explaining these four categories of strategic benefits. The first benefit draws on the premise that
collaborative partners will mutually adapt over time (Dyer & Ouchi, 1993; Evans & Jukes, 2000). This
means that initial projects may be relatively cumbersome, but repeated projects could prove
increasingly successful. Suppliers may possess technologies that are strategically relevant to buyers,
for example because they complement or enable the buyer’s own technologies and planned new
products (Wheelwright & Clark, 1992). In cases when a buying firm decides new technologies should
be developed, the question has to be answered if that development will be internalized or left to
external organizations such as suppliers: the make or buy question needs to be answered. If the
decision is made to outsource development, a dependency on a supplier’s technology may be the
result.
Through the alignment of technological roadmaps between companies, technology development
decisions of suppliers can be influenced (Wynstra, Van Weele, & Axelsson, 1999). Another rationale
for relying on external technologies, apart from a strategic decision not to develop some
technologies within the firm, is to enhance products. Suppliers have been argued to potentially
enhance the buyer’s product offering, especially in terms of product quality and product
performance , thereby enhancing a manufacturers competitive position in a market. However, such
benefits of closely‐knit buyer‐supplier relationships are notoriously hard to assess, since the input of
suppliers is often only indirectly present in the end product, hindering comprehensive cost/benefit
analysis of intensive supplier relationships (Gadde & Snehota, 2000).
The access to a supplier’s technology‐related competencies emerges as an important strategic
advantage from the viewpoint of the buyer19. Other authors have also recognized this as a rationale
for SI in NPD. In particular, Fine and Whitney (1996) in an analysis of the make/buy decision reached
the conclusion that there are two primary reasons for outsourcing manufacturing tasks: a
dependency for capacity or for technology. Dependency for capacity refers to the situation in which
a firm that decides to outsource the manufacturing of a component lacks the internal resources to
make it in‐house, or decides to use its internal resources for other tasks. The authors argue that this
can be due to “reasons of time, money, space, or management attention” (Fine & Whitney, 1996, p.
15). A dependency for technology emerges when the outsourcing firm does not have the
competencies to manufacture a part and therefore is dependent on external suppliers. Essentially,
Wagner and Hoegl (2006) recognize the same two reasons for outsourcing, and they explicitly link
them to SI in NPD. They discuss capacity projects, intended to accommodate shortages of internal
R&D capacity at the buying firm, and know‐how projects in which suppliers are involved because of
their specific technological knowledge. Wagner and Hoegl (2006, p. 939) argue that in know‐how

19

For advantages of collaboration from the viewpoint of the supplier, refer to the discussion on relationship
value and the specificity of suppliers’ investments in their customers’ NPD in section 2.2.
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projects, suppliers are involved that have a “partnership‐like” relationship with the buying firm, and
that the suppliers are given more development responsibility over more complex parts than in
capacity projects. The authors describe know‐how projects as “mission‐critical”, underlining the
strategic relevance of a technology dependency on external suppliers.
Suppliers are not only a useful source of technologies for manufacturing firm. To understand the
true strategic relevance of SI in NPD, we must rise above the level of individual firms and dyadic
relationships, and include in our scope the industrial landscape as whole. Outsourcing decisions and
decisions regarding SI in NPD can result in business processes spanning organizational boundaries. In
terms of innovation‐related activities, this can make it difficult to see where one firm ends and
another begins (Brusoni, Prencipe, & Pavitt, 2001). Especially if the development of entire modules is
delegated to external suppliers, the question arises to what extent the boundaries of the
outsourcing firm are influenced. According to Baldwin (2008) manufacturing firms can be viewed as
a containers of interrelated tasks, and that transactions are the means to settle the distribution of
tasks among organizational actors. She furthermore argues that the costs associated with those
transactions will be lower if the interdependence between tasks is low, which is especially the case
on the interfaces between modules.
Interdependence and interactivity, and therefore also transaction costs, are high within the
boundaries of one module. Baldwin applies the concept of modularity to organizations and via that
route, she argues that changes in the definition of organizational modules will create new points
where transactions with low costs can occur. Baldwin argues that those points, on the interfaces of
(new) modules, are the places where vertical disintegration may take place or where new entrants
can enter an industry. For this theory on industrial evolution, Baldwin relies on the theory that the
modularity of organizations mirrors that of the products those organizations make (Sanchez &
Mahoney, 1996). The above does not imply, however, that SI in NPD itself is the driving force behind
industrial evolution and the redefinition of firm boundaries.
This large‐scale aspect of inter‐firm collaboration is captured in the literature on systems integrators,
which describes the emergence of a class of firms that acts as the central node in a business
network, bringing together a wide range of technologies into a product or system that serves a
specific purpose. Examples include the manufacturers of commercial aircraft and cars (Hobday,
1998; Prencipe, 2000; Prencipe, Hobday, & Davies, 2003). According to Frigant and Talbot (2005),
both of these industries started from a situation where OEMs developed integrated systems, i.e.
aircraft and automobiles. In the case of aircraft, the authors argue that the technical system was first
modularized, with the industry as a whole settling on a dominant design that involved roughly the
same module definitions for competing aircraft manufacturers. This created a potential for
decoupling development processes and the emergence of a supplier base that is segmented along
those same module definitions. I.e., the organizational structure mirrors the product architecture, in
line with the argument of Baldwin (2008). This enables the outsourcing of development and
manufacturing tasks to systems suppliers that are specialized in delivering a particular module. In
the case of automobiles, the first step was a modularization of the industrial network, with suppliers
being involved intensively in the development of new modules that was primarily performed by the
OEMs themselves. Only after the evolution of a specialized supplier market, attempts were made to
modularize cars. According to Frigant and Talbot (2005), this has not led to a dominant architectural
design as they argue is the case in the aircraft industry. Sako (2003) followed a similar line of
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reasoning, also distinguishing different paths from an internally developed integral product towards
a modularized and outsourced product structure. The modularization of automobiles by Western
manufacturers was a response to the competitive advantage of Japanese manufacturers, in
particular in terms of NPD lead time. It has been argued that this competitive advantage was the
result of a higher degree of integration between product and manufacturing process development
activities at Japanese automotive OEMs (Clark & Fujimoto, 1989; Fujimoto, 2000). So interestingly,
the modular approach of Western manufacturers was intended as an answer to the strengths of the
Japanese, integrated approach.
The examples above illustrate how industries may evolve towards higher degrees of vertical
disintegration. Innovation‐oriented inter‐firm collaboration such as SI in NPD is the observable
phenomenon within the scope of individual projects or product generations that indicate
evolutionary processes that occur on a much larger scale, such as industrial evolution and the
shifting of firm boundaries. Baldwin’s (2008) argument discussed above relies on transaction cost
theory, but the relationship between SI in NPD and industrial evolution can also be viewed from a
perspective of strategy and core competencies. An important theme in strategic management is the
subject of core competencies and or core capabilities (Hamel & Prahalad, 1990; Schoemaker, 1992).
Core competencies have been argued to be dynamic and subject to change, as managers prepare for
future changes in their environment and try to recognize new ways to create value by recombining,
reapplying or redefining them (Lei, Hitt, & Bettis, 1996; Teece, et al., 1997). When viewed from a
network or value chain perspective instead of the perspective of a single firm, it can be argued that it
is not individual firms that compete among each other, but entire supply chains compete against
each other (Lambert & Cooper, 2000). Central to that process of competition is the creation of
customer value, and this implies that the core competencies and capabilities of firms in supply
chains or value networks should be complementary to each other in order for the whole chain to
remain competitive (Kothandaraman & Wilson, 2001). Following this line of reasoning, inter‐firm
collaboration for innovation can be regarded as the operational consequence of a redefinition of
each firm’s core competencies in a chain of firms that jointly serve a specific set of customers:
“In recent years, cost‐reduction efforts at PMS20 have increasingly led to discussions on what should
remain the core competencies of the company and what should be outsourced. As a consequence,
the involvement of suppliers in product development has become a key issue.” (Wynstra, et al.,
2000)
The result is a situation in which firms rely on each other’s resources, i.e. competencies and
capabilities. The extent to which this is the case is a strategic choice made by the involved firms. In
the first place, the outsourcing or buying firm has the opportunity to make choices in that area.
Nevertheless, an external party needs to be available that has the competencies that underlie the
outsourced activities. Hence, there are also strategic implications for suppliers, as they can choose to
acquire those competencies in order to serve their customers in terms of collaborative innovation.

20

Philips Medical Systems, currently Philips Healthcare; a manufacturer of medical equipment such as MRI
scanners
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3.2.3 Concluding remarks on the rationales for SI in NPD
Potential benefits on the operational, project level are being attributed to SI in NPD, specifically in
terms of product cost, development lead time and product quality. The realization of those benefits
remains uncertain, however, and in some cases, SI in NPD may even reduce project performance
(Eisenhardt & Tabrizi, 1995). Several factors have been identified that can influence the success of SI
in NPD. These include the availability of collaborative suppliers (Van Echtelt, et al., 2008), alignment
between organizational units both within and between organizations (Evans & Jukes, 2000;
Hillebrand & Biemans, 2004), and the presence of a modular system architecture to aid in the
division of NPD work (Sanchez & Mahoney, 1996). In chapter 3 we observed that commitment of
firms to the collaboration and the resulting willingness to make relationship‐specific investments
comes to the benefit of collaboration, and through that logic should also promote the success of SI
in NPD. The conceptual model in Figure 3 integrates these aspects of SI in NPD.
Product
modularity
Possibilities for SI
in NPD

Success of SI in
NPD

Supplier
availability
Intra- and interorganizational
alignment

Figure 3: Conceptual model linking together several concepts related to SI in NPD

On the strategic level, suppliers have been recognized as an important source of technologies that
can be used to augment the technological competences and current product offering of a buying
firm. This can strengthen the buying firm’s competitive position in a market (Fine & Whitney, 1996;
Gadde & Snehota, 2000). More importantly, collaborating for innovation is an activity that suggests
processes of industrial evolution may be taking place. This can involve the modularization of
products and the emergence of a more vertically disintegrated industrial structure, and a continuous
redefinition of the core competencies of individual firms. This strategic backdrop is relevant in
research into SI in NPD.

3.3 Drawbacks of SI in NPD
Above it was mentioned several times that any benefits, either strategic or operational, are potential
benefits: their realization is uncertain and depends on the presence of several enabling factors,
some of which are likely to be still unknown. Moreover, SI in NPD can have profound drawbacks. In
this section, we will briefly explore them. Several publications in the domain of SI in NPD have taken
stock of the potential drawbacks of SI in NPD (Bruce, Leverick, & Littler, 1995; Van Echtelt, 2004). In
particular, the following negative performance aspects and strategic issues have been related to SI in
NPD:
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The loss of visibility of aspects of the NPD process; as some development activities are handed
over to suppliers, the outsourcing firm loses the ability to oversee these activities in detail. As a
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result, problems may go unnoticed until a relatively late stage in the process (Handfield, et al.,
1999; Quinn, 1999). This could result in a loss of control over the NPD process by the OEM.
SI in NPD has been observed to cause delays and budget overruns in certain circumstances, most
notably in situations of high technological uncertainty (Bruce, et al., 1995; Eisenhardt & Tabrizi,
1995; Fliess & Becker, 2006). Arguably, technologically uncertain projects are challenging in any
case, requiring specific management attention to make them successful (Bstieler, 2005; X. M.
Song & Montoya‐Weiss, 1998). Hence, it is unclear if SI in NPD by itself can be seen as
responsible for the performance issues reported by the studies cited above.
When a development activity is repeatedly or permanently delegated to a supplier, a potential
erosion of competencies can occur at the buying firm (Dankbaar, 2007). The buying firm is no
longer able to maintain a certain level of proficiency as a result of not performing the task itself.
This may hinder the future development of new products and thereby negatively influence the
competitiveness of the buying firm (Monczka, et al., 1998). In the context of systems integrators,
i.e. firms that bring together technologies from different sources and suppliers and compose
them into products for specific purposes, it has been noted that integrator firms tend to have
detailed knowledge of components they do not develop or make themselves (Brusoni, et al.,
2001; Takeishi, 2001). This could facilitate the coordination of development tasks that are
delegated to suppliers, but it can also serve to protect the system integrator’s place in the value
chain; its broad knowledge base can be exploited to retain control over the network of firms that
contribute to the integrator’s products.
Involving an external supplier for its specific technological competence may lead to a lock‐in to
that supplier’s technology, creating a dependency that may be strategically undesirable for the
buying firm (Farr & Fischer, 1992; Handfield, et al., 1999). Takeishi (2001) argued that being
overly dependent on suppliers for integrative skills may seriously hamper the long‐term
competitiveness of a firm. He also observed that a higher financial dependence of the supplier
on the outsourcing company leads to a higher effort by the supplier. Hence, financial
dependency plays a role in buyer‐supplier collaboration, in addition to a dependency for
technology.
Collaborating for NPD with external firms can cause proprietary knowledge to spill over to those
firms. A possible effect is that innovation partners can become competitors in the long term
(Appleyard, 2003; Dankbaar, 2007; Farr & Fischer, 1992; Wasti & Liker, 1997).
SI in NPD requires inter‐firm coordination of the development work. Coordination costs are a
natural consequence, and some research implies that the intensity of buyer‐supplier
relationships should be limited to a level where coordination costs do not offset the benefits of
collaboration (Bensaou, 1999; Bruce, et al., 1995; Hoegl & Wagner, 2005).

Some of the drawbacks mentioned above are to some extent unavoidable, such as the existence of
coordination costs and the lock‐in to an external supplier’s technology. However, the impact and
severity may be limited through careful management of the collaboration process. The subject of the
management of SI in NPD will be dealt with in the following section.

3.4 Managing SI in NPD
Johnsen (2009) offers a synthesis of factors that promote the realization of operational benefits of
SI in NPD. These can to some extent be managed by the buying firm in order to optimize the chances
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of a successful implementation of SI in NPD. Based on the literature, Johnsen (2009, p. 193)
mentions the following factors, which he groups in three categories:
1. Supplier selection. Early involvement of suppliers for critical components is important (Clark &
Fujimoto, 1991; Kamath & Liker, 1994). The suppliers should be selected for their technical
competence and complementarity of innovation‐related assets to the buying firm (Hartley, et al.,
1997; Petersen, et al., 2005).
2. Supplier relationship development & adaptation. this category revolves around two important
themes: the alignment of processes and organizational structures, and the presence of trust,
commitment and shared risks and benefits. On the process side, emphasis is put on shared
training, alignment of business processes over time and representation of the supplier in the
buyer’s NPD team (Evans & Jukes, 2000; Petersen, et al., 2003; Ragatz, Handfield, & Scannell,
1997)
3. Internal customer capabilities. This refers to the extent to which inter‐firm collaboration is
supported by the internal organization of the customer. Johnsen (2009) groups two things under
this category: commitment of top‐level management (Ragatz, et al., 1997) and cross‐functional
integration within the buying firm (Hillebrand & Biemans, 2004). These are necessary to settle
cross‐departmental conflicts and to align the several organizational functions that contribute to
SI in NPD.
The above overview of management activities in a context of SI in NPD can be expanded in a more
detailed manner. In the literature on innovation and NPD, several factors are mentioned that
influence the organization of innovation. In particular, we focus on the phase of the NPD process,
the properties of the technology or product under development, the degree of task
interdependence and the extent to which activities are delegated to external parties.
3.4.1 The phase of the NPD process
Several segmentations of the NPD process have been proposed. Most of these recognize one or
more phases that deal with the recognition of a market need for a new product and the definition of
important product parameters, followed by one or more phases of development in which an
implementation of those parameters is sought. The process is concluded by a final phase of
commercialization, which revolves around setting up a production process and bringing the finished
product to the market (Cooper & Kleinschmidt, 1986; X. M. Song & Montoya‐Weiss, 1998; Veryzer,
1998). Twigg (1998) is one of the first authors to present a phase‐differentiated view of supplier
activities in the NPD process based on a synthesis of earlier publications on NPD in the automotive
industry. Twigg also suggests that there is a relationship between the phase in the NPD process and
the type of supplier involved. Different suppliers will be involved in different phases, as each phase
puts the emphasis on different activities and therefore will call for different forms of external
expertise. In the concept phase, suppliers will be involved that can provide input on design issues
that will affect the appearance of the car. In the design phase, the focus lies on technical aspects of
the design and suppliers with e.g. specific knowledge of materials will be asked to participate in the
design. In the industrialization phase, the emphasis lies on the manufacturing knowledge a supplier
may bring to the table. In terms of managerial activities, this implies that supplier selection criteria
should be in line with the knowledge requirements in the different phases of the process.
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Wagner (2003) investigated the adoption of SI in NPD in different phases of NPD: strategic product
planning, product concept development, creation of design specifications, manufacturing
engineering, pilot production, production and providing customer service. Based on a quantitative
analysis of 173 firms in a variety of industries, he observes that the adoption of SI in NPD varies
between different activities. Wagner (2003, p. 8) also proposes that the first three activities form a
cohesive group, which he refers to as the ‘development phase’, while the remaining activities form
the ‘industrialization phase’ of the product. He furthermore argues that there is a correlation
between the adoption of SI in NPD in both of these phases, implying that some firms recognize the
importance of SI in NPD and therefore decide to involve supplier throughout the entire NPD process.
However, Wagner (2003, p. 12) also points out that the characteristics and main goals of the
development and industrialization phases differ, with the former being more uncertain by nature
and focused on both realizing the required product performance as well as achieving a desirable
project performance level. The industrialization phase is less uncertain, and mostly focused on
achieving the required product quality and logistical performance. These findings lend some support
to the relevance of a phase‐differentiated approach towards SI in NPD. But what does such an
approach look like?
Providing a pragmatic and extensive overview of the different managerial activities, Monczka et al.
(2000) proposed a framework for the management of SI in NPD. They discern two main processes: a
strategic planning process for SI in NPD and a more operationally oriented execution process. The
strategic management process (Figure 4) starts by establishing the outsourcing firm’s core
competencies, followed by identification of (future) product requirements, which leads to the
identification of technologies that need to be attracted from outside the company. At this point, the
process forks into two separate paths. The first path prescribes the addition of suppliers to the
supply base that match the outsourcing firm’s strategy and achieving technology roadmap
alignment. The second path, instead of focusing on the development of actual relationships with
suppliers, monitors the supply market for new technological developments and evaluates those
technologies. The process results in a “world‐class, strategically aligned supply base” and a
“bookshelf of viable technologies and suppliers”, which can be used as inputs for the execution
process.

Figure 4: Supplier integration strategic planning process (Monczka, et al., 2000).
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The execution process (Figure 5) that must result in successful supplier integration comprises five
steps: assigning the supplier an active role in the development process, jointly establishing the
project specifications, sharing information, involving suppliers in decision making and monitoring
results in order to improve future performance.

Figure 5: Supplier integration execution process (Monczka, et al., 2000)

Monczka et al. provide little in the way of conceptual underpinnings or consequences of the
processes they propose. However, van Echtelt et al. (2008) used a similar distinction between an
operational and strategic SI in NPD process flow, and they also detail both processes in terms of
specific activities. They grouped these activities in two categories (Van Echtelt, et al., 2008, p. 183).
The first category, operational management, consists of project management and product
management activities, respectively aimed at the planning and execution of individual NPD projects
and providing guidance and direction for the development and introduction of individual products.
The second category comprises strategic management activities, which are related to the
management of the buyer‐supplier relationship (“Supplier Interface Management”) and the long‐
term management of product and platform development (“Development Management”). The
authors argue that there must be a balance between the operational and strategic management in
order for SI in NPD to materialize into benefits in the long and the short term. Short‐term benefits
are the improvement of product performance and reduction of development lead time and part and
development cost, while strategic benefits revolve around achieving organizational and
technological alignment between the buyer and the supplier, and access to external technologies.
Furthermore, alignment between short term and strategic activities should ensure that
organizational learning takes place, the beneficial results of which can be applied to the entire
portfolio of NPD projects and supplier relationships.
Based on case study research involving 12 projects in several business units of a single firm, Fliess
and Becker (Fliess & Becker, 2006) propose a phase‐differentiated approach to SI in NPD, describing
the activities of both the buyer and the supplier. The authors divide the collaborative NPD process in
four phases: an initial phase, a concept phase, a detail engineering phase and a process engineering
or product introduction phase (p. 32). They proceed to describe the activities in each phase:
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In the initial phase, the supplier is not yet involved, as the customer defines the requirements
for the project and decides on which suppliers to involve.
The concept phase should be focused on defining goals for the project, setting up the
organizational interface between the buyer and supplier, and deciding on processes for
reporting and coordinating and documenting the collaboration.
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The detailed engineering phase revolves around checking and adjusting product specifications
using the manufacturing and evaluation of prototypes, which involves the supplier providing
input and the customer deciding on acceptance of deviations.
The process engineering/product introduction phase revolves around setting up the production
and logistical processes, using an initial production run to verify if the product meets its
requirements.

The authors encountered challenges that managers face in each phase, in particular regarding the
definition of requirements, the implementation of collaborative processes and the prevention of
problems that could result in reduced project or product performance. Fliess and Becker (2006)
propose that tools such as meetings and project management documentation must serve to deal
with the uncertainty from which these challenges stem. They conclude that trust, commitment and
intensive communication are requirements for successful SI in NPD. It is important to note that
although Fliess and Becker synthesized a typical process view from their case study data, they did
remark that the exact implementation differed between individual cases, with the organization of
the collaboration being dependent on the product at hand, the degree of innovativeness of the
project and the clarity of specifications. Hence, the organization of the collaboration is contingent
upon certain environmental factors.
A particular phase of the collaboration that deserves particular attention is that of the concept
phase of NPD. Involvement of suppliers in a very early, concept stage of NPD occurs relatively rarely
(Wagner, 2003). Nevertheless, in research conducted in the automotive industry, Langner and Seidel
(2009) specifically focus on the role of suppliers in this NPD phase. They report on a study of two
projects involving the development of roofs for convertible cars at different vehicle manufacturers
with different degrees of experience in the development of such roofs. They argue that it may be
advantageous for outsourcing firms not to commit to a single party early in the process, but
incorporate a period of competition early in the development process. This enables the buying firm
to experience first‐hand the collaborative capabilities of different suppliers, which can provide useful
insights for supplier selection, an activity that has been argued by others to be of particular
importance in the context of SI (O'Neal, 1993; Petersen, et al., 2005; Van Echtelt, et al., 2008). Using
the approach described by Langner and Seidel (2009), the buying firm can also benefit from the
variety of knowledge that can be obtained from suppliers through the use of weak ties in the early
phase of collaboration, while more intensive collaboration can benefit from strong ties created after
a specific supplier is selected for a project.
3.4.2 Properties of the technology or product that is developed
The interactions between technology and managerial decision making, especially concerning the
structure of organizations, has been subject of research for many decades (Fry, 1982). An area of
management where this is particularly pronounced is that of innovation management and product
development management, where the focus of management lies on controlling the interactions
between external markets, organizational structure and business processes, and technologies (Tidd,
et al., 1997; Wheelwright & Clark, 1992).
The importance of taking into account the properties of the technology at hand in management of SI
in NPD is underlined by the often‐cited study by Eisenhardt and Tabrizi (1995) which concluded that
in situations of technological uncertainty, supplier involvement can actually slow NPD down instead
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of having a positive influence on project performance. This is partly corroborated by the findings of
Swink (1999), who in a study concerning the manufacturability of new products found that the
positive effects of SI in NPD on product manufacturability were eliminated when the product in
question was really new, i.e. involving new component designs and few off‐the‐shelf components.
However, he did not find a negative influence of technological uncertainty, i.e. the newness of
product and process technologies, on new product manufacturability, which is in line with earlier
findings (Ragatz, et al., 1997). Wasti and Liker (1997) also investigated the relationship between
technological uncertainty and SI in NPD, although they focus on the level of SI in NPD, and not on the
success of the collaboration. Their study suggested that technological uncertainty could positively
influence the level of SI in NPD.
Following the reasoning of resource dependency theory, Primo and Amundsen (2002) hypothesized
that technically difficult projects require functional integration that extends across organizational
boundaries, hence SI in NPD should be more extensive in projects with a high technical difficulty.
They also proposed that in those projects suppliers are primarily involved for their technological
knowledge and not for reasons of quality control. Some support was found for these hypotheses,
which can be seen as congruent with the results of Wasti and Liker (1997). Petersen et al. (2003)
reasoned in a similar vein that involving suppliers can help dealing with the risk inherent to projects
that involve completely new technologies or technologies that are new to the company or applied in
new ways. The authors report on companies that create organizational units that are specifically
geared to the scouting for and testing of new technologies within a controlled environment. They
found some evidence that technological uncertainty negatively influences project performance, but
that this influence can be reduced by intensively sharing technical information with suppliers.
However, the sources cited above provide little insight into the mechanisms behind the effects they
found.
In terms of buying products from suppliers, Kaufman et al. (2000) proposed a typology of suppliers.
They distinguish four types of suppliers based on the intensity of the collaboration and the nature of
their technological skills. High‐technology suppliers have command of advanced development,
quality and manufacturing processes and tools such as computer aided design (CAD) and computer
numerical controlled (CNC) machine tools, while low‐technology suppliers use these to a lesser
extent. The intensity of collaboration mainly deals with the extent to which the supplier is involved
in innovation‐related activities of its customers, the presence of a strategic vision regarding the
supplier’s place in the value chain and if the supplier puts effort into training and certifying its
workforce. Based on their findings, the authors argue that especially ‘problem solving suppliers’, i.e.
suppliers in the high‐technology and high‐collaboration quadrant, seem particularly economically
successful. While this study implies that the internal management activities of a supplier may be
different in a low‐ vs. high‐technology setting and it has relevant implications for the strategic
positioning of suppliers, it does not shed much light on the organization of the collaboration
between the supplier and its customers.
A study by Wynstra and Ten Pierick (2000) is more explicit concerning the influence of technology on
the organization of collaboration, as it aims to divide supplier involvement projects into four
categories depending on a supplier’s degree of development responsibility and the risk associated
with the collaborative project. This ‘development risk’ (2000, p. 52) refers to the ‘importance,
newness and complexity of the (successful) development of the part concerned’. The portfolio that
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emerges from the combination of supplier responsibility and development risk contains four types of
supplier involvement, each of which is typified by different characteristics of the communication
between the buyer and supplier (see Table 2).

Development
risk
Supplier’s
development
responsibility

Strategic

Critical

Arms‐length

Routine

High

High

Low

Low

High

Low

High

Low

Close cooperation as
sparring partners:
Joint development

Independent
development by
supplier
‘One‐way traffic’
at supplier’s
initiative
Rich media such
as face‐to‐face
meetings

Informing each
other about
changes

Lean media such
as telephone, fax
and email
Low

Direction of
communication

‘Two‐way traffic’

Communication
medium

Rich media such as
face‐to‐face
meetings

Focus on
obtaining
information
‘One‐way traffic’
at manufacturer’s
initiative
Lean media such
as telephone and
fax

Amount of
communication

High

Medium

Medium

Purchasing/sales
(and
Development)
Market (and
technical)
information)

Development
(and
purchasing/sales)
Technical (and
status)
information

Kind of
collaboration

Functional
disciplines
Content of
communication

Diverse
Technical and
commercial
information

‘Two‐way traffic’

Purchasing/sales
Status
information

Communication
structure
Table 2: Supplier involvement project type communication characteristics (adapted from Wynstra & Ten
Pierick, 2000, p. 56)

To assess the development risk, Wynstra and Ten Pierick (Wynstra & Ten Pierick, 2000, pp. 52‐53)
relied on a number of factors related to the part that is co‐developed with a supplier: the part’s
impact on the functionality of the overall product and on the surrounding parts and modules, the
number of technologies used in it, the newness of the part, and the extent to which the part’s
development and fabrication could interfere with the planning of the overall project. According to
the authors, projects with high development risk generally require more intensive communication
and the involvement of several organizational functions of the buyer’s organization. However, it is
important to note that the supplier’s development responsibility, i.e. the tasks the supplier performs
for the creation of the part, also influences the mode of collaboration. Hence, it is difficult to distill
implications from this study that can be distinctly attributed to the technology of the product. In
general, the authors conclude that managers should carefully consider the type of coordination in
order to avoid disproportionate coordination costs that could offset any benefits from the
collaboration.
An aspect of the technology in a project that requires particular attention is that of technological
unpredictability (see also section 2.1). This is the “inability to forecast accurately the technical
requirements in the relationship” (Heide & John, 1990, p. 28; Walker & Weber, 1984). Technological
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unpredictability has potential sources internal and external to the collaborative NPD project:
changes in requirements of the product, which may occur while the product is being developed
(internal), and technological evolution that occurs in parallel with the NPD project (external). Heide
and John (1990) confirmed their hypothesis that in the face of technological unpredictability, buying
firms want to maintain flexibility regarding the selection of external partners, which translates in
reduced continuity of buyer‐supplier relationships. But simply exchanging one supplier for another
to deal with technological unpredictability may be undesirable or unrealistic, especially within the
scope of a single NPD project.
Hence, within collaborative NPD projects, other means to deal with technological unpredictability or
uncertainty may be necessary. This issue has been addressed by Fliess and Becker (2006) who revert
to the distinction between structural and parametric uncertainty proposed by Langlois and
Robertson (1995), which we discussed earlier in section 2.1. In the context of strategic decisions in
economic markets, structural uncertainty refers to the uncertainty that is inherent to making
decisions that are based on judgments of future, yet unknown outcomes. Parametric uncertainty
however pertains to the uncertainty that results from imperfections in markets such as bounded
rationality. Fliess and Becker (2006) observe that meetings are used as a means of coordination in
situations of structural uncertainty because it is impossible to design more formalized coordination
instruments for problems that are unknown and will vary from one instance to the next. In cases of
parametric uncertainty, however, more specific coordination instruments can be used. This study is
illustrative of the difficulty of managing projects with a high degree of uncertainty and underlines
the importance of communication between parties. It suggests that formal management processes
are unfit to deal with certain types of uncertainty, and that intensive coordination and frequent
meetings are the most effective approaches in those cases.
3.4.3 The degree of task interdependence
Innovation processes are composed of a variety of smaller tasks. These tasks are to some extent
mutually dependent. The extent to which this interdependency is present influences the possibilities
of separating them and distributing them over different organizational units (Von Hippel, 1990).
Primo and Amundsen (2002) argued that involving suppliers helps dealing with the high perceived
functional interdependence that is associated with projects with a high degree of technological
difficulty. So what does task interdependence mean for the actual organization of an NPD project?
According to Sobrero and Roberts (2001), there are two essential ways to manage the
interdependencies between NPD tasks.
The first relies on partitioning the tasks into a hierarchy, grouping tasks that are interdependent
(Clark, 1985; Von Hippel, 1990). This is conceptually similar to the management of complex system
development through modularity that we discussed in section 2.1.3, and relies on the assumption
that some tasks have stronger mutual dependencies than others. In other words, it requires that the
collection of tasks is essentially near decomposable, which may be the case if the tasks are related to
the development of components of a larger, near‐decomposable system (Simon, 1962). Hence, this
approach can be regarded as the organizational version of the technological ‘divide and conquer’
logic that results in modular systems. However, it can be argued that this method does not actually
manage interdependencies; it simply groups tasks that are interdependent, without dealing with the
interdependencies themselves.
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The second means of dealing with interdependencies that Sobrero and Roberts (2001) recognized,
relies on facilitating the communication and coordination between the key actors associated with
the interdependent tasks. A key factor in this is the presence of a group of professionals with a good
insight in the different aspects of the project and not only with the details of a single task or
component, and intensive communication within that group (Iansiti, 1995). Sobrero and Roberts
(2001) conclude that it is wise to allocate interdependent tasks to a single external organization,
such as the conceptual design, detailed engineering and realization of interdependent components.
If tasks are less interdependent, it is possible to allocate a single task to, for example, a supplier.
Lakemond et al. (2006) researched the subject of buyer‐supplier coordination in a qualitative
manner and identified a set of factors that influence the type of inter‐organizational coordination. In
addition to the degree of task interdependence, they mention the importance of the divergence of
expectations between the buyer and the supplier and the presence of long‐term goals for the
collaboration. Lakemond et al. (2006) refer to the work by Holmen and Kristensen (1998) who
identified three ways of coordinating the work with external suppliers in NPD: through task
partitioning, or through an interactive design process21. This distinction is conceptually very similar
to that used by Sobrero and Roberts (2001), although apparently independently developed. Holmen
and Kristensen found that in the organization they studied, a decision process was followed to
decide on the form of collaboration. This decision was based on the extent to which the existing
product of the supplier matched the requirements of the buyer, and the knowledge of the supplier
concerning the interactions of its own product with other constituents of the buyer’s product.
Lakemond et al. (2006) essentially focused only on buyer‐supplier collaboration of the interactive
type, i.e. where complete separation of the buyer’s and supplier’s work could not be achieved
through task partitioning and additional coordination was necessary. They discerned three forms of
coordination: project integration, disconnected sub‐project integration and direct ad‐hoc contact.
Project integration indicates a joint development effort and an intensive collaboration between the
manufacturer and the supplier where both organizations assign employees to the joint project. Co‐
location is a possible means of facilitating the ongoing and intensive communication between
parties. However, it is not a necessity, and information technology could be used as an alternative. In
disconnected sub‐project coordination, a specific task is outsourced to the supplier which is
performed relatively autonomously. It requires the task to be sufficiently disconnected from the
remainder of the development work, implying this is only possibly with product designs consisting of
components that are sufficiently decoupled. Direct ad‐hoc contact is described by Lakemond et al.
(2006) as an informal solution. It indicates a situation where individual employees from the
customer and supplier initiate contacts if and when needed without an organizational framework to
structure those contacts. The authors point out that the decision to involve suppliers and the
selection of the coordination mechanism may vary between suppliers and also in the course of a
single project; hence, the most appropriate coordination mechanism for one phase in the
development process may be unfit for another phase.

21

Holmen and Kristensen (1998) conceptualized a third form of coordination: buying a non‐customized, off the
shelf component. We leave it out of consideration as there is no involvement of the supplier in the buyer’s
NPD process in such a case.
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3.4.4 The extent of collaboration and development outsourcing
NPD processes comprise several tasks, and each of these tasks can in theory be outsourced to
external organizations. The extent to which this occurs can be regarded as one of the key decisions
in collaborative NPD (Clark, 1989; Griffith, et al., 2009). It is an important influencing factor on the
organization of the project, as the organization of a process in which most tasks are vertically
integrated within one firm may be organized differently from one in which a substantial number of
activities are performed by an external partner. The conceptual difference between the extent of
task outsourcing and the degree of task interdependence (see above) is that the extent of
outsourcing is essentially a managerial decision that can be made to reach a desired result, while
task interdependence is inherent to the task and not subject to decision making. Following Sanchez
and Mahoney (1996), it can be argued that the degree of task interdependence can be influenced by
altering the architecture of the product. However, in this section we will regard product architecture
to be a separate issue from the decision to outsource certain NPD tasks. Nonetheless, it should be
noted that altering the system architecture is an important factor that influences the possibilities for
NPD outsourcing.
Several views on the extent of outsourcing or SI in NPD have been put forward. Kaufman et al.
(2000) based their typology of suppliers on aspects of technology and collaboration. To
operationalize collaboration, they used several factors, the first of which refers to SI in NPD, which
they define as “the use of cross‐functional work teams both inside the firm and with customers” (p.
657). Note that Kaufman et al. (2000) regard this matter from the viewpoint of the supplier, so the
firm refers to the supplier, and the customer refers to the buyer in a buyer‐supplier dyad. But the
presence of cross‐functional teams seems of limited use as an indicator if we attempt to describe the
extent of SI in NPD. It does not capture the intensity of the collaboration or the extent of NPD
outsourcing by the buying firm. What other parameters can be used to capture the extent of SI in
NPD?
In an earlier study in the automotive industry, Twigg (1998) discerned two archetypical types of
supply chains: a logistics‐oriented supply chain, which primarily serves to establish and maintain a
flow of physical goods, and an NPD‐oriented supply chain (“design chain”), which is the vehicle for
collaborative innovation. Twigg recognized that a supplier can be given a certain degree of design
responsibility in a project, resulting in a continuum ranging from purely in‐house product
development to fully outsourced development. When this axis is combined with the stage of the
customer’s product development in which a supplier is involved, a matrix emerges in which
collaborative projects can be placed. In Figure 6 (next page), Project X represents a project in which a
supplier is involved from an early phase of the development process, but the design responsibility
remains largely with the outsourcing manufacturer, while in Project Y the supplier is involved at a
later stage and assumes a more prominent role.
The horizontal axis in Figure 6 is labeled ‘design responsibility and capability’. But Twigg (1998) also
emphasizes that a distinction should be made between responsibility and authority. Hence, three
aspects seem to underlie that axis: responsibility, capability and authority. Responsibility refers to
the party that performs the development work and thereby takes responsibility for it. Authority
indicates the party that decides on the progress of the project and any investments that must be
made in order to continue. Finally, capability is about the locus where the competencies lie that are
needed for the development activity. The matrix proposed by Twigg (1998) attempts to integrate
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these three aspects and combines them with the project phase in which the supplier is involved. He
argues that it is important for project participants to recognize the locus of design responsibility,
authority and capability. He also underlines the importance of adhering to predefined project
milestones for successful coordination. Other coordination mechanism mentioned include the
exchange of digital data, teams and gatekeepers that actively steer the collaborative process, and
formal processes to deal with project requirements, engineering changes, and the exchange of
technical knowledge (Twigg, 1998, p. 521).

Figure 6: Design responsibility vs development stage matrix (adapted from Twigg 1998)

The issue of design responsibility is also the basis for a typology of SI in NPD that consists of three
forms (see Figure 7): white, grey and black box collaboration (Petersen, et al., 2005). In an earlier
publication, the grey box form was not yet present, and the white and black box forms were linked
to the stage of involvement of the supplier in the NPD project (Handfield, et al., 1999). But as each
phase corresponded to a specific activity, the white‐black box typology can also be regarded as being
reliant on the kind of activity in which the supplier is involved.
None
No supplier
integration. Supplier
“makes to print”.

“White box”
Informal supplier
integration. Buyer
“consults” with
supplier on buyer’s
design.

“Grey box”
Formalized supplier
integration. Joint
development activity
between buyer and
supplier.

“Black box”
Design is primarily
supplier driven, based
on buyer’s
performance
specifications.

Figure 7: spectrum of supplier integration (Petersen, et al., 2005, p. 378)

However, Handfield et al. (1999) did not mention the extent to which those tasks are delegated to
suppliers; only that suppliers may be involved in certain stages depending on the technological
uncertainty of the project and the technical expertise of the supplier. Wynstra and ten Pierick (2000,
p. 52) are more specific in this respect. They discern four forms of collaboration on the basis of the
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type of specification the buyer provides to the supplier and the sort of activities that the supplier
performs. The least extensive form of collaboration they define is buying a part based on the basis of
full specifications; the supplier is not involved in NPD, and only sets up the necessary manufacturing
processes. When departing from detailed design specifications, the supplier also bears responsibility
for final assembly, but still does not perform any engineering activities that influence the technical
design of the product itself. This is different if the supplier starts with a global design provided by the
buyer. In addition to setting up the required manufacturing and assembly processes, the supplier
also creates a detailed design. In this form, the buyer still creates a conceptual design for the part. In
the most extensive form of NPD outsourcing the authors define, the supplier is provided with a
functional specification by the buyer, and the supplier takes responsibility for the full set of ensuing
NPD activities, including conceptual design. According to Wynstra and ten Pierick (2000), the form of
NPD collaboration is chosen by the buyer on the basis of the presence of a supplier that is more apt
at performing the NPD tasks than the buyer, the set of technical capabilities of the supplier, the set
of core competencies of the buyer and the question if the buyer lacks internal NPD capacity to
perform the project in‐house. Regarding the buyer’s core competencies, it stands to reason that a
development activity is not outsourced at all or only in part if the project touches on the core
competencies of the buyer.
Sobrero and Roberts (2001) also define four categories (A through D) of collaboration based on the
scope of tasks the supplier performs. These categories resemble the forms proposed by Wynstra and
ten Pierick (2000), but differ from them in one notable respect: Sobrero and Roberts (2001, p. 500)
include the interaction between different parts of the overall product in their categorization. In
category A and B projects, the supplier sets up manufacturing and assembly processes on the basis
of buyer‐supplied specifications. The main distinction between the A and B categories is that in a B‐
type collaboration decisions made by the supplier regarding manufacturing specifications of the
component can influence other parts of the overall NPD project, while this interactivity is absent in
A‐style collaboration. In the C and D categories, the supplier is in charge of devising design solutions
to the engineering problem provided by the buyer. Hence, the supplier has a large influence on the
design of the part itself, and not only on the manufacturing thereof. Analogous to the A‐B
distinction, the difference between a C and a D collaboration is that in the case of C, the activities of
the supplier have little influence on other project activities, while in a D‐type collaboration, the
design decisions made by the supplier can influence NPD activities related to other parts of the same
product.
The above differentiations are all based on the extent to which NPD activities are delegated to the
supplier. But another way of looking at the extent of collaboration is in terms of the number of
components for which the supplier performs NPD activities. For this, we rely on the notion that
complex products tend to be of a hierarchical nature, with products being composed of subsystems,
subsystems of modules and modules of individual components22 (Hobday, 1998). The number of
hierarchical levels in a product may differ from one type of product to the next, and even from one
company to the next, depending at the system architecture that is used. In theory, SI in NPD can be
applied to any of these levels. At the lowest level, a supplier can be asked to take care of the
22

The distinction between a module and a subsystem is somewhat subjective and may differ between one
context to the next; the terms are only used here to illustrate that a product can consist of any number of
hierarchical levels.
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development of a single, monolithic component, such as a specialized mechanical part made of
plastic or metal (Fliess & Becker, 2006). Moving upwards in the product hierarchy, a supplier can also
be made responsible for the development of a module, subsystem or even an entire product. An
example at the module level is the development of convertible roofs for cars that is outsourced to
external suppliers by some automotive OEMs (Langner & Seidel, 2009). The outsourcing of the
development of large subsystems is visible in the aerospace and defense industries, where e.g. jet
engines and complex control systems are developed by suppliers of the system integrator companies
that combine those subsystems into complex products (Brusoni, et al., 2001; O'Sullivan, 2003).
In conclusion, SI in NPD can be categorized by the extent to which suppliers perform NPD tasks in
the project, i.e. the supplier’s NPD responsibility23. However, the extent of outsourcing is always
connected with other aspects of the collaboration in the extant literature. Such factors most notably
include the phase in which the supplier is involved in the project and the scope of components for
which the supplier performs NPD activities. Concerning the phase in which a supplier is involved in a
project, it seems likely that there is a relationship between the timing of involvement and the
activities that a supplier performs. If involved at a late stage of the NPD project, the supplier will not
be able to perform the conceptual design of a product, simply because that activity has already
occurred. However, if involved at an early stage, the supplier’s activities may still vary from sharing
its knowledge with the buyer to performing substantial parts of the development work. Hence, the
extent of task outsourcing to a supplier, the supplier’s NPD responsibility and the timing of supplier
involvement are related, but conceptually distinct aspects, each of which can be used to define
different forms of buyer‐supplier collaboration. In addition, the architectural level at which the
supplier is integrated can be used to describe the extent of SI in NPD, i.e. if the supplier is developing
a component, module or a larger subsystem.

3.5 Antecedents of successful SI in NPD
The antecedents to successful SI in NPD can be divided into two groups: those pertaining to the
buying firm and those pertaining to the organizational interface between the buyer and the
supplier24. Regarding the first, attention has been spent by researchers on the internal organization
of the buying company and in particular the role of the buyer’s procurement department in NPD.
On the interface between the buyer and the supplier, the concepts of trust and commitment play an
important role.

23

It can be argued that the supplier’s NPD responsibility is the same as the tasks the supplier performs; it
stands to reason that the supplier accepts responsibility for the activities it performs. But strictly speaking, it
could be possible that the supplier performs an activity, while the buyer remains accountable for the
outcomes. This suggests that the term responsibility itself has two aspects: the locus where an activity is
performed, and the legal or moral accountability that accompanies the task. In this document, we will regard
them as the same: the supplier’s responsibility, and the tasks the supplier performs.
24
At this point, we do not specifically discuss the supplier’s side of the collaboration for two reasons. Firstly,
themes such as the need for integration within the organization of the supplier can be expected to mirror the
buyer’s side of the relationship. Secondly, the supplier’s side of SI in NPD is underexposed in the existing
literature, which focuses mostly on the buyer. We will discuss the supplier’s side from a perspective of
relationship value in section 3.6.
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3.5.1 Antecedents on the buyer’s side
This section deals with two antecedents that have received some attention in the literature on SI in
NPD: the internal organization of the buying firm, and the involvement of the procurement function
in the NPD process at the buying firm.
3.5.1.1 Internal organization of the buying firm
Several sources suggest that effective involvement of suppliers in the NPD process starts with
creating the necessary organizational infrastructure within the outsourcing firm. Takeishi (2001)
studied the management practices of Japanese car manufacturers and found that effective
outsourcing requires internal coordination. He furthermore emphasizes the importance of a well‐
structured development process in which suppliers can be integrated, and engineers need to have a
profound knowledge of the product’s architecture for the purpose of developing components that
can be successfully integrated into the product. Takeishi also mentions integrative skills as a core
competence for car manufacturers. Company‐wide management policies, for example in the areas
of personnel management, corporate values and product as well as project management must
support SI in NPD. Takeishi also underlines the importance of top‐level commitment and a company‐
wide approach towards SI. In line with the findings of other authors, he emphasizes that SI is a long‐
term effort, which supports the views of other authors (e.g. Lakemond, et al., 2006; Van Echtelt,
2004).
Van Echtelt et al. (2008) also emphasize the importance of well‐defined internal policies and
management structures to support SI in NPD. Basing their research on case study material collected
from Océ, they argue that management activities in the short term accompanied with long‐term
management activities contribute to the capturing of benefits within the scope of single projects as
well as in the long run. In this way they add to the literature that previously almost exclusively dealt
with the short‐term, project‐level management of SI in NPD. They view the building of long‐term
relationships with key suppliers as essential to generate long‐term benefits. According to the
authors, long‐term management relating to SI exists of development management (e.g. technology
development insource/outsource policies, policy implementation with regard to involving suppliers
and outsourcing of development work) and supplier interface management (supplier selection,
monitoring and development), while short‐term management activities can be divided into project
(specific make/buy decisions, contracting external parties and project coordination) and product
management (provide input into product development with regard to developments and available
technologies in the supplier base). The interdisciplinary nature of co‐development is also illustrated
by Dowlatshani (1998) who developed an elaborate framework comprising the co‐development
related activities of several parts of the organization including Design, Procurement, Manufacturing
and the supplier.
Above, we built on the notion that internal cooperation is a prerequisite or an antecedent for
external collaboration. Hillebrand and Biemans (2004) specifically studied the relationship between
internal and external collaboration, and argued that the relationship is multi‐faceted and not
necessarily unidirectional. Their study largely supports the view that internal cooperation enables
effective coordination of external cooperation. The only exception they encountered was a case in
which outsourced tasks were decoupled from the remainder of the NPD project, enabling external
cooperation without the need for extensive internal cooperation. This supports the view that
external collaboration can be facilitated by a modular product and organizational architecture,
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allowing for clean task partitioning and resulting in low interdependence between tasks (see section
3.4.3: ‘The degree of task interdependence’). In addition to this, Hillebrand and Biemans (2004)
observed that companies with a strong internal culture of collaboration exhibit the same readiness
to collaborate with external parties25. Interestingly, they also observed that external collaboration
may facilitate or induce internal collaboration. In the process of collaborating with external parties,
several internal actors may be involved and the process of collaborating with the external party can
spark discussions among the involved internal actors, leading to improved internal collaboration.
Finally, the authors observed that a willingness to learn from external partners, especially about the
technologies they bring to the party, enables the integration of the supplier’s components into the
overall product.
3.5.1.2 Involvement of the purchasing function in NPD
The Purchasing function is often (but not exclusively26) the interface between (co‐developing)
suppliers and NPD‐processes. Atuahene‐Gima’s (1995) studied the involvement of organizational
buyers in NPD and argued that organizational buyers can provide essential inputs to the NPD process
in the form of information on “alternative materials, technology, supplier capabilities and
developments in the supply market” (p. 216). Factors that influence the involvement of
organizational buyers in NPD include: buyers having profound technological knowledge, good
contacts with other parts of the organizations as well as with suppliers, and buyers’ performance
evaluation not being solely based on cost performance. A lack of appreciation of the strategic value
of the purchasing function, a lack of technological knowledge of the buyers and a view that product
development should only involve R&D and marketing departments could hinder the involvement of
organizational buyers in NPD.
Wynstra, van Weele and Axelsson (1999) also addressed this subject in a study in which they
propose an integrated framework for the involvement of purchasing in NPD. The authors researched
factors that influence the involvement of purchasing in NPD (Wynstra, et al., 2000). They conclude
that there are factors that respectively drive and enable purchasing involvement in NPD. Driving
factors include the size of the company, which influences practices related to project and product
management, where larger companies are more likely to exhibit purchasing involvement in NPD.
Also, the overall dependence on suppliers is seen as a driving factor, which could be interpreted as
the extent to which manufacturing tasks are outsourced. This implies that supplier co‐development
is a logical consequence of manufacturing outsourcing. However, Sako (2003) addressed this
particular subject and found that development outsourcing need not follow manufacturing
outsourcing; the reverse can also occur. Furthermore, Wynstra et al. (2000) mention the complexity
of the production process and the importance of product‐development as driving factors for
purchasing involvement in NPD. Enabling factors are: congruence between the organization of the
purchasing department and the development team; both being organized along the same
dimensions will facilitate purchasing involvement. Furthermore, the recording and distribution of

25

Note that a willingness to collaborate is also required from the supplier (Wagner & Hoegl, 2006).
Other departments such as the NPD department can also play a role on the buyer‐supplier interface. Several
activities have been defined with regard to the management of the supplier interface, including the scanning
the supply market for new technologies, the selection of new suppliers and the evaluation and improvement
of supplier performance (Van Echtelt, et al., 2008; Wynstra, et al., 1999). Other departments apart from
Procurement may perform some of these activities.
26
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purchasing and NPD‐related information such as a list of preferred suppliers, as well as the
education and technological competency of buyers enable purchasing involvement in NPD.
3.5.2 Trust and commitment within the buyer‐supplier relationship
Walter (2003) views the supplier’s commitment and trust as antecedents to Supplier Involvement.
He furthermore states that “relationship promoters” ‐ i.e. purchasing managers in the outsourcing
firm who “[build] support for supplier‐specific adaptations and [develop] structural and social bonds
with suppliers” (p. 722) ‐ contribute to building supplier trust and commitment, which in turn aid in
promoting SI in NPD. However, the importance of trust may be overestimated, as is argued by Liker
et al. (1996), who conducted research into the differences in supplier involvement practices of
Japanese and US‐based automotive firms. They found that the extent of SI in NPD between both
regions to be smaller than anticipated, and argue that the extent of SI in development cannot be
adequately explained by the high levels of trust that are commonly associated with Japanese
customer‐supplier relationships. Instead, the extent of SI in NPD appears to be correlated with the
complexity of the component that is subject to outsourcing. In addition, the authors argue that
Japanese companies have better developed organizational infrastructures for the management of SI
in NPD in the form of techniques for evaluating suppliers, managing competition and the economic
dependence of suppliers on their customers.
Approaching the bridgehead‐function of procurement employees mentioned by Walter (2003) from
another perspective, Twigg (1998) mentions the use of a technological gatekeeper. This gatekeeper
is situated in the outsourcing company and has a profound knowledge of the technological
requirements of the internal NPD process, but also of the competencies available in the supply base.
This facilitates the integration in the NPD process of the supplier that is needed for a particular task.
According to Twigg (1998), the collaboration can be supported by a framework for supplier
assessments and rankings within the buying organization, and ideally by a buyer‐focused
development process at the supplier that adheres to the buyer’s NPD milestones. The author notes
that in the collaborative process, the phase of design validation is critical and potentially leads to
additional engineering changes, as this is the phase in which a misalignment with surrounding
components becomes apparent.
The fit between a customer and a supplier’s processes in collaborative projects touched upon by
Twigg (1998) is elaborated upon by Evans and Jukes (2000), who also studied SI in NPD in the
automotive industry. They propose a four‐phased approach towards professionalizing SI practices,
starting with process standardization at both the customer and the supplier, followed by knowledge
sharing to gain understanding of each other’s processes. The next step is to align existing practices to
smoothen the collaborative effort. Finally, reasoning in a manner similar to lean manufacturing
philosophy, the process can be streamlined by continuously eliminating waste. Hence, the authors
regard undue coordination costs as waste, which can be prevented in a similar way as physical waste
in manufacturing processes. This four‐staged approach would infer the need to take all parties into
consideration that contribute to the development process. This is in line with Twigg’s (1998) concept
of a design chain, which is the collection of organizations that collaborate in a supply‐chain setting
for the purpose of innovation.
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3.6 The supplier’s side of SI in NPD: benefits and investments
The final subject that we will address in terms of theory on SI in NPD is the supplier’s side of the
relationship. We have discussed the rationales for SI in NPD from the buyer’s viewpoint (section 3.2),
but the supplier’s perspective appears to be underexposed in the literature on SI in NPD. We will use
the theory on relationship value as an inspiration for the issues that could play a role at the supplier.
We will in particular focus on the investments of, and benefits for the supplier in a context of
collaborative NPD. The importance of the supplier’s investments follows from the subject of
customer‐specific, innovation‐related assets that was discussed in section 2.2: the accumulation of
these assets by the supplier requires investments. This immediately brings the question to the fore
under what circumstances the supplier would be willing to make those investments. In other words:
what are the benefits that a supplier enjoys from NPD collaboration? We regard the supplier’s
investments and benefits as tightly interwoven with the phenomenon of SI in NPD.
3.6.1 Suppliers’ investments in collaborative NPD
We will now integrate the discussion regarding the specificity of innovation‐related investments and
relationship value. We define the concept of customer specificity of NPD‐related assets as the extent
to which a technology or innovation competencies are unique for the customer in the buyer‐supplier
relationship. We conceptualize three forms of NP‐related assets in which a supplier may need to
invest. Below, we will describe those assets and the pros and cons of investing in them from the
viewpoint of the supplier.
1. Product design. Firstly, the actual product design can be useful for more than one customer, and
potentially even customers in different markets. This is the reverse of making a product that is
highly specific to one customer(Nooteboom, 1993). Examples of non‐specific products include
electronic power supplies27, whose function is found in almost all complex products. This
illustrates that the specificity of a product design bears some relation with the function a
product fulfills. This implies that the way how an OEM defines functions will have impact on the
specificity of the related products (or sub‐systems) that are developed to fit those functions.
Again using our power supply example: it is possible that an OEM requires a unit that converts a
higher amount of power than any other company would require in the market. In such a case, it
is possible to conceive a single power supply that will deliver the required power, but it might
also be possible to use an array of smaller power supplies that may already be available on the
market or could be reused by other customers. A second example draws on the concept of
modularity we discussed above: an OEM has (at least in theory) the choice between conceiving a
decoupled, modular system that relies on interface standards that are supported by a wide
range of companies, such as for example is the case in the PC industry. Alternatively, an OEM
may choose to employ an integrated system architecture, leading to more tightly coupled and
company‐specific (proprietary) interfaces. In the latter case, the developed sub‐system will be
more specific to this OEM than in the modular example. The decision to opt for one monolithic
power supply unit or an array of smaller units is an architectural decision, and the same is true
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A power supply is an electronic circuit that converts power from a source such as a wall outlet or a battery to
the voltages required by the electronics of a device. An example is the charger of a mobile phone: it converts
the alternating current at a high voltage from the wall outlet to a direct current, low voltage that the mobile
phone can use to operate on. In many appliances, the power supply is integrated within the device and not
visible from the outside as a separate box.
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for the choice between a modular and an integrated architecture. Hence, architectural decisions
will impact the specificity of product designs.
2. Technology and architectural concepts. The second form of customer specificity is that of the
technology and concepts that underlie a product design or the realization of a product, such as
manufacturing processes. We could at this point refer to investments related to what
Christensen (1995) calls ‘scientific research’ and ‘process innovative’ assets, or to the domain
knowledge discussed by Subramani and Venkatraman (2003). On this level, the actual design of a
product may be highly specific to one customer, but the technologies that are used in the
product might be used to make similar products for other customers. These technologies may
be very specific and protected by intellectual property rights (IPR). They can also be less specific
and of a more conceptual nature, such as a solution to a common design problem. An example is
the transportation of electrical power and fluids over a moving connection. Such connections are
found in wide ranges of applications, e.g. in defense and medical equipment. Although each
application may have highly specific requirements, the underlying are still the same. A single
supplier may be able to adapt such a concept, and the associated IPR, for different applications
with relatively limited effort. In such a case, we label the technology as non‐customer specific.
3. Innovation competence. The third group of assets consists of innovation‐related competencies.
This is analogous to what Christensen (1995) calls ‘product innovative application assets’.
Subramani and Venkatraman (2003) discuss the specificity of business processes, which could
also be linked to the analytical level of asset specificity we propose here. Asanuma mentions
‘relation‐specific skills’, which are skills that allow a supplier to ‘respond to the specific needs of
the […] firm’ (Asanuma, 1989, p. 21). On this level, a firm may rely on its competencies to
translate functional requirements into a design problem, devise a concept or architecture that
will solve the problem and then implement the solution by creating and/or integrate a set of
appropriate technologies. Note that the end result will be a product as we discussed on the first
level, although the result may be highly customer specific or more generic. Similarly, the product
concept, architecture and technologies used in the final product design coincide with ‘level 2’
technology, which may be specific or generic as well. Innovation competencies can potentially
be used to serve several customers or markets (Asanuma, 1989; Danneels, 2007; Nordberg,
Campbell, & Verbeke, 2003). It seems that they are usually less customer specific than product
designs (1) or technology concepts (2), but the specificity of competencies on this level depends
not only on the competence itself, but mainly on the current and future customer relationships
that the supplier has and will develop (J. C. Anderson, et al., 1994).
The above suggests that the investments that a supplier makes in innovation‐related assets, and the
extent to which those assets are specific to one buyer, are inseparably linked to the benefits the
supplier enjoys from them. In addition to the above, we will briefly discuss below the benefits for the
supplier from a perspective of relationship value.
3.6.2 Benefits of SI in NPD for the supplier28
The more specific an assets is on any of the levels defined above, the smaller are the possibilities for
realizing economies of scope by discounting the development costs over a wider range of customers

28

This section (3.6.1) is taken from Smals and Smits (2012, forthcoming). The text is largely duplicated
verbatim from that publication.
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and thereby a larger overall volume of products. Hence, transaction cost economics dictates that in
such a situation, the bilateral relationship between trading partners will intensify (Riordan &
Williamson, 1985). If the development is performed by the supplier in a buyer‐supplier dyad,
customer specificity can have a profound impact on the benefits that the supplier experiences in the
collaboration. A low specificity allows the supplier to realize value from the development outside the
context of the dyad, by marketing the technology to other customers ('indirect value', Walter, et al.,
2001). The value perception of the supplier influences the attractiveness of the customer to the
supplier, and thereby can impact the buyer‐supplier relationship itself. From a strategic viewpoint,
this is relevant to an OEM, as customer specificity is therefore a means to control the attractiveness
of itself to suppliers and thereby the access and leverage it has to/over suppliers (Gassenheimer, et
al., 1998; Schiele, et al., 2010). Also, in the management of SI in NPD, the level of abstraction on
which the required technology is formulated is a means to broaden the scope of potential suppliers
that could be asked to contribute to the NPD project. However, due to the importance of the
perception of value, it is important that the supplier appreciates the relevance of especially level 2
and level 3 technology; the supplier must be able to identify and actually pursue business
opportunities that stem from level 2 and level 3 technologies they acquire or develop in
collaboration with an OEM (Danneels, 2007).
Scholars have only recently begun to investigate the attractiveness of customers to suppliers and the
satisfaction of suppliers in dyadic relationships (Lindgreen & Wynstra, 2005; Schiele, et al., 2010).
The most obvious form of value that a supplier may perceive are a customer’s ‘volume’ and ‘profit’
functions, i.e. the total (expected) volume of orders in the long term and the profitability of that
order volume. However, less concrete or ‘indirect’ sources of value have also been mentioned. A
customer may provide a supplier with new customers, it may help a supplier become more
innovative or help it to develop certain competencies (Hald, et al., 2009; Walter, et al., 2001). Nyaga
et al. (2010) found that buyers and suppliers may perceive value differently in relationships, and that
suppliers expect that both supplier and buyer invest in the relationship through information
exchange and joint efforts. Hence, a certain balance must be present that helps safeguarding the
supplier’s relationship‐specific investments.
Christiansen and Maltz (2002) discuss customers that succeed in obtaining access to critical
resources of their suppliers, even though they lack a favorable leverage position due to the small
business volumes they represent. The authors argue that the companies achieve this by offering
non‐monetary value to their suppliers, e.g. in the form of application knowledge, NPD competencies
and shared supply risk. This indicates that indirect forms of value (Walter, et al., 2001) may outweigh
direct ones in obtaining commitment from suppliers. It has been proposed that especially in mature,
complex relationships, more abstract forms of value can be exchanged (Mortensen, Freytag, &
Arlbjørg, 2008).
Nordberg, Campbell and Verbeke (2003) focused on the benefits for suppliers of collaborating in
high‐tech science projects, in particular the CERN particle accelerator facility. They argue that
although such projects may not lead to benefits for the supplier in the short term due to the high
overhead that occurs with developing new and complex technologies, it does provide the
opportunity for suppliers to develop skills for transforming their technological competencies into
marketable solutions and therefore into financial value in the future.
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3.7 Concluding remarks regarding SI in NPD
In this chapter, we explored SI in NPD using existing literature on the subject. The subjects addressed
in this chapter are outlined in Figure 8 (page 67). SI in NPD is an empirically relevant subject that can
be regarded from several theoretical angles, in particular transaction cost economics, the resource
based view of the firm and the relational view of the firm. From a TCE point of view, SI in NPD is one
of the hybrid forms that exist between markets and hierarchies. It is an organizational solution in
cases where vertical integration is not feasible or preferable, but substantial transaction‐specific
assets are nonetheless present or necessary. When described in terms of the RBV, a firm’s network
of innovative suppliers can be seen as a valuable resource that can be tapped into through SI in NPD.
Applying the relational view to SI in NPD, the synergy between buyer and supplier becomes the
essence of the collaboration. The collaboration between a buyer and a supplier, involving
knowledge‐sharing routines and complementary and/or relation‐specific assets, can lead to the
creation of value that supersedes the value that either party can create by itself.
Several rationales for SI in NPD have been identified, and they can roughly be divided into two
groups: short‐term, project‐ or product‐related rationales, and long‐term, strategic rationales. The
short‐term rationales stem from the notion that supplier involvement can make NPD and the
resulting products “better, cheaper and faster” (Gentry & Savitskie, 2008b). The long‐term rationales
include the need for technologies or NPD competencies that a company does not possess itself, or
the desire to collaborate frequently with a single partner and to build the collaborative relationship
that will facilitate future collaboration. SI in NPD may also point towards developments on the
industry level. On that level, SI in NPD can be regarded as an indicator of industrial evolution. It can
signify that firms are redefining their core competencies and delegating non‐core activities to
external suppliers.
However, the potential benefits attributed to SI in NPD do not materialize in all instances, and it is
well‐understood that inter‐firm collaboration needs to be managed carefully and conscientiously in
order to prevent decreased performance or even a reduction of the firm’s competitive advantage
and strategic flexibility. In the management of SI in NPD, differentiation is a key issue which can
occur on several parameters. The existing literature on SI in NPD in particular discusses issues of
phase differentiation, the influence of the technology at hand, the interdependencies between
individual NPD tasks and the extent to which NPD activities are delegated to a supplier. Different
phases revolve around different activities, which has consequences for the sort of supplier that is
involved and the way in which collaborative activities are coordinated. This links to the extent of
outsourcing: suppliers that are involved in a very early phase of the project can play a role in defining
component specifications and continue to perform development activities for the buyer, while
suppliers that are involved only at the last moment are unlikely to perform an equally wide range of
NPD activities. The influence of technology is mostly visible in the uncertainty of its development,
with highly uncertain projects requiring problem solving activities and supplier coordination
mechanisms that are flexible enough to deal with that uncertainty. Technology also plays a role in
the issue of task interdependency, as task interdependency can be the result of different parts of the
product being tightly coupled, inhibiting the clean separation of the development of different parts.
Coordination of NPD involving external partners can be either achieved by striving for such a clean
separation, or, if that is not possible, by allowing for frequent and intensive interactions between the
different actors that are involved in the project.

66

Supplier involvement in new product development

Figure 8: Overview of the relationships between elemntary theories and the different aspects of SI in NPD
that were discussed in this chapter.

But in addition to conscious management decisions, SI in NPD is also facilitated by the presence of a
collection of enabling factors. The buyer’s own organization must support external collaboration by
providing top‐level commitment, a collaborative culture and business processes that can be
communicated and extended towards external parties. Involvement of the purchasing department in
NPD is a first step towards involving external suppliers; the purchasing department can be regarded
as an organizational interface towards the supply market and purchasing involvement in NPD can
help locating relevant technologies and suppliers for inclusion in projects. Trust and commitment
play a role in the buyer‐supplier relationship. Both parties in the buyer‐supplier dyad commit
resources to the relationship provided that each party feels that the other party will not exhibit
opportunistic behavior in the face of the investments made (Ring & Van de Ven, 1994).
Finally, the supplier’s side of the matter is of importance to SI in NPD, although it is largely absent
from this stream literature. We have made in this chapter a synthesis of asset specificity,
relationship value and SI in NPD, focusing on the investments by suppliers in innovation‐related
assets and the benefits they can receive from NPD collaboration. A distinction has been made
between three types of assets that can be more or less specific to the buyer in the buyer‐supplier
relationships: product designs are the most concrete and tangible asset that we have discussed.
Technologies and architectural concepts were proposed as the more abstract building blocks that
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can be used in the development of new products. And on the highest level of abstraction we
encountered knowledge and competencies that are the basis for a supplier’s capability of
innovating.
This concludes the exploration of the literature for this research, which was divided into two
chapters: one concerning the characteristics of the product, and the other describing the concept of
SI in NPD itself. The rationales for both buyers and supplier to partake in SI in NPD were discussed,
as well as managerial issues related to SI in NPD. In particular, different forms of SI in NPD were
reviewed. In the preceding chapter, the complexity of products was emphasized, and the concept of
modularity was discussed as a means to make the development of complex products manageable
and to enable the delegation of development activities to external parties. The customer‐specificity
of the product was discussed from a perspective of asset specificity in the context of collaborative
NPD within a buyer‐supplier relationship. Innovation‐related assets were identified that a supplier
can have and that can be customer‐specific to some extent. In the next chapter, a conceptual
framework will be proposed that connects SI in NPD with the customer‐specificity of a product‐ and
innovation‐related assets.
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4 The product as a determinant of SI in NPD: theoretical framework
and research questions
This chapter builds a framework based on three concepts within the fields of theory that have been
explored in the previous chapters: the organization of SI in NPD, product complexity and modularity,
and product specificity as a derivative of asset specificity. The essence of the framework is that the
organization of SI in NPD is dependent on two characteristics of the product: its complexity and its
specificity (see Figure 9). The fundamental question that can be asked at this point is the following:
What is the relationship between product characteristics and the organization of SI in NPD
and how does it develop over time?
In the following sections, three sub‐questions will be linked to this overarching question, on the
basis of existing research. The majority of this research, in particular that directly related to SI in
NPD, was aimed at identifying the dynamics of SI in NPD in the short term, mostly within the scope
of individual projects (Campagnolo & Camuffo, 2009; Van Echtelt, et al., 2008). We aim to extend
this knowledge by studying the subject from a long‐term perspective, spanning multiple generations
of collaborative NPD projects. In addition, the contributions of this research can be linked to Figure 8
(page 67) in which the relationships between transaction cost economics, the resource based view,
the relational view and SI in NPD are captured. This research intends to add to that figure by
providing more substance to the links between the theoretical layer in the bottom half of the picture
and the practice of SI in NPD in the upper half. However, the research questions that guide this
research and that are formulated below are explicitly linked to the conceptual model in Figure 9.

Figure 9: Conceptual model

4.1 Characteristics of the collaboration
On the right side of Figure 9, the characteristics of the collaboration, the form of SI in NPD is a
consequence of the characteristics of the product that is being developed. Hence, this model is
loosely based on a notion of ‘technological determinism’, which means that the organizational
configuration follows the nature of the technology at hand (Campagnolo & Camuffo, 2009; Sanchez
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& Mahoney, 1996). The form of SI in NPD in turn leads to the benefits the supplier enjoys from the
collaboration and the investments it needs to make. This aspect is included in the research because
of the notion of relationship value. The literature provides a relatively good understanding of why
the buyer in the buyer‐supplier relationship would involve suppliers in its NPD processes, but only
scant information is available on the rationales for NPD collaboration from a viewpoint of the
supplier. Part of the aim of this research is to unravel the complex relationship between the
supplier’s investments and benefits and the form of SI in NPD. In the conceptual model in Figure 9,
we have modeled those investments and benefits as a result of SI in NPD. The relationship
represented by the simple arrow between those concepts is likely to be more complicated than it
may appear at first glance, and we hope to add to the understanding of that relationship by
exploring this subject in depth in the empirical part of this research.
4.1.1 Form of SI in NPD
The form of SI in NPD can be described in terms of a number of characteristics of the collaboration,
in particular the way in which NPD tasks are attributed to partners, how interdependencies between
tasks are defined and managed and how intermediary outputs are transferred to other actors where
they become the inputs of other tasks. By form of collaboration can be characterized in terms of
three different themes:
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Locus of responsibility. The first aspect that is descriptive of the type of collaboration is the
extent to which NPD activities are delegated to an external supplier. In NPD, it is essential that
the resulting product meets the defined requirements in terms of costs, performance, quality
and timeliness of the development. The locus of responsibility refers to the party who is in
charge of making sure that this happens. The responsibility may remain with the OEM, but it
may also be delegated to the supplier. In the latter case, the collaboration can be labeled ‘black
box’, whereas the former can be referred to as ‘white box’ (Petersen, et al., 2005). An in‐
between option is grey box SI in NPD, in which both parties share responsibility. A potential
problem is that shared responsibility also means that both parties can deny responsibility if the
project proves unsuccessful. In order to prevent this, responsibilities will have to be defined on a
lower level than the overall development project (e.g. on the level of individual tasks).
Method of coordination. Generally speaking, coordination can be achieved either through a
directive top‐down approach, through a bottom‐up approach, or a combination of both (cf.
Lakemond, et al., 2006). In the first instance, top‐level managers of the buyer and supplier make
agreements on the attribution of tasks to organizational units and on the processes that are to
ensure that interdependencies between tasks are properly identified and settled. In the second
option, actors on a more operational level directly seek out their peers with which they should
interface and agree on processes to be implemented to achieve coordination (mutual
adjustment). The third option is a mix of both with a broad direction and overall mode of
collaboration being agreed upon by top‐level managers, and details of communication processes
being designed and implemented on a lower organizational level.
Level of product architecture / component scope. Complex products tend to have hierarchical
architectures, consistent with Simon's (1962) theory on near decomposability. If such a
hierarchical architecture exists, then it is also possible to outsource development activities on
different levels of that architecture. Gadde and Jellbo (2002) investigated the practice of system
sourcing, which refers to outsourcing the development production of subsystems on a high
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architectural level. They indicate that system sourcing comes with its own, unique set of
challenges, which is corroborated by the research dealing with systems integrators (Prencipe, et
al., 2003). The architectural level at which NPD activities are outsourced, and possibly related
manufacturing activities as well, influences the buyer‐supplier collaboration. On a high
architectural level, the complexity of the development work in which the supplier is involved is
likely to be higher than on a lower level, and the supplier may be involved in a broader set of
activities, including the contracting out or setting up of collaboration with subcontractors to
compensate for gaps in the knowledge and competencies of the main supplier.
4.1.2 Implications for the supplier: investments and benefits
Innovation requires investments, for example in the form of product development activities,
competence building, and purchase and production of prototype materials. In turn, the innovation is
supposed to create financial returns to offset those investments. Concerning investments, the
question can be asked which party in the buyer‐supplier relationship makes the investments for a
particular development. But any partner that makes investments in a business relationship will
expect a reasonable return, which Ring and van de Ven (1994, p. 93) refer to as ‘fair dealing’. Hence,
investments (or sacrifices) and returns (or benefits) should be considered as parts of the same
package. The difference between the sacrifices and benefits can be called ‘value’ (Ravald &
Grönroos, 1996). Research in the area of relationship marketing has made a number of relevant
observations to the present research:






Value is a long‐term subject. The issue of value has been researched initially in the context of
single transactions and brief relationship ‘episodes’. Scholars as well as practitioners have
recognized, however, that the dynamics of value in the long term are important as well (Ravald
& Grönroos, 1996). Changes over time in value distribution within a dyad, i.e. the way in which
buyer and supplier share sacrifices and benefits, can impact the satisfaction of the business
partners and thereby promote or endanger the survival of the relationship (Gassenheimer, et al.,
1998).
Both buyer and supplier look for value in a relationship. Much of the literature on relationship
value recognizes that suppliers should create value for their customers in order to remain
attractive as a supplier. Also in the literature on SI in NPD, the focus is on the buyer: company
that delegates NPD activities to a supplier. There is a relatively good understanding of the drivers
of SI in NPD from the viewpoint of the buyer (see section 3.2). But at least in the literature on
relationship value, the notion that the supplier’s viewpoint is just as relevant is only a recent
realization (Lindgreen & Wynstra, 2005). Especially in situations where suppliers are expected to
make substantial sacrifices for their customers, the question arises under which conditions
suppliers can be expected to do so. In a context of SI in NPD, suppliers may have to build and
refine NPD competencies. Any benefits that result from those investments tend to trail behind
the investments (Ford, et al., 2003). This implies that buyers need to make sure that they are
attractive as customers if they want to have any influence on the innovation competencies their
suppliers develop (Ellegaard, et al., 2003; Ghijsen, et al., 2010; Schiele, et al., 2010).
The benefits for a supplier can be non‐monetary and indirect. The benefits that emerge from
doing business within a dyad are sometimes directly visible and relatively easy to quantify. The
most relevant example for this is the monetary value that can be gained by either party by
selling a volume of products to the other party or to a customer downstream in the supply chain.
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However, other potential benefits have been identified that are relevant, but more difficult to
quantify and even to realize. Examples from the existing literature include access to innovation‐
related competencies (Christiansen & Maltz, 2002; Lapierre, 2000; Möller & Törrönen, 2003) and
(for suppliers) access to other potential customers through referral (Hald, et al., 2009; Walter, et
al., 2001). The relevance of such benefits is subjective and depends on the perception of value of
a party. For example, a company may or may not be able to develop competencies gained in
collaboration with one firm into offers for other customers, or integrate technologies available
from suppliers into its own line of products. Hence, the realization of monetary returns from
more abstract benefits depends on a company’s strategic direction and the possibilities for
applying benefits accrued in one relationship to a broader market (Walter, et al., 2001).
Investments can be directly or indirectly related to the product. Like the benefits that a
supplier may enjoy from the collaboration, the investments in makes in SI in NPD can be directly
linked to the product at hand, or of a more indirect nature. We mentioned examples in section
3.6.1: a supplier may need to invest in the creation of the actual product design, but on top of
that, it may need to accumulate technological or architectural knowledge that underlies the
product itself, and competencies related to NPD in general.



Taken together, the investments and benefits of the supplier are an important subject in a context of
SI in NPD, because it helps explain under which conditions buyer‐supplier relationships are
successful. Both buyer and supplier will seek for certain benefits or returns in the relationship to
offset the sacrifices or investments they make. Their perceptions of value may differ, and therefore
need to be continuously aligned in order to keep the relationship healthy (Schiele, 2010; Werani,
2001). In particular the supplier’s side of the relationship is underexposed in the literature on
relationship value (Lindgreen & Wynstra, 2005), and it appears to be essentially absent in the
literature on SI in NPD. We can use this insight in the formulation of the following research question:

In what ways does the form of SI in high‐tech NPD influence the investments of, and the
benefits for the supplier involved?

4.2 The influence of product complexity on SI in NPD
The complexity of the product is a property that incorporates a number of elements that complicate
the development of a product: the number of components and technologies used in the product, the
interactions within the product and between the product and other parts of the encompassing
system, and the technological uncertainty inherent to the development of the product (Sobrero &
Roberts, 2002). The interactivity of the product requires some elaboration. By product, we mean the
product that is collaboratively developed by a buyer and a supplier. Since it is likely to be part of a
larger, compound product, we will refer to the collaboratively developed product as a module29.
Consider the example of a car and its engine (Figure 10). The product that is collaboratively
developed or whose development is outsourced is the engine, while the system integrator, i.e. the
automotive OEM, integrates the engine into the car.

29

Regardless of the degree to which it is indeed modular, i.e. loosely coupled vs. tightly coupled both internally
and vis‐à‐vis other system modules.
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Figure 10: An engine is a sub‐product that is part of a larger, compound product: a car. Interactions can
occur between the components of the engine30, but also between the different modules of the car.

The first type of interaction that adds to the complexity of the product is that between the
components of the product that is co‐developed with the supplier. In our example, these are the
interactions between the components of the engine, which must function together to transform a
supply of fuel and oxygen into physical motion. However, this product (e.g. the engine) can itself also
be part of a larger product that is developed by the buying firm (e.g. the car). The collaboratively
developed product or module can interact with other modules or sub‐products that are all part of
the system that is integrated by the buying firm. In our car example, the engine interacts with the
transmission, while being suspended on engine supports, and attached to various supply and control
modules. Less straightforward interactions also take place: for example, the placement and weight
of the engine influence the handling of the car. These inter‐module interactions are the second type
of interaction that can influence SI in NPD.
The first type of interaction occurs on the level of the module itself, and can be expected to
influence the development of the module itself. The more numerous and intricate those interactions
are, the more intensive the required coordination within that part of the project will need to be.
Conversely, the more intensive the interactions between the module and its surroundings, i.e.
interactions at the system level, the higher the requirements on coordination between the
developers of the module and the developers of other modules and system architects are likely to
be; any changes in the design of the module could interfere with surrounding modules due to these
interactions. If these cannot be accommodated by the corresponding development teams, system

30

The example of a car engine might not be a good one, since automotive systems integrators (i.e.
recognizable companies like Ford or Volvo) do not purchase engines from the suppliers like they purchase e.g.
convertible rooftops or air‐conditioning modules (Langner & Seidel, 2009; Zirpoli & Camuffo, 2009). However,
systems integrators do function as each other’s suppliers for engines, in the sense that one car brand supplies
engines to another, albeit that both brands can have the same owner and could therefore be considered as
part of the same company (Howard, Lewis, Miemczyk, & Brandon‐Jones, 2007).
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architects may have to become involved to coordinate the technical interactions between the
modules.
Especially interactions within the product at the system level are likely to influence the coordination
between the teams that develop the different parts of the system. If SI in NPD is implemented, some
or all NPD tasks related to a module will be delegated to a supplier. Hence, the development team
for a module will exist entirely or partly of employees of an external supplier, and the NPD activities
may take place to some extent at the supplier’s premises. In order to deal with system‐level
interactions, the supplier’s NPD team may have to interact closely with other teams at the buyer or
even at other suppliers.
It is possible to describe the complexity of the product in terms of modularity. If the product is highly
modular, the complexity will be dealt with through the definition of clear interfaces (Ulrich, 1995).
This enables task partitioning and reduces the necessity for intensive interactions between the
teams that develop different modules (Sanchez & Mahoney, 1996; Von Hippel, 1990). This enables
the use of black‐box forms of collaboration in which the NPD responsibility is delegated to the
supplier and coordination is limited to exchanging product specifications. Moreover, a modular
product potentially allows for the outsourcing of the development of large chunks of the product:
system sourcing (Gadde & Jellbo, 2002). However, this is not a necessity, as outsourcing on a lower
level (e.g. on the level of monolithic components) can still occur.
In a product with low modularity, interaction between NPD teams can be expected to be more
intensive, leading to a grey‐box form of collaboration with shared responsibilities between the buyer
and supplier, and the occurrence of communication on all levels of the involved organizations
(LaBahn & Krapfel, 2000; Petersen, et al., 2005). If the product is very complex and completely non‐
modular (i.e. integrated), the buyer may consider to not outsource NPD activities to prevent
coordination problems, and instead keep the NPD responsibility within the organization and only
consult suppliers during NPD. This results in a white‐box collaboration that requires relatively little
communication between the buyer and supplier (cf. Wynstra & Ten Pierick, 2000). In more
integrated products, system sourcing or outsourcing on a high architectural level seems impossible
due to the interconnectedness of different parts of the product, and outsourcing of NPD tasks is only
conceivable on a low architectural level. External suppliers can still be used to provide feedback on a
higher architectural level, but actual outsourcing of NPD tasks on this level seems unlikely.
A single product has a fixed architecture and complexity; it is developed once, and then remains the
same. However, as market requirements evolve, new products need to be developed, leading to
consecutive generations of products that serve similar purposes, but each generation corresponds
with the customer requirements and available technologies that exist at the moment the product
generation is created. In order to meet evolving requirements, the design of a product may need to
be altered. While it is may sometimes be sufficient to make small changes to a product design,
changes to its underlying architecture can also be necessary. Henderson and Clark (1990) discussed
this phenomenon in their work on the nature of radical innovation. They argue that modular
innovation is the overturning of concepts within the boundaries of a single module. In modular
innovation, the linkages between modules remain unchanged. Conversely, in architectural
innovation, those linkages are changed, while the contents of the modules remain unchanged. If
modular and architectural innovation occur at the same time, the authors speak of radical
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innovation. This may lead to a new dominant design in an industry, making previous designs more or
less obsolete.
The concept of architectural innovation is the recognition of the temporal aspect of product
architecture. Combining this with the concept of modularity, the question can be raised if it is likely
that an industry will gravitate through steps of architectural innovation towards a dominant design
that is either highly modular, or highly integrated. Schilling (2000) argues that under certain
circumstances, this is indeed the case. Those circumstances are for example related to the
heterogeneity in technological inputs, capabilities of suppliers and customer requirements that firms
face. A modular architecture can be an effective means of dealing with this heterogeneity:
modularity is a means of segmenting the product in a physical sense, but also in terms of its
functionality, development, manufacturing and its underlying technology domains. That means that
instead of having to tie customer requirements, suppliers, manufacturing units in one Gordian knot,
they can be allocated to separate modules. This reduces the challenges of integration and makes the
integration process better manageable and traceable. The final integration of the product then
involves nothing more than putting the modules together, which at least in theory will operate
together seamlessly through the predetermined module interfaces.
The above shows that there is a relationship between the modularity of the product and the
organization of its development and production. But even though the consensus seems to be that
there is some relationship between product and organizational modularity, this relationship is not
one‐on‐one, and the study of the evolution of both can shed more light on this subject (Campagnolo
& Camuffo, 2009). The question can also be asked what the direction of the relationship is; does
product modularity create organizational modularity, or vice versa (Frigant & Talbot, 2005)? Prior
research demonstrates that this matter is certainly complicated, and a simple answer has not been
found hitherto. Hence, we formulate an open and generic research question, in the knowledge that
the possibility to explore and to add nuance is the most likely to add relevant insights to the current
debate31:

What is the relationship between the complexity of the product and the form of SI in
high‐tech NPD?

4.3 The influence of customer specificity on SI in NPD
NPD revolves around the creation of new products, which involves the generation of product designs
through activities of development and engineering. These product designs, but also the underlying
assets such as innovation‐related competencies and knowledge, can be specific to a single product
or a business partner, as we argued in section 3.6.1. In particular, we discerned three levels on which
investments that are made by a supplier in a context of SI in NPD can be specific to the buyer: the
product design itself, the technologies, and the competencies underlying the development activities.
We could regard these as innovation‐related assets that are subject to asset specificity (cf. J. F.

31

An open and explorative research question has at the same time the disadvantage that the results will be
less specific and detailed than they would be if a highly focused question was formulated. We accept this
compromise in the light of the explorative and integrative nature of this research.
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Christensen, 1995). The necessary investments come in different forms. A company may develop
internal sources of technology, involving the hiring of expert personnel, the execution of internal
research activities, or if a specific product is developed, the investment of resources (workforce,
time, money, equipment) in NPD processes (Brown & Eisenhardt, 1995). Alternatively, technologies
can be acquired from external sources, for example by obtaining intellectual property rights through
entering licensing agreements, participating in R&D consortia or by acquisition of companies that
own the desired technologies (Chesbrough, 2003a; Chiesa & Manzini, 1998).
If we regard product designs, technological knowledge and competencies as assets, then TCE can be
applied to these innovation‐related assets. Following the reasoning of TCE with regard to asset
specificity, this implies that if none of the assets are buyer‐specific at all, the transaction should best
be performed in a market context, with no necessity for an intimate buyer‐supplier relationship. On
the other end of the spectrum all investments are fully buyer‐specific, in which case TCE argues that
the activity should be vertically integrated by the buyer firm (Levy, 1985; Williamson, 1979). But SI in
NPD deals with newly developed products which at the moment of development are still buyer‐
specific, at least to some extent; otherwise no NPD or SI in NPD would be required. It is conceivable
that after its development, the product, or the collaboratively developed part, is adopted by other
firms, reducing its specificity. But at the moment of development, it will be at least partly specific,
either due to its design, or also because a specific underlying concept or piece of knowledge is highly
specific for the buyer or project at hand.
Specific or not, a business investment must in some way and at some point in time lead to financial
returns in order to make sense economically. This means that the investments of both buyers and
suppliers in (collaborative) innovation must somehow lead to positive cash flows. By developing a
new product, a demand can hopefully be met in the market, resulting through careful marketing and
sales efforts in realized sales volumes which serve to recoup any investments made. In essence, this
is true for both the buyer and the supplier in a dyadic relationship. The buyer develops products
based on market requirements it perceives and offers the resulting products to its existing or
potential customers. For the supplier, the possibilities are more varied. The sales of products to the
buyer is one way of generating financial returns, but the supplier can also sell its products to other
buyers, and they can use the concepts and competencies underlying the product to create products
for other buyers and so generate financial value. This requires that either the product itself, or the
underlying technologies and competencies are to some extent usable for other customers and
markets; a concept that has been referred to as fungibility (Danneels, 2002; Teece, 1982). So the
specificity of a product (or module, or component) design and the innovation‐related assets that
underlie the product determines the possibilities the supplier has for creating financial value from its
investments in collaborative innovation.
But transforming a supplier’s innovation‐related assets into financial value may take time, especially
if the assets at the moment they are accumulated are specific to one buyer. If they remain specific to
the buyer, the supplier has no choice but to recoup its investments within the context of the
relationship. Sales volumes of physical products are one possibility, and payment of services
rendered are another. In the latter case, the supplier may not have to wait for its investments to pay
off; direct payment could be agreed upon. In that case, it is not really the supplier that makes the
investment; it is the buying firm that accepts the immediate financial consequences and thereby
bears the risk. But if returns are generated in the form of sales volumes, the payment will trail
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behind the investments, and the supplier accepts some degree of risk on its investments in the
anticipation of the volume orders. For the buying firm, this can be an attractive, as some of the risk
inherent to developing a new product is footed by the supplier, while it would otherwise be borne
by the buyer32 (cf. Pittaway, et al., 2004).
When starting an instance of SI in NPD in the form of a collaborative development project, a buyer
and supplier can negotiate how they divide the associated investments and risks. But these
investments and risks rise above the scope of the collaborative NPD project: the payoff of the
collaborative effort will materialize long after the NPD project is finished. Also if the underlying
innovation assets can be extended to other customers, the returns can materialize beyond the focal
buyer‐supplier relationship; Walter et al. (2001) refer to this as indirect value. So value distribution
has both long‐term and network aspects. The long‐term aspect can be expanded by the notion that
within a single buyer‐supplier relationship, several generations of collaborative products may take
place, and the value agreements on all of these products can be expected to jointly constitute the
attractiveness of the collaboration for both partners.
Hence, value agreements regarding collaborative NPD should be viewed from a long‐term
perspective, taking into account value‐related aspects beyond a particular interaction, such as future
order volumes and repeated NPD collaboration, in order to understand the dynamics of the
relationship (Ravald & Grönroos, 1996). Likewise, the network aspect implies that the attractiveness
of a buyer as experienced by the supplier may partly reside in business opportunities that the
supplier can develop beyond the focal buyer‐supplier dyad, which will also influence the dynamics of
the buyer‐supplier relationship (J. C. Anderson, et al., 1994). These relationship dynamics can be
studied in terms of the intensity of innovation‐oriented collaboration that take place. A central
theme in this respect is the willingness of a supplier to commit its resources to the collaboration
with a particular customer, and to accept risk in the face of uncertain returns (Schiele, et al., 2010).

What is the relationship between the customer‐specificity of innovation‐related assets
and the form of SI in high‐tech NPD?

32

The reverse has also been observed: buyers absorbing the risk for their suppliers in order to protect the
continuity of the supplier’s business (Okamuro, 2001)
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5 Methodology and empirical setting
This chapter describes the methodology used in this research. The starting point was the discovery
of a relevant research subject in an empirical setting, which was then linked to relevant literature. A
manager at PrecMach, one of the case study companies, provided the immediate cause for this
research, by presenting the challenge of his company to the primary researcher. This challenge
involved maintaining a high pace of product innovation while the product involved was highly
complex. PrecMach’s management discerned a substantial role for suppliers in this.

5.1 Research goals, philosophy and strategy
In this section, a number of general but relevant aspects of this research are discussed. We start by
elaborating on the goal of this research, and from there discuss some of its philosophical aspects.
Then, an explorative and longitudinal research methodology employing a multiple case design will
be formulated.
5.1.1 Research goal
The empirical research was divided into two phases: a pilot phase and a phase of in‐depth research
(see Table 3, page 85). In each of these phases, empirical data were gathered and analyzed, with the
pilot phase focusing on a wider range of companies and subjects, and the in‐depth phase focusing on
the long‐term dynamics of SI in NPD at three companies. This division in phases was used in order to
arrive at a focus and scope that would sufficiently cover what both the researcher and the managers
from the involved OEMs experienced as the essence of SI in NPD in a high‐tech setting. For that
reason, it was decided to divide the research into several phases, allowing the researcher to redefine
and refocus the research as insights developed. This resulted in considerable flexibility and the
possibility to include subjects that proved important during the course of the project.
The drawback of this way of working is the fact that the definitive research questions as outlined in
the previous chapter were only conceptualized at a late stage in the project. However, this was
necessary for an evolving understanding of what was observed in the course of this research.
Indeed, the primary goal of this research is to understand the practice of SI in NPD in a specific
context that is characterized by advanced and complex technology: to identify and understand the
dynamics and interactions between organization, strategy and technology. In particular, we are
interested in the changes in SI in NPD that can occur over a long period of time. The research
involved an evolving understanding both on a detailed level and on the holistic level of the system,
i.e. the complex of an OEM, its supplier relationships and the relevant products and technologies. On
the detailed level, we have attempted to understand the motives, rationales and causality of and
between specific decisions and actions of individuals or occurrences that were recounted by our
interviewees. On a holistic level, we have attempted to capture the emergent behavior of the larger
system, i.e. organizations and dyadic relationships.
5.1.2 Philosophical underpinnings
In this research, we have not worked from a positivist paradigm, involving a single, non‐
contradictory and objective truth. Lincoln, Lynham and Guba (2011) discern four research
paradigms, based on four different views on reality. Positivism assumes an apprehensible reality,
and post‐positivism still assumes the existence of a single reality, but accepts that this reality is not
comprehensible. Critical theory argues that reality is “shaped by social, political, cultural, economic,
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ethnic, and gender values” (Lincoln, et al., 2011, p. 98), while constructivism holds that realities are
locally constructed, depending on the views of specific actors or groups. This study was performed
from a post‐positivist perspective: considerable attention was spent on generating valid conclusions,
but in the knowledge that a person’s comprehension of a subject as complex as SI in high‐tech NPD
can never be complete.
In this research, and particular in the in‐depth research phase, we attempt to find explanations for
the way in which the collaboration practices of OEMs and their suppliers have evolved over time.
These practices are influenced by the context in which they occur, but also by the decisions made by
organizational actors, such as supply chain and NPD managers. Those actors base their decisions on
the reality as they perceive it, and not on a single objective reality that is identical for any individual.
As Katz and Allen (1985, p. 76) remarked in a study on project performance in R&D organizations
using a matrix design33: “[…] it is perceived reality — not the reality itself — that influences
engineers' behavior.” In addition to business manager, researchers can also be argued to construct
personal realities based on what knowledge they have and choose to gather on a certain subject
(Boyd, 1991).
Several cases will be presented in this study, in which descriptions and explanations are provided for
the complexity of a product and for the nature and extent of inter‐organizational collaboration in
NPD. These descriptions and explanations are based on the narratives of the personnel at OEMs
involved in the development and realization of those products. These findings were synthesized into
a single theory that is intended as an accurate description of reality. Still, our analysis depends on
the different realities as perceived by the people we have consulted, and that analysis can also be
colored to some extent by the knowledge and perception of the researcher. For that reason, the
analysis and conclusions of this research should be interpreted from a post‐positivist perspective:
they are not intended or appropriate for capturing universal truths concerning inter‐organizational
collaboration. This does not conflict with the intentions of this research, which are twofold: towards
the academic community, we intend to capture the gamut of different practices and the variety of
phenomena that interact in different ways in a context of SI in high‐tech NPD. Secondly, we want to
inspire business managers by presenting the practices of several leading firms in their respective
industries: to explain the challenges they face, and the solutions that they have found to overcome
the problems they have encountered.
5.1.3 Explorative research strategy
So this research is explorative by nature. In terms of theory, we attempt to create new theory and
integrate the existing work on inter‐organizational NPD collaboration, as opposed to verifying
existing theories. Perry (1998), in an analysis of research methodology in the field of marketing,
relied on a fundamental distinction between two kinds of research: inductive, theory‐building
research, and deductive, theory‐testing research. In Perry’s terms, we are interested in the
phenomenology of SI in NPD, and we position this research as inductive; it is explorative rather than
confirmative. However, Perry also argues that the two are almost never mutually exclusive.
Inductive research also pays heed to existing theory, for example in the form of probing questions at
the beginning of an interview to establish an interviewee’s stance towards issues that are prevalent
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It seems safe to assume that this observation also holds true for other organizational actors besides
engineers.
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in the existing theory (Perry, 1998, p. 790). Indeed, at the onset of this research, we made two
observations: firstly, that an extensive body of work on SI in NPD exists, and it would be shortsighted
to ignore that. Secondly, that the existing literature on SI in NPD, and adjacent subjects related to
inter‐organizational collaboration, is highly fragmented, save for isolated attempts to integrate the
existing knowledge (Van Echtelt, et al., 2008). By exploring the practices of SI in NPD in a fashion that
allows the inclusion of relevant themes as they are encountered in the empirical setting, we intend
to create an integrative framework that ties together the important concepts currently present in
the theory on SI in NPD.
5.1.4 Longitudinal, retrospective approach
The intention of this research is to understand the long‐term dynamics of SI in NPD in a high‐tech
setting. A true longitudinal study in which SI in NPD was observed on several points in time was not
feasible for practical reasons (see below). Therefore, a longitudinal approach was employed using
retrospective interviews as a primary data source (cf. the pseudo‐longitudinal method outlined by
Poole, Van de Ven, Dooley, & Holmes, 2000).
During a pilot research phase (see also section 5.2 and Appendix B: pilot research phase), a number
of drivers and enablers of SI in NPD were identified (cf. Wynstra, et al., 2000). The driving factors
were the diversity of technologies that are used in a single high‐tech product, and the economic
requirements on high‐tech NPD. It was observed that the products of high‐tech equipment
manufacturers are very heterogeneous in terms of technology, and perhaps even increasingly so. In
addition to that, lower overall costs and a shorter time to market for new products appeared to be
gaining importance in the companies studied in the pilot phase. These factors were indicated as
important reasons why high‐tech companies were increasingly looking for external NPD partners,
including suppliers. The pilot research phase suggested that two other things need to be in place for
SI in NPD to be possible: a modular product architecture, and suppliers that are capable and willing
to perform NPD activities.
It was observed that both the driving and the enabling factors seemed to change over a long period
of time, but not so much within the course of a single development project. So in order to
understand the long‐term changes in SI in NPD, it is necessary to look beyond the scope of the
development project, as Van Echtelt et al. (2008) also noted. We therefore looked for changes in SI
in NPD and associated phenomena such as the architecture of the product and the nature of buyer‐
supplier relationships over the course of many years. For practical reasons, we had to rely on
retrospective (interview) data instead of pursuing a true longitudinal research approach in which the
subject is observed over a long period of time (cf. Langley, 1999; Pettigrew, 1990).
To understand changes in the product over such a long period of time, the concepts of product
families (Erens & Verhulst, 1997) and of architectural and radical innovation (Henderson & Clark,
1990) are useful. Product families are groups of products that share a set of technologies or parts;
the individual products can be regarded as variations on the same theme. The theme here is the
architecture of the products, which defines the way in which parts of the product interact in such a
way that the product’s functionality is realized (Erens & Verhulst, 1997). Architectural innovation
refers to drastic changes in this architecture while the components or modules themselves remain
unchanged, and radical innovation refers to changes on both the architectural and the module level.
Incremental innovation refers to changes at the module level only (Henderson & Clark, 1990). In
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order to remain competitive, manufacturing companies need to innovate existing product families;
i.e. replace current models with new models that match the evolving needs in a particular market
segment. In the context of consumer goods, it has been observed that a company must try to make
profits as long as possible from existing products. However, as customer requirements change, it
must be capable of quickly replacing those products with a new product offering (Sanderson &
Uzumeri, 1995).
In terms of architectural innovation, a product family can remain in place during a certain period of
time, undergoing only incremental innovation that results in the proliferation of new products that
are similar to existing products within the same family. But at some point in time, innovation at the
architectural level must occur to accommodate changes in requirements, resulting in a new product
family. This family could still inherit some elements from the previous family, making the new family
a recognizable successor of the previous product family. An illustrative example can be found in the
automotive industry in the form of the Volkswagen Golf. To date, Volkswagen has marketed six
consecutive generations of cars under the name Golf. Each generation (product family) involved
some extent of architectural innovation, and different versions (family members) have been
available within each generation. Some characteristics of the product remained present throughout
all generations though, such as the basic concept of a front‐engine, medium‐sized hatchback. The
Volkswagen example is not alone: platform thinking is prevalent in automotive NPD (Lundbäck &
Karlsson, 2005; Muffato, 1999).
This pattern of stable product families with some incremental innovation, alternated by ‘bursts’ of
radical or architectural innovation resulting in new product families is also present in the high‐tech
companies in this research. As a result, if we want to understand the dynamics of SI in NPD vis‐à‐vis
changes in products, we will have to observe a period of time that involves at least one of those
cycles of incremental/radical innovation. In practice, this means that data have to span the course of
several years, maybe even more than a decade. At the same time, the notion of meta‐stable
innovation, i.e. periods of stability alternated by more radical change, is a means to break an
undifferentiated time period down into more or less clear periods, which aids the process of analysis
(Quintens & Mathhyssens, 2010). This dividing of time into recognizable phases has also been
referred to as ‘temporal bracketing’ (Langley, 1999).
The necessity to adopt a long‐term view, spanning at least several years, is also induced by the
nature of the buyer‐supplier relationships we encountered during the pilot research phase. These
were often long‐standing relationships during which the buyer and supplier had adjusted their
knowledge and business processes to each other (cf.Evans & Jukes, 2000). We frequently
encountered buyer‐supplier relationships that had been in existence for a decade or longer,
especially for key products that are unique, leading to a dependency of the OEM on the supplier, or
that are highly complex, necessitating a frequent, intensive and enduring exchange of technological
knowledge between the buyer and supplier.
Hence, we adopted a longitudinal, retrospective approach and decided to limit our focus on three
companies in order to be able to understand the business and technological aspects that we
identified as relevant during the quick scan project phase. The primary data source in the
longitudinal phase of this research consisted of retrospective interviews. As indicated by Langley
(1999, p. 693), in the study of some processes, including innovation, it is often only possible to
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reconstruct how events have unfolded by means of retrospective interviews and supporting
documents. Langley argues that the former are “richer and finer grained” and offer more “useful
nuances and details”. But retrospective interviews have two important drawbacks: firstly, the period
on which data can be collected is limited by the availability and memory of interviewees. In our
research, the period on which we collected data was different for each case for this reason.
Secondly, retrospective interviews are difficult to interpret because it is sometimes difficult to
discern what information is important, and what does not contribute in a major way to the
understanding of the process studied (Langley, 1999). This is another reason why the
longitudinal/retrospective research was preceded by a pilot study, which helped the researcher
understand what sort of events were significant and should be explored further or regarded with
particular attention during analysis.
5.1.5 The role of grounded theory in this research
Similar to Danneels (2002, p. 1101) and Burawoy (1991), this research intends to integrate,
“reconceptualize and extend existing theory”. This required an open mind regarding any empirical
subjects that presented themselves as relevant during the course of the research; whenever
something was encountered that seemed important to the way events had unfolded and decisions
had been made, the opportunity was taken to pursue that subject. It is important to acknowledge
the presence of pre‐existing knowledge and assumptions in the primary researcher, as well as the
fact that is impossible to fully separate a researcher from those characteristics (see also section
5.1.2). Instead, it seemed more productive to use the pre‐existing experience of the primary
researcher as a means to facilitate access to data sources, and to make the process of data collection
and interpretation more efficient, for example by quickly filtering relevant subjects and statements.
The work experience of the primary researcher at one of the companies investigated was put to use
by benefiting from existing knowledge of the organization and the access to the personal networks
of employees as a means to gain access to other organizations.
In this research, the reconceptualization and extension of existing theory was achieved through
induction from empirical data. The paradigm of grounded theory is often used in inductive, theory‐
building management research, or it is at least quoted as an inspiration or part of the used
methodology (Parry, 1998). Pure, grounded research is arguably scarce, i.e. research that departs
from no theoretical basis at all and builds new theory using only empirical data. But many
qualitative, inductive research projects, including this one, incorporate certain aspects associated
with grounded theory (Goulding, 2002). The methods for data collection and analysis that are part of
grounded theory seemed useful for this research, which, as outlined above, is inductive and intends
to be sensitive to the viewpoints of the decision makers involved in the several aspects of SI in NPD,
supplier management and the management of innovation at high‐tech companies. This research is
grounded in the sense that it relies on empirical data on the basis of which theory is built through
induction. Methods were used that are also part of the grounded theory toolbox: the inclusion of
any sort of data that can be acquired, the extensive use of memos and the categorization of data in
an evolving coding tree (Glaser & Strauss, 1967).
Grounded theory has been used extensively by researchers in fields of e.g. human and organization
sciences, but along with many followers, it has attracted critics as well (Thomas & James, 2006). One
drawback is the fact that grounded theory depends on an effective handling of large amounts of
qualitative data. In order to deal with this, suggestions have been made regarding how to work with
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memos, on how to discover and refine concepts and how to inductively generate theory from them
(Martin & Turner, 1986). More recently, the use of computer software has played a significant role in
facilitating the management of qualitative data, even though the use of specialized software is not a
replacement for a rigorous research methodology (Coffey & Atkinson, 1996; Mason, 1996). Apart
from this practical aspect of grounded theory, more profound issues have been raised with this
methodological paradigm.
Thomas and James (2006) have structured a multitude of publications into a number of issues
regarding grounded theory. Firstly, the question can be asked what the explanatory and predictive
powers are of the theory that emerges in a grounded approach. Along with that comes the question
how a grounded theory relates to existing theories in a field that may be contradictory or
complementary to the developed theory. The inductive processes from which a grounded theory
emerges do not offer mechanisms to uncover these relationships (Miller & Fredericks, 1999).
However, a grounded theory approach could be extended by adding a step in which the developed
theory is confronted with other, existing theories (Pandit, 1996). This problem was circumvented by
using a methodology that included aspects of grounded theory, as well as from theory‐guided
methods (see next section).
Secondly, Grounded theory contends that the researcher enters the subject matter without any
prejudice or pre‐existing conception of theory related to the empirical context. Glaser and Strauss
(1967, pp. 3, 99) themselves raise the question if any researcher can truly be regarded such a tabula
rasa; indeed, they argue that researchers are not so much required to be free of any bias, but at
least capable to step over any bias they have. Thomas and James (2006, p. 783) find that it is
unnecessary and even undesirable that a researcher enters a project without any assumptions; they
remark that “a priori assumptions are what make study (a) worthwhile, and (b) possible.” For
somehow, the researcher must have recognized the research subject as relevant and worthy of
research. The empirical relevance of this research was guaranteed through intensive interaction with
business managers throughout the process. In order to ensure that this research was also
academically relevant, a literature study was conducted to identify the existing work in the area of SI
in NPD. That literature study formed the basis for chapter 3 of this book.
Thirdly, grounded theory is about the discovery of theory in an empirical context, suggesting that the
theory is already there in the form in which it is discovered. Moreover, according to Thomas and
James (2006), the term discovery implies that there is no subjectivity or creativity involved in in the
act, and that the theory itself is an objective, pre‐existing artifact34. This is a matter of semantics, and
not so much a real issue in deciding on an appropriate methodology.
Finally, grounded theory, through its emphasis on methodically structuring and analyzing data,
departs from the meaning or analysis that is present in the data itself (e.g. conversations) in favor of
a new understanding or theory that emerges from the analytical process. It does so regardless of the
question if the original understanding conveyed in the source data is in itself accurate or valuable.
Since interviews were the primary data source used in this research, the accuracy of the views
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Note that this argument refers to the theory itself, and not to the phenomena on the basis of which a theory
is based or that a theory is intended to explain. Thomas and James argue the discovery of theory is an odd
concept; not the discovery of empirical phenomena.
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expressed in those interviews could indeed form a problem for the viability of our analysis. Partly,
this issue is also addressed in section 5.1.2. In addition to being aware of the potentially subjective
interview data, additional data sources were used to enhance the validity of the results (Yin, 1994).
Based on the above, in what sense is this research then grounded: what elements can we use from
grounded theory, and in what aspects will we deviate from it? An attractive aspect of grounded
theory is that it is a means of developing original theory, not so much by out of the box thinking, but
by working on the premise that there is no box at all to limit our thinking. It is therefore a means
that can result in something genuinely new. However, it must also be acknowledge that many
existing theories exist, especially in the field of organization science and also in the particular subject
matter of this research. Ignoring this fact could very well result in the new theory being similar to
one of the existing ones, which would render the research inefficient or even superfluous.
Therefore, it seemed wise that in an early stage relevant existing theory was already recognized and
included in a repository, so that at a later stage, the relationship between the theory generated by
this research could be related to the existing theories (Eisenhardt, 1989; Pandit, 1996).
5.1.6 The result: a multiple case study approach
The emphasis on confronting new theory with existing theory sets this research apart from the
grounded theory school of thought. At the same time, the wish to remain open‐minded as to the
relevant parameters in the empirical context necessitates a qualitative research approach: we are
interested in the mechanisms and rationality (the ‘how’ and ‘why’) that govern the nature of
organizational arrangements with regard to NPD collaboration and outsourcing. A case study
approach has the potential to integrate both: a link to existing theory, while remaining relatively
grounded in the variety of an empirical context. In her seminal work on theory building using case
studies, Eisenhardt (1989) reserved a substantial role for existing theory35: as a source of inspiration
from which to deduce a relevant research subject, and as a benchmark with which to compare the
resulting theory. This is perhaps the major difference between Eisenhardt’s (1989) case study
approach and grounded theory, although the former could be argued to be a structured process
shell (through the definition of clear steps as opposed to activities) or extension (through the
addition of an interface to existing literature) of the latter. Although Eisenhardt (1989) proposed a
process of eight steps, she asserts that the process, like grounded theory approach, is highly
iterative. In both approaches, iterations between theory and data are made until saturation occurs:
no additional meaning emerges as data are added and theories are refined.
A multiple case study approach was used36 to improve the external validity of the research. The
generalization of case study findings relies on analytical generalization and not on statistical
generalization, and therefore a large number of cases is not a necessity (Yin, 1994). However, relying
on only a single case can result in the formulation of an idiosyncratic theory that may be accurate for
the case on which it is based, but have little value beyond that empirical context. Nonetheless, it
must be realized that this research cannot, and was not intended to generate results that can be
generalized on a large scale. Indeed, the entire research design is geared towards understanding SI
in NPD in a very particular context, i.e. that of high‐tech manufacturing companies. The multiple case
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In line with Eisenhardt (1989), Yin (1994, pp. 27‐28) also regards ‘theory development’ as an essential step in
the design of a case study research.
36
Both in the pilot and the in‐depth research phases (see section 5.2)
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study design was used to hopefully capture contrasting phenomena, i.e. to explore the gamut of
management practices in terms of SI in NPD of high‐tech companies, and at other points to replicate
results between cases (Eisenhardt, 1989). However, as Numagami (1998) argued, the intention of
case study research is not necessarily to yield invariant laws, which at least is true for this particular
research. Rather, the intention was to explore a subject, to integrate existing fragments of theory
and to provide a basis for managers to reflect on their work. This resembles Numagami’s (1998)
reflective dialog in which researchers and practitioners exchange ideas that they can subsequently
use and build upon in their work within society. Indeed, in the course of this research, many
discussions took place with managers of the investigated companies, in which not only data were
gathered for analysis, but intermediate results, bits of existing theory and speculations were fed
back to managers in an interactive fashion. Hopefully, the conclusions outlined in this study will add
to this reflective dialog.

5.2 Phases of the research project
The process of case study research has been argued to be highly iterative (Eisenhardt, 1989)37. In this
project, many iterations were made in the course of daily activities: newly gathered interview data
and on‐site observations led to refocusing of the research questions and the inclusion or exclusion of
research subjects. Despite this iterative way of working, different phases are discernable in this
research project, albeit with some overlap between them:
Phase
(Initiation)

Period
Nov. 2007 – Oct. 2008

Pilot phase
(Appendix B: pilot
research phase)

Nov. 2008 – Dec. 2009

In‐depth research
phase
(sections 5.1.4‐5.5)
(Finalization)

Feb. 2009 – Oct. 2010

Nov. 2010 – Oct. 2011

Activities / focus
‐ Identification of SI in (complex) NPD as the central
research theme
‐ Scan of the extant literature on SI in NPD
‐ Conduct initial, exploratory interviews with a small
set of manufacturing companies
‐ Investigate innovation and innovation outsourcing
practices of 10 manufacturing companies; ca. 20
interviews
‐ Identification of product complexity and value
distribution as relevant determinants of
organization of collaboration
‐ Investigate long‐term evolution of product
architecture and collaborative relationships in
three manufacturing companies
‐ Final analysis and preparation of report; no more
data collection

Table 3: phases of the research project.

The initiation phase revolved around an exploration of academic literature to determine a relevant
theoretical foundation for this research. In the final phase, in which this document was written, the
literature also played a prominent role. In that phase, the literature provided a framework that
helped structure the results of the study and connect them to the existing theory. The pilot phase
was an intermediate step that led to the planning of the in‐depth phase. Note that there is
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Eisenhardt mentions iterating between theory and data, but she does not mention the revisiting of research
questions. In this research, this redefinition of research questions did occur.
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considerable overlap between the pilot and the in‐depth phases. Particularly at Imagine,
retrospective interviews concerning specific modules (see section 5.4.2) were commenced at an
early stage. This was due to the fact that Imagine’s product architecture is relatively modular and
that modularity is mirrored to a large extent in both the NPD and the procurement organizations. It
was therefore relatively easy to pinpoint recognizable modules. A small selection of interviews from
the period February – October 2009 was included in the dataset for the final analysis, because it
covered the topics addressed during the longitudinal research phase. More importantly, these
interviews included a considerable amount of retrospective data. Of the two empirical phases, the
pilot phase phase is less important for the central research questions in this work, and it is therefore
discussed in‐depth in ‘Appendix B: pilot research phase’ (p. 241). In the current chapter, we will
focus on the in‐depth research phase, since the data collected in that phase are the basis for the
following, empirical chapters.

5.3 Level and unit of analysis
A methodological consideration that deserves specific attention is that of the level and unit of
analysis. Both of these will be treated separately below. Observations were made that relate to
several different levels and units of analysis, making it difficult to pinpoint a single level and unit of
analysis. We needed to employ considerable flexibility during data collection to include those
occurrences that were characteristic of the way in which SI in NPD works over a longer period of
time in a high‐tech industry. By not limiting data collection to a single unit and level of analysis,
limitations regarding the inclusion of relevant subjects were prevented.
5.3.1 Unit of analysis
We are interested in SI in NPD, and therefore, it could be regarded as the primary unit of analysis of
this research. It is also possible to be more specific and express the unit of analysis in terms of
products or organizations. SI in NPD per definition involves more than one firm, as well as at least
one product. It would have been convenient to focus on a single product generation, as that would
have set clear boundaries to the period of time on which data were collected. But as indicated in
section 5.1.4, this would not have allowed us to observe the architectural changes in the product
that are so relevant to SI in NPD. For that reason, our unit of analysis is a somewhat problematic
combination of the relationship between an OEM and a supplier, with a particular focus on one class
of product, or rather a part of a product: a module. This combination is problematic because we
have included cases in which more than one supplier played a role throughout the period on which
we collected data, for example because the development work was split between two suppliers, or
one supplier was replaced with another. Similarly, the product changed, as one generation within a
particular class of modules would be superseded by the next. In conclusion, only two things are
constant within this somewhat dynamic unit of analysis consisting of an OEM, a supplier and a
module: the OEM itself, and the type of module (but not its particular generation or version). In the
remainder of this work, we consider the ‘module’ (i.e. the type of module, over several generations;
see section 5.1.4) along with the associated supplier relationship(s) as the unit of analysis. When
mentioning a ‘case’ or ‘case study’, we refer to this construct.
5.3.2 Level of analysis
In this research, aspects on several of these levels play a role, and it was chosen not to limit this
research to one particular level. That being said, the emphasis is on the level of the dyadic
relationship and on that of the module (see Figure 11). The relevance of several levels of analysis is
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consistent with the observation that processes of innovation usually span several analytical levels;
innovation is a multi‐level phenomenon (N. Anderson, de Dreu, & Nijstad, 2004). The fact that this
research deals with innovation in an inter‐firm setting implies that the relevant levels of analysis
comprise both intra‐ and inter‐firm organizational structures (i.e. department, firm, inter‐firm
relationship, industry), as well different aggregations of technological artifacts (i.e. component,
module, product).
This is reflected by the two inverse pyramids in Figure 11, each of which contains progressively
smaller units of analysis. The organizational pyramid consists of the industry level, the level of the
dyadic buyer‐supplier relationship and the level of the individual firm. In the technological pyramid,
the highest level is represented by the product, followed by the module or subsystem level and the
component level. Properties of the individual OEM firms as well as the dynamics of buyer‐supplier
relationships have been discussed extensively during the interviews, while the characteristics of the
different industries often provided explanations for decisions and events on the lower organizational
levels (cf. the concept of the embedded case study, Yin, 1994). Similarly, while discussing the
technology at hand, interviewees switched frequently between the product, module and component
levels in order to explain particular difficulties in the development, manufacturing or planning of
new products. Due to the many links between the different levels, both pyramids show strong
internal cohesion. Moreover, the subject of NPD, and in particular inter‐organizational NPD, creates
many links between both pyramids. Note that both pyramids could be extended on both ends, for
example by adding the team to the top end of the organizational pyramid, or a ‘system of systems’
(Hobday, 1998) to the bottom end of the technological pyramid. Indeed, limiting both pyramids at
these levels is somewhat arbitrary.

Figure 11: This research moves between different levels of analysis.

Although all levels of analysis depicted in Figure 11 are relevant to this research, which is reflected in
the interview data, each empirical research phase revolved around one particular level. The final,
empirical research phase focuses on the level of the dyadic relationship (organization) and on that of
the module or subsystem (technology). It is on these levels that the co‐evolution of the product and
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the collaborative buyer‐supplier relationship can be observed, by tracking the changes to a particular
piece of the product over several generations.

5.4 Selection of companies, cases and interviewees
The selection of companies for the final, longitudinal research phase was aided by the information
gathered during the pilot research. Indeed, one of the reasons for visiting ten companies during that
phase was to identify candidates for further, in‐depth research. In his seminal work on longitudinal,
qualitative research, Pettigrew (1990, pp. 275‐276) outlined four strategies for case selection: select
cases that represent (1) ‘extreme situations’ or ‘critical incidents’, (2) ‘polar types’, (3) ‘high‐
experience levels of the phenomena under study’ and (4) choose cases that are likely to be
accessible for data collection. For the selection of the companies from which we then selected
individual cases, we used a synthesis of all of these strategies. However, the emphasis was on the
selection of companies with ‘high‐experience levels’: for SI in NPD to be investigated successfully,
the companies involved needed to have extensive experience with SI in NPD. Below, we will explain
how our research relates to the strategies outlined by Pettigrew (1990)38.
The fact that this research revolved around high‐tech companies means that in terms of the sort of
products for which we studied SI in NPD and the emphasis on innovation of the companies involved,
we focused on extreme situations: we only included companies in our research that are known for
their high innovativeness, product complexity and technological proficiency. Pettigrew (1990) also
mentions ‘critical incidents’ as a selection criterion. Although we did not focus the selection of cases
case study companies on critical incidents, they did play a role in the interviews. In particular
question 6c in the interview protocol (see Appendix A, page 235) tended to generate leads that were
used to explore how technologies and relationships with suppliers had evolved over time. We will
discuss the interview process and this aspect of it in more detail in section 5.5.1.
In our selection of companies (see section 5.4.1), we included companies from different industries in
such a way that variation was present on one parameter in particular: the volume in which products
are manufactured. The selection of polar types or cases with contrasting results is a useful strategy if
the effects of variation of a particular variable are investigated or to falsify the findings in an early
stage of the research and thereby aid the theory‐formulation process (Eisenhardt, 1989; Pettigrew,
1990; Yin, 1994). In our research, a polar type strategy would have required the inclusion of both
ends of the scale, i.e. millions or even billions of units per year on the high end of the scale, and one
unit or less per year on the low end of the scale. In this research, we excluded these extremes, based
on the expectation that SI in NPD would be of a more incidental nature on the low end of the scale
where engineer‐to‐order companies and other companies offering one‐off products are located. On
the other extreme, we anticipated that issues of costs and benefits for the involved suppliers would
be different for high‐volume companies; in initial interviews during the pilot phase, managers
frequently indicated that getting the commitment of suppliers to challenging technology projects is
difficult if there is only a promise of limited production volumes once the product reaches a mature

38

The contributions of Yin (1994) and Eisenhardt (1989) are also quoted particularly frequently in management
research. We rely on Pettigrew’s (1990) publication because of the specificity with which it describes different
strategies and its comprehensiveness regarding selection strategies in comparison with the other two
contributions.
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stage. But because of the anticipated relevance of production volumes, we did select case study
companies with clear variation in terms of production volumes.
The selection of cases with a ‘high‐experience level’ is perhaps the strategy that is the most
prominently recognizable in this research, and that is also reflected in Perry’s (1998) statement that
cases should be selected that are rich in information. Indeed, it was the primary criterion for
selecting the cases and the modules that were studied. During the pilot phase, we attempted to
establish how much experience the involved companies had in managing SI in NPD. In addition, the
selection of modules within the selected companies was focused on modules in whose development
suppliers had been involved for an extensive period of time. By doing so, we intended to ensure that
relevant longitudinal data were present to begin with. Also, during the pilot research phase, we
found that companies with limited experience in SI in NPD, which were usually also smaller than the
three OEMs we addressed in the final research phase, also had other drawbacks. For example, they
sometimes lacked employees focused on procurement or supply chain management activities.
Moreover, we observed during the pilot phase that in the larger companies with considerable
experience with SI in NPD, it was easier to locate individuals who had already been reflecting on
strategic and long‐term issues related to SI in NPD. We found that interviews with such interviewees
were richer in data than those involving interviewees with a more limited awareness of SI in NPD.
Finally, good access to interviewees at a company and an accessibility of data concerning specific
modules were conditions for inclusion of companies resp. modules in the research. At the end of the
pilot phase, preliminary findings were presented to supply chain managers at the companies that
were selected for the in‐depth research as per the criteria outlined below. At the end of that
presentation, their participation in further research was requested, and in all case granted.
Furthermore, access to important interviewees and data was improved by letting the companies
themselves make suggestions for which modules to include in this research39.
In conclusion, formulating the strategies for selecting companies as well as the cases (i.e., modules
with associated supplier relationships; see section 5.4.2) involved considerations from all four of
Pettigrew’s (1990) selection strategies. The selection of companies and cases is the result of a
process in which we have attempted to strike a balance between exploring SI in NPD within a very
specific context, and producing results that were not idiosyncratic. The specific empirical context is
represented by high‐tech firms with relatively low production volumes. We have sought to prevent
the formulation of highly idiosyncratic theory by seeking some variation in terms of the technologies
involved, the commercial environment in which the cases are embedded and limited variation in
terms of production volumes. However, it must be stressed that generalizability was not a primary
objective in this research, and the conclusions should be interpreted accordingly: as an indication of
how inter‐firm collaboration evolves under influence of the nature of the product that is subject of
that collaboration.

39

It is likely that some modules that were potentially interesting for this research were not suggested by the
companies involved. For example, at Scan, it seems that we were only given access to modules that did not
house technologies that were sensitive in terms of national security. From a methodological viewpoint, this
should not be a major problem, since a sufficient number of less strategically or politically sensitive modules
remained that offered relevant data.
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5.4.1 Selection of companies
The researcher had good access to one of the case companies, PrecMach, as a result of having
worked there for one year prior to the research. Additionally PrecMach sponsored the research
group within which the current project was performed, but not exclusively this project40. Due to the
good access to the PrecMach organization, the choice was made on practical grounds to use
PrecMach as a prominent source of data and it would therefore be part of the selection of
companies for the final research phase as well. However, it was also decided early on in the process
that it would be desirable to control for the particular cultural characteristics of PrecMach as well as
the specific industry it operates in. However, due to the richness of the data that could be obtained
from PrecMach, empirical data from PrecMach are featuring in some parts of this book more
prominently than data from the other companies.

Part of holding (during
period of data
collection)
Customer industries
Annual production
volumes (order of
magnitude for
products investigated)
Annual revenue
(average 2006‐2010)
Annual R&D
expenditure (average
2006‐2010)
Number of employees
(2010)

R&D staff in The
Netherlands (average

PrecMach

Imagine

No

No

Electronics

Document processing

Scan
Yes (with high degree
of autonomy in
organizing NPD and
(out)sourcing)
Defense, mass transit

Hundreds

Thousands

Dozens

> € 2,500 million

> € 2,500 million

< € 1,000 million
(year 2009)

> € 250 million

Between € 100 million
and € 250 million

< € 100 million

Between 5,000 and
20,000

> 20,000

< 5,000

> 2,000

Between 500 and 2000

Between 500 and 2000

2006‐2010)

Table 4: Case study companies for phase 3. Data sources: company reports, websites and business media
(Van der Sandt, 2011)

Contacts at PrecMach played four roles in this research. Firstly, key contacts were used to define an
initial research subject, creating an empirically grounded starting point for the research. Secondly,
as additional companies were identified for this research, some of PrecMach’s employees were
approached because they were known to have contacts within those companies. This enabled the
researchers to gain access to most of the other organizations that were investigated in this project.
Thirdly, some PrecMach employees were interviewed several times throughout the process to follow
up on subjects that were identified during an interview, but not yet explored in sufficient depth.

40

The results of this research have not been influenced in any form by financial incentives from any party.
However, PrecMach did play an important role in providing input to the definition of the subject of this
research. Thereby, PrecMach secured its interest, which is to gain a better understanding of innovation‐
oriented, inter‐firm collaboration. Throughout the research, PrecMach employees frequently indicated that by
providing support to this research, in addition to serving the interest of their company, they also intended to
serve society at large.
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Fourth, numerous on‐site observations and informal conversations were held at PrecMach’s
premises, to which the primary researcher was granted access. Hence, ‘interactive observation’
(Fenno, 1986, p. 3) or ‘participant observation’ (e.g. Leonard‐Barton, 1990, p. 254) was used as a
means to collect and interpret data on the research subject, as well as to guide the definition of the
research subject itself.
As mentioned above, three OEM companies were investigated in the last phase of this research.
These OEMs were selected from the list of companies used in the pilot phase. Since we intended to
delve deeper into specific instances of SI in NPD during the longitudinal research, it was deemed
infeasible to include all OEMs of the pilot phase in the final phase of data collection. A number of
three OEMs was deemed a fitting compromise between the possibility to capture a variety of
practices and the necessity of maintaining a manageable research workload. The key role of
PrecMach in the research was prolonged during the final phase, as the company continued to
provide good access to relevant data. The following criteria were used to determine which
companies were to be added to complete the collection of companies:






The OEM’s product must be high‐tech. This criterion is to ensure that only sufficiently complex
products are included in the research, as we specifically aim to understand SI in complex NPD.
Hence, the product must comprise at least ten modules or subsystems, each consisting of
various components, and the product must consist of physical equipment. This was done to
ensure that physical as well as functional interactions are present between parts of the product.
The presence of both types of interactions is relevant as they play a role in the modularity of a
product (Ulrich, 1995). Additionally, new technologies, i.e. technologies new to the OEM firm or
new to the world, must be incorporated frequently in new products developed by the OEM. This
creates a context with some extent of technological uncertainty, which has been argued to
affect SI in NPD (Bruce, et al., 1995; Fliess & Becker, 2006).
Only OEMs situated in The Netherlands were eligible. One international OEM was included in
research phase 2, but for phase 3, it was decided to use only OEMs whose headquarters were
situated in The Netherlands, and with the majority of the NPD work also performed there. This
criterion was used for two reasons. Firstly, in order to control to some extent for differences in
culture, social and political climate. The suppliers partaking in the instances of SI in NPD that
were investigated were of a more international makeup. The majority was located in The
Netherlands, but suppliers from Germany, the United States and Japan were also discussed with
OEM representatives. Hence, while controlling for cultural differences at the OEMs, it is likely
that cultural factors have played a role to some extent within the buyer‐supplier relationship.
Note that this research does not intend to add to the extensive body of literature on the role of
culture in business management and collaborative relationships that is already available
(Hofstede, 1983; Smith, Carroll, & Ashford, 1995). Practical reasons also played a role in selecting
only companies situated in The Netherlands. All interviews were face‐to‐face and held on the
OEMs’ premises, which made it attractive to work with local companies.
OEMs with long‐standing outsourcing practices were chosen. The focus on long‐term dynamics
of SI in NPD made it necessary to include only companies in which historic developments had
taken place. OEMs were selected that had been outsourcing manufacturing and some NPD tasks
for at least 10 years.
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OEMs aiming at different customer industries and with different products were selected. The
quick scan (see Table 3) suggested that customer requirements influence the collaboration
behavior of OEMs. For that reason, we decided only to select only OEMs that operate in a
business‐to‐business fashion, consistent with the previous research phases. However, within the
business‐to‐business setting, we opted for variety in terms of production volumes and the
nature of customer industries.

Based on the criteria outlined above, Imagine and Scan were selected for the
longitudinal/retrospective research phase. Preliminary research results were presented to key
informants at Imagine and Scan at the end of the pilot phase (see Appendix B: pilot research phase),
and at the end of these sessions their cooperation for the longitudinal research was requested.
PrecMach’s participation as a key case was secured earlier on in the research. Some characteristics
of the three companies are provided in Table 4 (page 90). Note that all three companies are
relatively large if compared with the larger set of companies used in the pilot phase. Additionally, all
three OEMs put a high emphasis on innovation, which is illustrated by the relatively high
investments in R&D activities and large R&D departments.
5.4.2 Selection of modules: case selection
Since the selected companies are relatively large corporations, they have dedicated supply chain
management departments that deal with the formulation and implementation of supplier strategies.
We recognized this aspect as essential to this research, as it means the firms could be expected to be
able to provide the sort of information necessary to answer the research questions, in particular
regarding the developments in the relationships with suppliers and the causes for changes therein.
Because the products of all three companies are large and complex, and their supplier bases include
dozens or even hundreds of first tier suppliers, we decided to focus within the three selected firms
on smaller chunks of the product: modules or components that involved a more comprehensive
supplier base, often consisting of only one or two suppliers.
Depending on the architecture of the product, these modules are more or less recognizable, physical
parts that perform a function that contributes to the functionality of the overall product. The
modules themselves consist of several smaller parts or components, which may in turn consist of yet
more and smaller parts. This is important to note, because interactions within the product occur on
multiple levels that appear relevant to this research: between the different modules that constitute
a product, and within each module, i.e. between the different parts that constitute a module. During
the pilot phase, we observed that the module‐level is a useful level of analysis in the study of SI in
NPD in a context of high‐tech OEMs. This is because the OEMs we investigated predominantly
modules procured from external suppliers: more so than individual components or entire products41.
In other words: for a given module, it is usually possible to identify one or two key suppliers that are
associated with the development and/or assembly of the entire module.

41

Although examples thereof were also encountered: e.g. PrecMach still assembles a small number of key
modules itself, using components and assemblies of small numbers of components procured by suppliers.
Conversely, Imagine markets products that it procures as a whole from strategic partners to complement the
product range that it develops and assembles itself.
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In the selection of cases, i.e. modules with their associated suppliers, the OEMs themselves played
an important role. Before the final, longitudinal research phase, representatives of the OEMs were
asked to identify modules that would be appropriate for in‐depth research. To determine which
modules would be appropriate, the informants were provided three criteria, and each module
mentioned was tested to comply with these criteria:
1. The development of the module should involve a supplier, in however limited or extensive
fashion. This excluded modules that were entirely developed in‐house at the OEM, but also
modules that were bought as‐is without any modifications made on request of the OEM. Since
we intended to research SI in NPD, we needed to ascertain that SI in NPD indeed was present in
the cases studied.
2. The module would have to be recognizable in some form or version throughout several product
generations over the past years. This requirement was to ensure that retrospective, longitudinal
data collection would be possible: it was necessary that the technical evolution of the module
could be captured, at least to some extent. Hence, we included only modules that fitted into the
process of architectural evolution characterized by consecutive product generations outlined in
section 5.1.4: in essence, they had been in existence for several years, but the implementation
had changed over time through the consecutive introduction of new versions.
3. Change must have occurred over the different generations of the module, either in terms of the
interactions within the module or between the module and other modules, or in the SI in NPD
arrangements associated with the module. This requirement proved easy to meet due to the
long periods of time over which we were able to collect retrospective data, i.e. more than ten
years. In such a long timeframe, technological and commercial aspects of the OEMs’ products
had in general changed considerably.
4. Case / module
Company
Dominant technologies Period on which data were
present in the module
collected
Compensator Module
PrecMach
Mechatronics (precision
Ca. 1990 ‐ 2010
mechanics, electronics,
Slide Module
Ca. 1990 ‐ 2010
control software)
Power Supply Module
Electronics
Ca. 1995 ‐ 2010
Peripheral Modules
Imagine
Mechatronics
Ca. 1995 ‐ 2010
User Interface Module
Electronics
Ca. 1995 ‐ 2010
Power Supply Modules
Electronics
Ca. 1995 ‐ 2010
Imaging Module
(Opto‐) electronics
Ca. 1990 ‐ 2010
Coupler Module
Scan
Mechatronics
Ca. 1975 ‐ 2010
Motor Control Module
(Power) electronics
Ca. 2000 ‐ 2010
Console and Housing
Mechanics
Ca. 1993 ‐ 2010
Structures
Table 5: The modules represent the case studies in this research

A final requirement on selected cases is that of the accessibility of data and interviewees (cf.
Pettigrew, 1990). This requirement was fulfilled as a matter of course by letting informants at the
OEMs point out cases. A selection of fourteen modules was the result, of which four were left out
because of post‐hoc methodological considerations. One module at PrecMach was left out because
it was a tool used in a manufacturing process without being part of the product itself, and we
therefore considered it to be an outlier. One more module at PrecMach was so large and complex in
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terms of number of sub‐modules and associated suppliers that it proved too unwieldy to effectively
collect data on. It was therefore dismissed at an early stage of the final round of interviews. Two
modules at Scan were taken together during final analysis because they proved very similar both in
terms of technology and SI in NPD; they are included in the research as the ‘Console Structure and
Housing Structure’ case (see section 6.3.5). Finally, one module at Imagine was initially included for
retrospective research, but left out after an initial interview in which it became apparent that
although interesting technological and architectural changes had occurred, it was not a particularly
rich case in terms of SI in NPD. The remaining ten modules resulting from the above process are
briefly introduced in chapter 6. An overview of the modules is provided in Table 5 (page 93).
5.4.3 Selection of interviewees
As in the other phases of the research, the primary means of data collection was through semi‐
structured interviews. Interviewees were selected using a snowball sampling method, because this
made it easy to identify and then explore relevant subjects in‐depth without having to rely on a pre‐
determined selection of interviewees. This is consistent with the dynamic character of the research
that was described in section 5.1. See Table 6 for a list of interviewees of the final research phase.
However, several potential problems have been identified in snowball sampling or interviewees. For
example, issues have been raised related to the appropriateness and quality of the information
interviewees may provide and the management of a network of informants in such a way that the
right information becomes available at the right time to the researchers (Biernacki & Waldorf, 1981).
However, this research does not rely on long chains of referral for its selection of interviewees; the
maximum distance between our initial contact at a firm and an interviewee was one intermediate
person. Moreover, the number of interviewees within a single firm was limited to about 20
(PrecMach). Hence, problems inherent to the management of exceedingly complex or vast networks
of interviewees such as mentioned by e.g. Biernacki and Waldorf (1981) were not encountered in
this research.
Company
PrecMach

Function/department of
interviewee
Mechatronics architect
Procurement account
manager
Procurement manager
Procurement account
manager
Procurement manager
NPD project manager
NPD team leader
NPD team leader
Procurement Account

42

Primary case(s) / subject42

Interview date(s)

Slide module
Compensator module

28 Jan. 2010
7 Jan 2010

Supply chain management, Power
Supply Module
Power Supply Module

4 Dec 2009
28 Jan 2010
17 Dec 2009

Supply chain management,
Slide Module
PrecMach NPD processes and
product architecture
Slide Module
Compensator Module
SI in NPD for production tool (not

3 Dec 2009
17 Dec 2009
10 Dec 2009
28 Jan 2010
14 Jan 2010
11 Mar 2010

In many cases, interviewees had been involved in several of our cases, and therefore, several cases were
often discussed during an interview. In this table, the cases and subjects that received the most attention
during the respective interviews are recorded.
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Company

Imagine

Function/department of
interviewee
Manager
Procurement Account
Manager
NPD project manager
Electronics architect / NPD
project manager
Procurement Account
Manager
Procurement Account
Manager
Supplier relationship
manager
Procurement manager
Supplier relationship
manager
NPD project manager

Scan

NPD team leader
Procurement manager
NPD project manager
Tactical purchaser
Tactical purchaser
Tactical purchaser
Senior NPD manager
NPD engineer
NPD engineer
Tactical purchaser
Senior NPD manager

3 OEMs

NPD engineer
30 interviewees

Primary case(s) / subject42

Interview date(s)

in final analysis)
Slide Module

25 Feb 2010

Slide Module
Power Supply Module

25 Feb 2010
17 Dec 2009

Slide Module

11 Mar 2010

SI in NPD for electronics modules
(context data)
Peripheral Module family

26 Nov 2009
5 Feb 2010

Power Supply Modules, supply
chain management (general)
Peripheral Module family

12 Feb 2009
1 Apr 2010
5 Feb 2010

Imaging Module, Power Supply
Modules
Peripheral Module family
Peripheral Module family
User Interface Module
Motor Control Module
Console Structure and Housing
Structure
Coupler Module

10 Mar 2010

Coupler Module
Console Structure and Housing
Structure
Console Structure and Housing
Structure
Console Structure and Housing
Structure
Make/buy strategy, NPD program
management
Motor Control Module
10 cases

12 Feb 2009
12 Feb 2009
10 Mar 2010
24 Mar 2010
17 Feb 2010
8 Jan 2010
17 Feb 2010
17 Feb 2010
3 Mar 2010
17 Feb 2010
3 Mar 2010
24 Mar 2010
24 Mar 2010
33 interviews

Table 6: Overview of formal interviews during the longitudinal, retrospective research phase. Interviews
from the pilot phase are not included in this table, neither are numerous informal conversations used for
following up on interviews and exploration of the context of the cases

Due to the relatively small number of interviewees for each particular instance of SI in NPD (see
below), issues related to working with key informants can also be deemed applicable to this
research. In particular, two potential problems have been identified related to working with key
informants in research into business relationships: selecting appropriate informants, and dealing
with differences in perception between informants (Kumar, Stern, & Anderson, 1993). Regarding the
variety of perceptions, we attempted to use this to our advantage by specifically selecting
interviewees from both technically oriented and commercially oriented departments. We captured
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the views of both worlds in order to understand as well as possible the relationship between the
technical and commercial aspects of buyer‐supplier relationships. In addition, we took a number of
measures to ensure that we selected well‐informed interviewees who could offer reliable
information. Firstly, we suggested to our contacts that we were specifically looking for interviewees
with extensive experience with the product at hand or the supplier(s) that were involved. In practice,
this meant that we mainly interviewed procurement account managers and NPD project managers
with at least five years of experience in their respective functions. In addition, at least two
respondents were interviewed about each combination of module and supplier relationship(s) in
order to enhance the completeness and the validity of the data gathered.
Interviewees were contacted via e‐mail. The initial mail message included an attachment providing a
brief description of the research and an interview protocol; an overview of the questions that would
be addressed during the interview (see “Appendix A: Longitudinal research phase introductory letter
and interview protocol”, page 233). Included in that document was a graphical representation of the
central concepts in this research phase (see Figure 20, page 235). These were SI in NPD and platform
architecture, where SI in NPD corresponds to the organization of SI in NPD as discussed in section
4.1, while platform architecture captures the technological aspects of specificity and complexity
addressed in sections 4.2 and 4.3. The product management activities and sourcing activities were
included as ‘linking pins’ between these concepts. The questions in the interview protocol were
grouped according to the different concepts in this model. The initial e‐mail message was then
followed up after about ten days with a phone call to ascertain if the contacted person would be the
able and willing to participate in the research. In some instances, the contacted person would refer
us to a colleague who would be better capable of answering our questions.
The OEM products studied are proprietary products, which means the OEMs in question are in
control of the product architecture. Hence, decisions regarding both product architecture and
sourcing of modules are taken by actors within the OEM, i.e. by the buying organization. For that
reason, we chose to select interviewees only from the buying organizations. Nevertheless, the
supplier’s viewpoint was discussed frequently, especially in the context of the value distribution
between the buyer and supplier. Especially procurement account managers appeared to be well
aware of the motivations and strategic objectives of their suppliers, which can also be expected from
the nature of their function (cf. Atuahene‐Gima, 1995; Wynstra, et al., 1999).

5.5 Data collection and analysis
5.5.1 Data collection: the interview process and additional sources
The interview protocol (see Appendix A: Longitudinal research phase introductory letter and
interview protocol) outlines a number of questions grouped in several categories. During the phase
of data collection, the interview protocol served two purposes: firstly to aid the selection of
interviewees. Prospective interviewees usually attempted to estimate to what extent they felt they
would be able to offer useful information. The interview protocol proved a useful tool to give
prospective informants an indication of what sort of topics would be addressed during the
interviews. The second use of the interview protocol was guiding the interviews themselves.
However, the questions in the protocol were almost never addressed in the exact order or
formulation in which they appear in the appendix.
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As outlined in section 5.4, critical events played an important role in the interview process. A critical
event or a remarkable occurrence such as switching from one supplier to another, a conflict with a
supplier or a drastic change in the architecture of a module, was usually mentioned to the
researcher when a brief introduction to the research was provided to the informant. Following up on
these leads during the interview was usually chosen above following the exact order and formulation
of the questions outlined in the protocol. All of the subjects in the protocol would usually be
addressed by asking the interviewees how events progressed. Any untouched subjects were
addressed at the end of the interview, if sufficient time was available.
This style of exploring a particular case, i.e. by inquiring after how events had progressed in terms of
collaborative processes and technological changes in the context of the module in question,
encouraged the interviewees to structure their recollections of past occurrences. In some cases,
physical evidence of this structuring of thoughts was present. For example, an interviewee who was
asked about the technical changes in the Compensator Module drew a table on a scrap of paper,
outlining the different generations of the module and the years in which they were developed. In
addition, adhering to a narrative or consecutive chain of events proved useful in discovering the
rationales behind decisions and the causes for events or incidents. During the interviews, the
questions asked were mostly formulated as open questions and were formulated in such a way as
not to contain important bits of information or expectations of the researcher (Perry, 1998).
Periodically, a brief summary was provided during an interview by the interviewer along with a
closed question to confirm an inference of the interviewer or to verify if the interviewer had
understood correctly what the informant had just recounted. Finally, sometimes the interviewer
made a speculative or provoking statement to explore how an interviewee thought of a specific
issue. This was done in particular when open questions yielded little information, and a provoking
statement was in those cases sometimes used to obtain a more detailed response from the
informant.
All interviews took place at the premises of the companies involved. This had the advantage that
frequently, interviewees could show the product that was being discussed. Also, the interviewees
did not need to invest time in travelling to the location of the interview, which helped to gain their
cooperation. At all three companies, the researcher was shown (parts of) the modules, the assembly
process and computer drawings. These observations were helpful in guiding the interviews and
sometimes helped the researcher to identify potentially relevant aspects of a case, such as
challenges in a supplier’s production process or interactions on both the module‐ and the product‐
level that could influence the NPD process.
In addition to the interviews and on‐site observations, documents were incidentally collected to
support the findings of the interviews. This was done sparingly, however, as these documents were
invariably regarded as confidential, and many interviewees were not willing or able to provide the
researcher with supporting documents. The supporting documents that were collected included
description of supplier relationship management strategies, processes or making make/buy
decisions and for selecting and qualifying suppliers, and documents outlining the results of supplier
qualifications or problem reports. In conclusion, all three data sources outlined by Pettigrew (1990)
were used: in‐depth interviews, archive data and observational material. But the emphasis was on
the interviews; the other data were used for identifying relevant issues to address during the
interviews (especially the on‐site observations) and for confirming and providing more detail to the
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information provided in the interviews (especially documents such as presentations and
spreadsheets).
5.5.2 Data analysis
Like in the pilot phase (see Appendix B: pilot research phase), the interviews were transcribed
verbatim and subjected to an iteratively refined coding tree. Prior to coding the text, the transcripts
were divided into fragments usually consisting of one question and a respondent’s answer, each
fragment typically comprising 100 to 500 words, which is in the order of magnitude of 0.5% ‐ 2.5% of
the complete text of one interview. The length of these fragments was determined by two main
factors: the formulation of the interviewees and the subject discussed. Firstly, due to individual
differences between interviewees in terms of choice of words, some interviewees used more words
to convey the same amount of information than others, which reflects in the length of text
fragments due to the fact that interviews were transcribed verbatim. Secondly, the size of the
fragments was chosen depending on the question if the information conveyed was central to the
questions in this research. Hence, some of the longer fragments were not necessarily poor in terms
of information content, but contained information that was not close to the central issues of the
research.
To each text fragment, a single sentence excerpt was added in the wording of the primary
researcher to reflect the central message of the fragment43. Consider for example the following
(verbatim) text fragment from an interview with a Scan employee: “More and more is being
outsourced, and on a higher level as well. First, we bought basic parts, but these days it’s more and
more compound products and assemblies, so parts with lots of interfaces with our systems. That
makes them much more difficult to specify en to test. I think there are reasons related to money
behind that; pressure is being applied by the headquarters of our mother company to do this. In [the
country where Scan’s headquarters are located] they already do that a lot more: outsourcing things.
It’s just a trend that is visible at the moment, and we are trying to do it as well as possible.” This
fragment was condensed into this: “We outsource on a higher level; possibly because of the costs,
but the strategy outlined by our headquarters is an important driving factor.” Note that not all
information of the original text fragment is contained in this condensed version. This is why the
original text was kept visible and referred to throughout the coding process and subsequent analysis.
Still, the use of short excerpts greatly aided in the process of assigning text fragments to coding
categories.
All text fragments were assigned at least one category code, but most fragments were attributed to
several categories. For example, the excerpt shown above was assigned the coding categories ‘Cost
& financial risk’, ‘Sourcing strategy’ and ‘Sourcing evolution’. These category codes were based on
the data and refined during as the coding process unfolded (cf. open coding, Strauss & Corbin, 1990).
The category codes were then grouped into clusters of concepts that were closely related to each
other.

43

The formulation of these short excerpts involved some degree of interpretation. This is similar to the notes
used in grounded theory, although it must be noted that grounded theory notes tends to be much more
elaborate and seem to be even more reliant on the researcher’s interpretation (Corbin & Strauss, 2008).

98

Methodology and empirical setting
The coding process and the final stage of analysis were facilitated by the use of computer software
specifically intended for the management of qualitative data. During final analysis, this software
allowed the creation of queries, that facilitated e.g. the analysis of text fragments that were assigned
specific combinations of codes. This made it possible to query the database for relevant questions.
For example, the question “what are the characteristics in terms of product modularity in
association with the Coupler Module case at Scan?” could be answered by querying the database on
interview fragments being coded as containing information on ‘Modularity and separability44’ and as
belonging to the Coupler Module case. These queries allowed the researcher to easily create an
overview of the statements of interviewees related to specific subjects or combinations of subjects.
Based on these overviews, the general descriptions in chapter 6 and descriptions from different
perspectives in chapters 7 and 8 were constructed.
Next, the empirical data will be presented in the form of a cross‐case analysis in chapters 7 and 8.
Chapter 6 sets the stage for this cross‐case analysis by briefly presenting the companies and the
cases that were investigated within each company. The following cross‐case analysis is structured
along the lines of the relationship between product complexity and SI in NPD (chapter 7), and that
between the customer‐specificity of the product and SI in NPD (chapter 8). Instead of presenting the
data in a case‐by‐case fashion, it was chosen for the thematic approach outlined above in order to
retain consistency in the structure of our argument. In the following chapters, preference is given to
the products of our analysis over literal quotes of interviewees, although quotes are used from time
to time for illustrative purposes. The analysis in the following chapters has considerable conceptual
distance to the literal text of the interviews because it relies on an abstraction of interview data as
outlined above. For that reason, quotes are used only sparingly in the following chapters.

44

Meaning: the extent to which the module can be separated from the over‐arching product.
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6 Descriptions of companies and products
In this chapter, we describe the companies and cases that were selected for the longitudinal, final
phase of the research (see section 5.4). In this chapter, a section is dedicated to each company,
starting with a brief outline the nature of the company and its history, followed by a short
description of the company’s products and the market it operates in45. Next is a brief introduction of
each case, i.e. a module of the OEM’s overall product, which is described in terms of its complexity
and the nature of SI in NPD. The case descriptions are preceded by a table that contains key
characteristics for each case46. The customer specificity of each module is captured in these tables,
but not discussed in‐depth in this chapter. This is because detailed data on customer specificity were
not gathered for each module; instead, this subject was explored in a few cases in which the subject
proved particularly relevant during the interviews. In those instances, additional information was
gathered on customer specificity and the investments and benefits for suppliers during already
planned interviews or follow‐up conversations. For an in‐depth discussion of the subject of customer
specificity and data on those cases, see chapter 8.
We start by introducing the OEMs: PrecMach, Imagine and Scan. We will discuss the history of their
organizations and the commercial setting in which they operate. At each OEM, we investigated a
number of module/supplier combinations: a module within the OEM’s product, and the supplier(s)
performing manufacturing and/or development tasks for that module. Each of these
module/supplier combinations will be described, providing insight into the context in which the
specific issues were addressed in our longitudinal/retrospective research. Many other modules and
suppliers were discussed with interviewees, but they will not be introduced specifically in the
following sections. We will use observations linked to those modules and suppliers at some points to
illustrate a particular phenomenon or to make a comparison between the OEMs we investigated.
Similarly, where appropriate, we will link the observations at the three focal OEMs from phase 3 to
the larger set of OEMs addressed in the phases 1 and 2 of the research. But the three companies
introduced below serve as the primary focal points of this research.

6.1 PrecMach
6.1.1 General introduction and company history
PrecMach originated in the early 1980s as a spin‐off in The Netherlands from a highly diversified,
multinational manufacturing company: ParentCorp. At that time, ParentCorp had several
departments that designed and produced manufacturing equipment for volume production activities
within ParentCorp. PrecMach started as one of those departments, manufacturing equipment for
highly specialized electronics manufacturing. ParentCorp decided that the activity was too far
removed from ParentCorp’s core activities and should no longer be performed within the
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The company introductions are based on data extracted from annual reports, company websites, on‐site
observations and interview data. Other than the case studies, the interviews did not form the primary data
source for the company descriptions. Note that the descriptions are anonymized and specific references to
sources used are omitted for reasons of confidentiality.
46
We constructed the case descriptions in this chapter by synthesizing interview data (primary data source),
on‐site observations of prototypes, products and modules, internal company documents such as presentations
and technical drawings, and information from public websites.
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boundaries of the firm. The department was separated from ParentCorp, and the project team of
less than 100 engineers formed the new company PrecMach. PrecMach initially occupied a marginal
position in its market segment, but proceeded to gain a considerable market share after introducing
several consecutive generations of its product. The company started to enjoy considerable
commercial success during the mid‐1990s, and it was also in that period that the company was listed
on the international stock market. In the past decade, PrecMach has acquired a small number of
companies with technologies and activities that were similar or complementary to those of
PrecMach. PrecMach now has offices in sixteen countries in Europe, the United States and Asia,
which support local sales, procurement and customer support activities. Its headquarters are
situated in The Netherlands, where the vast majority of its R&D staff are located as well.
6.1.2 Products and market context
To date, PrecMach maintains its focus on the same, specific electronics manufacturing application as
in the 1980s. The market for its class of equipment is oligopolistic, with only a handful of companies
left worldwide that manufacture machines for this particular purpose. When PrecMach was
founded, it competed with nearly 10 competitors, but the number has dropped as a result of
competitors having merged with existing companies in the field, or competitors selling their
activities focused on this market segment. PrecMach’s customer base includes most of the
significant players in their field, but this customer industry is also oligopolistic; only a couple of
dozen firms worldwide are active in the manufacturing activities for which PrecMach develops its
dedicated machinery.
Module name

Supplier(s)

Compensator
Module (6.1.3)
Slide Module
(6.1.4)

CompSup

Power Supply
Module (6.1.5)

PrevSlideSup
(manufacturing
previous versions)
SlideSup
(manufacturing
current version)
MechSup (NPD)
(BellowSup
(bellows
component))
EleSup (power
supply modules)
CabSup (cabinets
containing power
supply modules

Complexity
Complexity (within the Customer
(modile vis‐ module itself)
specificity
à‐vis
the
overall
product)
High (many
interactions,
difficult to
specify;
increasing
complexity
over time for
the
compensator
module)

High (internal
interactions and
required manufacturing
assets)

Low
(relatively
easy to
specify)

High (high
precision/performance
requirements)

High: Specific
design and
knowledge of
PrecMach’s
technology and
market, generic
NPD
competencies
and technology

Table 7: Characteristics of the cases at PrecMach (simplified, qualitative assessment)

The market for PrecMach’s products is small, resulting in production volumes of a few hundred
machines annually at most. PrecMach’s commercial success of the past 15 years can be attributed to
the technical performance of its products, although economic performance aspects, in particular
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productivity and product price, have gained in importance. Technological performance still remains
the primary aspect on which PrecMach competes with its competitors.
PrecMach’s products rely on a combination of precision mechanics, electronics, precision optics and
control software. The company collaborates closely with a number of strategic partners for specific
technologies in which it has limited development and manufacturing competences, especially in the
area of optics. Its products are highly complex pieces of equipment, consisting of tens of thousands
of individual components. They are also engineering intensive: many of the components are
engineered by PrecMach itself, designed specifically for its products by suppliers and external
engineering firms, or they are based on existing components but customized for use by PrecMach.
PrecMach’s product offering evolves along a pattern of radical and incremental innovation: a new
product platform is introduced every five or ten years; the development of these product platforms
involves radical innovation and investments of tens to hundreds of millions of euros. These platform
development projects usually push the boundaries of the technologies used, and therefore require
close collaboration with the scientific community. Within the product platforms, incremental
innovation occurs and individual products are introduced at a considerably higher frequency than
new platforms are devised (Alblas, 2011).
6.1.3 Compensator Module
The Compensator Module47 actively isolates a part of the system from tremors originating from the
environment as well as generated by the machine itself. The Compensator Module enables the
machine to function accurately. The earliest versions of the Compensator Module relied on relatively
simple mechanical concepts, involving only very simple control electronics and virtually no control
software. Later versions became increasingly complex, especially in terms of control electronics and
software, in order to achieve higher accuracy and to compensate for increasing physical forces
generated by other parts of PrecMach’s machine. PrecMach has collaborated for the Compensator
Module with one specific supplier, CompSup, since the late 1980s. CompSup was founded by an ex‐
employee of (only) the manufacturer of the very first incarnation of the Compensator Module.
PrecMach’s requirements almost immediately surpassed the product offering of that particular
supplier, and CompSup was founded in the 1980s with the intention to develop a product offering
for companies with similar requirements to PrecMach’s. CompSup has performed all the
manufacturing tasks for every generation of the compensator module, and it has played a
substantial role in the development of most generations of the module. To date, CompSup remains
the sole supplier of PrecMach for the custom‐made Compensator Module.
6.1.3.1 Product complexity
The Compensator Module is an exceedingly complex module: a high parts count, a high degree of
integration with the rest of the system, and challenging manufacturing processes. The function of
the Compensator Module is to compensate physical tremors originating in the machine’s
environment, as well as in the system itself. In other words, the Compensator Module dynamically
isolates a part of PrecMach’s system from its environment, while at the same time actively
compensating for disturbances generated by the moving parts of the machine itself. Tremors from
the environment, i.e. any type of small movement that is conducted through the floor on which the
system sits, can affect the machine and needs to be controlled for. The moving parts within the
47

Like the company names in this document, all module names are fictive for reasons of confidentiality.
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machine itself, through their repeated acceleration and stopping, exert forces on the parts they are
connected to, causing them to move as well. This dynamic behavior is a threat to the accuracy of
PrecMach’s machines, necessitating the inclusion of a compensator system.
In simple environments, a passive compensation system consisting of springs or flexible joints may
be sufficient. However, the required accuracy of PrecMach’s machine make those solutions
insufficient, necessitating an active compensation system. Such an active system consists of sensors
that detect movement, the electronics and software to process the sensor information, and the
actuator system that can balance the forces that threaten to disturb the machine. Due to the
necessary accuracy and durability, the elements of the Compensator Module are highly engineering‐
intensive48. The module is itself complex due to the tight interactions between electronics, software
and hardware, which must be finely tuned to each other to realize the extreme accuracy required by
PrecMach. Hence, the Compensator Module is complex: even viewed apart from the context it is
embedded in, it is a complex module in itself.
In principle, the Compensator Module could be implemented as a self‐contained module, with little
interaction with its surroundings, save for the inevitable physical placement of sensors and actuators
and electrical connections to supply the module with power. That would limit the complexity of the
module to only the complexity contained within the module that was discussed above. However, the
Compensator Module also compensates for forces generated within PrecMach’s machine itself, but
outside the Compensator Module. Those forces are inherent to the operation of the machine and
the mass of its moving parts and therefore cannot be eliminated. However, since the movements
occur in an extremely controlled manner, any disturbing forces can be rather accurately predicted
with sufficient knowledge of the dynamics of the machine. This is where the integration between the
Compensator Module and its environment originates. More than a decade ago, PrecMach arrived at
the conclusion that the only way to sufficiently control the tremors in the system involved actively
anticipating the forces originating from the moving parts. This is achieved through tight integration
of the control software of the Compensator Module with the system software that controls the
movement of the core parts of PrecMach’s machine. Hence, especially in terms of software, the
Compensator Module49 is tightly integrated with the rest of the machine.
Finally, the Compensator Module is complex in terms of the manufacturing processes involved.
While the electronics are fairly straightforward, the mechanical parts and in particular the actuator
system requires specific manufacturing competencies. In particular, through its long‐standing
experience with PrecMach’s compensator technology, supplier CompSup has specific assets in three
areas: integration competencies, competencies related to qualifying products, and qualification
tooling. Firstly, due to the module complexity of the Compensator Module, the physical integration
of the parts is itself a daunting task that requires precision and highly specialized and skilled labor.
Note that the manufacturing of practically all components within the module is outsourced by
CompSup to other suppliers, whom are managed by CompSup itself and not by PrecMach. Hence,
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The development of the latest generation of the module took several years from concept to
implementation. The constant evolution of the module employs a team of about five engineers at PrecMach,
and periodically a similar number at the associated supplier CompSup when a new generation is developed.
49
In any case the most recent generations; see section 8.6.1.2Error! Reference source not found. for data
regarding earlier generations.
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CompSup acts primarily as a system supplier. Secondly, CompSup verifies the Compensator Modules
that it manufactures: the performance of each module is tested and compared with the
requirements posed by PrecMac. This includes the dynamic behavior of the module. From
CompSup’s employees, this requires an awareness of what the critical performance parameters of
the module are. This awareness in turn requires a good knowledge of the technical context in which
the Compensator Module functions: its interactions with the surrounding system, and the general
behavior of that system as a whole. Compsup engineers need to know how to assess the critical
performance parameters of the module in isolation from the other modules. For example,
qualification engineers at CompSup must be aware of any potential sources of tremors that could
permeate into the module that is being verified, and devise means of isolating their test setup from
those disturbances. This brings us to the third aspect of the complexity involved in manufacturing,
which is the specific tooling required for the qualification of the Compensator Module. No
standardized test equipment is available for this purpose, and highly specific tooling has been
developed by CompSup in collaboration with PrecMach that allows the modules to be tested in a
setting that is perfectly isolated from external disturbances.
Summarizing, the Compensator Module is a highly complex module for three reasons: the
complexity within the module itself, its tight integration with the system as a whole, and the specific
assembly and qualification assets required for its production. The module complexity is a result of
the high performance requirements and the multitude, tight coupling and sophisticated nature of
the elements of the module itself. The tight integration between the Compensator Module and the
surrounding system is a result of the inevitable physical and electrical connections, but even more so
because of the integration of the module’s control software with the system software of the entire
product. Finally, the complexity of the module and the unique technical context in which it functions
makes the assembly and qualification of the module difficult, requiring the presence of advanced
and highly specific assets at supplier CompSup.
6.1.3.2 SI in NPD
Important developments have taken place in the relationship between CompSup and PrecMach and
that the most recent development of the Compensator Module is not representative for the state of
affairs in earlier generations: CompSup’s involvement in the development of the most recent
generation of the Compensator Module was limited. PrecMach employees described the form of
outsourcing of the module as ‘build to print ++ (plus‐plus)’. This generation was fundamentally
different from the previous generation, in particular the actuator hardware, which was necessary
because of fundamental architectural changes elsewhere in the system, resulting in new and
challenging environmental conditions under which the Compensator Module must function.
Two competing concepts for the actuator were initially considered by PrecMach. The first concept
was created by CompSup and offered to PrecMach, as well as to one of PrecMach’s competitors.
According to CompSup, the concept was both capable of meeting new requirements imposed by the
new product platform under development at PrecMach, as well as realizing the functional
performance that was in line with earlier platforms50. A ‘proof of concept’ was provided by CompSup

50

Note that this version of the Compensator Module is only used in the newest platform of PrecMach; it was
never intended to me integrated in existing product platforms. We mention the difference in ‘new
requirements’ and ‘requirements in line with earlier platforms’ because the requirements are different in

104

Descriptions of companies and products
in the form of an early prototype. However, PrecMach had little confidence in the concept and did
not believe it could be made to function reliably in the real‐world situation of an actual product.
PrecMach therefore chose for the rivaling concept, developed by the same engineering company
PrecMach collaborates with for the Slide Module: MechSup. With its extensive knowledge of the
technology roadmaps and system architecture of PrecMach’s system, MechSup had been intensively
involved in the development of PrecMach’s new product platform. As part of that effort, a concept
for the compensator actuators was also developed by MechSup. This concept was demonstrated to
work in two early prototypes of PrecMach’s new product platform, which were largely built by
engineers from MechSup. PrecMach considered MechSup’s actuator concept to be better suited
than that of CompSup, and therefore selected it for the production types of its new product
platform. Still, PrecMach recognized the extensive manufacturing experience of CompSup for
compensator technology, and proposed that CompSup would perform the engineering work to
convert MechSup’s actuator concept into a version that would be ready for commercial application.
The advantage of this approach would be that CompSup could then integrate its manufacturing
knowledge in the product design, hopefully resulting in good manufacturability of the module.
However, CompSup did not agree with this approach. The reason as perceived by PrecMach was that
CompSup considered itself as a company with its own product line and a large degree of autonomy
in deciding on the design and manufacturing of its products. The way of working proposed by
PrecMach would be in contrast with this autonomy. In particular, this could open the way for
PrecMach to gain insight and active control over the cost buildup of the Compensator Module. Costs
had already been subject of discussion between PrecMach and CompSup for a while, and CompSup
had no intention of sharing price‐sensitive information with PrecMach to prevent PrecMach from
taking control over the profit margin of CompSup for the Compensator Module. Allegedly, CompSup
argued that PrecMach would effectively degrade its supplier from a system supplier to an
engineering company by letting it engineer a concept that was provided by a third party, and
CompSup argued that that would not fit in its business strategy. As a result of this, in combination
with the ever present time pressure at PrecMach, PrecMach decided to perform the majority of the
engineering work for the latest Compensator Module generation itself. For this purpose, it attracted
highly qualified engineers, some of which had been recruited a few years before that by CompSup,
but had become superfluous there when PrecMach decided to internalize the engineering work for
the Compensator Module.
This left PrecMach with the situation in which it generated its own design for the Compensator
Module, based on the concept proposed by MechSup. PrecMach now had to solve one more
problem: finding a supplier to perform the manufacturing, assembly and qualification work related
to volume production of the Compensator Module. Due to the uniqueness of the technology, no
alternative besides CompSup was found. For that reason, as well as its long‐standing experience with
the specific requirements of PrecMach, CompSup was therefore selected as the supplier for the new
Compensator Module. CompSup grudgingly accepted, but its hesitation became apparent when

nature. The latter set are the functional requirements that describe the performance of the module, i.e. its
ability to compensate the forces exerted on parts of the machine. The other set, the ‘new requirements’, are
requirements that result from changes in the product architecture that make the use of earlier actuator
concepts impossible.
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PrecMach reported problems with the Compensator Module design and asked CompSup to help
modify the design where necessary. CompSup argued that it could not respond to PrecMach’s
questions as quickly as PrecMach expected, which could be explained by the fact that PrecMach has
an engineering workforce of several thousands of highly qualified engineers, that can be quickly
assigned when necessary to projects that require assistance. CompSup only has a handful of
engineers, and several other demanding customers besides PrecMach, and therefore was not able to
free the engineering resources required for PrecMach. PrecMach therefore decided to solve most of
the engineering problems itself, but among its engineers, a perception was nurtured of CompSup as
a stubborn supplier that was not willing to fulfill the expectations and requirements of PrecMach.
A final note regarding SI in NPD should be made at this point. The discussion above mainly revolves
around the actuator technology in the Compensator Module. This is a core element of the module,
but as we mentioned earlier, the module also consists of electronics and software. CompSup’s
involvement in the development thereof was also very limited in the most recent generation of the
module. We already mentioned that the control software needed to be tightly integrated with the
overall system software, for which reason PrecMach had already taken control over most of the
software development for the Compensator Module at an earlier stage, i.e. before the development
of the latest generation was initiated. The same applies to the electronics, which were designed in‐
house to achieve economies of scale and scope by striving for commonality between the electronics
of the Compensator Module and other modules in PrecMach’s system. In conclusion, CompSup’s
involvement in NPD for the latest generation of the Compensator Module was eventually limited to
some input in detailed engineering activities, after the concept CompSup had proposed had been
rejected by PrecMach.
6.1.4 Slide Module
The Slide Module rapidly and precisely places a cover over a light beam inside PrecMach’s machines.
It uses complex software and electronics to control the movement of a set of blades along two axes.
The performance of the Slide Module directly contributes to the accuracy and speed of the machine,
and is therefore close to the core of PrecMach’s product. PrecMach has always been intimately
involved in the development of the Slide Module, in collaboration with external parties.
Manufacturing of most of the module generations has been outsourced to supplier PrevSlideSup.
The newest generation of the module, however, is manufactured by supplier SlideSup. The external
parties with which PrecMach has collaborated for development for the Slide Module are dedicated
engineering firms.
6.1.4.1 Product complexity
The Slide Module is a particularly interesting case, as it spans several aspects of NPD and SI in NPD
that are typical to PrecMach. The Slide Module consists of some 1,000 to 1,500 individual
components, grouped in a hierarchy that is 7 to 8 levels deep. Many of the components are custom‐
designed for this particular application. However, it is not so much the number of components that
makes the Slide Module particularly complex. Our interviewees indicated that the development of
this module is complex for two other reasons in particular: changes in requirements in a late stage of
the project, and the functional requirements themselves that exceed the capabilities of existing
technologies. We will discuss these issues in detail below.
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The changes in requirements at a late stage are caused by technological uncertainty. Early on in a
development project, PrecMach architects decide on the concepts that can be used to implement
the intended functionality and reach the required performance. Often, and this is also the case with
the Slide Module, these concepts depend on the development of a part or technology that does not
yet exist, or is not mature enough to meet the requirements at the start of the project. Sometimes,
these concepts prove impossible to realize within the boundaries of the project, and an alternative
solution must be found. Because of this reason, PrecMach development program managers tend to
keep several options open for implementing functions with high inherent technological uncertainty.
They do this to allow the project to proceed, and the parallel development and engineering of
different parts can take place according to a predetermined project planning.
At a relatively late stage in the project, when the engineering of many components will have
progressed to some extent, a technologically uncertain concept may prove to be unfit for the
intended purpose, and an alternative must be selected. This has two implications: firstly, engineering
choices based on one particular concept may have to be reversed to suit the adoption of a new
design concept. Secondly, some fundamental engineering choices are postponed to a very late stage
in the project; otherwise, earlier engineering choices would have to be reversed at late stage. In a
truly modular system, these interactions should be confined to the module itself, and hence, the
technological uncertainty of one part could only influence other parts within the same module.
However, at PrecMach, we observed that such a pure form of modularity is absent, and changes in
one module at a late stage in the project can influence the engineering activities related to another
module.
In this case, this lack of stable module interfaces and requirements complicates the collaboration
with external suppliers during NPD. An example thereof is the fact that the case involves two
suppliers: MechSup performs substantial parts of the NPD work, while SlideSup predominantly plays
the role of manufacturer of the module. SlideSup also participates in NPD project meetings. For the
Slide Module, PrecMach collaborates with MechSup, a company that performs engineering services
for complex mechatronics and electronics components. MechSup has several customers for which it
performs these services. The collaboration with MechSup has always been very close: for key
mechatronics modules, PrecMach has always collaborated with MechSup’s engineers, who have in‐
depth knowledge of the technologies involved, but as a result of the lengthy collaboration with
PrecMach, they also have extensive knowledge of PrecMach’s products and market conditions.
The collaboration between PrecMach and SlideSup for the latest generation of the Slide Module was
a clear example of a grey box collaboration: the collaboration is characterized by intimate
involvement of MechSup in PrecMach’s development process. This is visible in the physical proximity
between both companies, with the headquarters being located within a 15‐minute drive from each
other. Moreover, the development team of the Slide Module consisted of engineers from both
companies, but the team as a whole was located at MechSup’s premises. The close involvement is
also visible in terms of the moment of involvement: MechSup is a strategic partner that participates
in NPD starting from the very first conceptual discussions that ultimately lead to the definition of
specific NPD projects. Hence, in practice, it makes very little difference if an engineer is employed by
MechSup or by PrecMach; they work side by side.
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The second challenge in developing the latest generation of the Slide Module is the limits of the
technological concepts used. This can be illustrated using an example of what at first sight seems like
a relatively straightforward component, but one that on further examination is associated with some
typical challenge associated with innovation at PrecMach. This example revolves around a small tube
that must be flexible in order to connect the moving and static parts of the Slide Module. This tube
transports coolant at a high pressure to parts of the module that require liquid cooling, which is a
direct consequence of the productivity of the machine. The existing solutions on the market that
transport fluids through flexible couplings, for example those available in the automotive industry,
do not meet the specific requirements that the Slide Module imposes on them. For example, the
materials used for flexible hoses used in cars and trucks would contaminate parts of PrecMach’s
machine, making such hoses unfit. Alternative solutions, such as metal bellows, usually have the
drawback that they would wear quickly as a result of the rapid movements within the module. This
would necessitate frequent service intervals, rendering the system as a whole economically
unfeasible. We encountered similar occurrences also in the context of other products at PrecMach,
where off‐the‐shelf components exist to fulfill the basic function, but they do not meet all of
PrecMach’s specific requirements.
Figure 12: A bellows is a flexible connection. The pictured bellows is a
generic example; not a specific design used at PrecMach. The same
operating principle and manufacturing technologies are used to make
specific designs for various applications.

In this particular case of the bellows, an almost‐fitting solution was available in the form of bellows
used in fuel injection systems. However, those did not meet the specific requirements of PrecMach,
in particular related to coolant pressure and limits to movement of the bellows. The company that
offered the product, BellowSup, agreed to make a specially adapted version of the bellows,
specifically for PrecMach. PrecMach qualified the part itself by testing 30 samples in a self‐built test
rig, simulating the dynamics of the Slide Module to ascertain the durability of the part. While the
new design withstood the motion of the module, it still did not consistently withstand the fluid
pressures PrecMach needed to apply to it; some specimen would function as intended, while others
would fail. The problem was traced back to minute variances in the production process, of which the
implications were not fully understood at the time. The final solution was that the bellows are
produced in certain volumes, and then the best specimens are picked out of the production batch
for use by PrecMach.
6.1.4.2 SI in NPD
In terms of SI in NPD, the Slide Module and the underlying bellows case involve a number of issues.
Firstly, there is the exchange of manufacturing knowledge between PrecMach and the bellows
supplier. Note that we mentioned earlier that the supplier that assembles the Slide Module as a
whole is SlideSup, while engineering services and the building of prototypes is done by MechSup.
The reason for this division is that the development of the slide module requires extensive
competencies in the field of mechatronics development. MechSup has those competencies, and few
(if any) alternative potential partners with those competencies are available to PrecMach. But
MechSup has very limited manufacturing and assembly competencies and facilities. SlideSup
positions itself as a system supplier (Gadde & Jellbo, 2002) with the manufacturing, assembly and
supply chain management capabilities required to supply complex modules to companies like
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PrecMach. However, SlideSup does not have the development competencies required for the Slide
Module, and hence, PrecMach elected to work with two partners: MechSup for collaborative NPD,
and SlideSup for manufacturing and supply of the resulting design.
Representatives of both MechSup and SlideSup were part of the development team and provided
input on decisions within the Slide Module NPD project, making this a (rare) example of three‐way
collaborative development. During the development phase, a project leader from PrecMach was
assigned to the Slide Module project. This project leader stressed that he wanted to involve both
MechSup and SlideSup from an early phase in the project and share the responsibility for the
development of the module with both parties. The PrecMach project manager attempted to impose
a strict cost target on both MechSup and SlideSup. This cost target was derived from the overall
projected costs of the PrecMach machine that was under development; a cost target that was in line
with the intended technical and economic performance51 of the machine as determined by
PrecMach’s program management and Marketing department.
In the case of MechSup, this cost target came in the form of a lump sum for the development of the
Slide Module. However, this was a considerable trend break for MechSup, as up to that point,
MechSup was used to be compensated on an open‐ended, hourly basis for its services rendered to
PrecMach. Eventually, MechSup did not accept the lump sum requirement of PrecMach, not in the
least because of the uncertainty involved in the Slide Module project and the high probability that
the lump sum would not cover the actual engineering effort required from MechSup. Lacking an
alternative partner as well as the internal engineering resources for this project, PrecMach was
forced to agree to MechSup’s requirements in terms of payment and the lump sum requirement was
dropped by PrecMach.
Towards SlideSup, PrecMach made a similar attempt to set a predetermined module price with
SlideSup. At this point, it is important to note that SlideSup did have some experience in working
with PrecMach, but not on the Slide Module. All previous generations of the Slide Module were
manufactured by another module supplier, PrevSlideSup. PrecMach had become dissatisfied with
the way in which PrevSlideSup developed its manufacturing and NPD competencies; in the eyes of
PrecMach, PrevSlideSup did not keep up with PrecMach’s increasingly complex technical
requirements and did not show sufficient initiative in proposing improvements (e.g. in terms of
manufacturability) to previous versions of the Slide Module. For those reasons, PrecMach initiated a
supplier selection process for the latest version of the Slide Module, which SlideSup won by a narrow
margin52.

51

There is a strong relationship between economic and technical performance of PrecMach’s product: if the
technical performance is at a higher level (e.g. in terms of throughput), a higher product price is acceptable to
the customer. Due to the relative transparency of the market PrecMach caters for, PrecMach can rather
accurately outline what the acceptable costs for a specific level of technical performance is.
52
In the final phase of the selection procedure, SlideSup and PrevSlideSup were compared through a weighted
average score on the basis of 26 technical, economic and organizational parameters, with SlideSup winning the
contract with a margin of less than 5% over its rival. All interviewees described this as an extremely narrow
margin, and one interviewee suggested that it was possible that decision makers at PrecMach were slightly
biased towards SlideSup, which
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The bellows supplier is yet another company, independent from MechSup and SlideSup. The bellows
supplier, BellowSup, along with dozens of suppliers of other parts, delivers the bellows to SlideSup.
Since the bellows was identified by PrecMach as a critical component in the Slide Module design,
BellowSup was selected as a supplier and involved in the development of the Slide Module by the
collaborative team consisting of PrecMach and MechSup engineers. To settle the manufacturing
challenges outlined above, PrecMach engineers directly interacted with employees at BellowSup.
PrecMach’s Procurement department was asked by the Slide Module engineers to qualify BellowSup
as a supplier. Procurement argued that BellowSup was only used for this single product and that a
full qualification procedure would require too much investment from PrecMach to justify the
relatively low volumes and value of the products sourced there. Therefore, Procurement proposed
finding an alternative supplier among those already qualified by PrecMach for other products.
However, none of those suppliers deemed PrecMach’s requirements for the Slide Module bellows
feasible, and no alternative for BellowSup was found. PrecMach’s Procurement department
performed a partial qualification on BellowSup. This process ran in parallel and partially
disconnected from the technical discussions between the supplier and PrecMach’s engineers.
According to an informant from PrecMach’s Procurement department, a mechanical engineer from
PrecMach was involved in the qualification process, while an interviewee who was intimately
involved in the technical discussions with BellowSup believed that his department was not involved
in the qualification process as such.
A contributing factor to PrecMach not being able to find an alternative supplier has to do with the
small volumes that PrecMach purchases. BellowSup, and other potential suppliers of such
components, tend to cater for high‐volume industries such as the automotive industry. BellowSup
was not willing to perform the qualification tests that PrecMach therefore performed in‐house;
according to PrecMach, this was a result of the small production volumes and the limited value of
the business compared to other customers of BellowSup.
Finally, the Slide Module case contains some data regarding the structure of the supply chain. We
mentioned above that PrecMach collaboratively developed the Slide Module with MechSup.
SlideSup was involved in the project to provide input regarding manufacturability and to be able to
set up the required manufacturing and assembly processes, as well as designing the supply chain for
individual components53. During the development phase of the project, PrecMach and MechSup
communicated directly with other parties such as BellowSup to settle technical issues. However, as
the Slide Module entered the industrialization phase, suppliers like BellowSup were increasingly
communicating with SlideSup, and decreasingly with PrecMach and MechSup. All logistics related to
the Slide Module bellows are dealt with between SlideSup and BellowSup directly, without any
direct involvement from PrecMach. Hence, the supply chain during the development phase of the
project is different from that in the manufacturing stage. This matches with PrecMach’s
requirements: during development, technical information must be exchanged as quickly and
accurately as possible, requiring direct communication between the involved parties. During the
manufacturing phase, it is opportune for PrecMach to limit the complexity of its supply chain
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SlideSup presents itself as a module supplier. Although it has a range of manufacturing capabilities as well,
for example for the manufacturing of precision metal components, it is not capable of manufacturing all of the
components used in the Slide Module. Therefore, SlideSup is dependent on a network of suppliers for the
assembly of the Slide Module.
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management activities54, and hence it is happy to leave the coordination of the physical goods flow
from BellowSup to SlideSup.
6.1.5 Power Supply Module
The Power Supply Module converts the power from an external source to the exact power
requirements of certain key mechatronics55 modules containing powerful electromotors. The Power
Supply Module is essentially a collection of electronics modules that are mounted in a frame
(‘cabinet’) that also contains some infrastructure, such as water cooling equipment. The electronics
modules themselves perform different functions, such as power conversion, amplification and
control. PrecMach uses two suppliers: EleSup for the electronics modules themselves, and CabSub
for the cabinet. Both EleSup and CabSub are local suppliers, located within a radius of 25km from
PrecMach’s head office. EleSup is a highly specialized supplier of customized, high‐end power supply
modules. CabSub is part of a group of companies that provides manufacturing and design services
for high‐end electronics to a wider application range than EleSup.
6.1.5.1 Product complexity
The Power Supply Module is relatively simple compared to other modules at PrecMach, even though
it is far more complex than Power Supply Modules in other sorts of equipment, including e.g. the
power electronics in Scan’s Motor Control Module (see section 6.3.4). In comparison with other
companies and products, the Power Supply Module of PrecMach delivers high amounts of electrical
power in a very controlled and precise manner, and it therefore relies on advanced amplifier, power
electronics and control electronics designs. However, the requirements for the Power Supply
Module are relatively easily derived from the performance requirements of the mechatronics
modules they provide with electrical power. Moreover, these requirements can be described
accurately in terms of a limited set of parameters. This means that the interactions between the
development of the Power Supply Module and the development of other modules are limited and
can be anticipated and managed effectively.
6.1.5.2 SI in NPD
Development and manufacturing of the Power Supply Module is outsourced to two suppliers, but for
some generations PrecMach itself still performs the electronics development. The rationale behind
this partial insourcing is that PrecMach is aware of the possibility of a loss of development
competencies over time if the development of Power Supply Modules is consistently outsourced. In
order to be able to manage the development of Power Supply Modules and to integrate the
technology into its systems, PrecMach has recognized that it is essential to retain the underlying
development competencies and technical knowledge. But as mentioned, suppliers play an important
role in the realization of PrecMach’s Power Supply Modules, both in terms of manufacturing and
development. To describe the division of tasks between the three companies involved, it must be
noted that the Power Supply Module itself can be divided into chunks. One chunk consists of the
electronics themselves, which consist of several electronic modules (‘racks’). These racks are
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PrecMach employs a strategy of supply base rationalization (Cousins, 1999), limiting the number of ‘first tier’
suppliers and thereby hoping to limit the complexity of its supply chain management and the associated
coordination costs.
55
Mechatronics is the combination of mechanics, electronics and control systems (Harashima, Tomizuka, &
Fukuda, 1996; Munnig Schmidt, 2007)
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installed into ‘cabinets’ that contain the infrastructure for the individual racks, such as electronic
connections and a supply of liquid coolant.
The supplier for the electronics racks is EleSup, a company that provides high‐end electronic
engineering and manufacturing services for high‐tech companies such as PrecMach. EleSup positions
itself as a system supplier which is capable of performing both development and manufacturing
activities. PrecMach makes use of EleSup because it feels that this helps to realize short
development cycle times. PrecMach has seen its systems grow in complexity over the years, with the
total required development and engineering manpower increasing with every new platform.
According to a PrecMach employee, this trend, combined with the pressure on new product time‐to‐
market which is required to remain competitive, makes it necessary to implement concurrent
engineering. Outsourcing development tasks to external suppliers is a means of tapping external
NPD resources, and is therefore a logical choice for PrecMach.
In that light, PrecMach provides EleSup with a brief description of the functional performance
requirements56 of the racks in a new Power Supply Module, which EleSup translates into a more
detailed set of specifications. These specifications are then reviewed by PrecMach, and if they are
approved, EleSup starts the detailed engineering activities that result in the design of the electronics
racks. The resulting designs are then manufactured by EleSup and its suppliers; supply chain
management activities are performed by EleSup. The manufactured electronics racks are fitted into
the cabinets at PrecMach’s premises by PrecMach’s personnel, so the final integration step of the
Power Supply Module’s manufacturing process occurs at PrecMach.
The cabinets themselves are engineered and manufactured by supplier CabSub. CabSub is an
electronics manufacturer that could potentially perform similar NPD activities as EleSup: they could
develop the electronics racks, although according to PrecMach, CabSub is less proficient in terms of
electronics development than EleSup. An interviewee at PrecMach offered the following explanation
for this: EleSup started out as an engineering firm founded by a local university professor in the field
of electronics engineering, and developed over the past 15 years into an actual supplier by acquiring
manufacturing and supply chain management capabilities. CabSub has developed in an opposite
direction: it started out as an electronics manufacturing firm, but has gradually acquired some
electronics engineering capabilities. In the opinion of this interviewee, it is easier for an engineering
firm in the field of electronics to expand in the direction of manufacturing than the other way
around, which could explain the current situation in which EleSup performs the higher value‐added
activities of developing and manufacturing the electronics racks. Note that certain electronic racks
are considered too close to its core technology by PrecMach, and therefore they are developed in‐
house, but manufactured by external suppliers.

6.2 Imagine
6.2.1 General introduction and company history
Imagine has a long history that can be traced back to the late 19th century, when the founder of the
company produced pigments for the food industry. In the first half of 20th century, the focus shifted
to optical document reproduction systems. Initially, Imagine focused on developing the reproduction

56

Typically consisting of one or two pages of requirements
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processes, outsourcing the manufacturing of the equipment itself to a local partner. This company
was acquired by Imagine in the 1950s, and several other acquisitions took place in the decades to
follow. Imagine operates in a market that consists of dozens of competitors and suppliers of
products that perform similar functions to Imagine’s. With the advent of digital technology, the
distinction between two related market segments, reproduction and printing, has largely
disappeared. This has caused Imagine to focus on a broader scope of product functionality: while its
products were initially intended to reproduce printed documents, the functionality of its products
now ranges from digitization, to document processing and printing. Being a relatively small player in
its market, Imagine differentiates itself from competitors by focusing on niche markets with specific
requirements, especially the handling of large document formats and high volumes. Imagine’s
position in a specialist market niche is sustained by relatively large investments in R&D compared to
its competitors (Van Echtelt, 2004). Recently, Imagine was acquired by a diversified Asian company,
but our research data apply to the period when Imagine was an independent company.
6.2.2 Products and market context
As is the case with the other OEMs, Imagine’s products rely on an integration of several
technologies: optics, mechanics, electronics and software. Requirements like precision and accuracy
are not as extreme at Imagine as they are at PrecMach, but Imagine faces some different challenges:
especially realizing low product costs and developing products in such a way that they can be
produced affordably and consistently in volumes of hundreds to tens of thousands per product
platform per year. Like PrecMach, innovation at Imagine occurs in the form of large platform
development projects, involving hundreds of engineers, and individual product development
projects that are of a more incremental nature. Imagine markets its products to corporate
customers, and relies for sales and support on a network of offices and distributors worldwide.
Module name

Supplier(s)

Peripheral
Module family
(integrated)
(6.2.3)

AmPerSup +
various
others

Peripheral
Module family
(attached) (6.2.3)
User Interface
Module (6.2.4)

Various
(unnamed)

Power Supply
Modules (6.2.5)
Imaging Module
(6.2.6)

EleCo (old)
ImoSup
(new)

Complexity
Complexity (within Customer specificity
(modile vis‐à‐ the module itself)
vis the overall
product)
High (tight
Medium (specific
integration of
interface; generic partial
designs, technologies
module in
product)
and competencies)
High (advanced
mechatronics)
Low (module
Low (minimal specificity
loosely
in module interface; rest
coupled with
is generic)
product)
Low (well‐
High (advanced
Medium (specific design,
defined
electronics and
generic technologies and
interactions)
software)
competencies)
Low (generic
Low (generic modules;
electronics)
minimal adaptation)
Medium (specific design
High (tight
High (advanced
and architectural
integration
electronics
knowledge, but generic
with core of
concepts and
technologies and
product)
manufacturing
competencies)
technology)

Table 8: Characteristics of the cases at Imagine (simplified, qualitative assessment)
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Imagine divides its product offering in three segments: one consisting of large format machines, one
aimed at high volume production settings, and one aimed at regular office environments. Our
research has focused in particular on the former two market segments, as Imagine’s innovation
efforts are particularly recognizable in those market segments.
6.2.3 Peripheral Module family (‘integrated’ and ‘attached’)
The Peripheral Module family is not a single module type, but a collection of modules that perform a
variety of functions. However, these modules are similar in terms of the development and
outsourcing practices related to them. The Peripheral Modules consist of two distinct groups: one
type is integrated into Imagine’s machines, and the other is attached to the machine externally. In
both instances, the modules are marketed as part of Imagine’s product offering, and they are
recognizable as Imagine products in terms of visual appearance. The Peripheral Modules perform
operations on documents after they have been processed by the core processes of Imagine’s
machine. These operations add functionality like booklet making, stapling, folding and sorting to
Imagine’s machines. Imagine does not develop or manufacture any of these Peripheral Modules;
development and production is outsourced to suppliers that are mostly located in Asia or the United
States. These suppliers also specialized in developing modules for companies in Imagine’s industry,
and therefore they also work for Imagine’s competitors.
6.2.3.1 Product Complexity
The complexity of these modules varies with their specific function and implementation, as the
Peripheral Modules are all different, and they fulfill different purposes. The Peripheral Modules tend
to consist of a combination of static and dynamic mechanical parts, electronics and software. Due to
the differences between individual Peripheral Modules, we will focus on the complexity of the
interactions between the Peripheral Modules and Imagine’s actual products. For this, we must make
a distinction between ‘integrated’ and ‘attached’ Peripheral Modules. The ‘integrated’ modules are
designed to be a part of the overall system, and are to the user not recognizable as separate
modules. Not only are they integrated more tightly from a physical perspective, this is also true form
a functional perspective. In particular, the ‘integrated’ type of modules interact more closely with
the control software of the overall system than the ‘attached’ types do. The ‘attached’ modules are
physically detachable from the system, to which they connect using a simpler electronic and physical
interface. The differences between the modules are expressed in Table 9.

Interface used
Electronics/software interface
functionality
Maximum number of devices1
Standardization of physical
interface
1

Integrated
Same as for Imagine’s own,
internal machine modules

Attached
Dedicated interface for
Peripheral Modules

full

limited

unlimited

limited

no

Yes

refers to the number of Peripheral Modules (with different functions) that can be addressed simultaneously
through this interface.
Table 9: Differences between the 'integrated' and 'attached' Peripheral Modules in terms of their interfaces
with the rest of Imagine's system
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6.2.3.2 SI in NPD
Development of the Peripheral Modules occurs mostly in a black‐box fashion. Imagine’s intention
with outsourcing the development and manufacturing of Peripheral Modules is to limit the internal
manpower needed to realize those modules, and hence, especially black‐box SI in NPD is attractive
to Imagine. The implementation of black‐box SI in NPD is aided by the fact that there is a market for
Peripheral Modules outside Imagine; Imagine has several competitors, and several of them include
the same sort of Peripheral Modules in their product offerings. Therefore, several suppliers are
specialized in developing and manufacturing Peripheral Modules. Usually, Imagine spots a particular
sort of Peripheral Module that is offered by a supplier, e.g. on a trade fair, or it learns that one of its
competitors offers specific functionality for which a Peripheral Module is used. The supplier is then
contacted, and Imagine conveys its requirements as well as the appropriate interface specification,
i.e. ‘integrated’ or ‘attached’. Thirdly, Imagine provides the supplier with an overview of its project
milestones and what deliverables from the supplier are expected with each milestone.
Imagine uses an NPD process that is rooted in the stage‐gate philosophy (Cooper, 1990) and based
on clearly described phases and milestones that must be formally approved before the next stage
can be entered. Development projects are executed under the supervision of different managers,
with a separate manager being appointed for each stage. As a consequence, as a project manager
hands over a project to his successor, the successor can decide to reject the project if he deems the
previous phase as uncompleted. This secures that each NPD phase is actually completed before the
project is allowed to continue, as a project manager will not accept to take charge of the project if
the previous phase has not been completed by his predecessor. According to interviewees at
Imagine, the presence of a clearly described NPD process, with well‐defined activities,
responsibilities and deliverables for each phase helps integrating suppliers in NPD (Evans & Jukes,
2000).
Interviewees at Imagine underlined the importance of those interface specifications, as they allow
the decoupling the development work at the supplier of Peripheral Modules from the development
projects at Imagine, limiting interactions between those development efforts and thereby reducing
the need for intensive communication. However, a distinction must be made between the perfect‐
world scenario in which Imagine provides a supplier with functional specifications and an interface
specification, and real‐world instances of SI in NPD regarding Peripheral Modules. Particularly
noteworthy is the relatively recent addition of an American supplier, AmPerSup, for Peripheral
Modules to Imagine’s supplier base. AmPerSup was recruited by Imagine because it offered a
Peripheral Module to one of Imagine’s competitors, and Imagine intended to offer the same
functionality to its customers57. Imagine communicated its requirements to the supplier, and agreed
on ‘integration moments’ every four to eight weeks: sessions in which the prototype developed by
the supplier would be coupled to Imagine’s system to verify that it worked correctly.
Based on the knowledge of AmPerSup that Imagine had at the start of the collaboration project,
Imagine estimated that the planning and scope of the project would be feasible. However, during
the project, it became apparent that AmPerSup had underestimated Imagine’s requirements and
would not be able to meet Imagine’s project planning. At this point, Imagine departed from the
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An interviewee indicated that it was a typical ‘me‐too’ innovation.
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black‐box mode of SI in NPD and sent one of its own project managers to AmPerSup to assist in
bringing the project back on track. Effectively, the collaboration shifted towards a grey‐box mode of
collaboration, with the supplier still performing the vast majority of the development work, but
under supervision of Imagine’s project manager. This project manager indicated that such a
deviation from the intended mode of collaboration was not unheard of, and was for Imagine an
effective means to get to know the exact capabilities of the new supplier. That this comes at the cost
of reduced project performance, Imagine apparently takes for granted, although co‐locating a
project manager with AmPerSup was done in an attempt to keep the project on track.
6.2.4 User Interface Module
The User Interface Module allows a user to control the machine. It consists of a display, input
devices such as control buttons, a touchscreen and a USB port, and the control electronics and
software that determine the behavior of the User Interface Module. The User Interface Module does
not involve moving parts: only static mechanics, electronics and software. Due to this lack of moving
parts, we do not regard it as a mechatronics module. But even without this factor, an interviewee
stated that “in such a module, a lot of complexity comes together”. This complexity is confined
within the module, however, since “this is an example of a module whose interfaces [with the rest of
the system] can be well defined” (R&D manager at Imagine). Imagine does not consider the
development or manufacturing of the User Interface Module as core activities. Therefore, they are
outsourced to external partners.
6.2.4.1 Product Complexity
The User Interface Module was described by an Imagine respondent as a module whose
functionality can be specified relatively easily, and is therefore easy to separate from the rest of the
system. There are three noteworthy technology domains that converge in the User Interface
Module: passive mechanics, including plastic parts and user interaction elements such as buttons
and connectors, electronics, including microprocessors and display components, and the control
software. The components used in the mechanical and electrical design are relatively simple and
usually off‐the‐shelf available components, although the shape and color palette of the components
must adhere to Imagine’s guidelines for the aesthetic design of User Interface Modules. The
electronics are also composed of off‐the‐shelf components, although the way they are put together,
i.e. the electrical design, is specific to the type of User Interface Module of Imagine. The control
software is the most specific to Imagine, as it determines the behavior of the User Interface Module
towards the user, and it also forms the link to the internal control software of the overall system.
Regarding the development of the User Interface Module, which typically takes twelve to eighteen
months, Imagine has made two choices that are particularly relevant for this research. Firstly, the
development of the hardware, i.e. the combination of mechanics and electronics, occurs separately
from the development of the software. We mentioned above that the user interface software
interacts intensively with the control software of the overall system. We observed that control
software at the system level is regarded by all three OEMs, PrecMach, Scan and Imagine, as part of
the core technologies, and all three companies are wary of detailed knowledge pertaining to the
system control software leaking to external parties. Moreover, the interactions between the system
control software and in this case the software in the User Interface Module are intensive and
determine the behavior of the system as perceived by the user. This is an additional reason for
Imagine to keep full control over the development of the User Interface Module. Secondly, Imagine
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has implemented a platform strategy for User Interface Modules. We have discussed product
platforms earlier, but in the context of entire systems, for example at PrecMach.
However, product platforms are also recognizable at the module level, and the User Interface
Modules of Imagine are a good example. Imagine had defined four types of User Interface Module to
be used across its entire product range. Two of these types have been developed and are being sold
as part of Imagine’s products. One type has by now been removed from the long‐term NPD planning
since it was deemed redundant, and the remaining User Interface Module was under development
during the data collection phase of this research. The long‐term planning is condensed in a
‘subsystem roadmap’, which contains information regarding the functionality of each User Interface
Module platform as well as the timing of development and market introduction. This subsystem
roadmap, along with the roadmaps for other subsystems, is linked to the overall product roadmaps
of Imagine. Through this link, it is made explicit which type of User Interface Module will be included
in each product type. For each module or system function, the User Interface Module being one of
them, a dedicated development team exists that performs the NPD activities for all products that
make use of that module or system function. The alignment of system and subsystem roadmaps
enables the alignment between the separate development teams, each of which dealing with
specific modules.
6.2.4.2 SI in NPD
The modular NPD organization highlighted above allows external suppliers to be linked to Imagine’s
NPD activities. In the case of the User Interface Module, Imagine has made the strategic decision to
outsource the development of the hardware to a select company of suppliers, which are included in
an ‘approved vendor list’. The way of working consists of Imagine selecting a supplier from this list,
and providing it with the functional requirements for the User Interface Module that is to be
developed. The supplier translates those requirements into a more detailed set of design
specifications, along with an estimation of the development costs, which are based on the time and
resources that are estimated to be needed for the development. Imagine reviews the design
specifications and the project plan, and after giving its consent, the supplier develops the User
Interface Module hardware. In order to prevent any problems related with transferring a design to a
separate party for manufacturing purposes, the supplier who develops the module is also the one
that will manufacture it and supply it to Imagine. Hence, the mode of SI in NPD can be characterized
as black box, and the supplier acts as a system supplier. To manage the collaboration with the
approved suppliers for User Interface Modules in the long term, Imagine periodically discusses its
subsystem roadmap (see above) with these suppliers. However, Imagine is reserved in the extent to
which this happens: “we do this on a need‐to‐know basis. We only share this information if we
believe it enables a partner to develop better products.” (Electrical Engineering Department Head at
Imagine).
6.2.5 Power Supply Modules
Like at PrecMach, we also studied Power Supply Modules at Imagine. Although the function in broad
terms is similar between these two companies, there are many differences beneath the superficial
level, both in terms of technology as well as in collaboration practices. At Imagine, power supply
modules are inherently less complex and advanced than the one we studied at PrecMach, due to the
less demanding requirements posed on them. Imagine used to develop these modules in‐house, but
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departed from that practice and now purchases the modules almost as commercial‐off‐the‐shelf
parts from specialized suppliers.
6.2.5.1 Product Complexity
The Power Supply Modules at Imagine are the best example of a catalog product that is used with
only minor modifications. Unlike the Power Supply Modules used at PrecMach, the requirements on
these modules at Imagine are in line with the requirements of companies that make similar products
to those of Imagine, making it possible to use commercial off‐the‐shelf (CotS) modules. The
technologies used in those CotS modules are well‐understood and not specific to a particular
industry or product type. Also, Power Supply Modules only consist of electronics in a simple housing,
and they do not involve complex control software. Therefore, there are no intricate interactions
within the module between different technology domains like in e.g. the Peripheral Modules or
PrecMach’s Slide Module. Therefore, the module complexity of the Power Supply Modules is
relatively limited.
A note must be made regarding the architecture of the power supply function in Imagine’s
machines. The different modules in the machines have different power requirements58. The
combination of those power requirements can still be unique to Imagine or even to a specific
machine type of Imagine. As a result, there is no single, commercially available Power Supply
Module that meets the exact combination of requirements of a specific Imagine machine. However,
modules are commercially available to fulfill each separate set of power requirements. Hence, the
full spectrum of requirements can be met by using a combination of commercially available Power
Supply Modules. However, these modules need to share some sort of common connection, for two
reasons: firstly, there is only one power plug running into the machine, and that supply must be
distributed over the separate Power Supply Modules, and there is a requirement for some form of
power management59. Imagine has implemented this in the form of a ‘power distribution board’, an
electronics module that accepts AC60 power from a wall outlet, which is distributed to the separate
Power Supply Modules. The power distribution board also houses some control logic for power
management purposes; this control logic allows the individual Power Supply Modules to be switched
on and off according to the actual power requirements of the machine.
6.2.5.2 SI in NPD
As mentioned above, the Power Supply Modules themselves are bought as CotS units from
companies that offer power supplies for machines like Imagine’s. However, these modules are not
always used in the original form they are offered by the supplier. Imagine qualifies each module
types and checks it for conformance with its requirements. In particular regarding EMC61, the
standard modules offered by suppliers do not always meet Imagine’s standards. In such a case,
Imagine reports its observations to the suppliers. Those suppliers have been selected by Imagine not
only for their product offering, but also with the purchased volumes of Imagine in mind, in
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Simply put, different combinations of voltages and currents are needed.
Power management refers to the controlled shutdown of parts of a system, for example in order to preserve
energy when the machine is not being used.
60
Alternating Current; in this case the regular wall outlet voltage, e.g. the 230V that is used in Europe or 115V
as used in the United States.
61
ElectroMagnetic Compatibility; a subject in the domain of electrical engineering that deals with the possible
interference between different electrical devices as a result of stray electromagnetic fields.
59
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comparison with the total volume of products sold by the supplier. Hence, Imagine is aware of its
relative importance as a customer to a particular Power Supply Module supplier, and it makes sure
that its relative importance is high enough so that the supplier is willing to adapt its products to
meet Imagine’s requirements if necessary. The resulting new version of the product then appears in
the supplier’s catalog with a new product number. Although a respondent at Imagine indicated that
he was not sure if the adjustments were made solely on Imagine’s request, the suppliers’ response is
nonetheless adequate. It is noteworthy that the Power Supply Modules remain a black box to
Imagine, and that the suppliers perform all NPD and possible modification on their own accord.
Hence, very little SI in NPD occurs, besides the reporting of additional requirements on top of the
existing product offering between Imagine and its Power Supply Module suppliers. This relatively
low need for actual collaboration is driven by Imagine’s relatively common requirements on Power
Supply Modules, and by enabling the use of CotS modules through the inclusion of an extra,
interfacing element (i.e. the power distribution board) in the power supply architecture of Imagine’s
machines.
6.2.6 Imaging Module
The Imaging Module is part of the core of Imagine’s system. It plays a role in converting digital data
into an actual image through the use of LED62 technology. The image is projected onto a conductor,
which allows it to be transferred onto the medium. The Imaging Module is an electronics module,
with a particularly high emphasis on semiconductor (LED) technology. The particular challenges of
the Imaging Module we encountered lie in two areas. Firstly, the development of the LEDs
themselves is a research‐intensive activity that requires competencies in the field of physics,
chemistry and semiconductor manufacturing processes. Secondly, the manufacturing of the Imaging
Module involves the accurate placement of several LED arrays. The Imaging Module is a key element
of the digital imaging technology as implemented by Imagine and its many competitors. Before the
advent of this digital technology, different imaging concepts were used, that relied on electronics
and precision mechanics rather than semiconductor technology. Since Imagine did not have specific
competencies in this field, close collaboration with a strategic partner, EleCo, was sought from the
first generation of the Imaging Module onwards, for both development and manufacturing activities.
EleCo is a large Japanese corporation that manufactures various types of electronics devices. The
semiconductor activities of EleCo were recently acquired by another corporation. During the period
of research, we were informed by Imagine representatives that an alternative supplier was being
lined up for EleCo: ImoSup. The reason for this change is elaborated on in section 8.1 (page 154).
6.2.6.1 Product Complexity
The Imaging Module is not very complex in terms of the number of components. In fact, it consists
of a limited number of electronics components that interact with each other in fairly straightforward
ways. However, it is the development of the electronics themselves and the assembly of the module
that make the Imaging Module complex. And, more importantly, the tight coupling of the Imaging
Module with the surrounding parts in Imagine’s systems makes its development a complex
endeavor. The Imaging Module is part of the core of Imagine’s system, which consists of a number of
parts that interact optically, physically and electronically to recreate an earlier acquired graphic
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Light Emitting Diode, a semiconductor that converts an electrical signal into light of a wavelength that is
determined by the physical properties of the materials used to manufacture the LED.
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image. The development of this collection of parts is closely related to the fundamental R&D
activities Imagine performs as part of the development of new product concepts. Indeed, the
combination of the Imaging Module and the surrounding components forms the core of a product
platform, and it determines to a large extent the performance of all products that are derived from
the platform.
6.2.6.2 SI in NPD
The relationship between Imagine and the supplier of the Imaging Module, EleCo, is characterized by
Imagine as a strategic partnership. Due to the interdependencies between the Imaging Module and
surrounding machine parts, the development of a new Imaging Module requires intensive
collaboration. In this process, Imagine provides the functional requirements for the module. EleCo
responds with viable design concepts, and iterating between Imagine and EleCo, a design concept is
selected and refined. In this process, Imagine provides the application knowledge and insight into
the technical context in which the Imaging Module must operate, while EleCo applies its knowledge
of the highly specialized manufacturing processes involved in manufacturing the LEDs that form the
core components of the Imaging Modules manufactured by EleCo. Due to its high intensity, the
collaborative process could be described as a grey box form of SI in NPD.

6.3 Scan
6.3.1 General introduction and company history
Scan is a manufacturer of communication, sensory and information processing equipment for
transportation, security and defense applications. The company originated in The Netherlands in the
early 20th century and fell into German hands in the Second World War. After the war, the Dutch
state became owner of the company, but it was acquired by a multinational corporation in the
1950s. About twenty years ago, the company changed hands once again, and became part of the
multinational organization it is now still part of. Scan continues to operate as a relatively
independent business unit, although we did frequently encounter business and technological
requirements imposed by the headquarters of Scan’s mother company. Throughout its history, Scan
has developed and produced the same sort of products it still markets today. Until about 1990, most
of the development as well as the manufacturing activities were performed in‐house, for which ends
the company could rely on ca. 5,000 employees. From the early 1990s onwards, manufacturing tasks
were increasingly outsourced for reasons of efficiency. Some of the specialized manufacturing
equipment was not used to its full capacity, and to cut overhead costs, several manufacturing
departments were sold off as business units to external companies. Most of these business units are
still suppliers to Scan today, and two of them are included in our research.
6.3.2 Products and market context
The products of Scan that we investigated, i.e. sensory equipment for long‐range image acquisition,
are mostly implemented on board of ships to provide imaging functionality for defense or security
purposes. Most of Scan’s customers are therefore navies and coastguard organizations, with Scan
serving customers worldwide. These customers typically are very demanding in terms of product
reliability, functional performance, after‐sales support and consistency in product and project
documentation. Although Scan maintains a catalog of products, the systems as implemented for a
customer are usually specific to the customer. Production volumes are low, ranging from two or
three systems to a couple of dozen systems sold per type and per customer. The way of working can
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therefore be characterized as engineer‐to‐order (ETO). In the past, the ETO nature of the company
was more pronounced than at present, with systems being mostly engineered after specifications
were agreed upon with the customer. However, today, Scan usually develops a system as a catalog
product, using the first customer as a launching customer, and subsequently offering the system to
future customers who can ask for specific modifications on the available product (cf. Muntslag,
1993). Scan’s products63 are a combination of electronics, mechanics and mechatronics, with a heavy
emphasis on digital signal processing. However, for our research, we focused on modules that do not
deal with this signal processing; our focus was on more peripheral modules of a mechanical nature64.
Module
name

Supplier(s)

Coupler
Module
(6.3.3)

CoupleSup

Motor
Control
Module
(6.3.4)

VolDefSup
(initial
modules)
SpecModSup
(current)

Console
Structure
(6.3.5)
Housing
Structure
(6.3.5)

ConSup and
AltConSup
(2nd source)
PlateSup

Complexity (module
vis‐à‐vis the overall
product)
Medium
(requirements
change frequently
due to tight
functional and
physical coupling,
but the relevant
performance
parameters are well‐
known)

Complexity (within
the module itself)

Customer specificity

Medium (well‐
understood
technologies, but
limited space and
extreme reliability
requirements)

Low (some specific
product designs and
application knowledge,
but generic technologies,
partial designs and NPD
competencies)

Medium to High
(depending on
version; see section
7.3.3.1)

Medium (well‐
understood
technologies, but
high performance
and reliability
requirements)

Medium (specific design
and application
knowledge, but generic
technologies and NPD
competencies)

Low (easy to specifiy,
straightforward
interactions with
surroundings)

Low (few and well‐
understood
technologies, few
component
interactions)

Medium (specific designs
and application
knowledge, generic
competencies and
technologies)

Table 10: Characteristics of the cases at Scan (simplified, qualitative assessment)

6.3.3 Coupler Module
The systems of Scan that we researched are implemented on ships. On these ships, the parts of
Scan’s system that deal with control and support functions are located below decks, while the actual
sensory equipment is mounted on top of the ship. The main connection between these two is the
Coupler Module. The Coupler Module allows the transfer of data, cooling liquid and sensory signals
from the below‐deck modules to the ones that are located above decks. The above‐deck structures
must be able to move, and therefore, the Coupler Module must be able to transport data and fluids
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The product lines we investigated; i.e. naval sensory equipment
The fact that Scan serves many defense customers means that confidentiality was an even more relevant
concern than at the other OEMs. For this reason, we were not allowed to get too close to Scan’s core
technologies.
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through a rotating joint. Early generations of the Coupler Module were developed and manufactured
by Scan, until ca. 1975. After that, Scan involved a supplier, CoupleSup, first in the manufacturing
and later also in development of the Coupler Module. CoupleSup was founded in the mid‐1970s, and
Scan was one of its initial customers. In addition to performing manufacturing and module assembly
activities, CoupleSup expanded its business by increasingly performing R&D activities, which is
reflected by a growing patent portfolio. Today, CoupleSup develops and manufactures Couple
Modules not only for Scan, but also for other customers in several industries, including the medical
industry.
6.3.3.1 Product Complexity
The coupler module serves to transport substantial amounts of cooling fluid, electrical power, high‐
frequency electromagnetic signals and digital data between above‐deck and below‐deck parts of
Scan’s systems. The constant movement of above‐deck parts may not disturb the flows through the
coupler module. Also, all flows must run through one coupler, whose physical dimensions are
limited. The coupler module must be sturdy enough to withstand those movements, as well as
durable enough to do so for many years before the module can be serviced or replaced. This
combination of requirements makes the Coupler Module a complex module. In addition, the Coupler
Modules that Scan uses are exceedingly complex in terms of the required R&D effort and the
number of parts involved compared to off‐the‐shelf solutions that are available for less demanding,
generic purposes.
6.3.3.2 SI in NPD
All recent versions of the Coupler Module are developed and manufactured by CoupleSup. The way
of working between Scan and CoupleSup can be characterized as a black‐box form of SI in NPD. Scan
communicates its requirements to CoupleSup, and CoupleSup takes care of the development,
including the choice of concepts to implement the required functionality, the detailed engineering
and all manufacturing and supply chain management activities related to the Coupler Module.
Hence, CoupleSup acts as a full‐fledged system supplier, with relatively limited communication being
necessary between CoupleSup and Scan during Coupler Module development projects. The long‐
standing relationship between CoupleSup and Scan has allowed CoupleSup to accumulate
knowledge of the application for which Scan uses its Coupler Modules. This has made CoupleSup
relatively well‐aware of the technical and business requirements of Scan.
CoupleSup acts essentially as an OEM itself, having its own R&D strategy and its own catalog of
products which they sell to a number of customers in various industries. CoupleSup also markets
Coupler Modules to competitors of Scan. According to Scan, the strict requirements that Scan
imposes on Coupler Modules helps CoupleSup to hone its NPD competencies and drives its
technology roadmap.
6.3.4 Motor Control Module
As mentioned above, a part of the system that is located above‐deck is able to move. For this
purpose, an electro‐motor is used. In turn, that motor is controlled using power electronics that are
encased in a control cabinet. This control cabinet also contains a liquid‐based temperature control
system for dissipating the heat generated by the motor control and by other parts of the system. The
temperature control system also contains a heater, to prevent parts of the system freezing in arctic
conditions. The motor control electronics and the cooling system together form the Motor Control
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Module; they are contained in the same module because the power electronics of the motor control
function have the most significant cooling requirements in the overall system, and therefore it
makes sense to position the cooling system in close vicinity to the motor control electronics. Two
suppliers have been involved in manufacturing and development tasks related to the Motor Control
Module. Initially, the module was acquired from supplier VolDefSup, but the last three generations
of the Motor Control Module have been supplied by SpecModSup. SpecModSup has about 70 years
of experience in developing power electronics for various applications, in particular the
petrochemical industry. SpecModSup is now part of a holding of engineering companies; it operated
as an independent company until the 1990s, and was acquired by its current owner shortly after the
turn of the millennium.
6.3.4.1 Product Complexity
The modules discussed above are not strictly speaking modular due to their integration with the
surrounding system. The Motor Control Module is also not strictly modular, but for another reason:
it does not represent a one‐on‐one relationship of form and function (cf. Ulrich, 1995). The Motor
Control Module houses two functions: the actual power electronics that provide the control for
movable above‐deck structures, and a liquid‐based temperature control system to help cool the
drive electronics as well as electronics elsewhere on the ship. Still, the combination of both elements
is considered as one module by Scan due to the fact that they are housed in the same cabinet.
On a conceptual level, neither the power electronics nor the cooling system are very complex. The
function they fulfill is common in many industrial settings, and many companies have extensive
experience in developing and manufacturing either technology (or even both). What makes the
Motor Control Module complex are the strict environmental requirements that Scan’s specific
business context imposes on them. These requirements stem from the combination of two factors:
firstly, most of the products of Scan that include a Motor Control Module are used in defense
applications, and must therefore be extremely reliable. Secondly, the system is installed on
seaworthy ships, and that context poses environmental challenges to hardware, such as substantial
and constant physical tremor, the presence of salt water and large temperature gradients. Scan’s
systems must function reliably under those conditions, and must therefore be extremely rugged and
robust. This limits the applicability of off‐the‐shelf components, as only components that can
withstand the harsh conditions for long periods of time are electable. It also has implications for the
development and engineering activities, since not only the choice of components, but also the way
they are combined into a module determines the module’s ruggedness.
6.3.4.2 SI in NPD
The most recent generation of the Motor Control Module was developed by supplier SpecModSup.
The starting point of the development was the definition of functional requirements by Scan. The
specifications were communicated to SpecModSup, which then took responsibility for the
development and engineering activities. SpecModSup is especially proficient in developing the
power electronics, and has limited competence in the fluid dynamics of the cooling system. For that
reason, SpecModSup contracted a specialist firm to help in developing the cooling system,
specifically for the purpose of simulating the fluid dynamics in the coolant loops. According to Scan,
the development of the latest generation of the Motor Control Module required little attention from
Scan, as SpecModSup had by then already accumulated considerable experience in developing these
modules for Scan in previous product generations. In particular, SpecModSup was already aware of
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Scan’s specific requirements, such as the ruggedness of the module, the importance of saving weight
and the need to carefully document all design decisions, which is a requirement that is explicitly
imposed by Scan’s customers.
6.3.5 Console Structure and Housing Structure
The Console and Housing Structures are not indicated as modules here, because they fulfill no
specific function, other than that they form the container for electronics systems and constitute a
physical support structure for other parts. Both structures are relatively non‐complex. They are
included in this research because the associated supplier relationships offered relevant data for this
research.
The Console Structure is the metal housing of the parts of the user interface of Scan’s systems. These
parts, including recognizable items like keyboards and displays, are mounted in the Console
Structure. Important requirements it faces include ruggedness, but also visual appearance: the
exterior of individual Console Structures must be highly consistent and of high quality. The Console
Structure itself is manufactured and to a limited extent developed by an external supplier. This
supplier, ConsoleSup, used to be a department of Scan. In the early 1990s, Scan decided to
outsource the metal working and spray paint activities related to the Console Structure, and the
involved department was sold to an external firm. ConsoleSup now functions as a business entity
within that firm. In addition to providing plate metal structure manufacturing services65, it positions
itself in the market as an integrator of modules and equipment. However, the integration of
electronic equipment in the Console Structure for Scan’s products still occurs at Scan. The
involvement of ConsoleSup is limited to the manufacturing and a limited extent of development
work related to the metal Console Structure itself. Apart from ConsoleSup, Scan has recently added
a second supplier for Console Structures to its supplier base: AltConSup.
The Housing Structure is comparable to the Console Structure: it is a metal enclosure in which
certain parts are embedded. The Housing Structure encloses the motor that moves the above‐deck
structure of the system, and that is controlled by the Motor Control Module discussed above. The
Housing Structure, is situated on top of the ship and is therefore exposed to the elements, and it is
also considerably bigger and heavier than the Console Structure. It therefore faces different
requirements, such as resistance to corrosion and the physical tremors that occur on a ship. Hence,
the Housing Structure must have considerable physical ruggedness and durability. Like the Console
Structure, the Housing Structure used to be manufactured by Scan itself. The activity was outsourced
less than five years ago: the Scan plate metal production and manufacturing department was sold to
an external partner. The resulting supplier, PlateSup, now functions as a business unit within that
partner. It focuses its business on Scan, but also on other customers in other industries such as the
medical industry.
6.3.5.1 Product Complexity
The Console Structure and Housing Structure are similar in the sense that they are plate metal
assemblies, with very few or even no electronics or moving mechanical parts at all. Also, the
functional specifications are relatively straightforward and consistent over time; they don’t change
much from one product generation to the next. Moreover, the interactions between these
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Such as laser cutting, forming and welding.
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Structures and other parts of the system are straightforward and easy to describe. For both the
Console and the Housing Structures, their physical dimensions must allow them to be installed on
the appropriate places on ships, and they must house certain modules developed by Scan. Any
difficulties related to the Console and Housing Structures lies in the manufacturing process. Scans
customers tend to be very critical of the details of the products they buy from Scan, not only in
terms of their functional performance, but also in terms of physical appearance. Hence, any
differences in physical shape between individual Console Structures66 are unacceptable, and the
paint job must be impeccable. In terms of durability, especially the above‐deck Housing Structure
must be able to resist the influence of weather and salty seawater for decades.
6.3.5.2 SI in NPD
Since the Console and Housing Structures are physical containers that are designed around the
modules they contain, their physical dimensions are determined by Scan. This leaves little NPD tasks
to any suppliers involved. Therefore, the input on the design of suppliers ConsoleSup, AltConSup and
PlateSup on both parts is limited to production engineering: devising ways to manufacture the parts,
and making minor adjustments to the detailed design of both modules to allow them to be
manufactured. Scan communicates the design specifications and requirements in technical drawings
and accompanying documents describing additional requirements, such as those related to the
required physical ruggedness of the structures. These documents are discussed with the suppliers
before they start work. But other means of transferring requirements are also used. For example, for
the riveting of plate metal parts, Scan has provided its suppliers with samples that illustrate how the
riveting should be done. Another example relates to the spray painting of metal structures, which
was until recently done at Scan. To transfer that activity to AltConSup, representatives of the
supplier have spent several weeks at Scans paint shop to observe the paint process there and to gain
insight into critical process parameters. These forms of knowledge transfer are in particular used to
convey requirements that are difficult to describe, such as those pertaining to the ‘look and feel’ of
products.
The extent of SI in NPD for Console and Housing Structures is limited, and can be described as either
build to print, i.e. no SI in NPD, or white box SI in NPD if the production engineering activities are
counted as a form of SI in NPD. However, there is a difference in the collaboration with individual
suppliers. While PlateSup and AltConSup perform virtually no engineering activities and therefore
act as a build‐to‐print suppliers, the collaboration with ConsoleSup has recently involved engineering
activities that are being performed by the supplier. In this mode of collaboration, Scan provides
ConsoleSup with the physical dimension with which the Console Structure must comply, as well as
an overview of all the equipment that will be housed in the Console Structure. Based on those
specifications, as well as on their experience with earlier versions of Console Structures, ConsoleSup
then makes a detailed design of the structure. This design is then passed back to Scan, where it is
assessed, in particular with respect to its ruggedness. After verification of the design, ConsoleSup
manufactures the Console Structures, and hands them to Scan for qualification.
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A Scan system typically involves several Console Structures that are installed side‐by‐side.
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7 Product complexity and SI in NPD
In this chapter, the themes in the research framework will be explored using the observations made
within the context of this research. In particular, we will focus on the relationship between product
complexity and SI in NPD in the research framework on page 69.
In our assessment of product complexity we use the dimensions that we synthesized from the
literature in section 2.1.2 as a starting point: diversity, interactivity, subjectivity and uncertainty
inherent to the technology. In discussing the complexity of the products in our case studies, we are
particularly interested to what extent a product is complex in comparison with other products
handled by the same OEM. This stems from the aspect of subjectivity (see section 2.1.2): how
complex a product is, depends partly on how well the organization(s) involved in managing the
development (and manufacturing) of the product are capable of dealing with that complexity. At this
point, a general observation can be made: the products we encountered at PrecMach tended to be
more complex than those at both Imagine and Scan. Interviewees at Scan and Imagine recognized
this; all of them were aware of PrecMach, and some had either worked for PrecMach or for one of
its suppliers at some point in their career. This enabled interviewees to draw comparisons between
the OEM they currently worked for PrecMach. From their comments arose a picture of PrecMach
being at the forefront of technological developments, which involves a high degree of technological
uncertainty, which makes modules and products inherently more complex than at the other two
companies. Hence, in addition to comparing the modules within a given company, we were able to
reflect on how modules of different companies compare to each other.

7.1 Two levels of complexity: product modularity and module complexity
We define the concept of complexity on two levels in the product hierarchy. The first level of
complexity is the complexity of the OEM’s product as a whole. We capture this using the concept of
modularity, i.e. by discussing how the product is partitioned in distinct parts, and what sort of
interactions occur between those parts. The second level of complexity coincides with the module
level. At this level, we observe the diversity, nature and novelty of the technologies and components
used in the module in order to make a (qualitative) assessment of its complexity.
What determines the complexity of a product? In particular the aspect of interactivity allows a more
specific analysis to be made of the complexity of products within one OEM. Interactivity tells
something about the way in which those components and technologies interact. But it is important
to note that both diversity and interactivity can be applied to different systems. There are two
obvious options: diversity and interactivity can be applied on the entire product of an OEM as it is
sold to the OEM’s customers, or they can be applied to the modules that make up the product. We
arrived at this conceptual distinction on the basis of the complexity of the modules as briefly
discussed in chapter 667. In this chapter, we build on that intermediate analysis and investigate the
two levels of complexity in further detail.
When applied to the overall product, interactivity says something about the interactions between
the individual modules, and hence it says something about the complexity of the overall product.
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See in Table 7, Table 8 and Table 9 where we captured the complexity of each module in terms of its
interactions with its surroundings and the complexity that is contained within the module itself.
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But the complexity of that system is not necessarily the same as the complexity of the individual
modules. For interactivity can also be applied to an analysis at the module level, providing insight
into the complexity within the module. Therefore, we distinguish two dimensions of complexity of
high‐tech products: ‘product modularity’, and ‘module complexity’. The latter refers to the
complexity of a module in separation from the other modules that make up the product. We base
this form of complexity on the diversity of technologies and components used in the module, and
also on the uncertainty that is inherent to the development of the technologies used. Product
modularity refers to the interactivity between modules, and therefore says something about the
degree of tight coupling between modules. This is also the essence of the concept of modularity, and
for that reason, we refer to it as product modularity68.
In sections 7.2.1 through 7.2.6, we will discuss product modularity in further detail, illustrating it
using our case study material. We will investigate the implications product modularity for SI in NPD.
This is followed by an analysis of the relationship between product modularity and SI in NPD in
which we take more conceptual distance from the data in section 7.2.7 through 7.2.9. The subject of
module complexity is addressed in section 7.3. For this subject, we make a cross‐case analysis of the
data focusing on the different themes or trends that are associated with module complexity and use
them to analyze the relationship between module complexity and SI in NPD.

7.2 Product modularity and SI in NPD69
In this section, we will present a selection of observations that are particularly illustrative of product
modularity in our empirical context, and that are useful for illustrating its influence on SI in NPD. The
essence of product modularity lies in the interactions of a module with its surroundings, based on
the observations discussed in chapter 6. In this section, we will explore our data to capture the
nature of the interactions between the example modules and their surroundings. We will also
attempt to capture what the implications of those interactions are for the NPD process and the
collaboration with external parties. Our findings are summarized in Table 11, but will be discussed
in‐depth in the following sections.
Regarding Table 11 (page 128), an important note must be made. The question may arise: how is it
possible that two modules that are part of the same product are characterized by a different degree
of product modularity? The answer to this question lies in the nature of the products that the OEMs
in this research make. These products are large enough that their architecture can be modular and
integrated at the same time. Typically, the core of the product is integrated. I.e. the combination of
modules that have the most profound influence on the performance of the product, which usually is
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It is also possible to apply modularity to the level of the module itself (‘module modularity’). We have
decided against this for two reasons. Firstly, the terminology would be unnecessarily confusing, and secondly,
on the level of the module, we place a relatively high emphasis on the subject of technological uncertainty,
which in itself is not directly linked to the concept of modularity.
69
The analysis in this chapter is the result of a synthesis of data from different sources: observation of physical
models, prototypes and products at the OEMs’ premises, documentation on the underlying technology that is
available on OEM or supplier websites, and articles in the popular and industry‐oriented media. In particular
‘Bits and Chips’, a Dutch journal oriented at practitioners in high‐tech companies (OEMs and suppliers), proved
a useful source for background information, both commercial and technical. The publicly available information
was augmented with confidential information concerning the development of the modules and the
relationships between the OEMs and their suppliers obtained in interviews.
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also the core of the product in a physical sense, interact with their immediate surroundings in a
more tightly coupled manner. An example is the Imaging Module, which is deeply embedded into
Imagine’s product. The ‘product core’ tends to be loosely coupled with the periphery of the product,
which is constituted by modules that are less central to the performance of the product and that
usually provide the conditions for the core modules to function properly. Examples include the
Power Supply Modules at PrecMach and Imagine.
Product
modularity
PrecMach ‐
Power
Supply
Module
PrecMach ‐
Slide
Module
Scan ‐
Coupler
Module

Scan ‐
Console &
Housing
Structures

Imagine ‐
Power
Supply
Module

Imagine ‐
Imaging
Module

High

Low

High

Source of (lack of) modularity
Specifications can be easily
defined at the start of a project;
interactions with other modules
are mostly electrical and
predictable
Functional interactions between
modules are varied and difficult
to predict; technologies used are
leading edge
Interactions with other modules
are limited to a few well‐
understood and definable areas
(physical, energy & information
flows)

Low

Physical structure depends on the
physical design of underlying
modules and can be subject to
change throughout NPD projects

High

Specifications can be easily
defined at the start of a project;
interactions with other modules
are mostly electrical and
predictable

Low

Module is part of the core
process design of the machine,
resulting in close functional
interactions with surrounding
modules

SI in NPD1
Black – decoupled NPD at the
supplier, absence of intensive
communication during NPD
projects
Grey – buyer and supplier work
side by side, highly frequent
progress and coordination
meetings
Black – Supplier performs NPD
activities autonomously on
buyer’s specifications
Grey (consoles) – engineering
activities occur at supplier, but
frequent review meetings with
buyer / White (housing) – NPD
work still occurs largely at buyer,
but due to supplier’s limited
experience rather than product
modularity
Black – Suppliers perform NPD
activities without any
communication with buyer apart
from requests for minor
adaptations and procurement‐
related interaction.
Grey – Buyer and supplier work
side by side on module
development to ensure seamless
integration within the rest of
buyer’s product

Table 11: Examples of modules with high and low product modularity

Note that when characterizing the mode of SI in NPD, we rely here on the three archetypical forms
of SI in NPD as described by Petersen et al. (2003). To characterize which form of SI in NPD is
present, we synthesize data concerning the party that accepts NPD responsibility, the location where
the NPD activities take place and the intensity of the communication during the project. Below, we
will use the terms white, grey and black‐box, by which we mean that the OEM performs the majority
of the NPD work related to the majority (white box), the OEM and the supplier more or less equally
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contribute to the NPD activities (grey box), or the supplier performs the majority of the NPD work
(black box).
7.2.1 PrecMach – Power Supply Module
The requirements of the power supply module, although a highly specific and engineering‐intensive
module, are relatively easy to specify. Partly, this is because the module has very limited physical
interactions with other modules: it is conveniently placed in a cabinet in relative separation from the
more intricate mechanical parts of PrecMach’s system. Hence, the interactions with the other
modules are primarily of an electrical nature, and those interactions are relatively easy to foresee
and to capture in a limited number of parameters. In addition, the underlying concepts of the Power
Supply Module have not changed considerably over the past product generations, so the technology
is relatively well‐understood. PrecMach’s senior electronics engineers are capable of translating the
performance requirements of the modules for which the Power Supply Module provides power into
specifications for the Power Supply Module.
This capability to specify accurately is recognized at PrecMach as an important competence: “[The
senior electronics engineer’s] job is, at the moment we start developing a new machine, to translate
the critical performance parameters of the overall machine into current and voltage specifications.
[…] He is only capable of doing that, and [the electronics development team] realizes this very well, if
they keep developing modules themselves from time to time.” (Procurement Account Manager at
PrecMach) This remark was made during an interview that explored the high degree of development
outsourcing in the Power Supply Module case. Most incarnations of the Power Supply Module are
developed and produced in a black‐box fashion by external supplier PowerSup. The NPD work is
performed by PowerSup at its own premises, using performance specifications supplied by
PrecMach. This indicates that PrecMach’s involvement in detailed engineering activities is minimal,
and that PowerSup operates more or less autonomously in NPD. The quote above indicates that
PrecMach is clearly aware of, and concerned about the risk of losing development competencies
over time if all development activities are outsourced. For that reason, PrecMach from time to time
still develops and engineers a version of the Power Supply Module internally.
7.2.2 PrecMach – Slide Module
The slide module is a part of the core process of PrecMach’s product: it manipulates the
electromagnetic radiation that passes through it by controlling the movements of parts of the
module. However, this movement must be in line with other parts of the system that are outside the
Slide Module. Hence, there are interactions between the Slide Module and other modules in terms
of physical movement. These interactions are part of the essence of PrecMach’s system, and
therefore they are an anticipated phenomenon in the development of the Slide Module. Not only
are the interactions anticipated, they are also tightly controlled, as these interactions directly
contribute to the functional performance of the system. Hence, the process of determining the
required performance of the Slide Module and the definition of its specifications from the very
beginning of the development process takes into account these intended interactions. But there are
also unintended interactions between the Slide Module and its surroundings. For example, the Slide
Module generates heat, and that heat could disturb the functionality of other modules. Similarly, in
the process of manipulating electromagnetic radiation, the Slide Module may scatter some of the
radiation to other parts of the system that are sensitive to it.
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These unintentional interactions between the Slide Module and other modules are only foreseen to
some extent in the early stages of the NPD process, and the severity of such effects only becomes
apparent during the NPD process. In addition, changes in the behavior of other modules, for
example because problems are encountered in the development of those modules, can influence
the intended interactions with the Slide Module. Solving these problems sometimes requires making
fundamental changes to the design concepts underlying the Slide Module, and can therefore
severely disturb the development process. The following quote illustrates this: “We specify the
[requirements for a module], and then we keep changing those specifications. For example, there is
now an adjustment in a major specification of the [moving parts of the] Slide Module. [...] That
change comes two months after we delivered the first module70, which is 2.5 years after the start of
the project.” (Project Leader Mechanics Development for the Slide Module at PrecMach) In this
particular case, the specification change was the result of an unanticipated effect that was observed
in an earlier prototype of the new product platform. In terms of SI in NPD, PrecMach has involved
high‐tech engineering agency MechSup as well as mechatronics supplier SlideSup for the most
recent version of the Slide Module.
The reason for outsourcing a substantial part of the development and engineering work to MechSup
was a shortage of engineering manpower at PrecMach: “[…] the module would be supplied by an
external supplier, based on design documentation provided by us. […] But what happens? We don’t
have the manpower, so I have to outsource a part of the development work.” (NPD Project Leader for
the Slide Module at PrecMach) The NPD collaboration with SlideSup would be limited in any case,
although the supplier did take part in NPD meetings, particularly to provide manufacturability input.
But the multitude of intricate and sometimes unpredictable interactions between the Slide Module
and the rest of the system made it necessary that the collaboration with MechSup occurred in close
proximity. Some NPD activities took place at PrecMach’s premises, and others at MechSup’s
premises, with only about 2 kilometers between those locations. Still, that distance was experienced
as too large by some: “In terms of electronics development, it becomes apparent now that even 2
kilometers is actually a lot. Ideally, we would be located in the same building.” (Project Leader
Mechanics Development for the Slide Module at PrecMach).
7.2.3 Scan – Coupler Module
The Coupler Module interacts intensively with its environment, but the flows of materials and
information that go through it can be specified accurately. Beyond those flows, the interactions
between the Coupler Module and its environment are very limited and straightforward. Specifying
the performance sometimes involves making estimates of parameters that are not yet known at the
start of the development. At Scan, it sometimes occurs that some slack is built into those
specifications. The reason for this is that Scan risks considerable penalties from its customers if a
delivery deadline is missed. The ability to specify the required performance up front makes the
Coupler Module simple in terms of product modularity. Since Scan does not consider the
development or production of the Coupler Module as core activities, they are outsourced in a black‐
box fashion to CoupleSup.
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This particular generation of the Slide Module was part of the development of a new platform, of which a
handful initial systems would be built and sold to customers. These initial systems can be thought of as
something more mature than prototypes, but not yet ripe enough to be considered a mature product.
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However, this has not always been the case. Initially, Scan used to develop and produce coupler
technology in‐house. In those early days, i.e. some forty years ago, the coupler functionality was not
yet a separate module. Instead, the functionality was an integral part of the overall system.
However, at some point, it was decided to make an architectural change and create a Coupler
Module that could be physically removed from the overall system. The primary reason for this was
serviceability: the Coupler Module contains moving parts that are prone to wear in the long term,
and therefore making the Coupler Module reduced the costs of exchanging or revising the unit. Once
the Coupler Module had been defined as a separate physical entity, it could be outsourced to an
external supplier. Initially, CoupleSup only performed manufacturing activities for the Coupler
Module, but in the early years of the collaboration between CoupleSup and Scan, intellectual
property related to coupler technology was gradually transferred from Scan to CoupleSup, and
CoupleSup began performing NPD activities for the module as well. CoupleSup has continued to
expand its technological knowledge and its patent portfolio, using the technological knowledge
originating at Scan as a starting point, and by now, CoupleSup sells autonomously developed
products to several customers in different industries.
7.2.4 Scan – Console and Housing Structures
Both of these metal structures contain electronics and/or mechatronics modules. What makes these
structures complex in terms of product modularity is the fact that their physical dimensions are
highly dependent on the equipment that they contain. Hence, the exact specifications of these
structures depend on the dimensions of modules that are either bought as off‐the‐shelf
components, or that are developed specifically for or even by Scan. To some extent, it is possible to
fix these physical dimensions at the start of a development project. However, especially in the
development of Console Structures, which contain many electronics devices that are bought as‐is by
Scan, this is not always possible. The underlying problem here is one of different innovation
clockspeeds of Scan’s products and the electronics components that are integrated in the Console
Structures. The suppliers of these electronics components, such as computer displays, may change
their product offering without taking into account the physical dimensions of Scan’s Console
Structures71. In such a case, the internal dimensions of the Console Structure may have to be
adjusted to accommodate the newer product, causing disturbances in the NPD process.
However, insofar as such modules are not bought as‐is but developed internally at Scan, a solution is
available in the form of ‘physical dimension budgets’: the maximum physical dimensions for every
module within e.g. a Console Structure are predetermined, and imposed on the team that is
responsible for realizing that module. In other words, the uncertainty that exists regarding the
physical dimensions of modules is dealt with by fixing those dimensions early on in a development
project. This makes it possible that a grey‐box form of SI in NPD can be employed. Scan collaborates
with two suppliers for Console Structures, ConsoleSup and AltConSup, and one supplier for the
Housing Structure: PlateSup. With ConsoleSup and AltConSup, Scan collaborates in grey‐box mode.
Typically, at the start of the project, Scan performs a preliminary and then a conceptual design of the
Console Structures. The conceptual design is then reviewed by the supplier that is appointed for the

71

Products such as computer displays are used in large quantities by a wide range of companies. These
displays are not customized specifically for Scan due to Scan’s relatively small volume requirements.
Therefore, it is possible that an electronics module that Scan intends to use at the start of an NPD project
becomes obsolete halfway through the project, and a newer version must be selected and accommodated for.
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project, and if the supplier accepts the conceptual design, it performs the necessary detailed
engineering activities. The resulting detailed design is then reviewed and accepted by Scan, after
which the structure can be manufactured.
But to save time, Scan recently decided to involve the supplier even earlier in the process of Console
Structure development; during the conceptual design phase, the supplier was already performing
detailed engineering activities based on its experience with earlier versions of the Console Structure.
In the instance of early involvement we discussed at Scan, the ‘physical dimension budgets’
discussed above were not always adhered to during development; it did occur that a development
team of equipment for inclusion in the Console Structure needed additional space. This meant that
during the development, some architectural changes had to be made to accommodate these
additional requirements. We consider the form of SI in NPD as an example of grey‐box in this case,
because of (1) the tight collaboration between suppliers ConsoleSup and AltConSup and OEM Scan
as well as (2) the division of development tasks between both sides of the collaboration, i.e.
conceptual design at Scan and detailed engineering at the suppliers.
The situation is similar in the case of the Housing Structures: the supplier PlateSup is gradually being
involved from an early, conceptual design stage onwards, and PlateSup performs some detailed
engineering activities; especially engineering activities pertaining to the production of a Housing
Structure. A notable difference, however, is that the extent of engineering activities performed by
PlateSup is less than the scope of activities at ConsoleSup and AltConSup. But the reason for this
difference appears to have less to do with the product modularity of the Housing and Console
Structures than with the engineering competencies of the supplier. Both ConsoleSup and AltConSup
have existed as independent suppliers for a longer time and have more experience with performing
engineering activities for OEMs than PlateSup. Hence, PlateSup is on a different spot on its learning
curve regarding NPD activities, which leads Scan to limit the scope of NPD activities divested to
PlateSup. However, we were informed that both in the case of Console and Housing Structures,
Scan’s current intention is to expand this scope of activities, and attempt to move the collaboration
towards a black‐box model.
7.2.5 Imagine – Power Supply Module
Most of the observations made in the context of PrecMach’s Power Supply Module also apply to
that of Imagine: the interactions of the Power Supply Modules72 are limited to electrical interactions,
with the notable distinction that the interactions are much more simple and easier to predict at
Imagine than they are at PrecMach. The reason for this is that the performance requirements in
terms of physical movement and the electrical power needed for that are much more advanced at
PrecMach, where heavier parts accelerate much faster and in a much more accurate fashion than in
Imagine’s machines. These less strict requirements are the cause for a notable difference between
the cases of Imagine and PrecMach as well: while PrecMach must rely on custom developed
modules, Imagine has chosen to use commercial off‐the‐shelf Power Supply Modules where
possible. These are often available, since Imagine’s requirements on Power Supply Modules are in
line with the requirements of other OEMs and Imagine’s industry is sufficiently large for suppliers to
focus NPD efforts on (see also section 6.2.2).
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In each of Imagine’s machines, several Power Supply Modules are typically included, each providing a
specific set of modules with the electrical power they require.
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However, Imagine still has some specific functional requirements, for example regarding power
management: parts of its machine must turn off automatically when the machine is not used in
order to save power. This requires some sort of functional interaction between the machine’s
system software, which determines when certain parts should be turned off, and the Power Supply
Modules. Imagine has chosen to implement this by devising an interface board called the ‘power
distribution board’, which is an electronics assembly that houses some control logic that can switch
on or off specific Power Supply Modules when the system software requires this. Hence, the
interface board can be regarded as an architectural solution that adapts a commercial off‐the‐shelf
solution, i.e. the bought as‐is Power Supply Modules, to the specific environment of Imagine’s
machine. It could even be argued that the power distribution board is a means to further increase
the modularity of the collection of Power Supply Modules as perceived by Imagine’s system.
However, this increase of modularity comes at the cost of the addition of an extra piece of hardware
that is custom‐designed by Imagine itself.
7.2.6 Imagine – Imaging Module
The Imaging Module, although a distinguishable physical module, is in functional terms an integral
part of the core of Imagine’s system, which consists of a number of mechatronics, optics and
electronics modules and the associated system software. This set of modules, which could be
labeled a ‘subsystem’ is the essence of a product platform at Imagine. The development of this
subsystem is perhaps the most strategically relevant and defining activity in the development of a
new platform, and unsurprisingly, it is also the first development activity that occurs in the context
of a new platform development. The Imaging Module relies on technologies that Imagine does not
consider as its core competencies. This may seem odd given the strategic importance of the Imagine
Module as part of the core subsystem, but it is plausible in the light of historic developments. In
early generations, i.e. prior to ca. 1990, the working concepts of Imagine’s systems were
fundamentally different from today’s designs: while the old solutions relied heavily on complex
opto‐mechanical solutions and analog electronics, today’s solutions revolve around ‘optronics’73 and
digital electronics.
Somewhere around 1990, Imagine made the transition from the old imaging concepts to the new,
digital and optronics‐based concepts that became the de facto standard in the industry Imagine is
part of. But lacking specific expertise in certain fields of optronics, Imagine decided to partner with a
Japanese electronics firm to collaboratively develop the Imaging Module as part of Imagine’s new
core imaging subsystem74. Since then, several generations of the Imaging Module have been
developed with partner EleCo. The development can be described as a grey‐box collaboration, with
intensive communication between both partners. Imagine sets the performance requirements for
the module in accordance with the conceptual design of the overall imaging subsystem, and EleCo
brings the manufacturing expertise to the party and performs detailed design activities. However,
73

‘Optronics’ is the contraction of ‘optics’ and ‘electronics’ that denotes the merger of these two fields of
science, yielding new technologies e.g. in the field of lasers and display technology.
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The physical distance was not regarded as a problem by Imagine’s engineers. The way they usually deal with
this is to bring together the supplier’s and Imagine’s engineers in an early stage of a collaborative project and
let them work side by side and preferably with a physical prototype at hand. This phase serves to make the
engineers of both companies familiar with each other and with the engineering challenges at hand. After this
brief period of colocation, the emphasis in coordination and information exchange shifts to electronic
communication such as e‐mail and conference calls.
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Imagine also follows developments in the field of optronics, and regularly suggests the use of new
manufacturing technologies or design solutions to EleCo, for example high‐efficiency semiconductor
technology that allows for a reduction of energy consumption of the Imaging Module. In such a case,
EleCo responds by indicating if and how the technology can be implemented, and what the impact
will be on other design and performance aspects of the module. Hence, the collaboration between
Imagine and EleCo can be regarded as an interactive dialog, in which both parties appear to be
roughly equal in terms of technological advancement, although each party had knowledge and
competencies in different fields that are to a large extent complementary to each other.
7.2.7 Domains: function, form and technology
In order to understand the interactions between the parts of a product, a product can be viewed in
terms of domains (Erens & Verhulst, 1997). In the examples above, we have discussed a number of
modules from the different perspectives that correspond with the domains that Erens and Verhulst
discerned: the physical, functional and technology domains (see also page 21). In this discussion, we
use the term ‘technologies’ to refer to a set of concepts, tools or methods that can be used to deal
with an engineering problem. For example, digital electronics consists of concepts of digital data
transfer, the tools to manufacture digital semiconductor devices and the methods for developing
systems that use such devices to achieve a certain goal75. When using the term ‘components’, we
indicate a specific, identifiable and usually physical76 part in which one or more technologies are
used to solve an engineering problem. The interactions between products, or parts thereof, can be
explored by viewing the products from those different perspectives.
For example, the constituents of the Power Supply Modules at Imagine are components, while they
are based on electronics technology. Likewise, PrecMach’s Power Supply Modules also consist of
physical components that are based on electronics technology, and the same is true for Imagine’s
User Interface Module. Hence, technology is generic, i.e. it can be used for different applications,
while components are specific: they are the tailored solution (usually a physical manifestation) for a
particular engineering problem (i.e. they fulfill a specific function). Nonetheless, there is often
considerable overlap between the functional, physical and technology domains: in the examples
mentioned above, electronics are the dominant technology in those physical components and each
component fulfills a specific function; i.e. the three domains align with each other. Arguably, the
alignment of these domains, or at least the functional and the physical domains, is the essence of
modularity (Ulrich, 1995). The examples above suggest that if in particular the physical and the
functional domains are not in alignment, the interactions between a module and other modules are
generally more intensive. The modularity of a system can therefore be captured by analyzing the
system’s partitioning from physical, functional and technological perspectives.
7.2.8 Modularization and outsourcing
Earlier in this study, we have mentioned that the existing literature has given extensive attention to
the factors that lead to the modularization of a product (see section 2.1.3.2). Exploring this issue
using our data, a comparison between Imagine, with its relatively modular product architecture, and
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Technology is not tied to a single goal or application. For example, digital technology as we informally
describe it here can be used in a mobile phone, but the same technology may be used for satellite navigation
equipment, a desktop computer, a device for medical imaging, etc.
76
There is a caveat: a software module can also be called a component, while it can hardly be called ‘physical’.
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PrecMach seems useful. PrecMach’s systems are less modular than those of Imagine, in the sense
that although PrecMach divides its systems into recognizable and distinct physical building blocks77,
the interface specifications of those building blocks are usually less comprehensive in an early stage
of the project, and they change during NPD projects. A possible explanation for this limited extent of
modularity in comparison with Imagine is that PrecMach is a much younger company than Imagine,
and also operates in a new industry: the kind of products Imagine develops, has existed since the
middle of the 20th century, while PrecMach’s machinery only dates back to the 1980s. As in other
industries, particularly the PC industry, it is conceivable that an industry, as it matures, spirals
towards a modular dominant design which allows the realization of economies of scale in production
(Baldwin & Clark, 2000) or the creation of several versions of the same product (Ulrich, 1995). This
tendency towards increased modularity could have a technological or a commercial cause.
In terms of technology, the frequency and speed at which new technologies are introduced at
PrecMach are substantial higher than at Imagine, and this high degree of technological novelty could
inhibit a move towards a modular product architecture. For example, PrecMach’s latest product
generation included the integration of a number of new technologies that impacted all the
important building blocks of its system. The focus of the company during development was primarily
on achieving a functioning system, and not (yet) optimizing the architecture for purposes of
manufacturing efficiency or product variety. On the other hand, if new technologies are only
introduced at the module level, they will only affect the module complexity (section 7.3) without
causing a necessity to break down existing interfaces and implement a more integrated architecture.
It appears that it is not so much the extent of technological novelty, but the quality of that novelty
that influences the modularization of a type of product. By this, we mean that the influence of
technological novelty on the product architecture does not depend on how new the technology is,
but what kind of the technology it is. Some technologies may be completely and radically new to the
world, but still impact only a small part of the module78. Other technologies, however, will have a
more pervasive effect if they are newly introduced or subject to change.
7.2.9 Conclusions: effects on SI in NPD
The observations related to the product modularity and mode of SI in NPD are condensed in Table
11. Note that both the degree of product modularity and the form of SI in NPD that we encountered
are represented in a simplified way. Product modularity is denoted as either high or low, while in
reality, the nature of the product modularity is a qualitative phenomenon with many possible
variations, and capturing it in any ordinal scale entails a simplification of reality. Similarly, when
attempting to capture the mode of SI in NPD, we are abstracting from the many shades of grey that
exist in reality.
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We use the term ‘building blocks’ here to distinguish them from true modules. The essential difference can
be captured by once again relying on the difference between physical, functional and technical domains (Erens
& Verhulst, 1997)
78
A fitting example can be seen in the recent advent of sensors using MEMS (micro‐electromechanical
systems) technology. While MEMS technology is a relatively new technology, it can be used as a replacement
of more traditional technologies in e.g. automotive sensor applications or microphones, while major changes
to the architecture of the surrounding system are not necessary (Eddy & Sparks, 1998; Weigold, Brosnihan,
Bergeron, & Zhang, 2006).
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Comparing the examples discussed above in depth, it becomes apparent that high product
modularity is associated with black‐box SI in NPD. When the determinant of product modularity (i.e.
intensity of interactions between modules) and its effects on the NPD process are considered, this
observation is plausible: a low degree of product modularity means tight coupling between modules,
and not only interactions between the modules themselves, but also between the development
activities of each module. In other words: tight coupling between modules reduces the possibilities
for task partitioning, and therefore results in tight coupling on an organizational level, which is in line
with the work of e.g. Sanchez and Mahoney (Sanchez & Mahoney, 1996), which argues that the
organization of NPD follows the architecture of the product in question. In our examples, this is
visible in the form of SI in NPD that is implemented: black‐box SI in NPD refers to the situation where
the supplier takes responsibility for the majority of the NPD activities for a module, and it requires
relatively little coordination during the execution of these activities. As we have indicated above, for
example in the Power Supply Module cases at both PrecMach and Imagine and the Coupler Module
case at Scan, the coordination between both parties is limited to agreeing upon a set of
requirements at the start of the project, which is sufficient for the supplier to start the development
work.
But does this mean that organizational structure necessarily follows product architecture? Our cases
seem to suggest this, but it must be noted that in all cases, the OEM intended to delegate NPD
activities to an external party, and therefore promote organizational modularity. These intentions
are not fueled by the complexity of the product, but rather by other considerations such as an
increased focus on core activities (Hamel & Prahalad, 1990) or a dependency on external NPD assets
(Fine & Whitney, 1996). Moreover, the form of SI in NPD is influenced also by the competencies of
the supplier. This is illustrated by the difference in collaboration mode between the Housing
Structure case (white box) and the Console Structure case (grey box) at Scan. We observed that the
more limited extent of NPD tasks performed by PlateSup for the Housing Structure is a result of
PlateSup’s more limited experience and less developed competencies in terms of NPD in comparison
with both ConSup and AltConSup. According to informants at Scan, PlateSup’s current competence
level limits the scope and amount of NPD activities that can be delegated to the supplier.
Nevertheless, Scan regards neither the development nor the production of plate metal structures as
core activities, and has the intention to increase the degree of outsourcing of these activities to
suppliers such as PlateSup. To achieve this, consecutive collaborative NPD projects increasingly make
use of PlateSup’s NPD capacity and competencies, in the expectation that those competencies will
thereby be further developed to a level that would ultimately allow black‐box SI in NPD with
PlateSup. In the examples discussed above where black‐box SI in NPD was already implemented,
suppliers were available with the required NPD competencies, and therefore the type of
collaboration was not limited in this way.
In conclusion, the modularity of a product determines to some extent the possibilities for
implementing SI in NPD. Nevertheless, in the examples discussed the intentions of the OEM are an
important driving factor towards black‐box SI in NPD, either out of necessity (a dependency on
external capacity or technology) or due to strategic considerations (the intention to focus on core
activities and to outsource non‐core activities); had this intention not been present, it stands to
reason that any NPD collaboration would have been limited to white‐box SI in NPD. Also important is
the competence level of suppliers, which requires time and effort on behalf of both the OEM and the
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supplier to cultivate. We will discuss this particular issue in more detail in the context of investments
and rewards for the supplier in chapter 8.

7.3 Module complexity and SI in NPD
While product modularity tells something about how a module relates to the system it is part of,
module complexity is about the complexity that is contained within the module itself, i.e. on a lower
level of the architectural hierarchy. Once again drawing from the dimensions characterizing
complexity that we listed in section 2.1.2, module complexity can be assessed by looking at the
number of components or technologies within a module, the interactions between those
components and technologies, and the uncertainty that is associated with the development of those
components and technologies.
7.3.1 Increasing number of components
Most of the modules we investigated consist of many identifiable components, i.e. hundreds to
thousands. In addition, we encountered several examples of modules that had become more
complex over time, especially the mechatronics modules in our research. Two drivers seem to be
present for the increase in complexity that we observed several times in newer generations of
module compared to earlier versions: a need for better performance in existing functions, and the
addition of new functions. These drivers overlap for a large part; increased performance (e.g. better
accuracy) often requires new functionality within the module (e.g. additional mechanisms to control
movement). The intricate control systems that comprise the modules we have researched, use the
information acquired from various sensors to control the behavior of modules. For example, we
investigated the development of several mechatronics modules such as PrecMach’s Slide Module,
that perform fast and accurate movements. This speed and accuracy requires feedback loops to, for
example, sample the position of a mechanical part and then using that information to control the
movement of that part. To increase the speed and accuracy of this sort of behavior of mechatronics
modules, more components are often needed; i.e. more sensors, actuators, control electronics and
control software to gather the additional information needed and to perform essentially the same
task, but with higher speed and/or accuracy
Similarly, the addition of new functionality or features usually leads to the addition of components.
For example, the development of the latest version of PrecMach’s Slide Module involved
requirements that were an indirect result of a need for higher accuracy, but that led to a need to
rethink the cooling of certain parts of the module. This change in functionality and architecture of
the Slide Module resulted in an increase of the number of parts; an increase that was not anticipated
at the start the NPD project: “we misjudged the number of components in there. It is an order of
magnitude larger than [the previous version]”. (NPD Project Manager at PrecMach). A similar case
can be made for modules that do not use the precision mechanics we encountered in mechatronics
modules, such as electronic power supplies. In these modules, better performance (i.e. higher power
levels and increased precision) usually also results in designs with larger numbers of components to
help deal with the higher power densities (e.g. water cooling of high power parts instead of air
cooling) and smaller error margins (e.g. more complex filters to ‘clean up’ the electrical output). The
consequences of this increase in the number of components are discussed below.
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7.3.2 Delegating the management of module complexity to suppliers
In terms of SI in NPD, an increase in the number of components and thereby the complexity of a
module has implications for NPD and also for SI in NPD. Firstly, the added complexity causes a need
for a higher level of NPD competencies. The party that performs the NPD activities must be capable
of dealing with the larger number of components and the interactions between them, which in
particular means that project management capabilities must be on a higher level than for modules
with a smaller parts count. Secondly, the sheer volume of the NPD work increases as the number of
components increases, in particular if those components must be custom‐engineered for the
application. In the Slide Module example discussed above, where the number of components
necessary to realize the module was larger than anticipated, this had obvious effects on the NPD
project: “Maximum pressure was exerted on the engineers to create the technical documentation.
Nevertheless, the project planning slipped by 10 or 12 weeks” (NPD Project Manager at PrecMach).
So predictably, the overall amount of required manpower rises as the number of components that
have to be integrated or even custom engineered increases. In fact, this forms a driver of SI in NPD
at the OEMs we investigated, as they are unable or unwilling to expand their internal NPD workforce
along with the increasing scale of NPD activities. This is especially apparent at PrecMach, which has
experienced rapid growth over the past two decades in terms of product complexity and engineering
workforce, but even with the increase in the number of engineers at PrecMach, the company is
increasingly dependent on external engineering capacity, which is evidenced by the company
increasing its SI in NPD efforts. In terms of module complexity, SI in NPD has the advantage that it
can transfer the activities related to dealing with that complexity from the OEM to a supplier. This
practice is closely related to that of supplier ‘tiering’ or supply base rationalization (Cousins, 1999):
the introduction of system suppliers that deal on behalf of their customer with a substantial set of
the supply chain operations, including supplier management and in the instance of system sourcing
also collaborative NPD (Gadde & Jellbo, 2002).
However, Cousins (1999) remarked
that in the case of supply base
rationalization, the total number of
suppliers remains the same, but the
structure of the supplier network
becomes more stratified. Analogous
with this observation, system sourcing
and
the
delegation
of
the
management of module complexity
does not change the module
complexity itself, but it does help
Figure 13: In a tiered supply chain, the suppliers are divided into
reduce the total volume of work and
tiers, with the first tier being closest to the customer, and the
complexity the OEM has to deal with
second tier being in contact with the customer through the first
directly. The drawback is that this tier
management of module complexity
now occurs at a larger distance from the OEM, and therefore any problems that may occur could
reach the OEM too late to deal with effectively within the boundaries of an NPD project. In other
words: the OEM partially relinquishes control over NPD to a supplier, and thereby loses some insight
into any risks involved in the development of complex modules. An example in which some degree
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of module complexity is dealt with by the supplier is that of PrecMach’s Power Supply Module’s. As
mentioned before, the development of substantial parts of those modules is delegated to supplier
PowerModSup. In that development, PowerModSup takes care of the selection of electronics
components in those modules, as well as the replacement of components that have become
obsolete in existing designs. This takes considerable administrative and engineering workload away
from PrecMach.
But it must be noted that we also encountered several instances in which the development of a
module is delegated to a supplier, while some key components are prescribed by the OEM, limiting
the choice of components that the supplier has. This limitation also has economic consequences,
since the OEM‐prescribed, specific components are often much more expensive than cheaper and
more generic components with similar characteristics. However, the OEM‐prescribed components
always have some property that makes them inevitable to use (see also the discussion regarding
commonality and customized CoTS components below). In addition, the OEM may have to spend
time and effort in securing those components on behalf of the supplier. For example, at PrecMach,
highly frequent discussions79 were witnessed related to the management of ‘second‐tier’ suppliers
by PrecMach procurement personnel, in particular to achieve the timely delivery of components by
second‐tier suppliers to first‐tier suppliers. Still, the OEMs in our research all employ a philosophy
that a first‐tier supplier should deal with the second‐tier suppliers that are associated with it,
eliminating the need for the OEM to directly manage second‐tier suppliers. But in practice, there are
several reasons why this rule is often deviated from.




Firstly, the OEM has the oversight over the whole system and therefore is better aware of the
commercial and technical context in which a component (from a second‐tier supplier) is used
than the first tier supplier. Sometimes an OEM decides that it is simply easier to directly discuss
e.g. product requirements with a second‐tier supplier instead of delegating this task and the
necessary knowledge to the first‐tier supplier, for example because the issue is expected to be
unique and will not recur. An example is the collaboration between PrecMach and BellowSup
(see section 6.1.4): during the development phase, PrecMach settled technical issues directly
with BellowSup, while during the production phase, BellowSup operated as a second‐tier
supplier without direct contact with PrecMach. Hence, a supplier may be a first‐tier as well as a
second‐tier supplier, depending on the phase of the product life cycle.
The second reason why an OEM may have to deal directly with a second‐tier supplier is because
the first‐tier supplier denies responsibility for any problems with the component. This occurs in
particular if the component is prescribed by the OEM, while the first‐tier supplier is not
convinced of the necessity to do so, or is even opposed to it. At PrecMach, this occurs
sporadically if components that are somehow difficult to produce or procure cause logistical
problems that PrecMach expects the first‐tier supplier to solve. The supplier may then argue
that since PrecMach prescribed the component, any problems associated with it should also be
solved by PrecMach.
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During every weekly visit at PrecMach, during which the researcher resided at one of the procurement
departments, at least one such instance was witnessed. We followed up on several of those issues to
understand why they occurred and why PrecMach preferred to take matters into their own hands instead of
delegating second‐tier supplier management to its first‐tier suppliers. However, this was impossible to do in all
cases, due to the sheer volume of such issues that occurred.
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Thirdly, a second‐tier component may be used in several modules that are produced by different
first‐tier suppliers. In such a case, it can be inefficient if all first‐tier suppliers procure the
component from the same second‐tier supplier. Especially if supply of the component is scarce,
it can occur that the different first‐tier suppliers compete with each other to secure supply, even
though these first‐tier suppliers all act on behalf of the same OEM. In such a case, the OEM may
intervene and agree on supply contracts directly with the second‐tier supplier and distribute the
components over the first‐tier suppliers in line with the OEM’s best interests. In addition,
volume agreements and more attractive price agreements can be negotiated by the OEM. The
overall volume requirements of the OEM are larger than the individual volumes of its first‐tier
suppliers, and therefore the OEM usually has a better bargaining position than its first‐tier
suppliers.

7.3.3 Commonality and modularity
Like on the level of the entire product, modularization can also take place on the level of an
individual module. This was especially apparent in the case of the Power Supply Module at
PrecMach. In the development of the Power Supply Module for a recent product platform,
PrecMach decided to strive for a higher degree of modularity and commonality of the amplifiers that
are used in the module. These amplifiers are used in several places within the Power Supply Module,
and each of these applications has different power requirements that depend on the internal
architecture of the module, but also on the specific product of which the Power Supply Module is
part. In earlier versions, the amplifiers were designed specifically for each application within the
Power Supply Module, resulting in a wide variety of amplifier designs. But in a recent platform
development, the decision was made to reduce the number of amplifier designs in order to reduce
the required engineering manpower, but also to reduce the overhead of supporting and
manufacturing a wide variety of similar products. PrecMach reduced the number of amplifier types
in the following way: instead of devising a high‐powered amplifier and a similar low‐powered
amplifier for two separate but similar applications within the Power Supply Module, only one, low‐
powered amplifier type was defined. For the high‐powered application, several of the low‐powered
amplifiers are simply combined to achieve the higher power levels.
While several amplifier designs still exist to suit different applications, the number of amplifier
designs could be reduced substantially this way80. This architectural change at the module level was
devised by PrecMach, without particular involvement of the suppliers PowerModSup or CabSub.
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How does this relate to the increase in the number of components that was discussed earlier? Why would a
company increase this number even further by splitting one amplifier into two? The comparison between
these amplifiers and the trend we pointed at earlier is not so straightforward. Amplifiers are circuits that
consist of several components. The number of components used in an amplifier depend on its design. Hence, a
larger amplifier could contain more components than two smaller ones. This was not measured in the case of
PrecMach’s Power Supplies, but it does illustrate that equating assemblies (such as an amplifier) with
components cannot be done without defining what an assembly consists of. Secondly, while two amplifiers is
more than one, if they are of an identical design, it is likely that some economies of scale are realized in the
design process: designing one amplifier and then using two of them is unlikely to cost twice as much effort as
designing one larger amplifier. An actual advantage can even emerge if the same, smaller amplifier design is
used on an even larger scale, replacing several specific designs, and that is exactly what PrecMach attempted
to achieve. Arguably, by using several smaller amplifiers, unanticipated interactions could emerge, resulting in
problems that would offset any benefits reaped from using several smaller units as opposed to one larger unit.
However, this problem was not mentioned in the interviews regarding PrecMach’s Power Supplies.
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Indeed, PrecMach regards the architectural decisions related to the Power Supply Module as an
important activity, although PrecMach interviewees did not appear to agree if this was actually a
core competence of PrecMach. Some argued that this is a vital enabler of PrecMach’s core
technologies, and therefore the architectural development of Power Supply Modules is a core
competence, while others argued that since it is only an enabler and not a core module itself, none
of the development activities related to the Power Supply Module are truly core activities.
The move towards more commonality and higher degrees of modularity was encountered at other
modules and OEMs as well. The rationales are always comparable: reducing the necessary
engineering investments and overhead costs by reducing the number of unique parts and reducing
the risks of unanticipated interactions within a module by dividing a complex module into smaller,
simpler sub‐modules. Commonality may even extend across the borders of the OEM’s organization
or industry: if possible, the OEMs we investigated move away from custom engineered components
to commercial off‐the‐shelf parts that are also used in other applications. This way, no (or very little)
custom engineering work is necessary and ideally the part can be selected from a supplier’s catalog
and used ‘as‐is’. However, this often still is utopic; the available catalog parts are often a good
starting point, but need to be customized to meet the OEM’s requirements. Sometimes, this only
involves picking the best specimens from a batch of catalog products (‘cherry picking’). The best
specimens may fall within a margin of error in some respect, e.g. a physical dimension or a
performance aspect, that suits the requirements of the high‐tech OEM in question.
But often, a new, customized version of the catalog product needs to be made to suit the OEM’s
requirements, for example to allow it to function more accurately or to exclude materials from it
that cannot be used in the OEM’s product, for example because they are not durable enough or
secrete non‐permissible materials as they age. In such a case, a relatively simple procurement
activity turns into an instance of SI in NPD, where the supplier is asked to modify its product by
performing some NPD activity. But this negates some of the advantages that OEMs perceive in using
CoTS products: the resulting product is usually a low‐volume product that is specifically adapted and
produced for the OEM, resulting in a reduction of economies of scale and an increase in one‐time
investments. An example are the Power Supply Modules at Imagine, which are derived from a CoTS
product. However, Imagine required the use of electronics modules with stricter EMI81 specifications
than offered by the supplier as a catalog product. The supplier agreed to make a customized version
with a lower EMI profile specifically for Imagine. In this case, it is conceivable that the customized
product is also sold to other OEMs with similar requirements as Imagine’s, since Imagine’s EMI
requirement is still quite generic.
However, in particular the strict tolerances that e.g. PrecMach often requires are usually unique,
and lead to one‐off designs that are in practice only used by PrecMach. For example, PrecMach
procures temperature control modules from suppliers that are required to be about a thousand
times more accurate than the usual requirements of other customers of the same suppliers.
Whenever encountered in our research, we inquired the origins of such highly specific requirements
and the possibilities for adhering to more generic requirements. While interviewees from
commercial (procurement) functions often expressed their doubts regarding the necessity of those
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EMI = Electro‐Magnetic Interference; electrical equipment tends to produce magnetic fields that induce
electric currents in other equipment, causing the pieces of equipment to interfere with each other.
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strict requirements, interviewees from technical functions always argued that those requirements
are the immediate result of the high performance levels of the overall product and cannot be
prevented. However, it is unclear to what extent standard components could be used nonetheless,
by making changes in the OEM’s product architecture as was done by introducing a ‘power
distribution board’ in the case of the Power Supply Modules of Imagine (see section 6.2.5).
7.3.3.1 Commonality in time: long‐term technology planning and roadmapping
Issues of commonality82 also play a role at the level of the OEM itself. This has to do with the fact
that the OEMs we investigated use matrix organizations in which NPD programs play a large role.
These matrix organizations consist of a competence axis and a program axis. Along the competence
axis, the NPD organization is divided into teams that are homogenous in terms of the NPD
competence they have, resulting in units specialized in e.g. mechanical engineering, software
engineering and electrical engineering. These units are presided over by managers who decide on
the allocation of their engineers to the organizational units on the other axis: the program axis. The
program axis revolves around the different product lines that the OEM is developing or
maintaining83. Typically, some five programs are active in the OEMs we have researched, with one or
two receiving particular management attention and resources at one time because they are in the
peak of the NPD activities or of particular strategic importance to the company. The NPD programs
have a program manager and NPD project managers, and they can claim engineering manpower at
the competence teams in accordance with the amount of resources the top management of the
OEM has reserved84.
At the investigated OEMs, the employees that deal with suppliers are located both in the NPD
department and in a purchasing department. Those dealing with the program‐related, technical
content of the collaboration are located in the NPD department, while those dealing with
commercial and long‐term aspects of the relationship are located in the purchasing department. This
creates an inherent tension within the OEMs in terms of the management of supplier relationships,
as some employees that are in direct contact with a supplier optimize for short‐term, program‐
related goals, while the ones in the purchasing department attempt to manage the relationship with
the supplier for the long‐term and across different programs. One way in which OEMs attempt to
maintain consistency in the management of different programs as well as (indirectly) SI in NPD in the
long term is through the use of technology roadmaps.
Especially at Scan, it seems that the NPD programs are powerful. Since the programs effectively
control the engineering resources of the company, they decide what NPD activities will be
undertaken. “The program has the money, and therefore the authority, and therefore the power.”
(Procurement account manager at Scan) The consequence is that the NPD program managers tend
to optimize their activities towards the goals of their own program instead of serving the best

82

As a non‐specific product can be common to other systems and companies.
Even if a product has been developed and is being sold to customers, NPD activities continue, for example to
fix existing bugs, to improve product performance or to introduce new versions of existing products to meet
changing customer requirements.
84
This means that NPD programs can, to some extent, be in competition with each other for engineers. This
adds to the current trend of increasing SI in NPD, as external suppliers form a potential external source of
engineering capacity that can help the NPD program managers to meet their goals while being less dependent
on the internal resources that may be difficult to claim.
83
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interests of the company as a whole. It is important to note that at Scan, the development of a new
product generation is often tied to the requirements of one particular customer, since the
production volumes are often relatively small and Scan’s customers tend to be very demanding and
specific in terms of their requirements. Hence, Scan almost works on an engineer‐to‐order (ETO)
basis, with most of the NPD programs focusing on the specific requirements of one customer
only85.Commonality and reuse of components throughout different products, which holds the
potential for economies of scale, is particularly difficult to achieve in this organizational context. For
example, the requirements and the architecture of the Motor Control Module have changed
considerably over the past three product versions, which we will refer to as generation 1, 2 and 3.
Generation 1, in response to the requirements of the customer for which the product was tailored,
involved an intricate communication interface with the control software of the overall system. This
interface allowed the full status of the module to be monitored without having physical access to the
module, including highly detailed information regarding any errors or failures that could occur in the
module. The interface was costly to develop; a development which was performed by the supplier
involved in collaboration with Scan. During this collaborative development, problems had to be
solved regarding the communication interface, since the industry standard interfaces86 that were
used did not include standardized specifications on the level of detail that was necessary for the
alignment of software development at SpecModSup and Scan. This resulted in some communication
problems which were iteratively resolved by augmenting the software created by SpecModSup. This
led to a functioning module that met the requirements of the present customer. However, the next
customer needed a cheaper overall system and was prepared to settle for less extensive error
information, and therefore was satisfied with a simpler communication interface between the Motor
Control Module and the system’s control software. Therefore, Generation 2 of the module was
equipped with a light‐weight interface that was less costly to develop87.
But with the advent of Generation 3, the requirement for more elaborate status information
recurred, necessitating the new development of a more complex interface. It is likely that a more
consistent choice in terms of the communication interface would have been easier and cheaper to
develop than alternating between different concepts, both for Scan and for SpecModSup. In the
words of an engineer at Scan: “A development is initiated if there is a customer that is willing to pay.
At that moment, you are focusing on a single customer. We don’t take into account what Scan wants
to offer to its customers over the next ten years, or what the average customer requires.” This
results in designs that are highly customer‐specific – in the sense that they are specific to the
customers of Scan, but also specific for Scan from the viewpoint of SpecModSup.
Interestingly, Imagine has a way of working that prevents this problem. It was discussed in section
6.2.4.1: for the development of its User Interface Modules, Imagine has defined a roadmap that links
the development plans for these modules to all of the anticipated product types. By analyzing the
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We were informed that this is currently changing, with an increasing number of ‘standard’ products being
developed and offered to several customers. But even in those cases, products are still highly customized to
tailor to the needs of a customer.
86
E.g. Profibus, an industrial standard for digital communication between e.g. sensors in manufacturing or
processing plants.
87
The more elaborate interface would have to be tailored to fit the other changes in Generation 2 of the
module, so the interface of Generation 1 could not be reused ‘as is’.
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requirements for User Interface Modules in the different products, Imagine determined that three88
variants would be necessary to meet those requirements, and the development of those variants
was planned in accordance with the development of the overall systems in which they are included.
Indeed, the teams that develop the other modules for Imagine’s systems all make their own
roadmaps that are derived from and aligned with Imagine’s overall product roadmap. These
roadmaps are shared with suppliers on a ‘need to know basis’: on the one hand, sharing this sort of
information helps to inform the suppliers of what technological competencies will be necessary in
the near future and it helps giving the supplier a perspective on what to expect in terms of order
volume and product mix as well (Phaal, Farrukh, & Probert, 2007).
On the other hand, providing too much detailed information could damage the bargaining position
of Imagine vis‐à‐vis its suppliers. At PrecMach, this practice of roadmapping is even more apparent:
PrecMach’s customer industry is highly roadmap‐driven, and hence, PrecMach can accurately derive
future customer requirements from the industry roadmaps and translate them into product
roadmaps. Those product roadmaps, like at Imagine, are then cascaded into module or subsystem
roadmaps that direct the long‐term planning of NPD activities at the teams and suppliers that deal
with the development of specific modules. This enables PrecMach to plan ahead for strategically
important technology developments. For example, the development of the underlying concepts and
of some essential technologies used in PrecMach’s most recent product platform was initiated at
PrecMach and key strategic partners as far back as in the late 1990s. Without the use of product
roadmaps, it seems unlikely that PrecMach could have decided in a timely fashion on the exact mix
of technologies and external partners to offer a new product at the right time, more than a decade
later. Hence, the combination of technology roadmapping on both the system and the module level
benefits the long‐range planning of technology development, the alignment of the concurrent
development of different modules and the alignment of NPD activities at external partners.
7.3.4 Technological variety
Not only the number of components in a module adds to its complexity; this is also true for the
different technological properties of components. Once more relying on the distinction between
different domains put forward by Erens and Verhulst (1997) and more particular the technology
domain, some modules integrate various technologies. An obvious example are the mechatronics
modules such as PrecMach’s Slide Module, whose defining characteristic is that they are composed
of different technologies: precision mechanics, electronics and control software(Munnig Schmidt,
2007). The combination of technologies can be challenging in terms of NPD, since the development
of components in different technological domains relies on different competencies. This can be
illustrated with the Motor Control Module of Scan. This module incorporates power electronics and
a fluid‐based cooling system, which is used to cool power electronics inside the Motor Control
Module as well as in other parts of the system. Scan outsourced the development and production of
the complete Motor Control Module to SpecModSup.
However, SpecModSup has its roots in the development of customized power electronics solutions,
but no particular knowledge of fluid dynamics or competence in the development of fluid‐based
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Such roadmaps are iteratively refined; originally four types were anticipated, but at a later stage, this
number was reduced to three, so that only three User Interface Module variants are sufficient to suit the
requirements of the dozens of product types that Imagine will introduce over the next few years.
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cooling systems. In older generations of the Motor Control Module, this was not an issue, as the
power levels allowed forced air cooling, which was technically simpler to implement and lay within
the capabilities of SpecModSup. But when it became a necessity, SpecModSup’s abilities to engineer
the fluid cooling system were rudimentary, as indicated by an engineer at Scan who was involved in
the project: “We noticed during testing that there were a lot of problems [with the cooling system].
Lots of changes had to be made […] and it was more a matter of trial and error than of working
deliberately towards a solution.” SpecModSup also realized that its competencies were lacking in
this respect. But accumulating such a competence in a short period of time, in this case in time for
the next generation of the Motor Control Module, was unrealistic. Therefore, SpecModSup solved
the problem by contracting an engineering agency with particular knowledge in the area of fluid
dynamics.
So the essential problem, at least in terms of (collaborative) innovation, of multi‐technology modules
is the variety of competencies that is required to develop them. PrecMach, Imagine and Scan all
indicated that they intend to, and already partly are involved in, delegating the development and
manufacturing of larger modules to suppliers. Instead of procuring the components of a module and
integrating them at the OEM, the OEMs intend to procure entire modules from their suppliers where
possible, in order to reduce the number of first‐tier suppliers (see above) as well as to keep a check
on the amount of NPD and assembly work that must be performed within the boundaries of the
OEM firm. This trend can be exemplified using two examples: the Power Supply Module case at
PrecMach, and the Coupler Module case at Scan.
In the case of the Coupler Module, we argued in section 7.2.3 that the parts that now constitute the
Coupler Module, initially, i.e. in early generations decades ago, were in fact not a recognizable
module at all, but a collection of separate components that together performed the functions of
what later became the Coupler Module. The reason to group these components into one module
was one of serviceability. But initial ‘modular’ versions of the Coupler Module were developed and
produced by Scan, and the inputs were procured from several suppliers. In order to become less
dependent on that set of suppliers, Scan decided to contract CoupleSup as a second source for the
production of the Coupler Module. The fact that the Coupler Module was now a recognizable
module facilitated this decision. Further on, Scan decided that manufacturing of the Coupler Module
was not an activity it wanted to pursue itself anymore, and CoupleSup became the only source for
the Coupler Module. CoupleSup’s activities were later expanded by gradually transferring NPD
activities from Scan to CoupleSup as well.
In this case, CoupleSup had the opportunity to build the knowledge and competencies in the
different technologies underlying the Coupler Module, particularly in the area of fluid dynamics,
electronics, RF technology and mechanics, all in terms of both manufacturing and also development.
This process of learning lasted some 15 or 20 years, from the point where CoupleSup was first
involved in Scan’s Coupler Module operations until it reached the level of proficiency that had
existed at Scan. The process even continues today, with CoupleSup now proposing new
technological concepts that exceed Scan’s competencies in order to cope with Scan’s increasingly
high requirements. Hence, in the early days of the Scan – CoupleSup collaboration, the required
knowledge and competencies at CoupleSup were much more basic and limited than they are today,
with knowledge and competencies gradually being accumulated by CoupleSup over time. The
primary source of these knowledge and competencies was Scan, with formal IP as well as intangible
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knowledge being transferred over time from Scan to CoupleSup. So the OEM played a dual role in
the evolution of the supplier: both as a driving factor, by asking the supplier to perform more and
more varied and demanding activities, and by actively transferring knowledge and competencies to
the supplier.
This combination of ‘pulling’ increasingly complex products from a supplier and at the same time
‘pushing’ some of the required knowledge and competencies to it can be recognized in the case of
PrecMach’s Power Supply Modules as well. Recently, a new generation of the Power Supply Module
was needed for a new product platform. Because of the combination of high power output
requirements and limited physical space, a water cooling system is used to dissipate the heat
generated by the power electronics. As we outlined in section 6.1.5, the electronics module consists
of three sets of components: electronics racks developed and manufactured by EleSup, electronics
racks developed by PrecMach and manufactured by external suppliers, and cabinets developed and
manufactured by ElCabSub.
However, some four years ago PrecMach’s CEO argued that the development and manufacturing of
electronics cabinets is not a core activity, and only those electronics racks that are deemed part of
PrecMach’s core technology should be developed in‐house. The development, manufacturing and
integration of the remainder of the racks and cabinets should ideally be done by a system supplier.
This effectively meant that either EleSup or ElCabSub or both suppliers would have to develop into
systems supplier(s). But the Power Supply Module contains a combination of technologies, i.e. high
precision power electronics and fluid cooling, and neither supplier had both competencies in the
required level to act as a systems supplier. Like in the case of CoupleSup, part of the solution was to
let the suppliers accumulate these competencies through consecutive instances of SI in NPD over the
course of several years. But PrecMach has recently also co‐located engineers of EleSup at
PrecMach’s premises and organized specific training meetings for them to transfer knowledge to
EleSup related to the development of cabinets and the fluid cooling infrastructure. In addition,
PrecMach instigated ElCabSub to team up with an engineering agency in order to nurture the
buildup of electrical engineering competencies at ElCabSub. However, a PrecMach informant in the
procurement department indicated that “this arranged marriage is not progressing very smoothly,”
signifying the difficulties of enticing a supplier into activities that are desirable for the customer, but
not necessarily so for the supplier itself (see also chapter 8).
In conclusion, we observed that while having a certain ‘dependency for capacity’ (Fine & Whitney,
1996) on their suppliers, the cases we researched do not particularly revolve around a dependency
for technology of the OEM on the supplier. Much more the other way around: technology is
transferred from the OEM to the supplier, so that the supplier can perform the activities that the
OEM requires. Ultimately, the supplier may build its competence to a level that exceeds the
proficiency of the OEM, and a dependency for technology can emerge, as exemplified by the Coupler
Module case at Scan. A quote from an NPD manager at Imagine neatly captures this phenomenon:
“[We] know more about [the technologies involved] than our suppliers. En yet, we have to
collaborate for things that are non‐core, and that means we need to educate the supplier. And
hopefully, they will rise above us and start driving our technology development.”
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7.3.5 Technological uncertainty and flexibility in NPD
Another contributing factor to module complexity is the degree of uncertainty related to the
development of its components. Arguably, NPD is in all cases a process that departs from a state of
high uncertainty that is progressively reduced: at the start, only requirements exist, but the
implementation of a solution is not yet known, and the process of implementing the solution can be
regarded as a reduction of uncertainty. However, there are degrees of uncertainty: many
technologies are so well‐known that the NPD processes involving those technologies are highly
predictable. But in some cases, particularly when new technologies are involved or existing
technologies are pushed beyond the limits within which they have been proven before, the NPD
process becomes particularly unpredictable. This is a frequently occurring phenomenon at high‐tech
OEMs, and it could be captured in terms of structural vs. parametric uncertainty (Langlois &
Robertson, 1995). In terms of technology, parametric uncertainty plays a role if a well‐known
technology is used. Then, it is only a matter of applying it in such a way that it meets the
requirements of the project or product at hand, using processes of engineering and project
management that deal with the parameters that are known to be of importance when applying the
technology. The value of these parameters may be uncertain or unpredictable; e.g. when building a
bridge, there is uncertainty regarding the weight it will need to carry, but it is known that this weight
is a critical design parameter. If, on the other hand, the technology is new or stretched beyond its
limits, entirely unpredictable effects are likely to arise, and parameters can play a role that were not
recognized as important early on in the project. Fliess and Becker (2006) suggested that structured
problem‐solving processes are appropriate in the first case, but more open‐ended problem‐solving
mechanisms such as interdisciplinary meetings are necessary to deal with the latter. So how does
this look like in the set of companies we investigated?
In terms of technological uncertainty, a rough distinction can be made between PrecMach on the
one hand, and Scan and Imagine on the other. Certainly, all three companies develop exceedingly
complex products and deal frequently with the development and integration of new technologies,
which is illustrated by the intensive relationships they maintain with research institutes and
universities and their participation in various large research programs89. However, technology
development and NPD appear to be less uncertain at Scan and Imagine when compared to
PrecMach. The essence lies in the combination of a high speed at which innovation occurs at
PrecMach and the fact that product performance must keep up with predictable but increasingly
stringent customer requirements. Some respondents at Imagine and Scan had experience with
PrecMach, for example because they had worked there themselves or at one of PrecMach’s
suppliers. They noted that the emphasis at PrecMach is more on the rapid realization of new
technologies and less on other factors such as costs, as exemplified by this remark of a former
PrecMach employee who was interviewed in his current job at Imagine: “[At PrecMach] it is […]
about controlling the speed of product development. That is also true for [Imagine], but in the end,
costs are very important too.” An informant at Scan who used to work for one of PrecMach’s
suppliers asserted several times that technology development at Scan is not comparable in terms of
89

To protect the identity of the parties involved, no specific reference will be provided here, but media
coverage suggests that, among others, Scan is intimately involved in the development of new microprocessor
architectures for specific applications, Imagine has a history of participating in chemistry research and
PrecMach collaborates intensively with various research organizations for the exploration of e.g. concepts for
software development, nanotechnology and mechatronics development.
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speed, scope or complexity with PrecMach. This is also reflected in the size of the R&D staff of the
three companies: at PrecMach, nearly a third of its employees are part of the R&D staff, while this is
less than 10% at Imagine. At Scan, this is almost 50%, but Scan is much smaller in terms of absolute
size than PrecMach. Therefore, PrecMach’s R&D workforce is considerably larger than at both other
OEMs90.
In terms of NPD strategy, the difference between the companies may seem subtle, but is in fact
substantial. At Imagine and Scan, new products realize incremental improvements to performance
and functionality. If the required technologies prove difficult to realize or to integrate, they are
abandoned (if they are not economically viable), they are made part of the next big platform
development which effectively buys the company more time for the development, or they are
included in a product that is less complex and does not use the technology to its full potential. At
PrecMach, these options are often not available: the technology developments that are undertaken
there are almost invariably essential to the realization of the next product, and the options for
delaying, postponing or evaluating them in a controlled setting are mostly unavailable, as the timely
and successful introduction of the next product is even more vital to PrecMach than it is for Scan or
Imagine.
Arguably, PrecMach’s innovation goals are ‘bigger, hairier and more audacious’ than Scan’s or
Imagine’s (Collins & Porras, 1996): PrecMach is committed to keep serving its present customer base
and to consistently do so more effectively than its competitors, which it has successfully done in the
past ten years. This involves improving its product performance at a pace that can only be described
as ‘relentless’, which causes the company to often run into the limits of the technologies it uses in its
products. As a result, new technologies are explored regularly, and known technologies are used
under conditions under which they have not been proven to work.
An example of the latter is the bellows component of the Slide Module. As outlined in section
6.1.4.1, a bellows in itself was not at all an example of new technology, but the application in which
PrecMach used it stretched the concept to its limits. The process of implementing the bellows
component involved intensive interaction between PrecMach and BellowSup in order to achieve the
required performance, particularly in terms of durability. When the concept of a bellows was chosen
by PrecMach to solve this particular engineering problem, it was unforeseen how difficult it would
be to realize a bellows that would meet all of the requirements. Getting the component to the
required level of performance included studies into failure modes, relying on advanced materials
science and electron microscopy studies, intensive communication with BellowSup to understand
the relevant parameters of the production process, and in the end the cherry picking of specimens
that meet PrecMach’s requirements out of larger production batches.
Issues like these are disruptions to the NPD process, as they are unforeseen but may require
considerable time to resolve. To respond to the frequent occurrence of such unexpected problems,
PrecMach employs a highly flexible NPD process. While a process with clearly described phases is in
place, it is deviated from whenever necessary. In addition, the organizational structure is flexible as
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Note that in relative numbers, Imagine has a small R&D staff, which to a lesser extent is also true for
PrecMach This seems mostly attributable to the fact that in particular Imagine, but to some extent also
PrecMach, has a worldwide customer‐support and sales staff, which is lacking at Scan.
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well, with engineers being assigned to those projects that require them the most at some point.
Regular progress meetings are held in which projects report their progress to engineering
management, and engineering management relocates engineers if necessary. This is exemplified by
a project leader connected to the Slide Module who saw some of his software engineers being taken
away because his software development project was on schedule, but other projects were not: “I
knew my software development was on track, and I mentioned this during the progress meeting. […]
Half an hour later, I had lost my engineers.”
For suppliers, PrecMach’s culture of flexibility in terms of resource allocation and NPD processes can
be difficult. At PrecMach, this sort of flexibility is regarded of paramount importance, and when SI in
NPD is undertaken, the assumption is often made, albeit it sometimes implicitly, that the supplier
can partake in this flexible process. But suppliers are not always capable of dealing with this, as is
illustrated by observations in the context of the Compensator Module at PrecMach. Earlier versions
of the Compensator Module were engineered by CompSup on the basis of concepts developed by
PrecMach with assistance of CompSup.
But the most recent version of the Compensator Module was developed and engineered by
PrecMach, with CompSup contributing only in a minimal extent to the engineering activities. One of
the reasons for this was that in the perception of PrecMach, CompSup could not (or would not)
respond promptly enough to PrecMach’s demands for flexibility: as a consequence of PrecMach’s
flexible manner of performing NPD, the engineering workforce within a sub‐project must sometimes
be expanded very quickly to deal with arising problems. CompSup, with its NPD workforce of about a
dozen engineers and other customers besides PrecMach, was less able to do so than PrecMach
required: “There are problems with the Compensator Module, can you help us out? No. Then we
[PrecMach] put a dozen people on the project and resolve them. Are we dissatisfied with [CompSup]
then? Yes, of course.” (Compensator Module Project leader at PrecMach) While making this
statement, the PrecMach project leader was very much aware of the fact that CompSup simply was
not always able to respond to PrecMach’s short‐notice problem‐solving questions, but he also
indicated: “it is an expectation that we have. You [indicating CompSup] are an OEM yourself, so we
expect you to respond swiftly when the module doesn’t work.”
The cases above illustrate that it is often difficult for PrecMach to anticipate problems due to the
high degree of technological uncertainty that is inherent in the nature of the product and the
technology it deals with. Moreover, issues of technological uncertainty are dealt with as they arise,
for which PrecMach uses a flexible NPD approach as well as a flexible approach to allocating
manpower to projects. But the cases also illustrate that it is perhaps even more difficult for a
supplier to respond to such problems, let alone anticipate them. So how does that work for the
other OEMs in this research?
An interesting example contrasting with PrecMach is that of Imagine. Imagine put a stage‐gate
process (Cooper, 1990) in place a few years ago, and interviewees indicated that this process is
strictly adhered to. Moreover, a different project manager is assigned to each stage in the process,
so the transition from one stage to the next also means a change in project management. The new
project manager can check if the project meets the requirements for passing the gate, and he has
the option to deny responsibility for the project if those criteria have not been met. In addition,
parts of a project can be put back to an earlier stage if some technologies prove too immature to

149

Chapter 7
effectively integrate in the overall project91. For example, in the development of a new product, if
problems are encountered in the realization of the technology in e.g. the Imagine Module, the
development of that particular module is put back to an earlier process stage, in which the required
resources and explorative way of working can be applied to the module. This is facilitated by a
relatively modular product architecture in comparison with PrecMach, which means that such
exceptions to the NPD process do not interfere much with the development of other parts of the
product.
Towards external suppliers, Imagine uses this consistent process as an interface to align internal NPD
work with the NPD activities at suppliers. This interface is also apparent in the organizational
structure, which is particularly visible in the case of the Peripheral Modules. At Imagine, every type
of module has its own development team, and each team has a leader. Even modules whose
development is outsourced have an internal leader at Imagine, who forms the organizational
interface towards the involved supplier(s). The coordination between the internal and external
organization occurs through this single‐point interface, which is a distinct difference from the
situation at PrecMach, where everyone involved in the development of a module is free to directly
contact the supplier, sometimes leading to an overload of requests at the supplier. In the case of
Imagine’s Peripheral Modules, the two ‘liaison’ project managers we interviewed explained that
Imagine’s structured NPD process helps to coordinate the collaboration between Imagine and
Peripheral Module suppliers, by providing a clear and dependable overview of project stages and the
deliverables expected from suppliers.
The organizational interface is complemented by the standardized technical interfaces that were
defined by Imagine for Peripheral Modules (see section 6.2.3.1). Apart from acting as a facilitator of
the alignment between the supplier’s and Imagine’s organization and technologies, the liaison
officer also has the task of managing expectations: towards the supplier, indications of the expected
sales volumes are provided, while towards program managers within Imagine, the liaison officer
makes clear what functionality and what degree of NPD proficiency can be expected from a
particular supplier. In relation to this, one liaison officer explained that his task is to guard the loose
coupling between the supplier and Imagine, in order to maintain alignment and consistency in
technologies and expectations between both parties: “[Using these technological and organizational
interfaces] you can decouple organizations. You become less dependent on the turbulence of
internal projects. […] And every time, [internal] projects try to change something about the
interfaces. But time and again, I make sure I am there in an early stage, and I’ll talk to the projects
[…]: don’t do that.” In comparison with PrecMach, this way of working at Imagine is very stable and
consistent over time, which according to interviewees at Imagine helps keeping the relationships
with suppliers healthy, since expectations can be made explicit in an earlier stage, and in a later
stage of the project, those expectations can also be met. But it seems that this is only possible
because the technology roadmaps and NPD projects at Imagine are considerably less ambitious and
radical than they tend to be at PrecMach, so that more time is available for radical changes, such as
new platform developments involving fundamentally new technologies.
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If this occurs, the previous project manager or a project manager that is similar to him/her in terms of
his/her competencies takes charge of the project.
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Especially in this respect, the situation at Scan is very much comparable to Imagine: sufficient time is
usually available for new developments. And that is also necessary due to an additional requirement
of Scan’s customers: good traceability of all design decisions made in a development project. Many
of Scan’s customers operate their products in environments that require extremely high reliability
and offer little opportunity for on‐site customer service, and hence, reliability is a key aspect of
Scan’s products. To comply with this, Scan uses a highly structured NPD process in which every step
and design decision is documented with great detail. Like Imagine, Scan also uses a single
organizational unit to coordinate the collaboration between Scan and external suppliers. This occurs
in the form of ‘product teams’ that are specialized in dealing with one type of purchased product.
There is e.g. a dedicated product team to deal with Coupler Modules, while the Housing Structure
would be dealt with by another product team that specializes in plate metal constructions. Each
product team consists of at least one Purchaser to represent the commercial and relationship
aspects of the collaboration, and an engineer from an appropriate field for the technical side of the
matter.
The collaboration with suppliers for NPD benefits from this structure: the kind of challenges related
to rapidly changing requirements and numerous points of contacts we observed at PrecMach
appeared to be largely absent at Scan, although a systematic or quantitative analysis of this aspect
was not performed in the context of this study. But given this structure, and the fact that it could be
at odds with the flexibility required for radical innovation, how does Scan deal with the introduction
of new technologies? The key aspect seems to be that comparable to Imagine and contrary to
PrecMach, there is simply more time at Scan to evaluate and develop new technologies. The essence
seems to be that the pace of innovation in the industry Scan and Imagine are in is slower than
PrecMach’s industry. So new technologies simply do not need to be introduced so frequently, which
buys companies like Scan time to test a new technology thoroughly before it is included in a complex
new product. For example, Scan was recently offered a new technology in the context of the Coupler
Module, potentially reducing the service costs of the module drastically. Since this is a relevant
parameter for Scan’s customers, Scan is eager to implement this new technology in an as broad as
possible scope of products.
But since reliability is an even more important parameter for Scan’s customers, there is always some
reluctance at Scan to introduce new technologies that have not been proven to be reliable. As a
solution, Scan purchased Coupler Modules using the new technology from CoupleSup and integrated
them in a relatively simple and low‐range product for a relatively non‐demanding application. This
gives Scan the opportunity to evaluate the new technology in a real‐life, commercial setting. At
PrecMach, such an option is usually not available, since new technologies are essential to the
performance of its top‐of‐the‐line products, which need to be introduced at a rapid pace.
In conclusion, the degree of technological uncertainty encountered at Scan, Imagine and PrecMach
differs, with PrecMach being confronted with the need to rapidly introduce new technologies at a
high frequency. Alternatively put, PrecMach is more often confronted with structural uncertainty
than Imagine and Scan, where primarily parametric uncertainty is encountered. It seems that
structural uncertainty requires flexibility in NPD processes (cf. Fliess & Becker, 2006), since the
problems inherent to the development and integration of new technologies need to be dealt with in
a responsive manner: they cannot be predicted and therefore organized for in advance. The
downside to this flexibility is the lack of a highly structured NPD process with clear milestones and
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deliverables to aid the collaboration with external suppliers, as was observed at Scan and Imagine.
Respondents at Imagine asserted that this structuration of NPD work, which was gradually
implemented at Imagine over the past decade, facilitates external collaboration; indeed, it was
mentioned as a precondition for successful collaboration.
On the one hand, a structured process aids the process of collaboration itself, while on the other
hand, organizational arrangements such as a single point of contact (Imagine) or a focused team
dealing with collaborative process for a specific product group (Scan) give the possibility to
communicate a single, consistent message to external suppliers, which in turn aids the
organizational and strategic alignment with those. The question remains if the high degree of
technological uncertainty such as present at PrecMach can be combined with a highly structured and
consistently executed NPD process such as at Scan and Imagine. Interesting to note in this respect is
that PrecMach is currently undertaking the challenging task to streamline and reinvent its NPD
process. One of the aims of this endeavor is to reach a higher level of consistency in the way
processes are defined and executed, while maintaining the flexibility to deal with technological
uncertainty. Since it is a process that is currently unfolding, it is unclear to what extent it will be
successful.
7.3.6 Conclusions regarding module complexity
In section 7.3, we have explored the complexity within a module, which we have called ‘module
complexity’. Module complexity can be the result of a large number of components and/or
technologies interacting within a module, but it can also be the result of technological uncertainty.
For an OEM, it can be attractive to delegate the management of the complexity within one module
to an external supplier, thereby reducing the complexity of the NPD and SCM work that is performed
by the OEM itself. The drawback is that any problems arising during the development of the module
may go unnoticed by the OEM, only to emerge in a later stage, which could threaten the NPD
project’s time line. In addition, high module complexity requires of a supplier a proficiency in project
management and supply chain management. The supplier must be capable of managing the parallel
development of a multitude of components, and in some cases the development of new
technological concepts as well. In this respect, the supplier base of the OEMs we investigated seems
to be divided into two groups: one group consists of suppliers that manage their own technology
roadmaps and proactively offer new technologies to the OEMs. An example is EleCo, which offers
vital technology for the Imaging Module to Imagine, on the basis of highly specific competencies in
the realm of semiconductor manufacturing which Imagine does not possess, not is likely to be able
to build in any realistic timeframe. Hence, in such cases, a clear dependency for technology exists of
the OEM on the supplier (Fine & Whitney, 1996).
The second group contains suppliers that are less proficient at managing radical innovation and the
development of new technologies and that are coached by the OEMs in their efforts to develop
those competencies. In some cases, such suppliers evolve into the kind on which OEMs rely for the
development of new technologies, such as CoupleSup. The knowledge and competencies required
for this include the capability to manage complex products, in‐depth technological knowledge in the
relevant fields, and the capability of managing relationships with other suppliers to acquire those
technologies that the supplier does not have itself and to manage the production phase of the
module in question. We encountered several examples of the OEM transferring knowledge to the
supplier or helping the supplier to accumulate NPD competencies, for example by providing
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consultancy to the supplier during collaborative problems or by teaming up the supplier with a third
party in possession of the required competencies. Hence, a ‘technology dependency’ (Fine &
Whitney, 1996) of the supplier on the OEM also occurs.
In order to reduce the scale and scope of NPD activities, OEMs try to reduce the number of
components across modules. Hence, the same component design can be reused for different
applications within a module and sometimes across different modules. But custom designs are in
any case a prevalent feature of the products of the investigated OEMs. Even in those instances
where off‐the‐shelf components are considered, they are usually required to be modified in some
way to meet the specific requirements of the OEM in question. This reduces the potential for
benefiting from the economies of scale that a supplier can realize by marketing identical products to
different customers. The dynamics that play a role within the module, i.e. the tendency towards
modularity and commonality and the limited possibilities to implement them, are relevant at the
system level. A system architecture can be thought of as a layered cake or as being recursive, in the
sense that on each next level, the same kind of possibilities for technological variety and partitioning
exist. Hence, our distinction between module complexity and product modularity is somewhat
arbitrary; indeed, it is a tool that helps to explore the particular practices of the OEMs we
investigated, but module complexity and product modularity, due to the hierarchical nature of
complex systems (Simon, 1962), cannot be viewed as completely conceptually distinct.
Regarding technological uncertainty, we found evidence for a dichotomy in the management of
complex NPD on the one hand and uncertain NPD on the other, as highlighted by Olausson and
Berggren (2010). While Scan and Imagine, both confronted with considerable complexity, have
chosen for the implementation of highly formalized and structured NPD processes, PrecMach has
hitherto used a more flexible and organic approach to NPD. Consistent with Evans and Jukes (2000),
we observed that the presence of a clearly communicated and consistent NPD process facilitates the
collaboration with external suppliers. We also found support for the notion that even in that case, it
takes time to align organizations and activities between the OEM and the suppliers.
The OEMs all share the experience that an initial collaboration project with a new supplier serves as
a try‐out to establish how large the gap between both parties is, in an organizational sense, in terms
of competencies and in terms of culture. And the ensuing process of mutual adjustment appears to
be everlasting: all three OEMs emphasized the necessity to maintain alignment on the strategic,
tactical and operational levels, en all three employ formalized (especially at Scan and PrecMach) or
informal but still frequent (Imagine) methods for this. In the case of Scan, periodical meetings are
scheduled with representatives of the appropriate organizational levels: on a strategic level,
representatives of the Scan and an important supplier will convene once or twice a year, while on
the tactical level, this frequency is much higher, e.g. once a month or every two months. PrecMach
employs a highly structured supplier evaluation process in which the alignment between its
organization and its important suppliers is assessed in a quantified manner, which is used as a tool to
guide the frequent meetings regarding current projects and future developments that are one of the
main tasks of its procurement account managers. Respondents at Imagine indicated that meetings
between high‐level representatives of Imagine and their key suppliers often occur on trade fairs,
during which sessions are organized during which alignment discussions can take place in separation
from the hustle and bustle of the trade fair itself.
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8 Investments of, and benefits for the supplier
This chapter deals with the customer specificity of products and investments from the viewpoint of
the supplier, and the investments and benefits that suppliers experience in collaborating with high‐
tech OEMs. Hence, when we speak of a ‘customer’ in this chapter, it is in fact the OEM, since we
view the subjects of specificity, investments and benefits from the perspective of the supplier. We
use the customer specificity of products to analyze the nature of the investments that are needed on
the part of suppliers that are involved in the development. We then explore the different types of
benefits that suppliers can expect as compensation for their investments. Finally, we reflect on the
role that investments and rewards play in the buyer‐supplier relationship, and we explore the
dynamics in buyer‐supplier relationships as a result of changes in the rewards offered to suppliers.

8.1 Relevance of specificity: the risk of relationship discontinuation
To illustrate the relevance of the customer specificity of a product in relation with the value that a
supplier receives within the relationship with an OEM, we will briefly discuss the case of the Imaging
Module for Imagine. EleCo was the single supplier of Imagine’s LED‐based Imaging Module since
Imagine initially started using LED technology for that application around 1990. Until recently, EleCo
recognized the value of the relationship with Imagine as a driving factor for the development of its
own products. But a few years ago, Imagine experienced a decline in the preparedness of EleCo to
invest in new development of LED print heads for Imagine, and also became convinced the EleCo
was not the leader in the development of Imagine Module technology. From Imagine’s viewpoint, it
seemed that EleCo was hesitant to explicitly speak of the possibility to discontinue the relationship
with Imagine92. One Imagine informant indicated that it is unlikely that EleCo makes much profit
from the relationship with Imagine, not in the least because Imagine uses for its high‐end products a
slightly different technological concept for its Imagine Modules than other companies in the industry
in order to achieve slightly better performance. A reason for EleCo to maintain the relationship
would be the spin‐off effects of the collaboration, but EleCo appears to have moved its focus to
markets where the collaboration with Imagine does not create such spillover effects. Hence, from
the viewpoint of EleCo, the Imagine Imaging Module is a very customer‐specific product that does
not match very well with its overall portfolio of activities.
But the Imaging Module, with its profound impact on the performance of Imagine’s machines, is a
strategically important item to Imagine. Perceiving the risk of becoming dependent on a supplier
that may be increasingly less responsive to its demands, Imagine has recently started a program to
develop a second supplier of Imaging Modules next to EleCo: ImoSup. ImoSup is the leader of the
Imaging Module market with a market share of about 70%. For ImoSup, Imaging Modules are a core
product, and hence Imagine perceived that ImoSup is more likely to remain committed to a
collaborative relationship with Imagine. In addition, ImoSup’s technological knowledge is on a higher
level than that of EleCo, which was demonstrated when Imagine asked for ImoSup’s opinion on an
enduring technological problem with its EleCo Imaging Module. ImoSup immediately recognized the
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EleCo is a Japanese company, and Imagine informants argued that the reason for EleCo not explicitly
indicating its current lack of interest in Imagine is the Japanese culture, which puts a strong emphasis on
mutual respect and trust between business partners (cf. Liker & Choi, 2004), leading EleCo to not abandon the
relationship even if it is not economically or strategically desirable for EleCo.
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problem and indicated the most likely cause, while EleCo had never managed to get a good grasp on
the problem. But a sudden switch from EleCo to ImoSup was unfeasible for Imagine. Imagine will
remain dependent for several years to come on EleCo, because it procures Imaging Modules for
recently developed printer platforms from EleCo. Redesigning those platforms, which have a life
span of about 10 years, to allow for the use of a different Imaging Module would require too large
an investment from Imagine. Hence, the sourcing strategy of Imagine was changed from a single
sourcing strategy (with EleCo as the sole supplier for Imaging Modules) to a dual sourcing strategy
(with EleCo for older platforms and ImoSup for current and future products). Further complicating
the matter was the fact that ImoSup was initially unwilling to accept the part of the portfolio of
Imaging Modules based on Imagine’s unique, high‐end technological concept, due to its high
customer specificity. Imagine did not want to transfer only the regular modules to ImoSup, because
the remaining, highly specific and low‐volume portfolio that would remain with EleCo would be of
such little value to EleCo that the continuity of innovation and supply would be endangered. After
extensive negotiations, ImoSup accepted the full portfolio of Imagine.
This case of the Imaging Module illustrates the relationships between a number of issues that are
essential in a long‐term and strategic assessment of SI in NPD. Sustaining innovation on a
technology‐intensive module such as the Imaging Module in the long term requires highly
specialized knowledge and competencies that need to be honed and upgraded continuously to keep
up with the changes in market requirements that Imagine faces. For a supplier, it is only attractive to
keep investing in knowledge and competencies if the financial returns offset the investments. These
financial returns, in the case of the Imaging Module, come in the form of the volume of products
that is procured by customers like Imagine. For those customers, the supplier is only attractive if it is
capable of sustaining technology development in the long term, otherwise they will relocate their
activities to other suppliers, as Imagine in the end did. Investing in long‐term technology
development is a strategic choice for a supplier, which the supplier is only likely to do (and to
sustain) if it perceives sufficient economic returns.
Hence, SI in NPD, especially the instances in which the OEM has a technology dependency on a
supplier, is only sustainable if the supplier perceives the benefits of investing in the collaborative
relationship. This precondition was mentioned by representatives of nearly all companies that were
investigated in the course of this research, especially by procurement managers. The specificity of a
product plays an important role in this respect, as it determines to what extent a supplier can realize
returns from the investments it makes in building NPD competencies and accumulating
technological knowledge. So in this case, Imagine was forced to review its supplier selection,
apparently mainly because of a lack of perceived attractiveness of its business by the supplier, which
in turn was partially the result of a high customer specificity of the product. In this case Imagine was
confronted with an external issue to which it had to react. But can customer specificity also be used
proactively, to influence the willingness and commitment of a supplier to participate in NPD?

8.2 A case of change in customer specificity
In this section, we will explore how the customer specificity of a product can be changed deliberately
in the long term in order to implement a strategic choice of an OEM. We will use the Power Supply
Modules of Imagine as an illustrative case. In the past, Power Supply Modules used to be developed
by Imagine internally: for every machine, a fitting Power Supply Module would be developed by the
electronics development team. This resulted in relatively high investments in NPD and a large
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number of unique Power Supply Modules. Realizing that economies of scale could result from
streamlining its Power Supply Module development strategy, Imagine made an adaptation to its
system architecture in the form of the power distribution board that forms the interface between
off‐the‐shelf power supplies and that was discussed earlier in section 7.2.5. The main reason to
choose for this arrangement is that Imagine wanted to limit the growth of its development
organization and thereby reduce its organizational overhead in order to remain competitive in an
industry where Imagine is only a relatively small player with small production volumes93.
Imagine decided that only core developments should be performed in‐house, and hence, supporting
functions such as power supply would have to be sourced from external suppliers. This was enabled
by the external market that had emerged, with external suppliers providing CoTS power supplies
specifically for the kind of product Imagine produces. The size of Imagine’s industry and the volumes
of Power Supply Modules needed by it proved large enough to motivate suppliers to focus NPD
efforts specifically at this application. The resulting CoTS Power Supply Modules almost met
Imagine’s requirements and were adapted by the suppliers when asked to do so. Only limited
modifications were necessary, and these resulted in new catalog products. Imagine informants
indicated that suppliers benefit from Imagine’s requests for modifications, as it helps them to
improve the quality of their designs. Requirements posed by Imagine are sometimes found in later
generations of catalog products, implying that demanding customers like Imagine have an influence
on the product offering of their suppliers to other customers.
Hence, the situation surrounding Imagine’s power supplies has evolved from OEM‐specific designs
into a situation where an external market provides its products to Imagine and its peers. This is
enabled by an increasing focus of printer manufacturers on other parts of the system, and a
sufficient critical mass of the industry Imagine is in for external suppliers to invest in specialized
development. Imagine benefits from this in terms of a reduction of the scope of internal NPD and an
overall higher efficiency, since external suppliers can realize economies of scale in the development
and production of Power Supply Modules that Imagine by itself cannot. In addition, since several
suppliers are available for these modules, Imagine has the possibility to put a dual‐sourcing policy in
place to benchmark the product costs of several suppliers in order to further reduce costs. Hence, in
terms of overall efficiency, this arrangement seems beneficial to both Imagine and its suppliers. But
it must be noted that this is only the case because power supply technology is far removed from
Imagine’s core technologies, and therefore divesting all innovation activities related to it to external
suppliers is not a strategic risk to Imagine.

8.3 Modularity, attractiveness and industry structure
System architecture plays an essential role in the sense that it helps determine the customer
specificity of a product. In the example of Imagine’s Power Supply Modules, an architectural
provision, in the form of an interface ‘module’, adapts Imagine’s specific system architecture to
generic products from the (supplier) market. This eliminated the need for highly customer‐specific
Power Supply Modules. Several more examples illustrate the importance of the technical interface
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Imagine’s important competitors tend to work with production volumes that are an order of magnitude
bigger than Imagine’s. To be able to compete on product costs, Imagine therefore has to realize a high degree
of efficiency in terms of NPD, or it has to diversify from its competitors and thereby carve out a market niche
(Ansoff, 1958)
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to facilitate the coordination between an OEM and its suppliers. In the context of the automotive
industry, it has been observed that the extent to which interfaces can be defined up‐front, codified
and remain stable during the course of a development project is an important facilitator for inter‐
firm collaboration (Zirpoli & Camuffo, 2009).
Apart from the Imagine example cited above, we encountered several other examples of how
interfaces are used to adapt the system architecture of an OEM to its business context (in particular
the supplier market). For example, PrecMach has made provisions in its latest product platform for
the addition of sensors that are offered by external suppliers, and much as was the case with the
Imagine Power Supply Modules, an additional piece of hardware was developed to match the
standardized interfaces of those externally supplied sensors to the specific architecture of
PrecMach’s machine. Hence, the solution of an ‘interface module’ that on one side is tailored to fit
the internally developed system architecture of an OEM and on the other side accommodates the
interfaces of products procured from suppliers is a generic one. Indeed, it is essentially an adaptor,
which is used in many technical contexts, such as on wall power outlets (to use equipment using one
type of plug on outlets with a different type of plug) and several examples in the personal computer
industry (e.g. to connect a modern USB keyboard to an older PS/2 style computer).
But apart from these adaptors, OEMs sometimes make provisions to be able to connect better to the
outside world by partly adjusting the architecture of their systems. Again, Imagine serves as a good
example. Due to competitive forces, Imagine needed to expand its offering of peripheral modules a
few years ago. Although the technical performance of the core functionality of Imagine’s systems
was certainly competitive at the time, Imagine’s competitors were able to offer a much broader set
of functions. Hence, Imagine saw itself forced to rapidly add functions to its products; a clear
example of ‘me‐too’ innovations (Lukas & Ferrell, 2000). Since Imagine’s competitors already made
extensive use of external suppliers for the implementation of additional functionality in the form of
peripheral modules, a supplier market was available that Imagine could tap into. To be able to do so,
Imagine defined an interface encompassing mechanical, electrical and software aspects for its
machines that could be used to attach Peripheral Modules (see also section 6.2.3.1). Notably, this
interface is based on a comparable interface used by Imagine’s main competitor. By doing so,
Imagine intended to lower the barriers for suppliers to adapt the Peripheral Modules they had
already developed for Imagine’s competitor. Indeed, this approach proved successful, as within a
few years, Imagine was able to expand its product portfolio with a collection of Peripheral Modules
that allowed Imagine to successfully compete on functionality. At present, Imagine collaborates with
its suppliers to develop new Peripheral Modules, thereby expanding its former ‘me‐too’ innovation
strategy.
An interesting observation that can be made at this point is the fact that in terms of architectural
adaptations, Imagine is such a prominent example in our set of companies. Why is this the case?
Although this research did not involve a systematic search for an explanation, two potential causes
can be recognized. Firstly, Imagine deals with relatively mature and predictable technology in
comparison with PrecMach and Scan, and in line with earlier research, this could be a driver for
modularization (Baldwin & Clark, 2000; Fixson & Park, 2008): since interactions between the
different parts of the system are relatively well‐understood, it is possible to define interfaces and
realize a 1:1 mapping of functions to physical parts (Ulrich, 1995). Secondly, Imagine deals with
much larger production volumes and is part of a substantial world market, which has nurtured the
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emergence of a supplier market specialized in working for Imagine and its competitors. This makes it
possible to outsource the development of certain modules to those specialized suppliers; a process
that is furthermore facilitated by modularization (Ro, Liker, & Fixson, 2007). So both factors work
together and lead to a (partly) outsourced, modular architecture, although it is debatable which
comes first: modularization or outsourcing (Sako, 2003). We will explore this issue below using two
examples from the context of Imagine: the Power Supply Modules and the Peripheral Modules.
Informants at Imagine indicated that relationships with Peripheral Module Suppliers were already
initiated before the current modular product architecture with the clearly defined Peripheral
interface was introduced. In that period, suppliers of Peripheral Modules were already interested in
developing products specifically as a complement to Imagine’s machines in order to piggyback on
Imagine’s sales volume. However, the lack of a well‐defined and fully functional interface was a
technological barrier that necessitated relatively large investments by the suppliers and that
continued to cause technical challenges. That it was possible in the first place to devise add‐on
Peripheral Module to Imagine’s earlier, integrated systems was because of the auxiliary nature of
these modules: they perform additional functions that do not necessarily require intensive
interaction with the remainder of the system. But once Imagine’s system was modularized, the
collaboration with suppliers of Peripheral Modules became smoother and the interoperability
between Peripheral Modules and the Imagine system itself improved significantly, especially due to
the possibility of exchanging digital status and control data between Peripheral Modules and
Imagine’s system software. So modularization was an enabler for outsourced NPD in the case of the
Peripheral modules, while the drivers were already there: Imagine’s need for improved functionality
and suppliers’ wish to benefit from Imagine’s commercial success by offering complementary
products in the form of Peripheral Modules.
The situation was different for Power Supply Modules, both in terms of system architecture and
attractiveness for the suppliers. Firstly, the function of the Power Supply Module is more intertwined
with that of other parts of the system, or, more accurately: nearly every other part of the system
depends on the Power Supply Module. Hence, in the case of an integrated architecture, the
interface between the Power Supply Module and the remainder of the system was particularly
difficult to define and to keep stable during development. Secondly, the suppliers of power supply
solutions that Imagine was attracted to, i.e. the ones offering solutions at relatively low costs, tend
to work with far larger volumes than Imagine requires. Hence, Imagine is only a customer of limited
economic importance to these suppliers. Therefore, these suppliers were not prepared to invest in a
major way in the development of Imagine‐specific solutions. When Imagine migrated to a more
modular system architecture, it had the possibility to accommodate power supply solution that were
already present in the market by using the power distribution board that was discussed earlier (see
sections 6.2.5 and 7.2.5).
Hence, at Imagine, it appears that outsourcing actually came first in some areas, while
modularization was the first step for other companies. But in both cases, the concepts are
intertwined to such an extent that it is debatable if the order in which events take place is even
relevant; both are gradual processes that take place simultaneously and interdependently; they
cannot be decoupled from each other. Indeed, the transformation of a vertically integrated company
with an integrated product architecture and in‐house NPD into a modular product and organization
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seems like an evolutionary process in which incremental changes in product and organizational
architecture occur over a longer period of time; in the case of Imagine more than a decade.

8.4 Investments in customer‐specific assets by suppliers
The value a supplier experiences in the collaborative relationship with an OEM can be regarded as
the balance between investments and benefits (Ravald & Grönroos, 1996), or the return on its
investments in assets for the OEM. In this section and the next one, we will discuss these
investments and benefits.
The innovation‐related, specific investments of suppliers that we encountered for the purpose of
(collaborative) innovation can be divided into three general categories (see section 3.6.1): the
technical design of the product itself, the technological concepts underlying the product, and the
knowledge and competencies that suppliers need for innovation activities. Below, we will explore
each category by providing relevant examples.
8.4.1 Investments in customer‐specific product designs
In general, the designs94 of the products we encountered are highly specific to the OEMs in question.
This stands to reason, as we have focused our research on instances of SI in NPD, which implies that
a bias exists towards products that are at least to some extent customized. However, a notable
exception are the Power Supply Modules at Imagine, which are off‐the‐shelf units with only minor
modifications. Most designs are highly customer specific because the OEMs we investigated develop
and produce highly customized and sometimes unique equipment, and standardized solutions for
individual engineering problems are often not available in the market. Examples include the Slide
Module at PrecMach and the Motor Control Module at Scan. In the case of the Slide Module, the
combination of its particular function and required performance is unique in the world95, which
results in a unique product design.
For supplier MechSup, this means that there is no possibility of slightly adapting a ready‐made
design that was made for another customer, simply because such a customer does not exist. Hence,
for MechSup, it is impossible to achieve economies of scale on the basis of the actual design of the
Slide Module; at best, partial solutions or underlying technologies could be reused for other
customers. In the case of Scan’s Motor Control Module of Scan, its performance and functionality is
tied to the specific needs of other modules in its system. On top of that, Scan’s niche market
requires very rugged and robust product designs that use a limited amount of space. This
combination again results in unique product designs with no possibilities for supplier SpecModSup to
reuse the design for other customers.
Another reason why product designs can be highly specific is the presence of an integrated product
architecture, in which the product must be tailored to fit its surroundings, in a functional as well as a
physical sense. Hence, a low degree of product modularity can be expected to cause a high degree of
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Note that ‘design’ refers to the technical implementation of a concept as laid down in e.g. engineering
blueprints. In this document, ‘design’ does not refer to the aesthetics of a product.
95
This statement is arguable. PrecMach has a very limited number of competitors and their products also
involve functionality similar to that of the Slide Module. However, these companies develop and manufacture
their products in‐house – they do not use an external supplier for the development of their rendition of
PrecMach’s Slide Module.
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customer specificity of the product. Imagine’s Imaging Module is an example: while the function of
the Imaging Module is similar to those of Imagine’s competitors and EleSup even has a range of
catalog products for that purpose, the actual design of the Imaging Module is tuned to the
surrounding architecture, which is proprietary to Imagine. A substantial part of the engineering work
done by EleSup to develop the Imaging Module cannot be used by EleSup to serve other customers.
It is therefore an investment in Imagine, and in Imagine only.
But since the high‐tech OEMs investigated are often on the fore‐front of technological development,
it is possible that even though these engineering problems are encountered first by high‐tech OEMs,
they are at a later stage also encountered by other companies. If, in such a case, a solution has
already been developed in the form of a module or product, it could be offered to other customers
than the OEM that initiated the development of the new product. Examples that illustrate this
include the Coupler Module at Scan and the Power Supply Modules at Imagine. Although the
concept on which the Coupler Module was based, is a generic solution, the requirements of Scan
necessitated custom developments in the 1970s. The resulting technology was transferred to and
further developed by CoupleSup, who proceeded to market the same technology for demanding
customers such as Scan96.
At Imagine, we observed that power supply suppliers saw the potential of offering Power Supply
Modules specifically for the technical and commercial context of Imagine and its competitors, while
earlier Power Supply Module designs were custom‐made by Imagine itself. Hence, in both cases,
suppliers recognized the market potential of creating a more or less standardized product. As long as
this product is used only by one OEM, it can be considered as specific to that OEM. But this customer
specificity diminishes as the product is marketed to other customers. This suggests that customer
specificity is not necessarily a property of the product itself, but also of market context in which it is
embedded.
8.4.2 Investments in customer specific technological concepts
On a more abstract level, the technologies that are used in a product can be more or less specific to
an OEM. In general, the specificity of technologies is lower than that of actual product designs. But a
distinction must be made between technologies and architectural concepts. Technologies, such as
LED semiconductors (Imagine’s Imaging Module) or water cooling for electronics (Power Supply
Modules at PrecMach and Scan) tend to be generic: they are encountered in a wide range of
products, although the implementation and specific requirements may differ. In addition to
technologies, there are architectural concepts, by which we mean the way in which a particular
design problem is attacked by choosing a set of physical components (in turn relying on predefined
technologies) that work together in such a way that they function in the intended fashion (cf. Ulrich,
1995, p. 420). Sometimes, these concepts are generic, but their implementation is specific to the
OEM in question.
This is for example the case with PrecMach’s Power Supply Modules; in essence, they use the same
power conversion concepts as a desktop computer power supply, but specific properties such as
power densities, switching frequencies and output voltages result in highly specific designs and
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It is unclear if CoupleSup sells exactly the same products to Scan as to other customers. However, substantial
parts of the designs of products can be reused for different applications.
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component choices. This means for SI in NPD that the fundamental operating principles are well‐
known and knowledge thereof is easy to attract for both the OEM and the supplier. But on top of
that, there are aspects that make the concepts specific: those design elements that are needed to
extract the necessary performance from the architectural concept require specific solutions within
that concept. As a result, the actual product designs that PowerSup creates for PrecMach cannot be
used for other customers. PrecMach allows PowerSup to use design solutions for other markets, but
customers with requirements similar to PrecMach are scarce, and therefore the market potential for
those design solutions is limited, since the designs made for PrecMach would simply be too
complicated and expensive to use for less demanding applications. But the architectural concepts in
an abstract sense are used by PowerSup to serve other customers. For example, PowerSup develops
power supply modules that are conceptually similar to those of PrecMach for medical and defense
equipment97.
So even though the specificity towards PrecMach of the Power Supply Module designs themselves
inhibits economies of scale, it makes sense to outsource the development of these modules, since
the underlying architectural concepts are not specific to PrecMach and can be used by PowerSup for
other customers. The investments of PowerSup in researching, developing and honing these
architectural concepts are therefore not necessarily specific to PrecMach – but the specificity
eventually depends on PowerSup effectively adding other customers beside PrecMach to its
portfolio. Over the past few years, PrecMach has stimulated its suppliers to do so, primarily to
reduce the financial dependency of some of its key suppliers on PrecMach98. Another rationale of
PrecMach is that it aims to generate economies of scale on the technologies that are developed for
PrecMach by its suppliers.
8.4.3 Investments in customer specific knowledge and competencies
Knowledge and competencies are at first glance the most generic type of innovation‐related assets:
they can be regarded as the inputs or infrastructure that enables a supplier to perform NPD work for
a wide range of customers (Danneels, 2007). But still, the knowledge and competencies of a supplier
can be highly specific to a single OEM. In particular, the knowledge that a supplier has of the OEM’s
product architecture, market context and (NPD) organization tend to be specific to one customer.
This is particularly true in the case of OEMs with an integrated product architecture or an NPD
process that is particularly hectic, with many deviations from the formally defined routines and ad‐
hoc interactions between sub‐projects. This makes for a complicated organizational interface
between the buyer and the supplier, as the supplier needs to be flexible and responsive enough to
integrate effectively in the NPD process.

97

Like several high‐tech suppliers in the southeastern part of The Netherlands, PowerSup markets its
innovation services and products to some of the companies that were involved in the pilot research phase.
There are many ties between the companies (OEMs and suppliers) in this research. This industrial landscape
could be described as a technology cluster (Porter, 2000)
98
Interestingly, the policy of reducing the financial dependency of suppliers on PrecMach is a double‐edged
sword. On the one hand, it helps suppliers remain financially stable at times when PrecMach’s business slows
down, which happens every few years. This makes PrecMach’s supplier base more stable and robust. On the
other hand, reducing the financial dependency of PrecMach on its suppliers also means that PrecMach’s
bargaining power over those suppliers is reduced. Therefore, PrecMach’s tactics regarding the financial
dependency of its suppliers are in fact a balancing act that attempts to find a balance between two
fundamental risks.
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Product design
PrecMach
Compensator
Module1
PrecMach Slide
Module

Imagine User
Interface Module
Imagine Power
Supply Module

Unique design

General operating principle
(architecture) is generic, but the
combination of detailed
concepts is unique.
Concepts are also used for other
applications / customers

Unique design

Generic technological
knowledge and
competencies

Generic design; only
minimal specific
adaptations

Unique design

Scan Coupler
Module1

Unique design2

Scan Motor Control
Module
Unique design

NPD competencies are
generic, but highly specific
application and
architectural knowledge

Generic technological
knowledge and NPD
competencies
Integrated variant: some
specific architectural
knowledge of Imagine’s
product

Designs are partly used
for other customers.
Integrated variant:
interfaces with
Imagine’s product are
unique

Imagine Imaging
Module

Scan Console &
Housing Structures

Knowledge /
competencies

Some concepts are used for
other customers, but not all

PrecMach Power
Supply Module

Imagine Peripheral
Modules

Technology / concepts

In principle generic technologies
and concepts, but the extent to
which they are actually used for
other customers varies3.

Generic semiconductors
knowledge and
competencies, but specific
architectural knowledge of
Imagine’s product and
some manufacturing
capabilities
Generic knowledge and
competencies; some
specific application
knowledge
Generic knowledge and
competencies; specific
application and
architectural knowledge
Generic knowledge and
competencies; some
specific application
knowledge

1

See section 8.6.1 for a detailed and longitudinal analysis of investments and benefits
CoupleSup also has standard solutions which are possibly used by Scan in some low‐end products, but those were not
encountered during this research
3
Our data do not allow for a systematic or quantitative comparison of the extent to which design concepts are used for
other customers; we can only assess if they are realistically usable for other customers.
2

Table 12: Qualitative assessment of the specificity of innovation‐related assets in the different cases.
Product designs tend to be unique, but in particular technologies/concepts tend to be generic. Knowledge
and competencies are also largely generic, although specific application or architectural knowledge occurs
frequently.
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An appropriate example is that of PrecMach’s Slide Module case. As discussed before, this case is
characterized by an integrated product architecture as well as close collaboration between
PrecMach and SlideSup. Both companies have maintained a close relationship for several years,
enabling SlideSup to build up extensive knowledge of PrecMach’s way of working in terms of NPD
and of PrecMach’s system architecture. On an organizational level, SlideSup’s engineers are said to
be aware of the structure of PrecMach’s NPD organization, the NPD processes used and the ways in
which these processes are deviated from if necessary (see also section 7.3.5) and they know how to
locate individual PrecMach engineers through the use of Intranet pages and personal referral99. On a
technical level, PrecMach informants say that SlideSup is aware of the technical concepts that
underlie PrecMach’s machines, even beyond the Slide Module, and the type of requirements that
PrecMach’s customers typically have and how these requirements affect the design of PrecMach’s
products. These types of knowledge are highly specific to PrecMach, and SlideSup will have to
recoup the costs related to accumulating them through experience and long‐term collaboration
solely from collaborating with PrecMach.

8.5 Benefits for suppliers
In contrast with the investments (and therefore costs) for suppliers that were discussed in the
previous section, much of e.g. the knowledge and competencies that suppliers accumulate in
collaboration with high‐tech OEMs are not specific to one particular customer and are used by the
supplier to serve other customers. For example, CoupleSup uses its technical knowledge, its R&D
competencies and the knowledge it has of working for customers in the defense industry to
autonomously develop products for a wide range of customers.
Similarly, PowerSup uses its knowledge of highly advanced power electronics to develop solutions
for other customers besides PrecMach. And Imagine’s Peripheral Module suppliers have extensive
knowledge of Imagine’s industry, which enables them to serve virtually all OEMs in that industry. So
the other side of the customer value concept is that of the rewards that suppliers can experience in
collaborating with high‐tech OEMs. What makes it attractive for some companies to invest in the
customer‐specific assets discussed in section 8.4? Below, we will discuss four types of rewards or
sources of value that suppliers can enjoy in the collaboration with OEMs: financial compensation,
access to intellectual property, the development of valuable competencies and the nurturing of a
high‐tech reputation.
8.5.1 Financial compensation
Firstly, suppliers can be rewarded financially for the work they do for OEMs. Roughly speaking, there
are two ways in which this happens at the OEMs we investigated: a compensation that is directly
linked to the NPD work the supplier has performed, and a compensation that is connected to the
number of modules sold by the supplier to the OEM. An example of the first is the collaboration
between PrecMach and SlideSup. SlideSup bills the actual hours that its engineers have worked for
PrecMach. Hence, in the development of the Slide Module, the financial risks related to NPD are
fully borne by PrecMach. This mode of payment used to be common practice at the OEMs

99

At PrecMach, the usual way of acquiring knowledge of a particular subject is to ask a colleague, who will
then refer to another colleague, and the process is repeated until the original asker is satisfied. Currently,
initiatives are deployed at PrecMach to capture the knowledge and competencies of all employees in Intranet
pages so that the right person can be located using a quick internet‐like search.
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investigated: external partners would be paid on an hourly basis whereby the OEM accepts the risks
related to a lack of product sales when the product is put on the market. Due to its unique
knowledge and competencies, as well as its close vicinity to PrecMach’s NPD facilities, SlideSup has a
good bargaining position and it has been able to prolong this payment method.
However, PrecMach in particular has developed tactics to distribute the financial risks related to
innovation over the supply chain, or, in other words: they have sought ways to delay payment for
NPD activities performed by suppliers to a later date, and to connect the payment for suppliers to
the commercial success of the product. This is usually done by financially compensating the supplier
for innovation tasks in the form of a markup on the price of the products acquired from them by the
OEMs. Consider the example of PowerModSup; this supplier develops Power Supply Modules for
PrecMach. PrecMach compensates PowerModSup for its NPD activities by allowing PowerModSup
to add a premium to the module price. However, this requires some additional explanation. In this
relationship, PrecMach is the dominant party: PrecMach has been PowerModSup’s largest customer
by far for many years, so PowerModSup has a considerable financial dependency on PrecMach and
PrecMach has bargaining power over PowerModSup. In addition, PrecMach has increasingly become
focused on the costs of its products.
Despite the fact that PrecMach’s competitive position is based primarily on technological
performance, PrecMach’s customers demand cost‐effective solutions, which translates into a
pressure on the costs of equipment assembled by PrecMach itself and produced by its suppliers. In
order to control these costs, PrecMach has put a cost‐control system in place that relies on full
transparency of the cost structure of modules purchased from suppliers and the benchmarking of
costs between suppliers. Due to its bargaining power over PowerModSup, PrecMach has been able
to implement this cost control system at PowerModSup, and therefore, PrecMach has detailed
information regarding the premium it pays to PowerModSup in compensation for its NPD efforts.
However, those NPD efforts, and the related costs, are ‘non‐recurring’: they only occur once, during
the development of the product. Manufacturing and material costs, however, are recurring.
PrecMach recently decided that if a premium is added to the costs of each module purchased by
PrecMach, this is only beneficial for PrecMach if production volumes are low, but the larger the
production volumes, the more compensation the supplier will receive for the same amount of NPD
work. For that reason, PrecMach has recently decided to negotiate different terms, and attempts to
migrate to a payment strategy in which PowerModSup receives a ‘risk premium’, which is in fact a
one‐time only compensation for NPD activities related to a particular project. For PrecMach, this
reduces the overall module costs if production volumes are high. For the supplier, this makes the
compensation less attractive in that circumstance, but it can be more attractive if production
volumes turn out to be smaller than anticipated, for example due to worsening market conditions100.
Interestingly, both Scan and Imagine appear to prefer separate non‐recurring NPD reimbursements
from recurring manufacturing and material costs. At Scan, an engineer argued that it does not make

100

Market conditions are a prominent subject of debate between PrecMach and its suppliers, since
PrecMach’s customer market is highly volatile: within a timespan of just a few months, sales figures have been
known to drop by 30% or more, while the reverse occurs when the market recuperates after such a ‘downturn’
as well. These fluctuations are notoriously difficult to predict, even though PrecMach has a department that is
dedicated to monitoring trends in the markets that its customers serve.
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sense to include the costs of development in the purchase price of modules due to the small
volumes at Scan101. But other arguments were also provided: for example, Scan wants to maintain
the possibility to allocate the production of a module to a different supplier than the one that has
developed it. For this to be possible, without disturbing the relationship with the original supplier, it
is required that the supplier is compensated separately for any NPD work it has performed.
Both Scan and Imagine also work with suppliers whom they expect to invest in the development of a
module themselves, without the costs of the NPD activities becoming an explicit part of the product
price or separate financial compensations. This is the case at CoupleSup, which, according to
informants at Scan, will only develop a new Coupler Module if CoupleSup perceives sufficient spin‐
off of the development in the future. At Imagine, the situation is similar for Peripheral Modules, at
least the ‘attached’ type (see section 6.2.3): in those instances, Imagine prefers that the supplier
takes the financial risks for the development of a new module. A supplier relationship manager at
Imagine argued that this has to do with two parameters: firstly the volume in which the module will
be produced. If the volume is large enough, Imagine proposes that the supplier pays for the NPD
costs, and recoups those costs through an uplift in the module price. Secondly, by letting the
supplier take the financial risk, Imagine expects the supplier to be conscious about the decision to
undertake the development, and that the supplier is aware of the market potential and the
usefulness of the activity. That way, Imagine hopes to secure the supplier’s commitment to the
development effort.
In conclusion, immediate financial compensation appears to be losing its popularity with the high‐
tech OEMs in this research. Deferred payment, especially as an uplift on product price, is regarded as
an appealing way to share the financial risks of innovation with suppliers. Procurement personnel of
the OEMs we investigated did indicate that in their view, some suppliers lack a sense of
entrepreneurship and prefer to be compensated for the actual engineering work they perform,
regardless of the commercial success of the resulting product. Counter‐examples are also available,
of suppliers that appear to pursue business models in which they share risks and rewards with their
customers. For example, a procurement account manager at PrecMach said about PowerModSup:
“They are a very target‐driven company. That is what appeals us in them.”
8.5.2 Intellectual property
Secondly, we found evidence of suppliers obtaining access to intellectual property (IP) as a result of
collaborating with their customers for NPD. In this context, a differentiation must be made between
‘background’ and ‘foreground knowledge’ (Ordover, 1991, pp. 55‐56). Background knowledge refers
to the knowledge that either the buyer or supplier possesses before the collaboration starts, while
foreground knowledge is the knowledge that results from the collaboration itself. In terms of SI in
NPD, a supplier can gain access to either or both types of knowledge. The case of CoupleSup
illustrates the use of background knowledge of the OEM by the supplier: CoupleSup, when it started
doing business with Scan, was granted access to and allowed the commercial use of Scan’s Coupler
Module designs. CoupleSup continues to make use of some of that knowledge until today, even
though the supplier has by now accumulated much more knowledge in the relevant technology
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Note that production volumes are generally far smaller at Scan than at PrecMach; at PrecMach, the
volumes in which a particular module are produced are up to hundreds of identical units over the life cycle of a
design, while this is generally only about a handful to a couple of dozen at Scan.
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areas. In this case, Scan’s background knowledge served for CoupleSup as a booster for its own
business.
We were informed by several representatives at Scan as well as PrecMach that it is common practice
to grant each other access to background knowledge of the firm. However, the OEMs are aware of
the risk of knowledge spillovers that could damage their competitive position. This risk is very real,
since the OEMs we investigated operate in niche markets consisting of a limited number of OEMs
worldwide and with small production volumes, so the suppliers tend to serve several (competing)
OEMs at the same time. For that reason, ‘no fly zones’ are often enforced in the contracts between
the OEMs and their suppliers. These ‘no fly zones’ limit the use that a supplier may make of an OEMs
knowledge, both background and foreground. Usually, the OEM demands that a supplier may not
use knowledge related to the OEM to serve the OEM’s competitors.
But we also observed instances in which the limitations were less strict: for example, the limitation
can be time‐bound, so that the supplier may use knowledge originating from the OEM or
collaborative projects with the OEM even to serve the OEM’s competitors, but only after an agreed‐
upon amount of time has passed. This way, the OEM hopes to maintain its competitive position,
while at the same time making the collaboration attractive to the supplier. But sometimes, the OEMs
are not willing or capable of enforcing any limitations on their suppliers. In the example of
CoupleSup, Scan is perfectly aware of the fact that CoupleSup also serves Scan’s competitors, but
since the number of suppliers that is capable of developing this sort of technology is very limited,
Scan has no other option than to allow CoupleSup to collaborate with any customer in order to
maintain access to CoupleSup’s technology in the long term. But apart from that, a procurement
account manager at Scan involved in the management of the relationship with CoupleSup expressed
a ‘live and let live’ sentiment, which reverberates throughout the industry: interviewees at all OEMs
asserted that they are aware of the importance of healthy, long‐term relationships with innovative
suppliers, and that it is therefore important to allow the supplier sufficient room to develop a
financially healthy business.
8.5.3 Knowledge and NPD competencies
We have discussed the investments of suppliers in innovation‐related knowledge and competencies
in section 8.4. From the viewpoint of the OEM, these investments are important as they result in
suppliers that are capable of performing the NPD activities that the OEM requires. In other words,
they adjust the supplier to the OEM’s requirements, that are the result of its particular product
architecture, NPD processes and outsourcing strategies. For the supplier, at least according to the
OEMs we investigated, these assets are the primary source of attractiveness of high‐tech OEMs.
However, it is debatable if this is true for all knowledge and competencies: some of these may be so
specific to one OEM that the supplier cannot effectively use them for other customers (see section
8.4.3). Additionally, they can be divided into technological and non‐technological, or organizational
knowledge and competencies (see Table 13 on page 167).
The OEM‐specific investments in terms of knowledge and competencies have been discussed in
section 8.4.3. The generic knowledge and competencies that a supplier has, both technological and
organizational, can be the product of collaborating with a particular OEM. In that case, they can be
an important source of value for the supplier that originates in the collaboration with the OEM. An
example of this is the case of CoupleSup, which owes much of its technological knowledge but also
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its experience in developing complex modules for demanding applications to the relationship with
Scan. But generic knowledge and competencies can also be obtained by the supplier in other ways,
such as collaborating with a variety of customers, or by acquiring organizations that possess them.

Technological

Generic

OEM‐specific

Knowledge of technology domains (e.g,
optics or electronics) and production
processes (e.g. semiconductor
manufacturing or machine tools)

Knowledge of an OEM’s product
architecture and the technical
context in which the supplier’s
product is embedded

Knowledge of the OEM’s
organization, people, culture and
business processes and the ability
to connect with those
Table 13: The knowledge and competencies that a supplier may accumulate while collaborating with an
OEM for NPD

Organizational (non‐
technological)

Project management and supply chain
management competencies related to
innovation and NPD

An example is that of EleCo, the supplier that has played a key role in the development of Imagine’s
Imaging Modules. EleCo built in‐depth knowledge and competencies for example in the fields of
optotronics and semiconductor manufacturing over many decades, as a vertically integrated
developer and manufacturer of various sorts of electronic consumer products and industrial
components (cf. Cantwell & Fai, 1999). Imagine allegedly helped EleCo to further develop its
competencies and drive its technology development to a limited extent, but the presence of that
knowledge and these competencies were the primary reason for Imagine to enter a partnership with
EleCo, and not the other way around.
In instances where the supplier accumulates knowledge and competencies that can be attributed to
the relationship with one customer, the question is if these knowledge and competencies are likely
to become generic in the future, or if they will stay specific to one OEM: “There is not a single idiot in
the world that markets the exact combination of technologies in one product, except for PrecMach”
(Procurement manager at PrecMach) It must be noted that the accumulation of knowledge and
competencies such as those addressed in the previous quote is not something that occurs during a
single NPD project. “[Suppliers] need to go through the entire NPD process, but in a reverse order,
when building the necessary competencies.” (Procurement manager at PrecMach) So initially,
activities with limited uncertainty are delegated to suppliers with limited NPD competencies, such as
detailed engineering and the processing of minor changes to existing designs. As the supplier gains
proficiency in NPD, more open‐ended activities such as concept development and architectural
design could be delegated to a supplier. But the empirical evidence suggests that many suppliers
never appear to reach this stage, or they only do so after several decades of collaborating with the
same OEM. Hence, the accumulation of innovation‐related knowledge and competencies is a long‐
term endeavor.
8.5.4 High‐tech reputation
The fact that a supplier performs innovation‐related activities for a high‐tech OEM can reflect
positively on the reputation of the supplier, according to informants at high‐tech OEMs. For
example: “I know that SpecModSup likes to showcase our products in their promotional
documentation, […] so Scan’s name is apparently attractive enough for the supplier to mention.”
(Technology specialist at Scan) However, these informants at the same time warn that in itself, the
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reputational effect of being associated with a well‐known high‐tech OEM is limited; only if the
supplier’s reputation is supported by relevant technological knowledge and NPD competencies, it
can be of any value.

8.6 The long‐term dynamics of value for the supplier
In this section, we will present conclusions pertaining to the dynamics of value for suppliers in
collaborative relationships with high‐tech OEMs. The different aspects of this theme that were
discussed in the previous sections are integrated in the ‘two tales’ presented below. One describes
the relationship between Scan and CoupleSup that can be characterized as mutually beneficial: both
parties receive relevant value from the collaboration, and CoupleSup remains committed to the
relationship with Scan. As a counter‐example, the relationship between CompSup and PrecMach is
presented, which appears to have become increasingly strained and problematic. The main reason
for this appears to be that a strategic misfit between CompSup and PrecMach has arisen, and that
CompSup as a result does not receive the value from the collaboration that it had aimed for.
8.6.1 Two tales of value dynamics102
In this section, we will introduce the two cases with particular attention to the chronological
development of the buyer‐supplier relationship, benefits for the suppliers and the impact of those
benefits on the relationship.
8.6.1.1 Positive dynamics: Coupler Module for Scan
Although Scan has developed and produced early generations of the Coupler Module in‐house, the
majority of the Coupler Modules has been sourced since the mid‐1970s from supplier CoupleSup.
We will explore the development of the relationship by segmenting the collaboration into phases
('temporal brackets', Langley, 1999):




102

Phase 1 – materials supply (ca. 1975‐1990): Initially, the coupler functionality was integrated in
the modules it joined together, and hence, it was not implemented as a distinct module. The
parts that constituted the coupler functionality were procured on a build‐to‐print103 basis from
CoupleSup. Integration and verification or testing occurred at Scan, which before that time had
manufactured these components in‐house. CoupleSup built up manufacturing competencies to
match Scan’s high requirements on performance and durability of parts. For considerations
regarding serviceability, Scan decided towards the end of this phase (ca. 1985) to implement the
coupler functionality as a distinct physical module, facilitating the exchange of parts in installed
systems. This modularization also allowed Scan to delegate the assembly of the coupler module
to CoupleSup. Hence, CoupleSup further developed its assembly and qualification competencies.
Phase 2 – outsourced detail engineering (ca. 1990‐2000): Scan decided that development of
coupler modules was not part of its core business, and began delegating NPD activities to
CoupleSup. For that purpose, Scan would create a conceptual design and delegate detail
engineering activities to CoupleSup. CoupleSup began accumulating product development
capabilities. At the same time, CoupleSup used the knowledge and competencies it had

This section 8.6.1 is adapted from Smals and Smits (2012); substantial parts are copied verbatim. Company
names have been changed to be consistent with the names used in this documents.
103
The buyer provides the design of the product, and the supplier manufactures the part according to the
buyer’s specifications.
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accumulated in earlier phases to attract new customers in other industries. These customers
gained importance in terms of turnover over time.
Phase 3 – outsourced module development (ca. 2000‐present): Product development activities
were gradually transferred to CoupleSup. CoupleSup accumulated a substantial number of high‐
level experts as well as engineers in different technological areas, supporting the development
of new products for both Scan and other customers. At present, CoupleSup appears to have
taken over the lead role in coupler‐related technology development from Scan. CoupleSup
increasingly asks Scan to describe their needs in terms of high‐level functional requirements, and
no longer in the form of detailed specifications, which gives CoupleSup more opportunities to
propose innovative solutions to Scan. CoupleSup also uses the design concepts and partial
designs to create products for other customers, allowing CoupleSup to recoup its R&D
investments by achieving some economies of scale.

Scan’s often extreme requirements regarding product reliability, durability and robustness have
helped hone CoupleSup’s technical competencies. CoupleSup has invested over time in the building
of these assets, which CoupleSup in uses to create and improve product offers to customers in other
industries than Scan’s. In the early years of the relationship, Scan transferred knowledge of several
technologies to CoupleSup. CoupleSup invested in further developing those technologies for use in
other markets, thereby expanding its customer base and overall sales volume. The reputation of
Scan as a demanding customer has allegedly helped CoupleSup demonstrate its capability as a
supplier of robust products to other customers. CoupleSup’s growth of customers and sales volumes
effectively reduced the relative importance of Scan as a customer in terms of volume of sales, but
Scan remains an important driving factor in CoupleSup’s technological development and Scan
continues to serve as a launch pad for new solutions developed by CoupleSup. In turn, Scan receives
access to the bookshelf of technologies developed by CoupleSup that Scan can integrate into its
products at an opportune moment. The relationship between Scan and CoupleSup is described by
Scan as mutually beneficial.
8.6.1.2 Negative dynamics: Compensator Module for PrecMach
In general, suppliers that work for PrecMach can use its reputation as an extremely demanding
customer in terms of technology requirements to attract new customers. As explained in section
6.1.3, the compensator is a module that controls physical movement of a part of PrecMach product,
and it has been produced by key supplier CompSup since the company was founded; PrecMach has
always been one of CompSup’s important customers. Again, we will divide the relationship into
different phases:




Phase 1 – CompSup’s module (ca. 1994‐2000): CompSup emerged as a new venture created by
an engineer from a larger firm supplying relatively simple compensator modules. CompSup
invested in the development of a compensator concept specifically for PrecMach, and although
development was primarily performed by CompSup, PrecMach provided considerable input to
bring the performance of the module to the level required by PrecMach. As primary developer,
CompSup was owner of the intellectual property (IP) for this product generation. According to
our informants, CompSup invested more in the development of PrecMach’s compensator
modules than it was able to recoup through sales of modules to PrecMach.
Phase 2 – Joint development and IP (ca. 2000‐2005): In order to meet evolving performance
requirements, PrecMach deemed a tighter integration necessary of the compensator module
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with the control electronics and software of the overall product. CompSup proposed a concept
for a new module generation, while CompSup performed the bulk of the development and
engineering work. Both firms shared the property rights to the resulting IP, although some key
patents were filed under PrecMach’s name exclusively. Additionally, the technological
knowledge and product designs proved only applicable within the context of PrecMach;
CompSup to date appears to have been unable to market them to other customers. During this
phase, a misalignment between the roadmaps of the two companies became apparent. While
CompSup intended to develop as an OEM itself, investing in the knowledge and competencies
necessary for independent and in‐house development of compensator technology, PrecMach
deemed that yet tighter integration of control electronics and software would be necessary. This
integration made it difficult to keep development of the compensator module separated from
other development activities104. Also, in attempts to reduce product costs, PrecMach
increasingly pushed CompSup to share cost information, but CompSup refused to do so.
CompSup indicated that it wished to operate as an OEM itself, with autonomy in developing and
manufacturing products, and managing product costs on its own accord. Hence, CompSup did
not want PrecMach to control the way in which CompSup balanced its investments and the
benefits it realized from those investments.
Phase 3 – CompSup as build‐to‐print supplier (2005 – present): For its latest product range,
PrecMach again required a radically new compensator concept. Two organizations were asked
to propose a concept, one of them being CompSup. PrecMach judged the concept of the other
supplier to be superior in terms of development risk and potential performance to that
proposed by CompSup, but the supplier would be unable to perform the development work to
realize the proposed concept. PrecMach’s performance requirements still necessitated tight
integration of control software and electronics with other parts of PrecMach’s system, and the
decision was made to perform the bulk of the development of the latest version of the
compensator module in house. However, CompSup was contracted for manufacturing and
assembly work, because it had by now accumulated extensive knowledge of compensator
technology that could help prevent unforeseen problems in manufacturing and fine‐tuning of
designs made by PrecMach.

The deep insight CompSup has in the technical context in which the compensator module operates
is still valuable to PrecMach, even for the latest build‐to‐print modules: it helps to prevent and
contain potential problems in manufacturing and assembly. The decision to insource the
development of the module is in contrast with PrecMach’s recent strategy of outsourcing
development activities that it considers as non‐core. However, in this case, PrecMach decided to
give priority to realizing improved performance of the compensator module by integrating its
functionality with the rest of the system, thereby sacrificing the possibility for outsourcing the

104

PrecMach’s rationales for this integration were two‐fold. Firstly, PrecMach’s performance requirements on
the Compensator Module necessitated a tight integration of the module’s control electronics and software
with the overall system software of the entire product. Secondly, since PrecMach considered taking control
over the electronics development anyway, it reasoned that it could use the same control board it uses for
other modules, thereby creating more commonality on the level of control boards and (hopefully) economies
of scale on the design of the control boards (see also section 7.3.3). Ironically, it eventually proved necessary
to customize the ‘standardized’ control board for use in the Compensator Module, limiting the economies of
scale that could be realized.
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development. Some friction in the relationship resulted from CompSup positioning itself as a full‐
fledged solution provider to PrecMach. This was exacerbated by PrecMach’s expectation that
CompSup would respond swiftly to the frequent changes in requirements and requests for help in
troubleshooting technical problems. However, CompSup, being much smaller than PrecMach and
therefore lacking a large workforce of engineers that can be quickly assigned to any problems that
may occur, has often not been able to respond adequately in the eyes of PrecMach.
For CompSup, much of the attractiveness of PrecMach used to lie in the technological knowledge
gained through collaborating. PrecMach’s extreme functional requirements have always been a
driving factor for CompSup’s competence development. However, PrecMach designs are also highly
exclusive, and PrecMach represents a very narrow niche market from CompSup’s viewpoint. This
combination makes it particularly difficult for CompSup to benefit from design solutions and
competencies accumulated in collaboration with PrecMach by using these for business
development. PrecMach’s reputation as a technological leader remains valuable to CompSup, but
any financial benefits accruing from the collaboration are uncertain and difficult to quantify. With
the reduction of collaborative innovation, the volume of sales appears to be the remaining source of
attractiveness for CompSup.
8.6.1.3 Comparing the Compensator Module and the Coupler Module cases
In this section, we will present a cross‐case analysis of these two cases, focusing on two themes: (1)
the different benefits that the suppliers enjoy in the collaboration with their respective OEM
customer, and (2) the changes in the buyer‐supplier relationship in terms of relationship value and
joint innovation. Both suppliers have invested considerably in creating product designs, developing
technological concepts as an answer to the engineering challenges imposed by the OEMs, and in
accumulating the basic technological knowledge and NPD competencies required to perform high‐
tech NPD projects. Since the investments of both companies are comparable105, the differences in
terms of relationship dynamics should be explained by the benefits that both suppliers have
experienced over time. Our findings regarding the benefits for suppliers are summarized in Table 14.

Case 1:
Scan /
CoupleSup
Case 2:
PrecMach /
CompSup

Financial
compensation

Intellectual property

Knowledge and
competencies

Reputation

Sales of modules, and
financial compensation
for NPD work
(nowadays as uplift on
module sales price)

Product designs; partly
usable for other
customers than Scan

Knowledge of
technology
domains underlying
the module

‘High
robustness’
reputation

(Early technology concepts
and partial designs; no IP
in later stage)

‘High tech’
reputation

Table 14: Benefits that suppliers have experienced throughout the relationship

We found that both suppliers were compensated for their development efforts, albeit that CompSup
apparently has never managed to recoup its investments in PrecMach through module volumes sold
to PrecMach. Note that although benefits the suppliers enjoy are direct106 in the sense that they
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At least in a qualitative sense; our data are limited on this point.
Cf. ‘direct’ vs. ‘indirect value’ as defined by Walter et al.; direct value creates benefits within the present
buyer‐supplier relationship, while indirect value refers to benefits or spin‐off effects the supplier enjoys by
applying its assets to other relationships with customers; see section 2.2.3.
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materialize within the present buyer‐supplier dyad , they do not always arrive at the same time or
immediately after CoupleSup and CompSup make their investments. Suppliers received direct value
through the sales of goods, which both OEMs agreed must be profitable for their suppliers. But
PrecMach and sometimes also Scan have chosen to share some of the risk inherent to NPD projects
with their suppliers107. They do this by compensating the suppliers for NPD investments through a
markup on the price of purchased modules. Hence, the OEMs safeguarded, at least to some extent,
their ‘volume’ and ‘profit’ functions for suppliers (Walter, et al., 2001) by offering the first type of
value we encountered to their suppliers: financial compensation for innovation services and supplied
products (see Table 14).
Intellectual property, technical knowledge and product designs can be used by the suppliers to
develop offerings for other customers. The relevance of these assets for suppliers is dependent on
its applicability to other customers and sometimes even other markets than they originate in. If
CoupleSup and CompSup frame them in a manner that transcends a particular market, their
knowledge and capabilities may be ‘fungible’: they could be used to serve other customers and
markets (Danneels, 2007; Teece, 1982). Hence, this is indirect value: it is specifically unlocked if it is
successfully applied outside the dyad from which it emerged. With regard to this type of value, we
observed a difference between the two cases. In the PrecMach/ CompSup case, CompSup still
appears incapable of marketing some of the design concepts used for PrecMach to a broader set of
customers. While CompSup is able to apply some of the concepts in product for other customers,
PrecMach’s exceedingly high performance requirements on the Compensator Module are
encountered nowhere else, and the specific design concepts used to meet those requirements
therefore seem to hold limited value for CoupleSup outside the relationship with PrecMach. In the
Scan/CoupleSup case, by contrast, supplier CoupleSup appears to be better able to apply the design
concepts originating in the collaboration with Scan to a broader set of customers. However, this also
has to do with the fact that the coupler module fulfills a function that can be found in many sorts of
equipment. Also, although Scan’s requirements are high, they are in line with those of other
customers of CoupleSup, enabling the reuse of design concepts for those customers. Finally, the
reputation of their customers can be considered as a benefit for suppliers. Just as the knowledge
and competencies, the third type of value we identified is indirect; a supplier can, for instance, use
the high‐tech reputation to present itself as a highly capable and innovative supplier to new
potential customers.
Due to the small volumes and therefore limited financial importance of the OEMs as customers, it is
essential for the suppliers in these two cases that they perceive the value of the knowledge and
capabilities they accumulate in collaboration with the high‐tech OEMs. On the one hand, CoupleSup
apparently achieves some degree of cross fertilization between the different markets it serves.
CompSup on the other hand has not managed to completely compensate its specific investments for
PrecMach through the sales of goods to PrecMach, according to our informants at PrecMach.
CompSup appears to have always accepted PrecMach’ relatively unattractive volume function given
the importance of the perceived indirect value they gained from the relationship. However, the ‘type
3 value’ as perceived by the supplier has decreased due to PrecMach’ recent decision to take away a
107

Depending on the situation; Scan interviewees indicated that this form of risk sharing is something that is
sometimes agreed upon, often, non‐recurring expenses are separated from recurring costs; see also section
8.5.1.
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significant part of the product development work from CompSup. It seems more valuable to be able
to say that one develops products for a high‐tech customer as opposed to merely producing them on
a build to print basis. The overall impact on the relationship seems to be a negative one, with
CompSup becoming reluctant to make further investments in PrecMach and PrecMach potentially
being hampered in the future by this unwillingness.
The findings that are described above are summarized in Table 15. In this table we place the sources
of value that the supplier perceives early on in the relationship next to those perceived later on in
the relationship, and the overall development of the relationship as a result. The early stage in Table
15 refers to phase 2 in both cases, while the later stage refers to phase 3. Phase 1 is regarded as an
initiation phase in both of the studied buyer‐supplier relationships. This phase is essential for the
mutual adjustment between the buyer and supplier and thereby has set the stage for further
collaboration (cf. Evans & Jukes, 2000), but in both cases it does not involve intensive collaboration
in the form of SI in NPD. Since we focus on SI in NPD, our value analysis represented in Table 15 is
only based on phases 2 and 3. Note that the segmentation of both relationships in different phases
is used as an analytical tool to highlight changes that in reality have occurred in a gradual fashion.
Important sources of value ‐
early stage (phase 2)

Important sources of
value ‐ later stage
(phase 3)

Unchanged from early to late stage; further accumulation of
the same assets which can partly be used for other customers:

Case 1:

‐

Scan &
CoupleSup

‐
‐
‐
‐

Financial compensation for product development work;
discounted in volume of module sales
Volume of sales within the dyad
Intellectual property: concepts acquired from Scan and
self‐made designs
Technical knowledge and NPD competencies
‘High robustness’ reputation

Change in supplier’s
satisfaction108

Positive; CoupleSup has
expanded its business
portfolio using assets
accumulated with/for Scan
and Scan continues to drive
CoupleSup’s technological
development

‐

Monetary compensation for
‐ Volume of sales
Negative; CompSup has not
product development work
within the dyad
Case 2:
been able to capitalize on
(discounted in module sales)
‐ ‘High‐tech’
PrecMach ‐ Intellectual property of early
assets connected with
reputation (reduced,
PrecMach
and PrecMach has
&
concepts
because CompSup’s
reduced
the extent of
CompSup ‐ Volume of sales within the
scope if NPD is now
collaboration
with CoupleSup.
dyad
less)
‐ ‘High‐tech’ reputation
Table 15: Sources of value as perceived by suppliers early vs. later on in the relationship

In the case of Scan/CoupleSup, Scan made the decision that development of the coupler module was
a non‐core activity and that it should be outsourced to CoupleSup. CoupleSup by then had already
accumulated know‐how regarding the underlying technologies, and aimed to manufacture products

108

Assessed by procurement personnel on the buyer’s side of the relationship; see also section 5.4.3 for
interviewee selection and section 10.5.1 for limitations of this research.
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similar in function to Scan’s coupler modules for other customers. The gradual transfer of
innovation‐related assets from Scan to CoupleSup allowed CoupleSup to expand its business, helping
it realize its strategic vision. The fact that Scan stayed true to its initial decision to divest
development activities to CoupleSup and to expand the scope of development activities delegated to
the supplier must have reinforced CoupleSup’s commitment to Scan as a customer. The fact that the
coupler technology was marketable to other customers beside Scan enabled CoupleSup to benefit
financially from the collaboration with Scan, offering support for the apparent satisfaction of
CoupleSup with the relationship as expressed by respondents at Scan.
The above is in contrast with the occurrences in Case 2. While Alpha was initially contracted to
supply a module of its own design to PrecMach, PrecMach’ technical requirements became more
strict and demanding with each consecutive product generation and PrecMach increasingly exerted
influence on the development of the module. At the start of phase 2, the center of gravity of the
development shifted from CompSup to PrecMach, and the trend continued into phase 3, resulting in
a minimal extent of development activities for the Compensator Module at CompSup. This evolution
put the reality of the collaborative relationship increasingly at odds with CompSup’s desire to be,
and to remain, an independent developer and manufacturer of high‐tech modules; a position
comparable to that of CompSup during the final stage of case 1. PrecMach did not decide to shift
NPD activities away from CompSup with the purpose of frustrating the strategic development of its
supplier, although this consequence was noted and signaled to internal decision makers by
procurement personnel.
But being pressed to meet the performance requirements of its customers and in order to meet its
own product roadmaps, PrecMach felt that it had to give priority to realizing the necessary
innovation over facilitating the strategic development of its supplier. The combination of the
presence of thousands of highly qualified engineers within PrecMach’ organization as well as the
increasing integration of the compensator module with the remainder of PrecMach’ product led
PrecMach to decide to take NPD activities away from CompSup . This effectively limited CompSup’s
opportunities for further building its technological competencies in collaboration with PrecMach. It
is not surprising that the supplier became increasingly dissatisfied with the relationship for two
reasons: (1) CompSup had the desire to perform in particular high‐value added NPD activities and (2)
the supplier was unable to use the technical knowledge and product designs to attract additional
customers.
The overall development in both cases seems to be the culmination of a self‐reinforcing feedback
loop. In the Scan/CoupleSup case, the overall effect on the relationship is positive, while the
PrecMach/ CompSup case illustrates that a similar mechanism but different parameters lead to a
negative development. The mechanism is that supplier CoupleSup from an early point onwards gains
innovation‐related assets from collaborating with Scan, in addition to being compensated financially
for NPD services rendered. CoupleSup then uses its non‐financial assets to create offerings for other
customers besides Scan, resulting in financial benefits. CoupleSup further hones its knowledge and
competencies in collaboration with those customers. This creates value for Scan in the form of new
technologies and services it can attract from CoupleSup, leading to a mutually beneficial
arrangement. The positive feedback system does not work for CompSup, with PrecMach gradually
decreasing its reliance on CompSup for innovation purposes. PrecMach also seems less successful in
applying the knowledge and competencies gained in the focal relationship to other customers.
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Ultimately, the benefits that CompSup can realize from the collaboration are limited. This not only
limits the willingness of CompSup to invest in the relationship with PrecMach, it also implies that
CompSup gradually becomes a less attractive supplier for PrecMach.
8.6.2 Concluding remarks pertaining to supplier value
In this chapter, we have explored the supplier’s side of the collaborative relationship, as seen
through the eyes of the OEMs. Essential aspects of the supplier’s side of the relationship are:





the type of assets in which a supplier may invest in collaboration with an OEM,
the specificity of those assets towards a particular OEM,
properties of the product, in particular its architecture, and of an organization, that may make
assets more or less specific to the OEM,
and the rewards that a supplier receives from the collaboration with the OEM.

Accumulating the knowledge and competencies required for NPD collaboration with high‐tech
customers takes considerable time and commitment from the supplier. A supplier may invest in such
assets if the expected rewards are sufficient. These rewards can come in the form of an immediate
or delayed financial payment, or a supplier can attempt to benefit from the non‐financial assets
(intellectual property, knowledge, competencies, reputation) that it accrues in the process of
collaboration. But this requires that those assets are indeed valuable to a broader set of customers;
they need to be ‘fungible’ (Danneels, 2007; Teece, 1986). We observed that this condition is met if
the OEM with which the supplier initially collaborates for NPD is part of an industry in which several
OEMs with comparable products operate, such as in the case of Imagine.
So characteristics of an industry, in particular the number of OEMs that are potential customers for a
supplier, influence the OEM‐specificity of the assets that a supplier is required to have or to
accumulate for high‐tech NPD collaboration, and thereby the attractiveness of SI in NPD for the
supplier. So industry characteristics indirectly influence the rise of suppliers capable of participating
in high‐tech NPD; in narrow niche markets that require very specific sets of knowledge and
competencies, such as in PrecMach’s industry, it seems less likely that many suppliers emerge with
those assets. This is supported by the evidence from PrecMach, which has considerable difficulty in
finding suppliers that are capable of performing extensive NPD activities, although many suppliers
are available that can perform the simpler tasks that are also in demand by OEMs in other industries
than PrecMach’s.
The reverse is also conceivable: SI in NPD influencing the industrial landscape, although this seems a
less likely route. The mechanism here is that through repeated NPD collaboration, suppliers emerge
that have advanced NPD capabilities, and it therefore becomes attractive for OEMs to outsource
more NPD tasks. At this point, it is important to note that the primary driver for the OEMs in this
research to outsource NPD work is not the availability of capable suppliers. In fact, the lack of
capable suppliers appears to put a limit to the possibilities for outsourcing NPD activities.
Nevertheless, the presence of a supplier market that is capable of developing those products or
modules that an OEM requires, seems to be a likely driver for OEMs to delegate NPD. But
interestingly, to verify this, we have to look beyond the instances of SI in NPD we have discussed so
far, although the case of the Power Supply Modules at Imagine comes close. For if capable and
willing suppliers are available that can develop what an OEM needs, does SI in NPD occur? Not if
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those suppliers already offer products that can be used ‘as‐is’ by OEMs; cf. the case of Imagine’s
Power Supply Modules. PrecMach has the most technologically complex products and resides in the
narrowest market niche of the companies in this research. But even at PrecMach, we encountered
instances of products that are integrated into its systems ‘as‐is’, or with minor modification. By this
logic, the most far‐reaching form of SI in NPD is in fact no SI in NPD at all: it is the delegation of the
full NPD responsibility to the supplier market, and simply procuring and integrating the required
product from that market. The case of Imagine’s Power Supply Modules illustrates that evolutionary
process do take place, that start by in‐house NPD at the OEM, and that result in off‐the‐shelf
products being purchased. These are in fact processes of vertical disintegration, and the form of SI in
NPD could be regarded as an indicator of the presence and stage of that process.
In terms of value for the supplier, the main conclusion that can be drawn is both mundane and
essential: no matter how complex the technology or how long‐standing the relationship between an
OEM and a supplier, in the end, the supplier will only invest in innovation‐related assets for an OEM
if the rewards justify that investment. In our research, we have seen that OEMs, in attempts to drive
down costs and to reduce the risks they take in NPD, attempt to shift some of the risk to suppliers by
coupling financial compensation for NPD work performed by suppliers to production volumes and
thereby to the commercial success of the product. At times of commercial prosperity, suppliers may
welcome this approach. But in the timescale of OEM‐supplier relationships that we observed (i.e.
twenty years or more), the peaks and valleys average out and suppliers will evaluate the profitability
of the relationships with their customers.
The case of PrecMach and CoupleSup illustrates how a supplier will seek for sources of value in the
long run that fit in their business model, and that the commitment of a supplier to the relationship
will diminish if those sources of value are not realized. To high‐tech OEMs, with their currently
increasing reliance on external suppliers as innovation partners, the commitment of their suppliers is
important. In line with findings of Schiele et al. (2010), it seems therefore wise for OEMs to be aware
of the value they represent to their suppliers. We found that OEMs are indeed aware of what
sources of value they offer to suppliers, but also that OEMs are not always aware how specific the
assets their suppliers invest in are for them. This bears the risk that an OEM may perceive that the
supplier builds useful and valuable assets, particularly in the form of knowledge and competencies,
while in reality, the supplier is not able to transform those assets in sufficient financial benefits.
Building these assets and deploying them on the market is a process that can take several decades,
as illustrated by the case of CoupleSup, and it is therefore not a matter that can be taken into
account within the scope of a single NPD project. This aspect of SI in NPD emphasizes the
importance of long‐term relationships and of strategic alignment between OEMs and their suppliers.
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9 Discussion: a synthesis of existing theory and empirical data
In this chapter, we will reflect on the findings in the previous chapters from a larger distance. They
will be connected to existing theories and previous studies on the several topics that were addressed
in the course of this research. This is in line with the primary contribution that this research makes to
the existing theory: it provides an integration of several themes that interact intensively in practice,
but that have remained by and large separate entities in the academic literature. In particular, our
empirical work contends:
1.

2.

3.

that the traditional short‐term, project‐scope theory on innovation‐oriented buyer‐supplier
collaboration is embedded in a long‐term context; we intended to demonstrate this by
investigating the dynamics of SI in high‐tech NPD in a longitudinal/retrospective fashion,
that the complexity of the product influences the form of SI in NPD, in particular its
architecture, modularity and the technological uncertainty related to its development; this
allows for a connection between the literature on SI in NPD and that on system integrators and
systems sourcing, and
that SI in NPD, in particular in the context of long‐term buyer‐supplier relationships, has
implications for the subject of relationship value, and that in particular the investments of, and
benefits for suppliers are an underexposed theme.

In the following sections, we will discuss our findings in relation to the statements above in depth.

Figure 14: The conceptual model that shows the central thesis of this research: product characteristics
determine the nature of the collaboration. (Note that the ‘customer’ refers to the OEM in the OEM‐supplier
relationship, and not to the final customer.)

The structure of the chapter is derived from the conceptual model that was synthesized in chapter 4.
The central proposition of that model is that characteristics of the product determine the
characteristics of the NPD collaboration between an OEM and a supplier (see Figure 14). This
chapter starts with an exploration of the form of SI in NPD, since the remainder of the analysis
frequently draws on that subject. Next, both of the product characteristics are discussed, in the
same order as in chapter 2: first the complexity of the product, followed by its customer‐specificity.
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These subjects will be discussed in extensive depth in order to create a synthesis of empirical data
and existing theory. This is an essential step that contributes one of the main purposes of this study:
to integrate the existing theory on SI in NPD, product modularity and relationship value, using
empirical data to support the relationships between these subjects.

9.1 SI in NPD
SI in NPD, as observed in the context of this research, is a symptom of an industry in motion: it is an
observable phenomenon that shows that OEMs delegate certain innovation‐related activities to
external firms. This study illustrates that it is also a dynamic phenomenon: when studied over time,
the scope of activities that are performed by a supplier and the scope of products or even modules
that a supplier performs these activities for, changes. If the scope of activities and components
increases, as exemplified by the Coupler Module case or the case of the Console and Housing
Structures at Scan, this can be interpreted as a sign of a process of vertical disintegration. While an
OEM used to perform certain activities in‐house, these activities are being delegated to external
firms, and as illustrated by the Console and Housing Structures case, new external firms can emerge
as a result, or existing ones grow.
The process of industrial evolution that takes place in particular at Scan and Imagine is similar to that
described for the aircraft industry (Frigant & Talbot, 2005; O'Sullivan, 2003): vertically integrated,
high‐tech firms disintegrate into highly specialized supplier firms that deliver the modules and
subsystems that system integrators put together. Like in the post‐war defense industry (Sapolsky,
2003), the OEMs we investigated act as system integrators that form the commercial and technical
contact for the end customer: they collect customer requirements, both in terms of technical and
economic performance, translate them into a conceptual design and an architecture for a new
product, they define the technical requirements for the parts and delegate the development and
manufacturing of parts to teams within and outside the boundaries of their own organization.
So in fact, the OEMs in our research are now collectors of different technologies that they combine
into products that are focused on specific market niches: heterogeneous in terms of technology,
homogenous in terms of market focus. Keeping their focus on a single market, they seek access to
new technologies when needed, thereby relying on a continuously evolving technology portfolio.
Their suppliers are usually the reverse: homogeneous in terms of their technology portfolio, but
heterogeneous in terms of the markets to which their customers belong109. The picture that emerges
is one of OEMs that specialize in and a focus on a specific market niche and product type, with
continuous innovation enabling them to remain an attractive supplier to their customers. Indeed,
the strategy of Imagine, Scan as well as PrecMach is to be and to remain leaders in their respective
industries, or at least belong to the upper market segments in terms of innovation and product
performance by continuously reinventing and improving their product portfolios. So what role does
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Indeed, reality is nuanced: the OEMs by and large retain their focus on a certain industry (e.g. digital
imaging for Imagine), but they diversify in the margins thereof. Their technology portfolio evolves, but keeps
revolving around a specific core of technologies (e.g. digital printing for Imagine, and high‐precision
mechatronics and optics for PrecMach). Conversely, their suppliers deliver a particular type of technology (e.g.
mechanical assemblies), but they too sometimes diversify and add related technologies to their portfolio,
while their customers are perhaps in different industries, but often somewhat similar in terms of the type of
products they market.
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SI in NPD play in this state of affairs, that is at the same time static (in terms of the focus of OEMs)
and dynamic (in terms of product innovation)?
9.1.1 Reasons for involving suppliers in high‐tech NPD
The conceptual model in Figure 14 does not explicitly include the reasons why a high‐tech OEM
involves suppliers in NPD. However, the analysis of our data suggests that this theme is essential to a
solid understanding of how SI in high‐tech NPD works. In particular, the OEM’s core competencies
play a substantial role in shaping the company’s collaborative relationships with suppliers.
Fine and Whitney (1996), in the context of make/buy decisions, discerned two fundamental reasons
for a company to buy a module or component from a supplier instead of making it: capacity or
(technological) knowledge. In the context of SI in NPD, several rationales for involving suppliers in
NPD and delegating NPD tasks to suppliers have been found: improvements in product quality,
access to technologies, lower product and production costs and shorter development lead times
(Van Echtelt, 2004; Wagner & Hoegl, 2006). At the OEMs studied, these rationales are recognizable.
In particular a need for additional engineering capacity, shortening of time to market and gaining
access to technological knowledge appear to be important. Although such rationales are
conceptually distinct, it is questionable if they are also distinct empirical phenomena. Indeed, the
primary rationale provided for SI in NPD at the OEMs we investigated was that the product in
question and the related NPD competencies did not belong to the OEM’s core competencies.
According to Prahalad and Hamel (1990), a company should focus on its core competencies: on
those competencies that help the company to develop valuable products and that help it to
distinguish itself from its competitors because they cannot be copied by them. There are two
important implications of the concept of core competencies: firstly, a company should outsource all
non‐core competencies, and secondly, by focusing on its core competencies, it becomes ever more
proficient in those areas.
What do core competencies mean in the context of high‐tech OEMs, with their compound products
existing of many modules? Some modules have a more profound influence on the performance and
functionality of the entire product than others. Core modules are essential, while non‐core modules
create the conditions for the core modules to function as intended. Consequently, the development
of non‐core modules should be outsourced, according to Prahalad and Hamel (1990) and also
according to most of the managers that were interviewed at the OEMs we investigated.
However, the question which modules belong to the core of the product and which competencies
are an OEM’s core competencies is often difficult to answer110, which is evidenced by the discussions
among managers that we observed. The difficulty of core modules is that there is a grey area
between core‐ and non‐core modules. There are modules that contribute indirectly to the
performance of the product, but they are also unique to the OEM in terms of their design or the
competencies required to develop or manufacture them. Are they then core modules because of
their uniqueness, or are they non‐core because their impact on the performance of the product is
only indirect? With competencies, the problem of pinpointing which ones are core are even more
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Core modules do not equal core competencies (e.g. Teece, et al., 1997). Nevertheless, core modules and
core competencies are similar in the sense that they both are essential contributors to the competitive
advantage of the firm.
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fundamental due to the lack of a clear definition at the investigated OEMs of what a competence
exactly is: the definition is usually left implicit. It mostly includes aspects of what an OEM knows, in
terms of technology or market requirements, and can do, in terms of NPD or manufacturing and the
human and technical resources that are present to enable those activities. Nevertheless, the
argument that ‘developing module X is not a core activity’ is seemingly the most important reason
that is mentioned for outsourcing NPD and by that logic for involving a supplier in NPD. Therefore,
the concept of core competencies is valuable, although perhaps mainly as the source of a vocabulary
that can be used by managers to justify outsourcing decisions.
Outsourcing NPD and SI in NPD are not the same thing: SI in NPD can include NPD outsourcing, but
not all SI in NPD is outsourcing. This becomes apparent from both the literature and our data. In the
literature, white‐box SI in NPD is certainly SI in NPD, but the majority of the NPD work is performed
by the buyer and therefore not outsourced to the supplier. Our cases of the Housing and Console
Structures are examples of empirical data that support this. What does this distinction between SI in
NPD and NPD outsourcing mean for the above conclusion concerning the prevalent strategy of
outsourcing non‐core NPD activities? Is it, in line with that conclusion, also true that the
identification of non‐core NPD activities leads to SI in NPD? Here, the evolutionary aspect of SI in
NPD comes into play. If it is decided by an OEM that an NPD activity is non‐core and it is eligible for
outsourcing, then the search for a suitable supplier must be undertaken. And due to the difficulty
and specificity of many of the development activities that the studied OEMs intend to outsource, a
supplier that is both capable and willing to perform the development is often not available. The path
that is often chosen by these OEMs is to intensify the involvement of an existing supplier in the
direction of NPD: instead of only manufacturing or assembling a module, the supplier is gradually
involved in more aspects of the NPD task. As the case of the Coupler Module at Scan illustrates, this
can result in complete outsourcing of the module in the long turn. If, that is, certain preconditions
have been met. It is these preconditions that we intended to shed more light on in this research.
So what about the other rationales for SI in NPD: improvements in product quality, cost reductions
and speeding up of the NPD process? These aspects were not measured in this research, and
therefore, it is difficult to draw conclusions regarding the expectations of OEMs in this respect and
any performance improvements that were realized. Managers at the OEMs appeared to act on the
belief that involving suppliers, if not a sheer necessity due to the knowledge and other resources
they bring to the party, should offer an overall improvement in efficiency and effectiveness. Not so
much of the OEM itself, but of the supply chain it is part of. Indeed, the OEMs we investigated
appear to be well aware of the fact that SI in NPD and the underlying rationales is not so much about
firm performance, but primarily about supply chain performance111. In order to remain competitive,
they need to optimize the performance of the supply chain they are part of. In terms of operations
management, this was already recognized (Christopher, 2000), but the OEMs in our research
illustrate that it is also true for innovation management. The fact that their products rely on a
plethora of technologies implies that it is not feasible to develop all of those within the company,
resulting in a dependence on external partners, including suppliers.
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Our argument is that the performance of a supply chain contributes to the competitive performance of the
firms that are part of that supply chain. Supply chain and firm performance are still analytically distinct
concepts, and optimizing one does not necessarily lead to an improvement of the other.
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Moreover, it is not desirable for OEMs to develop all the necessary technologies in‐house: the
balance between the resources necessary to do so and the returns from each of those technologies
is severely skewed because the focal OEMs are highly focused on a small market niche. This means
that any additional, spin‐off applications of new technologies are outside their market scope. In a
context of open innovation (Chesbrough, 2003a), it would have been conceivable to perform non‐
core developments in‐house nonetheless, and then ‘spin out’ all the developments through e.g.
licensing or creating spin‐off organizations. However, this happens only in isolated cases, as usually it
is simply too time‐consuming to start new technology developments. Decision makers at OEMs
perceive that it is quicker and less resource‐intensive to contract an external partner that preferably
already markets the required technology, e.g. to customers in other industries.
But there are risks as well. The case of PrecMach’s Power Supply Modules is an illustration of a wish
to use external development capacity. The development of several types and generations of such
modules has been delegated to EleSup, and through a mechanism of ‘learning by doing’ that supplier
accumulated the knowledge and competencies to develop these high‐end electronics modules. But
as EleSup performed more NPD work for this module, these activities were performed less
frequently at PrecMach. EleSup’s learning‐by‐doing is accompanied by a risk at PrecMach of an
erosion of its electrical engineering competencies. PrecMach has outlined a strategy for its Power
Supply Module development in which it develops a module type once in a while, specifically to
prevent the loss of those competencies that are necessary not only to develop these modules, but
also to keep sufficient control over and insight into the outsourced development of modules.
Brusoni, Prencipe and Pavitt (2001)asked themselves: “why do firms know more than they make”?
They conclude, and our results confirm, that some overlap in technological and market knowledge
between OEMs and their suppliers is necessary to keep control over uncertain and partly
unpredictable NPD processes that are performed across organizational boundaries. Also, not all of
the knowledge of a company is directly visible in the products it makes, but it may still be vital for
the long‐term competitiveness of the company. Our research suggests that to successfully guide the
development of a module that occurs at a supplier, an OEM needs to have some module‐level
knowledge. Conversely, a supplier needs some architectural knowledge to develop a module that
can successfully be integrated in the OEM’s product. The greatest risk we observed at the three
OEMs in the longitudinal/retrospective research is a loss of control over the development effort,
because it is this risk that poses a threat to product and project requirements such as functionality,
cost and development lead time. Notwithstanding the risks of collaborating with suppliers for NPD,
this route is chosen on a substantial scale by all three OEMs studied, and as evidenced by the results
of the pilot research as well as the body of existing research on SI in NPD, this mode of collaboration
is here to stay.
9.1.2 The organization of SI in NPD
The matter of operational and strategic risks and benefits raises managerial questions, however.
One of these is: how do high‐tech OEMs organize the collaboration with suppliers? What forms of SI
in NPD are there, and how do they work in a high‐tech setting and in the long term? We will address
these questions below.
From the existing literature, we adopted the typology of white/grey/black box SI in NPD, as used by
e.g. Petersen et al. (2003). These different forms of SI in NPD were defined by the extent of
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responsibility for NPD that is granted to the supplier, with the supplier having little NPD
responsibility in a white‐box collaboration, and (nearly) all NPD responsibility in a black‐box
collaboration. Since responsibility is something that is, to the extent that it is measurable in the first
place, of a continuous nature rather than ordinal, the recognition of three seemingly distinct forms is
artificial. Indeed, the white/grey/black box typology seems, if expressed in terms of supplier
responsibility, a continuum with two extremes, white and black, and several shades of grey in
between. On both ends of the scale, collaboration disappears and NPD shifts to either the
buyer/OEM on the white‐box end, or to the supplier on the black‐box end. On the white‐box end,
the involvement of a supplier may be very limited or even non‐existent, so that in fact, there is no
NPD collaboration to speak of. No cases were investigated in which the OEM did not involve any
suppliers, but in the cases studied, several examples were found of modules that had been initially
developed by the OEM without any supplier involvement. Those modules at a later stage did involve
various forms of SI in NPD.
Especially at Scan, a practice of gradual outsourcing of activities was encountered: Scan used to be a
vertically integrated company, performing both NPD and manufacturing activities to a large extent
in‐house. But as the company perceived increasing competitive pressure and as a result a
requirement for higher efficiency and lower costs, non‐core manufacturing and development tasks
were increasingly delegated to suppliers. The Coupler Module is an early example, and the Console
and Housing Structures are examples of a more recent date. In both cases, the situation of in‐house
NPD gradually evolved into a situation with white or grey box SI in NPD (Console and Housing
Structures) or even black box (Coupler Module). At Imagine, we encountered evidence of a case
where SI in NPD more or less ceased to exist as it evolved beyond black‐box: the case of the Power
Supplies. Being initially developed in‐house, Imagine decided to buy their Power Supplies essentially
without substantial involvement in the NPD activities of its Power Supply suppliers, save for requests
for minor changes to the design.
Take this one step further, and the Power Supplies are bought in the same way simple components
such as nuts and bolts are bought, with no changes made to the existing design put forward
independently by a supplier and no involvement in its NPD process. So changes occur over time in
the extent of SI in NPD, in particular from limited involvement of the supplier to the supplier taking
substantial or even full responsibility for the development work. This is unsurprising, as in all of the
cases investigated, the decision to involve suppliers could be traced back to considerations regarding
the question if the development concerned core competencies and core modules. And indeed, this is
the direction in which matters seemed to have evolved over the past few decades: from limited or
no involvement of a supplier towards full supplier responsibility. Only isolated examples were
encountered of a reverse evolution: of high supplier responsibility towards limited SI in NPD. The
most pronounced is that of PrecMach’s Compensator Module. Why is this trajectory the reverse of
what seems to be the trend in the investigated industry? This issue will be addressed when we
reflect on the relationship between product complexity and SI in NPD.
So the different forms of SI in NPD form a continuum from white to black box, and that continuum
can be traversed over time. Different shades of grey are present, making it difficult to draw a clear
line between different forms of SI in NPD. Nevertheless, it is tempting to connect different forms of
SI in NPD to the rationales or purposes discussed in the previous section. What are the anticipated
and observed advantages of each form of SI in NPD, based on the observations at high‐tech OEMs?
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In white box SI in NPD OEMs can integrate knowledge of manufacturing processes of their suppliers
in the product design while keeping full control over the NPD process. This can help preventing
supply interruptions and/or excessive costs in the future as products turn out to be impossible to
manufacture or manufacturing processes are not stable yet once production is commenced. Note
that white‐box SI in NPD therefore works in two directions: firstly, the OEM can adjust its product
design to match the possibilities and limitations of the available production processes. White box SI
in NPD enables OEMs to make optimal use of the possibilities of manufacturing processes, which is
essential in a high‐tech environment, as product performance is often the primary requirement112,
and performance requirements tend to be much higher than at OEMs in other industries. Our
findings are consistent with those of Olausson and Magnusson (2011), who argued that in industries
like these, it is essential that and R&D organization has insight into the nature and possibilities of
manufacturing processes of the OEM. If the OEM department that performs the NPD work has
access to internal manufacturing competencies and capabilities, it will be able to integrate that
knowledge into the development of new products. It will also be capable of better managing the
collaboration of the parts of the NPD work that are outsourced. But if a supplier is involved at an
early stage in the NPD process, even if it is in a limited, white‐box fashion, then manufacturability
knowledge can also be integrated in the NPD team, even though it is being shared across
organizational boundaries instead of being held and used within the same organization. Secondly, in
white‐box SI in NPD, a supplier can develop or fine‐tune its production processes to be able to cope
with the requirements of the product that is being designed. From a long‐term perspective and over
the course of several product generations, white box SI in NPD can be the stepping stone to more
far‐reaching forms of SI in NPD: it is a means to involve a supplier in the sort of processes it may not
yet be able to perform itself, and it helps in making the supplier aware of the specific way of working
of the OEM, making inter‐organizational alignment easier in the future.
In grey box SI in NPD, the OEM can maintain full control over the NPD process, but a supplier will be
integrated to a larger extent than in a white‐box mode of collaboration. In this research, we found
grey‐box SI in NPD to be a form of collaboration in which organizational boundaries between the
OEM and the supplier become particularly vague, as employees of both organizations work side by
side in the same development teams. The advantage of this tight integration between OEM and
supplier combined with the high degree of control the OEM retains over the NPD process, is that it
appears to work well in development projects that are associated with high technological
uncertainty and that are relatively unpredictable. The fact that the distance between the supplier
and the OEM is small, means that the joint development organization can respond swiftly to
unforeseen occurrences: it brings a combination of control and flexibility that has been argued to be
necessary to deal with complex and uncertain development projects (Olausson & Berggren, 2010).
While grey‐box SI in NPD still requires substantial investments in time and human resources from
the OEM, manpower and knowledge from the supplier can be integrated in the project.
Black box SI in NPD seems to be particularly desirable for non‐core modules because it offloads the
OEM’s NPD organization. In addition, black‐box SI in NPD can be combined with the supplier
marketing the same module or the underlying technologies to other customers. From a perspective
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This was particularly noticeable at PrecMach and Scan, whose customers primarily choose a product based
on its technical performance: it should be as accurate, fast and reliable as that of any competitor, and
preferably better than that.
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of industrial economics, this could lead the way to higher efficiency through economies of scale and
scope, which both the OEM and the supplier could benefit from. Indeed, this rationale was prevalent
at the high‐tech companies we investigated. Arguably, black‐box SI in NPD is the most attractive
form: if an OEM (or any company, for that matter) lacks certain technological knowledge, then it can
be included in the product and the development process through black‐box SI in NPD. At the same
time, the supplier’s NPD resources, i.e. manpower and facilities, can be used. This frees up resources
at the OEM, and also reduces the scope and thereby the complexity of the NPD work that is
performed internally. The drawback is that the NPD work occurs at a greater distance from the OEM,
and any integration problems will only become apparent at the end of the NPD process when the
supplier‐provided module is brought together with the other modules. To prevent integration
problems from occurring, it is necessary that the performance and interfaces of the module can be
specified completely and accurately at the start of the development process. In a high‐tech industry
with complex products, this precondition sometimes proves impossible to meet. Throughout this
book, the concept of commercial‐off‐the‐shelf (CotS) components was mentioned a few times. The
difference between CotS and black‐box parts is that we regard the latter as customer‐specific, while
the former are not tailored to the specific requirements of one customer.
The white/grey/black box terminology has as the advantage of being an easy way to communicate
different levels or forms of SI in NPD: it has a certain face validity and familiarity, in the sense that
both managers and academics can intuitively sense the difference between each form or level. Also,
when used in this off‐hand way, it is possible to discern changes in the long term or differences
between the form of collaboration between separate instances, as we did above. But when viewed
at greater detail, for example with the intention to operationalize the extent of SI in NPD, more
conceptual clarity and better definitions are needed.
Based on this research, both the review of the existing literature (in particular section 3.4) and the
empirical work, we can attempt to make the form of SI in NPD more conceptually clear by proposing
several dimensions and connecting them with the black/white box typology. The dimensions that
were derived from the theory are: the timing of SI in NPD, varying from early to late in the NPD
process, (Handfield, et al., 1999; Twigg, 1998), the scope of NPD tasks that the supplier performs,
varying from the supplier providing advice concerning manufacturing technologies only to the
supplier performing all NPD activities (Sobrero & Roberts, 2001; Wynstra & Ten Pierick, 2000), the
scope of components for which the supplier performs SI in NPD, ranging from a small monolithic
component to a large subsystem (cf. Gadde & Jellbo, 2002; Hobday, Davies, & Prencipe, 2005) and
the physical location where NPD work takes place (Wynstra, et al., 2000). The supplier’s
responsibility is not mentioned in this for two reasons. Firstly because in the end, the OEM is
responsible for the development of its product, whether it performs the development itself or
delegates it to its suppliers. Secondly because we regard the responsibility of the supplier as covered
by the scope of tasks that a supplier performs: in the NPD process, the supplier will make design
decisions and thereby accept responsibility for that part of the NPD process113. Based on our
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Theoretically, it could be possible to separate the execution of tasks and the decision‐making concerning
those tasks. However, we regard such a separation as artificial, since performing NPD tasks in practice consists
of finding technical solutions that will meet the criteria imposed on the part in question – or, in other words,
NPD tasks are in fact a series of design decisions (Krishnan & Ulrich, 2001).
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observations, we constructed different configurations of SI in NPD using the above parameters and
the white/grey/black‐box typology as a starting point:

Type
(Petersen,
et al.,
2005)

White
box

Grey box

Timing of
involvement
(Handfield, et
al., 1999; Twigg,
1998)

Early to late;
depends on the
input required
from the supplier
Early to late;
depends on the
activities the
suppliers is
involved in

Scope of
activities
(Sobrero &
Roberts,
2001;
Wynstra &
Ten Pierick,
2000)

Scope of components
(cf. Gadde & Jellbo,
2002; Hobday, et al.,
2005)

Limited for
supplier
Shared
between
buyer and
supplier

Location of
NPD work
(Wynstra, et
al., 2000)

Example cases in
this research

Can range from
monolithic
component to
subsystem

Buyer

Early generations
of Coupler
Modules
(Scan/CoupleSup)

Can range from
monolithic
component to
subsystem

Co‐located at
buyer or
supplier

Imaging Module
(Imagine/EleCo)

Supplier

Power Supply
Modules
(PrecMach/
PowerModSup)

Can range from
monolithic
component to
All for
subsystem; in case of
Early
Black box
supplier
a module/subsystem:
systems sourcing
(Gadde & Jellbo,
2002)
Table 16: Forms of SI in NPD with dimensions based on the literature

The synthesis of different typologies of SI in NPD shown above, informed by the empirical work in
this research, shows that dividing SI in NPD into three forms still leaves room for substantial
variation within each form. In other words: several forms of grey or black box SI in NPD could be
conceptualized. So apparently, the responsibility of a supplier in NPD is not a very specific predictor
of the organization of SI in NPD. For example, the timing of involvement can vary from early in the
NPD process to a late stage for both white and grey box SI in NPD, depending on what sort of
collaboration or input is expected from the supplier: if the supplier is asked to contribute to the
conceptual or architectural design of a product, then early involvement is in place, but if only input
or participation in detailed engineering is required, then late‐stage involvement suffices. A similar
argument could be constructed for the scope of components.
In conclusion, SI in NPD occurs in many forms, if only because it can be operationalized using several
distinct dimensions. A tantalizing question that remains open is to what extent the form of SI in NPD
is a deliberate choice or an emergent property. While the literature on SI in NPD appears to regard
the form of SI in NPD as a management decision, our findings suggest that this is only partly true.
Exogenous factors, in particular the complexity of the product, appear to determine what options
are available in terms of SI in NPD. This subject will be addressed in the next section.

9.2 Complexity of the product and SI in NPD
In this section, we will discuss the concept of product complexity and its influence on SI in NPD. It is
necessary to do this in considerable depth due to the emphasis on complex products in the empirical
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setting of this research. The sort of products discussed in this thesis, i.e. high‐tech equipment, are of
a hierarchical nature: each product consists of modules114, each of which can be further divided into
assemblies, components, etc. The nomenclature used here is somewhat arbitrary, as it seems to be
in practice as well: there is no clear and widely‐accepted definition of what a module exactly is, and
how it differs from an assembly or a subsystem. Regardless of this lack of conceptual clarity, the
notion still stands that high‐tech systems are in fact systems that can be viewed as hierarchical
systems (Hobday, 1998). The hierarchical nature of high‐tech systems is not just an analytical,
theoretical perspective – it is also the way in which they are commonly developed. The system is
defined according to the requirements it should meet, and an architecture is devised. This
architecture generally consists of more or less separate parts (modules) whose requirements are
derived from the overall system requirements. This step can be repeated iteratively until the level of
monolithic components is reached. Then, these components can be put together to form
assemblies, which in turn can be combined into modules, which jointly make up the system. Hence,
developing complex system involves a top‐down process of decomposition, which is complemented
by a bottom‐up process of integration (Muller, 2009; Prencipe, 2003). This also means that
architectural and organizational issues can be studied on different levels of the product hierarchy
(Fujimoto, 2002).
Due to the hierarchical nature of complex, high‐tech systems, it becomes relevant to distinguish
between complexity on (at least) two levels: that of the entire product and that of the module.
Complexity on the product‐level revolves around the degree to which the product as a whole is
modular and the extent to which the modules are loosely coupled. Complexity on the level of the
module revolves around the number of components, interactions and (new) technologies that are
contained within the module. Complexity of the product, or product modularity, will be discussed in
the next two sections, and we will address the subject of module complexity after that.
9.2.1 Complexity of the product: product modularity
At the OEMs investigated, the concept of modularity is popular: to some extent, all of their systems
are modular, and that modularity is generally regarded as desirable and in many cases even
specifically strived for. In particular Imagine has made an effort to further modularize the
architecture of its current products. Simon (1962) argued that complex systems will always be near
decomposable, and near decomposability could be regarded as a stepping stone towards
modularity: the concept of near decomposability refers to notion that the interactions between
elements within the same part of a system are stronger than the interactions between elements of
different parts across the system. Simon’s argument is based on the rationale that near
decomposability is in the end a requirement for systems to evolve or to be created. Drawing a
parallel with the products of the OEM studied, and given the combined top‐down/bottom‐up or
decomposition/integration development process outlined above, the emergence of systems that are
at least to some extent modular is not a surprise. Indeed, a modular approach is arguably the only
way to develop a complex, high‐tech product: ‘divide and conquer’ is still the only proven way to
exert control over something that is too large and too complex for one person to fully oversee and
understand.
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Arguably, an additional layer could be inserted: that of the subsystem, which can be thought of as a
collection of modules that belong together.
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But there is a limit to the extent of control that a modular approach gives to a single company. Take,
for example, the PC industry, on which IBM left its lasting impression by devising a highly modular
architecture (Langlois, 1992). Regardless of its still existing association with the PC, IBM currently has
little or no control over innovation processes in the PC industry, neither at the architectural, nor at
the component level. Arguably, by defining clear interfaces for each module, IBM enabled suppliers
and competitors to ‘break in’ on its business. This illustrates that a strategy to retain full control over
the innovation of a product line in the long term may not benefit from putting a modular
architecture in place. On the other hand, by effectively opening up its product to external
companies, IBM has enabled the PC industry to grow to a much larger size than it might have
reached otherwise – a development from which the company may have benefited. Additionally, the
use of a modular architecture allows a ‘mix and match’‐strategy that can generate a large variety of
products, with good performance and at relatively low costs (Baldwin & Clark, 1997). This, however,
is speculative: there is no telling how the PC industry would have looked had IBM relied on a
proprietary architecture that was inaccessible to external firms. However, the notion remains valid
that the decision to modularize a product can have a substantial impact on the organization of
innovation at the level of the industry, as well as on the competitiveness of individual firms in that
industry.
For the high‐tech OEMs in our research, modularization of the product is therefore potentially a
blessing, in the sense that it facilitates the development of large and complex machines, but also a
curse: other organizations can take control over parts of the innovation process, at the level of
individual modules. Also, suppliers and other technology partners become less dependent on the
firm that defines the product architecture, since in a modular architecture the degree of co‐
specialization is lower (Fixson & Park, 2008). That could also mean that other organizations also gain
control over the way in which the premiums created by innovation are divided among the players in
the industry. Indeed, integration as opposed to modularization has been suggested to be viable
choice in terms of the performance of the product as well as the firm. Fujimoto emphasized that for
firms that are traditionally good at integrating manufacturing knowledge in product designs and vice
versa, it would be wise to exploit that strength (Fujimoto, 2002, 2007).
Also, it is arguable that the parts of a product can interact in a more effective, synergetic manner in
integrated systems, which enables improved performance of the system as a whole (cf. Clark &
Fujimoto, 1990). In terms of the firm, having control over, or at least awareness of, the processes of
architectural definition of a product improves the competitive position of that firm within its
industry (Fixson & Park, 2008). This can be regarded as the essence of systems integrators: they are
in fact the directors of business networks that jointly develop complex products. The OEMs
investigated in this research are such systems integrators: in addition to developing substantial parts
of their products, they also orchestrate the development and manufacturing of modules by external
partners (Prencipe, 2003). In terms of competitiveness, even if a systems integrator has delegated
the development of all parts of the system, its capabilities related to integrating are still valuable and
difficult to imitate.
So some degree of modularity in high‐tech systems is to be expected and desirable, although in
terms of competitiveness and control, a case can also be made for more integrated systems. But
‘some degree of modularity’ does not yet make a product fully modular, by the widely‐used
definition that each module represents a one‐on‐one combination of a physical entity and a single
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function (Ulrich, 1995). But can a technical product be partly modular, or somewhat integrated? Is it
possible that a product is both modular and integrated at the same time? It all depends from which
perspective(s) the product is viewed. Ulrich characterizes modularity as the correspondence
between the physical and functional perspective: if the decomposition of the product is the same in
terms of both perspectives, the product is modular. Several other perspectives have been associated
with technical products or systems, such as the technology perspective, i.e. the different
technologies that are used in a product or module, the production organization, i.e. the separate
organizational units in which parts of the system are produced, and the development organization,
which is analogous to the production organization (Campagnolo & Camuffo, 2009; Takeishi &
Fujimoto, 2003).
In addition, it has been argued that the interfaces between modules are the defining characteristic
of a product architecture: if these interfaces remain stable during the development of a product,
then the product is modular (Zirpoli & Camuffo, 2009). But for interfaces between modules to be
stable, modules must be present in the first place. Therefore, it seems that the aspect of the stability
interfaces is more useful to distinguish between more or less stable but still modular products, than
between modular and integrated products. If a product can be divided into separate parts and this
decomposition remains the same from every perspective, the product is truly modular. At the OEMs
investigated, this is often not the case. Physical modularity is a common occurrence in those
companies, i.e. distinct physical modules are recognizable. But e.g. from a technology perspective,
considerable overlap is often present, in particular since the nowadays ubiquitous system software
that controls the behavior and interactions between different parts of the system ties together the
modules.
Indeed, it seems questionable that a truly modular system, i.e. one with the same decomposition
from every imaginable perspective, should be regarded as a product. In the end, a product seems to
be a somewhat cohesive artifact that fulfills a specific function – if all cohesion is lost and the
product breaks down in completely separate parts, it ceases to be a single product but becomes in
fact a combination of products that serves a common goal (cf. the concept of 'system of
systems'Hobday, 1998, p. 692). The products of the OEMs investigated in this research are certainly
products in their own right. They, especially those of Scan and PrecMach, are part of systems of
systems in the setting in which they are used, but perform a very specific role when regarded in
isolation.
So we conclude that the high‐tech products put forward by the investigated OEMs are somewhat
modular, but never perfectly so: they remain integrated to some extent, and that cohesion and
interactivity between modules probably contributes in an important way to the functionality and
performance of those systems (cf. Clark & Fujimoto, 1990). And since those aspects are the primary
criteria for commercial success in the respective industries of these OEMs, the fact that their
products are to some extent integrated and not truly modular could very well contribute to the
success of these companies (cf. Fixson & Park, 2008).
At the beginning of this section, we mentioned that Imagine has modularized its product portfolio
over the past years. That tendency appears to be mirrored to some extent by the other companies,
although Scan and in particular PrecMach appear to have made more limited steps in this direction.
Observation of the industry and the decision making concerning product architecture allows a
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tentative analysis of the conditions under which modularization of high‐tech systems appears to
occur: sufficiently large production volumes, a limited pace of innovation and organizational inertia.
If production volumes are very small, as they are e.g. at Scan, the gargantuan task of introducing an
entirely new product architecture would be difficult to justify against the relatively small volumes in
which the resulting products would be produced. To illustrate: the introduction of a new
architecture is an event that was witnessed in this research once, in the context of PrecMach. The
process from the earliest concept to the first commercial product took more than a decade and the
investment, although difficult to pinpoint exactly, is argued by PrecMach managers to be in the
order of magnitude of a billion euros.
If the pace of innovation is very high, such as at PrecMach, the frequency of architectural innovation
(Henderson & Clark, 1990) seems likely to be high as well. With a continuous introduction of new
technologies to enable the required performance of each new product generation, it is only a matter
of time before a technology is introduced that is so disruptive that the existing product
architecture(s) cannot accommodate it. It has been argued that radical innovation initially results in
an integrated product architecture that is primarily geared at delivering the required technical
performance. At a later stage, when the technologies involved are better understood, economic
performance can gain in importance, and a more modular architecture may be devised to optimize
for economic factors (cf. C. F. Christensen, et al., 2002). Striving for a high degree of modularity
within a context of high‐paced (architectural) innovation therefore seems like an infeasible strategy.
Thirdly, organizational inertia could very well play a role, in two ways. In the investigated OEMs, the
organization of the NPD function and sometimes also other business functions followed the
architecture of the OEM’s products: simply put, for each type of module, a separate team exists. This
mirrors the findings of other researchers, who have argued that organization structure follows
product architecture (Sanchez & Mahoney, 1996). In a situation like this, reinventing the product
architecture would involve reinventing the structure of the organization as well. Whether
consciously or unconsciously, it seems likely that an OEM will be hesitant to take the risks and incur
the costs involved in such a radical turnaround.
All considered, our tentative conclusion is that product modularity is in its essence an attractive
concept. However, strategic, technological and organizational factors prevent the studied OEMs
from further modularizing their products. If these factors change, or a change occurs in their
perceived importance, then modularization may proceed or be reversed. For example, the novelty of
technology and the speed of innovation in an industry could decrease as the industry matures. It is
conceivable that at PrecMach, as its still relatively young industry becomes less turbulent in terms of
innovation, and technological performance declines in importance compared to economic efficiency,
product architectures will become increasingly modular. Economic performance of the product is
more important at Imagine, which is in a more mature industry, compared to PrecMach, and
Imagine indeed has put more emphasis on modularizing its products.
In the above, we have hinted at the relationship between product modularity and industrial
organization several times. Zooming in on SI in NPD once again, we will address the relationship
between product modularity and SI in NPD in the next section.
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9.2.2 Product modularity and SI in NPD
By and large, our findings support the notion that product modularity can create organizational
modularity: organization follows technology (Sanchez & Mahoney, 1996). The organization tends to
mirror the architecture of the product: the development of different modules occurs in separate
organizational entities. In most cases, there is a one‐on‐one relationship between modules and
development teams. In situations where the product is highly modular, such as at Imagine, those
teams are loosely coupled: while they need to coordinate their work, this coordination can occur
through standardized means such as the definition and exchange of technical specifications and
roadmaps. In situations where there is more interaction between the modules in a technical sense,
the coordination becomes more intensive and less structured, such as at PrecMach, where frequent
meetings, almost continuous adjustments of design budgets and many impromptu, informal
contacts play an important role in making sure that the modules work together as intended.
In terms of SI in NPD, this conclusion also seems to hold: product modularity enables black‐box SI in
NPD. In a module product architecture, it is possible to specify the performance and technical
characteristics of each module and then perform NPD on the basis of those well‐defined, stable
specifications (cf. Dankbaar, 2007). The way of working that was encountered at e.g. Imagine, with
its relatively modular product, relies on the definition of modules, careful specification of the
performance and characteristics of each module in an early stage of the process, and then selecting
a suitable supplier for the development with which a well‐structured NPD process is agreed upon
including pre‐defined milestones and deliverables. The NPD process is then executed as planned,
ideally with little deviations115. This fashion of coordination is akin to the ‘disconnected sub‐project’
style of coordination mentioned by Lakemond et al. (2006).
On the other hand, we found that if the product is not modular, only white and grey‐box SI in NPD
are feasible. The OEM and the supplier need to maintain intensive coordination throughout the NPD
process in order to accommodate the interactions between different modules and therefore
between different NPD teams. The most pronounced example is that of the Slide Module at
PrecMach, where MechSup and PrecMach employees worked literally side by side and MechSup
employees effectively became part of PrecMach’s NPD organization, which was facilitated by the
close physical and cultural proximity between the OEM and the supplier. Indeed, in grey‐box
collaboration, proximity seems a requirement; the only grey‐box instance of SI in NPD that involved
considerable physical distance, i.e. the Imaging Module development at Imagine, also involved
colocation of the OEM’s employees at the supplier’s premises to continuously align the
competencies of the supplier with the technical and commercial requirements of the OEM.
Connecting this to the typology for coordination of SI in NPD by Lakemond et al. (2006), the
associated project coordination type would be ‘project integration coordination’, although it is
combined with ‘disconnected sub‐project’ coordination in early stages of the NPD process, as
activities such as roadmapping and defining module requirements and design budgets also take
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Note that even if the product is modular, and each module is specified carefully, disturbances in the NPD
process and the coordination between the OEM and the supplier may still occur. For example, the supplier
may turn out to not be fully capable of developing the module according to the specifications and project time
frame, e.g. as in the case of AmPerSub in the development of one of Imagine’s Peripheral Modules (see section
6.2.3.2)
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place. If a white‐box approach is used, coordination usually occurs through direct contacts initiated
by engineers at the OEM with representatives of the involved supplier, which corresponds with what
Lakemond et al. call (2006) ‘direct ad‐hoc contact’. In that case, ‘disconnected sub‐project
coordination’ can still be used to coordinate the work between the NPD teams within the OEM; it is,
however, not used in that case for inter‐organizational coordination116. We conclude that the degree
of product modularity determines the possibilities for the form of SI in NPD, and more specifically
the form of coordination between the OEM and the supplier (see Table 17).
Modular product
Black box1

Form of SI in NPD
Type of
coordination
(Lakemond, et al.,
2006)

Disconnected sub‐
project

Integrated, non‐modular product
Grey box
White box
Project integration
(combined with
disconnected sub‐project)

Direct ad‐hoc
contact

1

white and grey box are also possible; see text
Table 17: The modularity of the project determines the possibilities for SI in NPD and the coordination
mechanism used

However, two observations must be added regarding the conclusion that we draw here of product
modularity contributing to organizational modularity. The first one is that the direction of the
relationship is not clear. There is no evidence that conclusively tells if product modularity leads to
organizational modularity or the other way around. In reality, it seems plausible based on the data
that the relationship is in fact bidirectional. From a short‐term perspective, it appears that product
modularity enables organizational modularity: a highly modular product allows for black‐box SI in
NPD, which is not feasible if the product is of a more integrated nature.
In the long term, however, it may very well be that the existing organization design determines the
modularity of the product. As teams within the OEM and at suppliers specialize in the development
of certain modules and accumulate the necessary knowledge and competencies, it becomes an
obvious choice for the OEM to take this into consideration in planning future products. Or, simply
put: if a supplier is available for the development of module X, then it stands to reason that module
X will be defined as a discrete module that matches in terms of its scope of technologies and parts
with versions of the module that were created earlier by the supplier. In fact, even if the OEM itself
has no or little experience with a particular supplier, it may still choose to adapt its product
architecture to the offerings of suppliers. The Power Supply Modules at Imagine are a fitting
example, in which Imagine has opted to make architectural adjustments to accommodate the
desired form of SI in NPD . In this case, this desired coordination was in fact close to no coordination
at all, since essentially Imagine used a catalog product that was only modified in a minor fashion by
the supplier on request of Imagine. In this case, product architecture followed a pre‐existing
organizational architecture, which was modular to begin with.
A pre‐existing situation of intensive, tightly coupled coordination could result in a more integrated
product architecture as well. If an OEM is already used to coordinating the technical interactions
between parts of a product through ad‐hoc coordination and intensive integration between
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Note that the use of different coordination types in different phases of the NPD project is consistent with
the conclusions of Lakemond et al. (2006).
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development teams and has become proficient in working that way, it may not be stimulated to
invest the necessary time and human resources in elaborately working out a modular product
architecture and specifying in detail the module interfaces at the start of a new development
project. This could play a role at PrecMach to some extent, where intensive intra‐ and inter‐
organizational coordination throughout the NPD process is a common characteristics of all NPD
projects. However, it is difficult to be conclusive regarding the validity of such a conclusion, as at
PrecMach, opposing forces are visible that influence NPD and NPD collaboration. On the one hand,
managers perceive that a move towards more black‐box SI in NPD and the use of CotS117
components would bring down the overall costs associated with NPD and the manufacturing of the
resulting products. But on the other hand, the requirement for exceptional technological
performance often requires fine‐tuning module designs at a late stage in the NPD process, which fits
better with grey‐box and white‐box SI in NPD, or even no SI in NPD at all.
Then, a second observation must be made. The product architecture – NPD organization relationship
is described above in a tentative fashion: product modularity can lead to organizational modularity,
and it enables black‐box SI in NPD. But it does not necessarily do so, and other configurations are
possible. If the product architecture is modular, grey or white box SI in NPD are still a possibility, and
lacking a supplier with the required NPD competencies or technical knowledge, those forms of SI in
NPD are perhaps the only options. However, it seems that if a product is highly modular, grey‐box SI
in NPD is an unlikely choice, as the difficulty and costs of effectively integrating the supplier’s
engineers in the OEM’s NPD organization, or vice versa, are unnecessarily high. For that reason, it
seems that implementing grey‐box SI in NPD for a highly modular product would not align with the
rationales that OEMs have when opting for SI in NPD: it is too cumbersome and too costly to
undertake if there is no particularly good reason to do so.
As mentioned above in the context of PrecMach, black‐box SI in NPD and the use of ready‐made
components and modules is regarded by OEMs as an attractive way to control costs and
development lead times. Hence, in the cases we investigated, a tendency appeared to be present to
steer towards black‐box SI in NPD in the long run. Since the selection of our cases is biased towards
non‐core modules from the viewpoint of the OEMs involved, and therefore, it is impossible to draw
a broad conclusion in this context, but also in the pilot research, it seemed that the desire exists at
most OEMs to delegate as many non‐core NPD activities to suppliers as possible. The common
perception at OEMs appears that innovation should distinguish the company from its competitors,
and resources should be aimed at those activities that add to the firm’s competitive advantage. As a
consequence, existing resources, both financial and human, should ideally not be dedicated on the
development of non‐core modules. The presence of a modular product architecture would support
this strategy, and that could explain the popularity of the concept of product modularity at the
investigated OEMs.
9.2.3 Module complexity
We defined module complexity as the number of components and the interactions between them
and the extent to which new and uncertain technologies are contained within the module. This
includes aspects of complexity as well as of uncertainty. This poses a challenge in terms of the
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management of the development of such modules: Olausson and Berggren (2010) concluded from
literature research augmented with empirical data from a company that is comparable to PrecMach
that managing complexity requires a different approach than managing uncertainty. The former
requires structure and control, while the latter requires flexibility and intensive communication. How
is module complexity dealt with by the companies in our research? Both control and flexibility are
recognizable in our data as well. Particularly, Imagine relies heavily on control by using a highly
structured NPD process that is a derivative of the stage‐gate approach. The same NPD process is
used for each product and it is divided into distinct phases with clearly described deliverables. This,
along with a modular product architecture, helps managing the complexity of Imagine’s machines. A
similar case can be made at Scan, but there, the strict NPD timelines and process documentation
also serve to satisfy its customers that have specific requirements in terms of documentation and
delivery dates.
At the module level, however, the degree of technological novelty and uncertainty at both Imagine
and Scan is of a smaller order of magnitude than at PrecMach, and most modules are more complex
at PrecMach as well, both in terms of components and interactions and in terms of the frequency
and scope at which new technologies are introduced. This is reflected in the NPD process: PrecMach
also has a well‐structured process, but deviations, exceptions and flexibility appear to be higher than
at the other two OEMs in order to accommodate the frequent changes in concepts and detailed
engineering solutions that are caused by unforeseen interactions and occurrences in technology
development trajectories. Note that our data suggest that control and flexibility are at odds with
each other: the unpredictability of NPD processes at PrecMach comes at the cost of a partial loss of
the control over the NPD process. Still, it is also important to note that PrecMach does monitor NPD
processes carefully in order to preserve consistency between the different departments and
organizational levels in this flexible NPD process. This enables PrecMach to exert some form of
control over the NPD process, albeit not by adhering rigidly to a predefined process, but rather by
using that process as a guideline that is loosely followed and deviated from if technology
development requires it.
Two additional means of dealing with complexity at the module level were encountered. The first is
that OEMs attempt to reduce the number of unique component designs by using similar or identical
components in different modules. The aim of this approach is to limit the total NPD effort required
to develop a product by reusing engineering solutions across different modules of a product,
between different products and even between different markets by using existing, off‐the‐shelf
parts. Clark (1989) investigated this ‘parts strategy’ and observed that the use of unique parts makes
the NPD planning process for a new car model more complex and it increases the new product lead
time. The use of common components by the high‐tech OEMs in this research mirrors the findings of
Clark (1989): OEMs strive for higher efficiency by reducing the scope of NPD activities, which is at
least theoretically enabled by the use of parts that are shared by different modules or products.
It is questionable though if the net effect of a common‐components strategy is positive. Indeed, the
scope of NPD activities decreases as the parts scope decreases, but the coordination of those NPD
activities may become more cumbersome. Recall that the OEMs in this research have NPD
organizations that are structurally divided in analogy with the system architecture: each module has
a separate team. This has as its advantage that one module could be used in several products, and
still only one NPD team would be required to develop that module. The case of the User Interface
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Modules at Imagine illustrates that this strategy can indeed pay off. Compare that to the way in
which Imagine organized its NPD in the past, when the system architecture was more integrated and
each product (as opposed to each module) had its own NPD team, and each NPD project would
involve a full development of a dedicated user interface. But for example at PrecMach, the wish to
implement commonality extends to the intra‐module level: components and assemblies within a
module are attempted to be reused within different modules.
In terms of NPD organization, this implies that the development teams dealing with different
modules need to align the technical requirements and NPD planning for individual components. This
creates additional interdependencies between NPD teams on top of the interdependencies that exist
as a result of the necessity to align the development of entire modules. In other words: the
organizational modularity is broken down to some extent in order to attempt to reduce the scope of
NPD activities. The same is true for SI in NPD; in this research, several instances were encountered
where the OEM prescribes the use of specific components to suppliers that perform NPD activities,
limiting the degrees of freedom the supplier has in making design decisions. The question is then if
the reduced NPD scope compensates the increased need for and complexity of inter‐team and inter‐
organizational coordination. The answer lies in a minute comparison of both scenarios; something
that seems infeasible due to the difficulties of quantifying the intangible and indirect costs of both
scenarios.
The second way in which OEMs deal with module complexity and its impact on NPD is to delegate
the development of complex modules to external parties through SI in NPD. The subject of SI in NPD
vis‐à‐vis module complexity is discussed in the next section.
9.2.4 Module complexity and SI in NPD
The desired outcome of enlisting the help of suppliers in developing complex modules is that the
scope of NPD work that occurs at the OEM decreases and overall efficiency increases, as engineering
solutions can be reused for other customers by the involved suppliers. Gadde and Jellbo (2002)
labeled this approach systems sourcing, and the underlying rationale in their conclusion was that it
allowed OEMs to reduce their scope of operations while making use of the capabilities of their
suppliers. From an industrial viewpoint, this specialization by both suppliers and OEMs should result
in increased efficiency through economies of scale; the same beneficial outcomes that we
encountered in the previous section.
But again, this intended advantage of increased efficiency involves potential costs as well that may
offset any benefits reaped by the OEM. Gadde and Jellbo (2002) observed that in a context of
outsourced module development, the integration of the modules into a functional product may be
cumbersome. They point out that for that to be possible, the definition of modules must be the
same during the development phase and during the manufacturing phase, or the modularity of the
product should be the same from both a development and a manufacturing (physical) perspective.
Based on this research, we want to bring to the fore two additional considerations related to system
sourcing. The first is the risk of ‘hiding’ module complexity in the supply chain, and the second is the
fact that outsourced development of complex modules puts high requirements on the suppliers
involved.
By outsourcing the development of complex modules, the actual complexity of these modules does
not decrease: it is only dealt with by a different organization, and thereby it becomes ‘hidden’ in the
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supply chain. At first glance, this may seem advantageous for an OEM, as the complex module that is
being outsourced does in principle no longer require managerial attention and NPD resources from
within the OEM itself, freeing up resources to deal with other parts of the NPD process. Indeed, this
advantage should materialize as long as the outsourced development occurs according to plan and
the resulting module complies with the expectations of the OEM and it matches well with the rest of
the product. The difficulty in a high‐tech context, however, is that in our observation, the
development of complex modules nearly never occurs completely according to plan, and during the
development, several important, technical aspects of a complex module may turn out to be
undefined as their importance was not anticipated in the phase of architectural definition.
The result is that unanticipated problems can emerge during the development of a complex module,
or during the phase of system integration in which prototypes of the modules are put together. This
can cause a need for time‐consuming troubleshooting activities and/or extensive redesigns that
could threaten the time‐to market of the new product. The OEMs we investigated are aware of this,
and for this reason, the progress of NPD projects at suppliers is usually monitored closely through
frequent design reviews. If problems in the NPD process emerge, the OEMs tend to take a proactive
stance in resolving the issue, usually by sending engineers and project managers to the supplier to
help in the troubleshooting process. As a result, true black box developments in which the supplier
autonomously and completely independently performs a module development are scarce in the
high‐tech equipment industry.
Black box projects tend only to be black box in the sense that the supplier is in charge of the NPD
process as long as it goes according to plan, but the OEMs are almost always aware of the status of a
project, the challenges that are faced by the development team and they are ready to become
actively involved as soon as the perception arises that the project starts to reel off‐course. In
conclusion, there is no feasible way of ‘hiding’ complexity in the supply chain by following a system
sourcing approach. At best, by outsourcing the development of entire modules, an OEM can offload
its NPD organization by putting a supplier in charge of the development. But if technological
problems arise, which proves highly likely in a high‐tech context with complex products and inherent
technological uncertainty, managerial attention and troubleshooting resources need to be freed
nonetheless. The particularly challenging aspect of this is that these events are unforeseen and
therefore impossible to plan ahead, and can therefore be disruptive in the OEM’s NPD activities. This
could be a problem especially if the OEM has anticipated that the development of a module will be
delegated to a supplier, and adjusted its own capacity planning to that by assigning little or no
internal resources to the development of the module.
Regarding the competencies that are required from the supplier when delegating complex module
development to suppliers: Gadde and Jellbo (2002) argued that system sourcing allows automotive
OEMs to make optimal use of the capabilities of their suppliers. But our research suggests that in a
context of high‐tech equipment, in order to reap the benefits from system sourcing, the capabilities
of suppliers are not so much a driving factor, but often a limiting factor. This has something to do
with the combination of competencies or capabilities that is required for system sourcing and the
evolution of the suppliers that are currently developing into system suppliers in the industry we
investigated. Broadly speaking, two groups can be discerned in the external partners that high‐tech
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OEMs collaborate with for NPD118 and that could be regarded as system suppliers or suppliers that
are evolving in that direction: the first group used to be suppliers of components and assemblies and
has accumulated NPD competencies over the years. An example is that of CoupleSup, which
develops Coupler Modules for Scan.
The second group, which seems to represent a minority, consists of a handful of companies that
used to perform development and engineering services, but that have devised ways to fulfill a role of
manufacturer or module integrator as well. Of the latter group, only MechSup is a fitting example in
this research. Note that for manufacturing and assembly services, which it only provides very
sparingly, MechSup uses its own suppliers. This ‘partnering up’ with other companies that provide
complementary products and services occurs in the first group as well. A notable example is that of
SlideSup, which began as a mechatronics supplier, but which has acquired several similar companies
over the past few years, most of them with some engineering capability. This growth through
acquisition combined with profiling itself as an aspiring system supplier has allowed SlideSup to
expand its operations and take on increasingly complex assignments, of which PrecMach’s Slide
Module is a good example.
The evolutionary pathways outlined above, from mechanics/mechatronics supplier or from
engineering services provider towards system supplier, illustrate that several competencies come
together in a capable system supplier. Firstly, it needs to be capable of physically integrating and
assembling the module, or outsourcing that activity to a strategic partner. Secondly, it needs to
perform or outsource the manufacturing activities for the individual components and assemblies
that constitute the module. Thirdly, the system supplier needs to be capable of performing a rather
complex NPD process, which involves devising a conceptual design or architecture that will suit the
requirements of the customer, breaking that architecture down into manageable chunks (i.e.,
components and simple assemblies), engineering (or outsourcing the engineering) of those chunks
and finally integrating them into a functioning module. This entire process requires competencies in
the areas of system architecting, detailed engineering, project management and supply chain
management. Our research suggests that other than in the automotive industry, this combination of
competencies is scarce in the high‐tech sector, resulting in limited possibilities for high‐tech OEMs to
implement system sourcing for complex modules.
Hypothetically, if successful systems suppliers were to emerge in the industrial landscape we
investigated, the OEMs in our research could be confronted with a new set of competitors. After all,
the combination of competencies and the nature of the work of a systems supplier is similar to that
of an OEM – the only difference lies in the fact that the products of the OEMs we investigated are by
definition larger and more complex than the modules they contain, and the OEMs have a different
place in the value chain than their suppliers. Indeed, some managers at OEMs have hinted at this
possibility, but it is not (yet) regarded as a serious threat. A possible reason for this is that the OEMs
we investigated have a long‐standing experience serving the customers in their specific market
niche, which has allowed them to develop a deep knowledge of the important players and dynamics
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In this discussion, we exclude research partners that contribute fundamental or conceptual technologies
only, but that do not play a significant role in the development of actual products. Our focus is solely on those
companies that are involved in the development and engineering of products that eventually are marketed to
customers.
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of their market. Even if system suppliers accumulate the necessary technical and organizational
competencies discussed above, they would still need to develop the complementary market
knowledge in order to compete successfully with their current OEM customers. In addition, the
competencies necessary for integrating systems on this scale that the OEMs possess seem not to be
mirrored yet by their suppliers: they seem simply incapable of managing the NPD projects of such a
large size and complexity that the OEMs are used to deal with.
9.2.5 Conclusions regarding complexity, modularity and uncertainty
In this section, we will summarize the conclusions we have worked towards in the previous sections.
We conclude that complexity itself is an ill‐defined concept. In this research, we have opted to
include two fundamental aspects in the concept of product complexity: interactions between
components or modules, and uncertainty related to the development of technologies and products.
Given the hierarchical nature of high‐tech systems, product complexity can be viewed on the
product and the module level. The dynamics that we encountered on these levels might be
replicated on lower and higher levels as well. For example, in systems of systems such as production
lines (Hobday, 1998), elements interact and technological uncertainty play a role just as they do on
the levels we explicitly included in this study. In other words: the phenomena we discuss here are
recurrent on several levels, since high‐tech systems are boxes within boxes within boxes.
In terms of the management of complexity, two main strategies are used by high‐tech OEMs: a
divide‐and‐conquer logic that is visible in the form of modularization, and management methods
that allow for a combination of flexibility and control. Modularization relies on segmenting a system
into recognizable chunks whose performance and interfaces with their surroundings can be captured
in specifications. This aids in the coordination of NPD work between teams and organizations (e.g.
OEMs and their suppliers) and a modular product architecture seems to be a prerequisite for black‐
box SI in NPD.
But modularity, like complexity, is a cumbersome concept. Within a layered environment such as a
high‐tech system, the first question one should ask is at which level of the system the degree of
modularity is being assessed. Arguably, at both a very high and a very low level, all systems are
modular. A system of systems, such as a product line or complex manufacturing plant, consists of
separate systems such as the ones brought forth by Scan and PrecMach that each fulfill a specific
function and are separable from their environment. Therefore, systems of systems are quite
modular, and if they are not, then they become so at a higher level of abstraction. Using an example
borrowed from Hobday (1998): an airport, although embedded in a specific social and geographical
context, is a recognizable entity with a function that can be captured in a fitting description. On the
other end of the scale, high‐tech systems consist of monolithic components such as nuts, bolts,
electronic components, actuators and software routines. These components are modular too: each
physical part has a specific function.
The question is therefore not if a high‐tech system is modular, but how modular it is at which level in
the system hierarchy. An associated question is at which level(s) of a high‐tech system it is
meaningful to make a division in modules (Gadde & Jellbo, 2002). For this research, the level of the
modules as they were introduced in chapter 6 was the opportune level at which to ask questions
about modularity and interactions, but mainly because the OEMs themselves had decided that this
was a meaningful level at which to divide their complex systems and on which to attempt to
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delegate NPD tasks to suppliers. But our data illustrate that on a lower level, SI in NPD plays a role as
well; we described one example, i.e. the bellows component that is part of the Slide Module, but
hundreds of similar examples can be found at PrecMach alone. Hence, determining the opportune
hierarchical level to make observations or decisions related to modularity depends on the
phenomenon one wants to investigate or influence; it is not an inherent property of the system
itself, but it follows from the combination of the system and its observer or manager.

System
level

Nature of
complexity

Means to deal with
complexity

Many
unanticipated
interactions
between modules

Modular architecture with
clearly defined and stable
interfaces and 1:1
relationships between
different perspective (e.g.
form, function,
development)
Flexible NPD process with
mutual adjustment
between individual teams
and continuous
monitoring and re‐
assignment of design
budgets

Consequences for SI in
NPD and suppliers

Examples from
this study

Modularity allows black‐
box SI in NPD, while
integrated architectures
can only accommodate
white/grey‐box SI in NPD

Power Supply
Modules (PrecMach)

Makes black‐box SI in
NPD virtually impossible
due to the intensive
inter‐organizational
coordination required

Slide Module
(PrecMach)

‐

Module
level

Large scope of
development
work as a result
of a large number
of components

Commonality: reuse of
components across
modules, products and
industries

Delegate module
development to suppliers:
system sourcing (Gadde &
Jellbo, 2002)

‐

Use of commercial
off‐the shelf
components where
possible.
Additional inter‐
organizational
coordination
necessary to enable
the use of common
components, e.g.
through prescribing
the use of certain
components

Suppliers need to
become system
integrators themselves

Power Supply
Modules (Imagine),
amplifier boards
within Power Supply
Modules (PrecMach)

Coupler Module
(Scan)

PrecMach appears
particularly flexible,
while Imagine and
Both
True ‘black box’ is not
Technological
Combination of flexibility
Scan rely more
system
feasible, as OEMs will
uncertainty and
and control in NPD
heavily on control.
intervene in NPD at the
and
introduction of
(Olausson & Berggren,
But all companies
supplier if technological
module new technologies 2010)
studied use a
problems arise
level
combination of both
to manage complex
NPD (section 7.3.5)
Table 18: Different sorts of product complexity is dealt with in specific manners by high‐tech OEMs

And if it has been decided on which hierarchical level the modularity of a system is being viewed,
the issue remains of how to measure the degree of modularity. It seems that modularity is not a
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singular scale, but rather a multi‐dimensional concept. Modularity is the phenomenon in which a
system is divided into separable chunks, and truly modular chunks remain the same regardless from
which perspective the system is viewed: a physical or functional perspective, or from a perspective
of use, production, or product development (Campagnolo & Camuffo, 2009; Takeishi & Fujimoto,
2003; Ulrich, 1995). In reality, none of the high‐tech systems we encountered was truly modular in
every perspective, but: every product was modular to some, however limited, extent. Therefore,
modularity appears to be not a binary variable, being either true or false, but a qualitative and
gradual property.
In terms of the NPD process, extending a flexible NPD process towards suppliers seems to be a
daunting task, and eliminates the possibility of black‐box SI in NPD due to the need for continuous
coordination and interaction between OEM and supplier. Nevertheless, SI in NPD and in particular
the outsourcing of sizeable chunks of an NPD project in the form of system sourcing is an attractive
means for OEMs to limit the scope of NPD work that occurs in‐house. In an ideal situation, part of
the management of the complexity of the development of a high‐tech product is brought outside the
boundaries of the OEM’s organization, offloading internal NPD and management resources. But
difficult to manage interactions and technological uncertainty are inherent to an industry that
revolves around high‐tech industrial equipment, and this influences on the way in which SI in NPD
occurs.
Indeed, it appears that in this empirical context, SI in NPD is not so much a matter of choice, but a
matter of consequence: the need to involve suppliers is imposed by the variety of technologies
required and the sheer scope and volume of NPD activities, while the form in which SI in NPD occurs
is limited or dictated by the interactions and uncertainties that are characteristic of the product
itself. The conclusions outlined in this section, in particular the means in which high‐tech OEMs deal
with the complexity of their products in NPD, are condensed in Table 18 (page 198).

9.3 Customer specificity of the product and SI in NPD
In this section, we will discuss the concept of customer specificity119 of the product that is subject to
SI in NPD and present the conclusions that follow from our research. The importance of this subject
is inspired by the observation at high‐tech OEMs that SI in NPD requires suppliers that are both
capable and willing to participate in high‐tech NPD. This capability depends on the knowledge and
competencies a supplier has, and the requirements in those terms are relatively high in the industry
we investigated. That implies that suppliers often need to invest in such non‐financial, innovation‐
related assets. A commercial organization such as a supplier is only likely to invest in an asset if that
asset has potential value that allows the business to recoup its investments over time. This means
that the willingness of suppliers to participate in high‐tech NPD is influenced by the investments in
the necessary assets and the returns that can be expected from those assets in the future. The
extent to which these assets are specific to one customer has implications for the market value of
those assets. We will start by discussing suppliers’ investments in customer‐specific assets, and then
shift our focus to the returns or benefits suppliers can enjoy as a result of prolonged SI in NPD.
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Note that in this section, we take the viewpoint of the supplier in the OEM‐supplier relationship, and hence,
‘the customer’ in ‘customer specificity’ refers to the OEM.
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9.3.1 Suppliers’ investments in customer‐specific assets
In section 2.2, we used the theory on relationship value and transaction cost economics to distill an
operationalization of the concept of customer specificity that consists of three levels of abstraction:
1. The product design itself: if a product can be sold ‘as‐is’ to another customer without the
necessity to adapt the product for use by the new customer120, then it is non‐customer specific.
That means that no SI in NPD is required: the product can be bought by the new customer as a
commercial off‐the‐shelf product. This research features no good examples thereof, since our
focus was solely on modules which did require modifications or a complete, customized design.
However, the case of Imagine’s Power Supply Modules comes close: these modules are sold by
Imagine’s suppliers to competitors of Imagine with very few changes – they are very nearly
commercial off‐the‐shelf products.
2. The technological concepts underlying the product and partial design solutions: sometimes it is
possible for a supplier to use the same operating principles or a conceptual design of a product
for a new customer. In this situation, existing product designs cannot be reused ‘as‐is’, but parts
of the design can be reused in a new product design to suit the requirements of the new
customer. An example is the Coupler Module that CoupleSup makes for Scan: CoupleSup makes
similar modules for other customers in different industries than Scan’s, but it bases these
distinctly different products on the same design principles and technological concepts.
3. The innovation‐related
knowledge and competencies that are required to develop
technologies and products. Sometimes, it is impossible to recycle even technology concepts and
partial designs, and the only way a supplier can benefit from economies of scale is on the level of
its innovation‐related competencies and general technological knowledge. In terms of SI in NPD,
a few examples are available in this research, including that of MechSup. MechSup can use its
knowledge and competencies in the field of mechatronics to develop new technological
concepts and it is capable of engineering those into actual product designs for PrecMach, but
also for other customers that deal with completely different functional requirements than
PrecMach.
Reflecting on the data in our research, it appears that on level 1 (product designs), the customer
specificity is usually high. This is unsurprising, since the customers in question, i.e. the OEMs that we
investigated, are unique companies in their geographical region that focus on a narrow market
niche. This specific market focus translates into specific or even unique products. Arguably, the
capability of high‐tech OEMs to create these unique product designs is their raison d’être: it is the
one thing that allows them to capture economic returns. Hence, low specificity on the level of
product designs might be desirable in terms of SI in NPD, but it would endanger the economic
relevance of the OEMs. Note that this need not be true for the entire product of an OEM; as we
argued earlier, these products consist of core modules that define the performance of the product,
and non‐core modules that create the conditions for the core modules to function. The latter, non‐
core modules may very well be non‐specific in terms of their design, since they do not immediately
dictate the performance of the product and are therefore not vital to the competitiveness of the
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By ‘new customer’, we mean any customer of a supplier that shows interest in a product, technological
concept or NPD competency after it has been developed by the supplier from its own accord or by request
from a previous customer.
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OEM. This explains why the Power Supply Modules at Imagine mentioned above can be almost
completely non‐customer specific in terms of its product design.
Based on our observations in this industrial setting, it seems beneficial to have limited customer
specificity on the level of technology concepts and partial design solutions. At this level, a supplier
can still reuse design concepts and technologies for other customers, but without the need to invest
heavily in building technological or NPD competencies from scratch. This is also a plausible
explanation for the fact why we encountered only isolated instances where the supplier’s
innovation‐related assets on the third level, that of innovation‐related competencies, were
customer‐specific. For if even a supplier’s competencies are specific to one customer, it seems that
the supplier would be highly dependent on that customer, which indeed is the case in the example
of MechSup mentioned above.
From this follows that a good compromise is if product designs (level 1) are customer specific,
allowing OEMs to realize competitive advantage with unique products, and if technological concepts,
partial design solutions (level 2) and innovation‐related competencies (level 3) are non‐customer
specific, allowing the supplier to serve a variety of customers using the same assets. Unsurprisingly,
that appears to be the dominant configuration in our research. From the viewpoint of the OEM, the
essence of this compromise is that it strikes a balance between the flexibility of customized products
and the economies of scale that go with non‐customer specific assets. We have touched briefly upon
the relevance of economies of scale from the viewpoint of the OEM several times throughout
section 9.2.
But once again, reality is more complex than the straightforward model in which we have attempted
to capture it above. Firstly, the customer specificity of a supplier’s assets is not a static characteristic:
it changes over time. Secondly, both the supplier and the OEM have their own perceptions of the
customer specificity of a supplier’s assets.
Concerning the dynamic character of customer specificity: there are two ways in which the
customer specificity of a supplier tends to change over time. The first way pertains to the assets
themselves: they can become more specific as the supplier accumulates in particular knowledge and
competencies that are complementary to one particular OEM. Especially in cases where an OEM has
an integrated system architecture, very specific and unique market and technology requirements
and a flexible and dynamic NPD process, such as at PrecMach, suppliers tend to accumulate in‐depth
knowledge over time in two important areas:
1.

2.

The technology of the OEM’s product, in particular its architecture and the technological
requirements that follow from the market niche the OEM focuses on. An awareness of the
technical context in which its module functions allows the supplier to anticipate requirements
and constraints even if they are left unspecified by the OEM.
Knowledge of the OEM’s NPD organization and processes, which allows the supplier to e.g.
locate relevant information and individuals in the OEM’s organization that could help in solving
coordination and technical issues. This also helps the supplier to anticipate its NPD resource
planning and the planning of actual deliverables such as prototypes.

The accumulation of this sort of customer‐specific knowledge and competencies takes time as it
occurs through ‘learning by doing’, which tends to occur through grey‐box collaboration in which the
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supplier and the OEM are in intimate contact with each other, or through black‐box collaboration in
which the OEM intervenes whenever coordination or technical problems arise. Such processes of
mutual adjustment allow a supplier to adjust its internal processes to an OEM, facilitating the
coordination between both organizations (Asanuma, 1989; Evans & Jukes, 2000).
The second way in which customer specificity of assets changes is not so much a change in the assets
themselves, but a change in the customer portfolio of the supplier. An example is that of CoupleSup,
which has substantially expanded its market scope since its inception. This suggests that the
innovation‐related assets of a supplier may be potentially generic, but for that to translate into
actual economies of scale and larger revenues for the supplier, the supplier needs to undertake
business development activities. It therefore needs to frame its innovation‐related assets in such a
way that new market opportunities become visible.
The issue of the potential value of innovation‐related assets for a supplier, which will be addressed
in further detail in section 9.3.2, brings us to the issue of perception: both the OEM and the supplier
have a perception regarding this (potential) value (Hald, et al., 2009; Nyaga, et al., 2010). It seems
that this perception is at stake in many commercial discussions between high‐tech OEMs and their
suppliers in a context of SI in NPD. On the one hand, it appears that OEMs are generally optimistic
about the value of the competencies a supplier accumulates in collaboration with them. OEMs use
this argument to entice suppliers to invest in building those assets, for according to the OEMs, this
will bring benefits not only to them, but also to the suppliers that are successful in using those assets
for other customers. OEMs seem to be of the opinion that their attractiveness for suppliers lies not
only in their direct business, but particularly in the ‘spin‐off’ that a supplier can generate using assets
accumulated in collaboration with the OEM (cf. Walter, et al., 2001). And indeed, some suppliers
appear to be aware of this potential value; this seems for example to be the case with PrecMach’s
Power Supply Modules, the development of which is partly delegated to EleSup, which appears in
turn optimistic about the market potential of its technological competencies in the area of high‐
performance power conversion circuits. But a supplier may just as well argue that the assets it needs
to accumulate in order to collaborate with a high‐tech OEM for NPD are so specific that their market
value is limited121 (cf. J. C. Anderson, et al., 1994). Fact of the matter is that usually, at the moment a
supplier needs to make investments in assets, the future value thereof is not yet known (Ford, et al.,
2003).
In addition, it seems that OEMs do not perceive it as their mission to be well aware of the market
potential of their supplier’s assets; a supplier’s business strategy and business development are,
indeed, its own business, and not the OEM’s. Still, OEMs seem to increasingly follow NPD investment
strategies that rely on a sharing of investments across the supply chain. The rationale is that in the
past, OEMs would accept the full financial risks for NPD by investing in the development of a new
product before that product could be sold to the customer. Suppliers and external partners that
participated in NPD activities would be reimbursed immediately for services rendered and costs
made. This left the OEMs in a position in which their financial position during NPD projects was
vulnerable: investments rose, but any returns would only materialize (hopefully) in the future. Add
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See also Baldwin and Clark (2000) for a discussion of investments in innovation in a macro‐economic and
historical context and the market value of those investments.
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to this the fact that at the high‐tech OEMs we investigated, NPD projects are executed in parallel and
consecutively, or, in other words: there is always a portfolio of active NPD projects.
The result is a situation in which OEMs effectively acted as the providers of the financial capital
required for innovation throughout an entire supply chain. Over the past few years, the OEMs have
started to optimize their financial housekeeping, resulting in a tendency to push the investments and
thereby the financial risks associated with NPD into the supply chain. Simply put: OEMs increasingly
expect their suppliers to carry the financial burden of the NPD activities those suppliers execute,
with the promise those investments will be compensated once the finished product is being sold to
customers. For OEMs, the advantage is that they no longer carry the financial risks inherent to their
innovation activities alone. However, it does require from suppliers the willingness and the financial
flexibility to take over some of those financial risks. This is something that many suppliers appear to
do only grudgingly, which is exacerbated by the uncertainty involved in high‐tech NPD (will the
product be as successful tomorrow as the OEM promises today?) and the production volumes during
the commercial phase of a product’s life cycle, which are limited to begin with, in particular at
PrecMach and Scan.
In conclusion, SI in high‐tech NPD often requires substantial investments from suppliers, both in
terms of innovation‐related assets as in the form of fronting the actual costs of NPD projects. This
can reduce the attractiveness of an OEM as a demanding customer from the viewpoint of a supplier,
while precisely this attractiveness has been identified recently as an important aspect of long‐term
buyer‐supplier relationships (Lindgreen & Wynstra, 2005; Schiele, et al., 2010). OEMs appear to
realize this, but attempts to construct an accurate picture or even to quantify their attractiveness for
suppliers are absent. Nevertheless ,when implementing SI in NPD, OEMs do become dependent on
the investments their suppliers make in building innovation‐related assets, and it seems
questionable if the current OEMs’ standpoint is sustainable: managers at OEMs emphasize the
relevance of the attractiveness of their business for suppliers, but their attempts to influence that
attractiveness at the same time seem limited. In the next section, we will complement this
discussion on the investments required from suppliers by providing insight into the benefits a
supplier may reap from SI in high‐tech NPD.
9.3.2 Benefits for suppliers from SI in NPD
In this research, we identified four ways in which suppliers can reap benefits from NPD collaboration
with their high‐tech OEM customers:
1. Financial compensation for NPD activities performed and goods delivered,
2. access to intellectual property, in particular (partial) product designs,
3. accumulation of knowledge and competencies that are valuable for a broad range of
customers, and
4. the nurturing of a ‘high‐tech reputation’ that may help attracting customers.
Financial compensation for NPD services rendered and goods delivered is the most obvious benefit
that a supplier enjoys from doing business with a customer. In the context of our research, a
distinction can be made between immediate and deferred payments. Immediate payment involves
the billing of engineering work performed by the supplier. As we stated before, this method of
payment seems to be on the decline in terms of popularity, since it implies that the OEM carries the
full financial risk of the NPD project. Instead, payment schemes in which the supplier bears some of
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the risk for development are gaining in popularity. This occurs mostly in the form of a markup on the
module price: the supplier can recoup its investments through the sales of modules that are the
result of SI in NPD, and if the OEM’s product of which the module is part is successful, the supplier
can benefit from this commercial success.
Nevertheless, some suppliers that have a bargaining position that allows them to do so still require
their OEM customers to compensate them through a fixed price markup. A notable example of this
is MechSup, which PrecMach has not managed to convince of accepting a payment scheme in which
the payment depends on the technical and commercial success of a new product. MechSup’s unique
position in this respect is the result of the fact that it has in‐depth and specific knowledge and
competencies on wich PrecMach relies. This suggests that specialization of assets can make a buyer
dependent on a supplier . But it must be noted that this dependency also works in the opposite
direction: MechSup is highly dependent on PrecMach as a vital customer, since its knowledge and
competencies have limited value for other customers (cf. Stump, et al., 2002). In addition to
deferred payment instead of immediate payment becoming more popular, suppliers of the high‐tech
OEMs investigated also appear to be confronted with an overall pressure on their price levels. In
response to competition and customer requirements, the OEMs have increased their efforts to bring
down overall costs. Due to the high level of outsourcing in this industry, this automatically puts
pressure on the price levels maintained by suppliers. This combination of increasing risk and a
pressure on revenues could make SI in high‐tech NPD less attractive for suppliers than it used to be.
Access to intellectual property can be attractive to suppliers, for example as it allows them to reuse
design solutions devised for a high‐tech OEM for other customers, thereby creating economies of
scale and realizing an overall larger production volume to offset the same investment in NPD.
However, as we argued before, product designs tend to be specific to high‐tech OEMs, which can
limit the scope of (partial) product designs that a supplier can use for other customers. In addition,
OEMs frequently impose limitations on the use of co‐developed intellectual property by suppliers to
prevent spillovers to competitors. Some high‐tech suppliers are highly specialized in serving a certain
set of OEMs, and given the fact that these OEMs usually operate in relatively narrow market niches,
it occurs frequently that a supplier serves customers that are each other’s competitors. OEMs
respond to this by imposing ‘no fly zones’. OEMs realize this for example by allowing a supplier to
sell certain co‐developed innovations to competing OEMs only after a predetermined period of time,
or to sell certain products only to customers in other industries. While protecting the competitive
advantage of the OEM in question, this also limits the value of intellectual property for a supplier. It
is important to note that the control over intellectual property is closely linked to the party that pays
for its development. In general the OEM pays in some form for the development, and therefore
controls what the supplier can do with that intellectual property, even if the supplier is formally a co‐
owner. The general image that arises is that of the high‐tech OEMs in this research being generous
and conservative at the same time: they are generous for allowing suppliers to use collaboratively
developed intellectual property for their own benefit, but conservative in the sense that they set
clear limits to that use. High‐tech OEMs also seem to be reluctant to give up that form of control, in
fear of knowledge spillovers (cf. Appleyard, 2003).
The knowledge and competencies that a supplier accumulates are regarded by OEMs as perhaps the
most important and valuable asset for the supplier as a result of long‐term NPD collaboration with a
high‐tech OEM. Indeed, it is conceivable and we have seen examples that these knowledge and

204

Discussion: a synthesis of existing theory and empirical data
competencies can play an important role in the long‐term growth and success of a supplier’s
business, if that supplier succeeds in using them as a basis for business development activities
(Danneels, 2002, 2007). But examples are also available in which the combination of knowledge and
competencies that a supplier has, appears to have very little value outside the dyadic relationship in
which they were accumulated. This has to do with the fact that knowledge and competencies that
are useful to a high‐tech OEM in terms of joint innovation usually include aspects that are highly
specific to the markets in which the OEM is active.
These markets can be narrow niches constituted by only a handful of OEMs and their respective
supply chains, which is particularly visible in the case of PrecMach. This makes it difficult for
suppliers to use the particular combination of knowledge and competencies they have accumulated
for a company like PrecMach for other customers. The perception issue that we have touched upon
earlier (see section 9.3.1) possibly plays a significant role in this matter. An OEM like PrecMach will
perceive a combination of knowledge and competencies that is highly specific to its own business as
very useful and valuable, since it will frame them in terms of its own market and technology
development. However, for the supplier that sees a different commercial and technical context, i.e.
one that is more diversified and that ideally includes an array of various customers of which the
OEM in question is only one, the perceived value of that very same combination of assets may be
considerably less (J. C. Anderson, et al., 1994).
Finally, we include the possibility that a supplier builds a high‐tech reputation by collaborating with
high‐tech OEMs. This aspect was mentioned regularly by managers at OEMs, but always in
conjunction with the remark that in itself, this reputation has little value, and it is always interwoven
with the knowledge and competencies of a supplier.
9.3.3 Conclusions regarding customer specificity of assets
In this section, we will briefly recapitulate the conclusions we reached in the previous sections. In
addition, we will discuss the relationship between the customer specificity of assets and the other
main concepts we have discussed: the complexity of the product and the form of SI in NPD.
In order to be able to participate in high‐tech NPD, suppliers need to invest in the appropriate
knowledge and competencies by participating in consecutive NPD projects with their customers. In
return, suppliers can expect benefits from the collaboration, both ‘direct value’ within the
relationship with an OEM, and returns that materialize as a result of spillover effects outside that
dyadic relationship or ‘indirect value’ (J. C. Anderson, et al., 1994; Asanuma, 1989; Walter, et al.,
2001). The attractiveness of an OEM as a customer depends on the supplier’s perception of the ratio
between these investments and benefits. A supplier will ask itself if it is worth investing in the
accumulation of innovation‐related assets for a particular customer. The answer depends on the
expected revenues that can be generated within the relationship with that customer or by using
those assets to server other customers (Danneels, 2007; Zeithaml, 1988), which in turn depends on
how specific those assets are to one customer.
OEMs can convince their (potential) suppliers of their attractiveness as customers, emphasizing the
potential value of the assets a supplier will need to invest in. In the short term, OEMs can influence
the perception of the supplier of the value of the relationship, enlist the help of a supplier in
innovation and entice it to invest in the assets necessary for that. But in the long term, a supplier will
increasingly base its perceptions on the investments and benefits that have actually realized. That
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perception may deviate from the OEM’s initial picture: a supplier may become dissatisfied with the
actual returns it realizes compared to the expectations it nurtured in an early stage of the
relationship. This will result in reduced satisfaction of the supplier with the relationship, which could
ultimately result in relationship discontinuation (Ghijsen, et al., 2010; Nyaga, et al., 2010).
In terms of technology, there seems to be an interesting interaction between product modularity
and the specificity of a supplier’s innovation‐related assets. In a non‐modular, integrated system
architecture, if a supplier is to be involved in NPD, coordination cannot occur through the exchange
of specifications and the definition of stable module interfaces. Due to the tight coupling within the
product, tight organizational coupling is required in order to align the development of different
modules, i.e. a need for grey‐box SI in NPD. For a supplier, this means it needs to be better aware of
the intricacies of the OEM’s NPD process and its system architecture than it would need to be if the
organizations were more loosely coupled. As a consequence, SI in NPD in the context of an
integrated system architecture requires more customer‐specific assets from the supplier. Combining
this with the notion that the more assets are customer‐specific, the lower their (potential) value in a
larger network context, the conclusion follows that participating in such NPD projects is relatively
unattractive for suppliers. For OEMs, this means that the possibilities for realizing economies of scale
by delegating NPD tasks to suppliers are more limited in the case of an integrated system
architecture.
What can be said about the relationship between the form of SI in NPD and the investments and
benefits for suppliers? To begin with, since no large‐scale quantitative study has been performed in
the context of this research, it is difficult to ascertain the validity of any relationship that we can
distill from our qualitative data. It seems that a clear relationship is absent, although some pattern
can be recognized. In white box SI in NPD, the involvement of the supplier is minimal. Therefore, its
investments in customer‐specific assets will also be minimal, making the question if the supplier can
strike an attractive balance between investments and benefits a somewhat trivial issue. Any
investments the supplier makes, particularly in terms of the time its employees spend on advising
the OEM and participating in design meetings, are likely to be compensated for in the normal course
of business. On the one hand, an improved product manufacturability122 will come to the benefit of
both the OEM and the supplier in the form of less challenges and troubleshooting problems in
setting up and operating manufacturing processes. Also, a supplier may easily recoup its limited
costs by discounting them in the price of products sold to the OEM in question. An additional
advantage in this respect is that the supplier is in the position to exert influence on the design, which
means it can thereby make it more difficult for the OEM to switch to another supplier by making the
design specific to its own manufacturing capabilities (Stump, et al., 2002).
In the case of grey‐box SI in NPD, the matter of a supplier’s investments and benefits becomes a
more prominent issue. The intensive collaboration implies that there are inherent challenges in
determining which engineering task is performed by which party. This has two implications: firstly, a
detailed administration must be kept in order to determine the costs (in terms of engineering hours)
of each activity so that they can be either billed to the OEM, or discounted in future business with
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This is usually the main reason for white box SI in NPD at high‐tech OEM: suppliers are asked to provide
their input on the manufacturability of a product design.
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the OEM. The second and more important implication is that in a grey‐box collaboration, it may not
be clear who becomes the owner of any resulting intellectual property.
In general, the OEMs in this study argued that (paraphrasing) ‘since we pay the bills, we own the
technology.’ This is possible due to the bargaining position of the OEMs vs. their suppliers, which is
usually favorable for the OEMs. Nevertheless, OEMs are aware of the importance for suppliers of
being able to reuse design concepts for other customers and the potential for economies of scale
this brings. A feasible compromise is that the product design itself becomes exclusive property of the
OEM, but the underlying design concepts and technologies can be used by the supplier to serve
other customers. An additional challenge in grey‐box SI in NPD is, as outlined above, that the
supplier generally needs to accumulate more OEM‐specific assets. Apart from the fact that the
supplier will need to recoup these investments, it also means that the supplier has less resources
available to invest in other customers and business opportunities, resulting in a higher dependency
of the supplier on one customer .
Type
(Petersen, et
al., 2005)

Investments of
the supplier in
collaborative NPD

Benefits for the supplier
from collaborative NPD

White box

Limited investment
of man‐hours

Possibility to tune product
design to the supplier’s
manufacturing capabilities

Grey box

Extensive
investment in man‐
hours and in
accumulation of
OEM‐specific
knowledge and
competencies

Payment for NPD work (to be
agreed between supplier and
OEM), access to partial
designs and underlying
technologies

‘Dark‐grey’
box

Extensive
investment in man‐
hours

Payment for NPD work (to be
agreed between supplier and
OEM), possibly joint IP
ownership

Examples in this study

All cases featured this; integration
of manufacturing knowledge in NPD
is seen as a necessity
Console Structure (suppliers
ConsoleSup & AltConSup)
‐ Investments: engineering
workforce and building of
knowledge & competencies
(section 8.4.3)
‐ Benefits: financial compensation
in order volume and (future) use
of knowledge & competencies in
other markets (section 8.5.3)
Slide Module (supplier MechSup):
‐ Investments: generic & OEM‐
specific knowledge (architectural,
OEM’s NPD process,
technological)
‐ Benefits: payment for NPD work
(hourly rate)
Coupler Module (Scan/CoupleSup);
see section 8.6.1.1 for a detailed
elaboration)

Intellectual property becomes
property of supplier, payment
for NPD work (determined by
supplier)
Table 19: Investments and benefits for suppliers in different forms of SI in NPD

‘True’ black
box

Extensive
investment in man‐
hours

In Table 19, a second shade of grey is included: is ‘dark‐grey’ box, in which the supplier acts as an
externalized NPD team of the OEM. This form of SI in NPD approaches black box SI in NPD, save for a
few key differences. In ‘dark‐grey’ box SI in NPD the supplier performs the NPD activities, but under
close supervision of the OEM. The resulting intellectual property tends to become joint intellectual
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property123, or it becomes property of the OEM. The suppliers involved in this form of SI in NPD tend
to be smaller, less powerful and more dependent on the OEM in question than those involved in
black box SI in NPD.
In black box SI in NPD, the supplier is autonomous in the sense that it determines itself how it will
recoup the investments made in the development, and it will become the owner of any intellectual
property that emerges as part of the module development. Black‐box SI in NPD is recognizable in
Imagine’s Power Supply Modules, Peripheral Modules and Scan’s Coupler Module. At PrecMach,
several cases were also observed, but they are not included as separate case studies in this research.
The archetypical supplier involved in black box SI in NPD tends to be a proficient and powerful player
in its market, and accepts little or no involvement of the OEM in its NPD processes and innovation
strategy.
The above only works well if the OEM and the supplier have aligned their strategies in terms of
innovation and technology development. But the anticipated NPD projects of the OEM and the
resulting future technology requirements of an OEM are not always in line with the business strategy
of a supplier. Sometimes, strategies of a supplier and an OEM diverge, resulting in reduced
commitment of either party to the relationship. A notable example in our research is that of Imagine
and EleCo. In this particular case, the OEM was dependent on the supplier’s technology, but the
supplier’s responsiveness and commitment to the relationship declined, forcing Imagine to find an
alternative partner for the Imaging Module technology. A similar occurrence is the limitation of the
scope of NPD activities that PrecMach delegated to CompSup, making the business less attractive for
CompSup. This too is an example of a misalignment of interests of both companies, and it
emphasizes the need to align business strategies and technological roadmaps between OEMs and
suppliers.
Another long‐term collaboration issue is related to the above. The OEMs we investigated tend to
operate on the forefront of certain areas of technology developments. As a consequence, they tend
to have high and specific technology requirements for the suppliers that are involved in NPD. This
implies that other, less demanding customers of these suppliers may lag behind high‐tech OEM in
terms of technology requirements. For a supplier that is confronted with this phenomenon, this
means that it must make a strategic decision. The first option is to keep serving the demanding high‐
tech OEMs and investing substantially in the assets needed to do so, thereby accepting a high
dependency on that subset of customers. The second option is to try and serve high‐tech companies
for a period of time, after which the supplier attempts to serve other, less demanding customers
with the same assets, accepting that alignment with the original high‐tech OEM gradually
disappears. A third option is that the supplier attempts to stimulate its other customers to develop
to higher levels, but the feasibility of that strategy depends on the nature of the customers in
question. The final option is to pursue both of the first options, but this entails both consistently
investing in the further development of high‐tech knowledge and competencies, while at the same
time serving customers in slower‐paced industries. The question then is if it is possible to organize
effectively for such strategic ambivalence.
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E.g. in the case of a patent application, engineers at both the supplier and the OEM are listed as applicants.
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10 Conclusion: an integrative framework of SI in NPD
In this final chapter, the final conclusions of this research are presented, and answers will be
provided to the research questions outlined in chapter 4. We will critically review the central thesis
that the product shapes the collaboration, and present an augmented conceptual model. Finally, the
limitations of this research are briefly reviewed, which will include some suggestions for further
research.
The conceptual model in Figure 14 serves as a starting point for the augmented model proposed
below. The empirical work done in the context of this research suggests that that initial conceptual
model is too abstract a depiction of reality: it fails to capture the reasons why SI in NPD is so
challenging in a high‐tech industry, and its lack of detail makes it difficult to connect specific
conclusions and managerial implications to it. Therefore, a more detailed conceptual model is
needed. However, the drawback of such a model would be its complexity and size. For that reason,
we start this section by re‐conceptualizing the initial conceptual model (see Figure 15). Starting from
the still simple but revised model, we will explore in‐depth four of the themes that are contained in
this simple model: (1) the strategy of the OEM as a driving factor for SI in NPD, (2) the complexity of
the product as a moderator for the form of SI in NPD, (3) the availability of a suitable supplier as
another moderator for the form of SI in NPD, and (4). the form of SI in NPD itself is presented as a
construct that contains several, interrelated concepts. But first, the new, augmented conceptual
model will be discussed in its basic form.

Figure 15: an augmented conceptual model for SI in high‐tech NPD. The OEM's SI in NPD policy is modeled as
a driver of SI in NPD, but that relationship is moderated by the complexity of the product and the availability
of a suitable supplier.

The model at the beginning of chapter 9 (Figure 14) indicates that the causal relationships are set in
the context of the innovation strategy of the buying firm. This provision is needed in the augmented
model to explain the variations in the forms of SI in NPD as a result of OEMs striving for different
purposes, and also for conceptual clarity: our research suggests that neither the nature of the
product, nor the world of suppliers that surrounds an OEM automatically lead to SI in NPD. In the
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end, it needs to be acknowledged that the OEM itself is the primary factor determining whether SI in
NPD will occur, and in which form it ideally occurs. So the primary relationship in the augmented
model is represented by the OEM’ s SI in NPD strategy dictating the form of SI in NPD.
But this mechanism is not allowed to run free in practice. Had that been the case, we would
probably have witnessed more instances of pure black‐box SI in NPD, or more examples of systems
sourcing. Some cases of long‐term SI in NPD were developing in the direction of black‐box SI in NPD.
Certainly, the option of delegating the entire development and manufacturing to external suppliers
of certain non‐core modules appears to be an attractive concept to managers at OEMs. But both a
lack of a modular product architecture and of suitable suppliers limits the possibilities for black‐box
outsourcing of large modules. This means that in cases where the OEM would preferably employ
black‐box SI in NPD, these limiting factors result in white or grey‐box SI in NPD or outsourcing on a
lower level in the system architecture than the module, e.g. on the level of assemblies or individual
components. Note that the customer‐specificity of the product is not recognizable in this version of
the model. It is hidden underneath the ‘availability of a suitable supplier’, and will be addressed in
section 10.3. In the following four sections, we will break open the black boxes of the large and
abstract concepts of the basic conceptual model shown above.

10.1 The strategy of the OEM as a driving factor for SI in NPD
In this research, we have mostly focused on the strategic and long‐term aspects of SI in NPD. Indeed,
SI in NPD in the industrial setting that was investigated is a long‐term decision; collaboration for just
one project are few and far between to begin with due to the time needed for collaborative partners
to adjust to each other. In addition, our case selection criteria more or less automatically led to
inclusion of long‐term relationships. From this long‐term, strategic perspective on SI in NPD, three
concepts appear to play a particularly important role in determining in what way a high‐tech OEM
will undertake SI in NPD (see Figure 16), the first two of which are based on the main drivers for
outsourcing distinguished by Fine and Whitney (1996):
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OEM’s need for technology: the OEMs in this research integrate a wide variety of technologies
in their products, and new technologies are frequently added to the mix. It seems unfeasible to
develop the knowledge and competencies related to those technologies all in‐house, especially
if they are needed within a short timeframe. Therefore, the obvious choice is to contract
external partners to gain access to technologies (Fine & Whitney, 1996; Van Echtelt, 2004;
Wheelwright & Clark, 1992). Suppliers are a subset of the larger group of external partners, that
also includes universities, research institutes and engineering/consultancy firms. A need for
external technology does not appear to be tied to one particular form of SI in NPD: white, grey
or black‐box SI in NPD all bring the possibility to include external knowledge in an NPD process.
OEM’s need for capacity (Fine & Whitney, 1996): it appears that two contrary forces are at work
at the OEMs we investigated. On the one hand, there is a tendency towards making the
organization as efficient as possible in order to reduce overall costs and to optimize shareholder
value. This means that the growth of NPD organizations is limited (Imagine and PrecMach), or
these departments have even shrunk over the past years (Scan). On the other hand, it seems
that the functionality and performance of products increases steadily, and so does, at least in
some cases, the complexity of the products. The result is that more development and
engineering work must be performed by an engineering workforce that does not grow in
concurrence with the amount of work. The logical consequence is, besides reusing existing
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designs as much as possible, that external partners play an increasingly important role as the
performers of NPD activities. Not because of their unique technological knowledge, but because
of the flexible engineering workforce that they constitute. Logically, a need for external NPD
capacity would lead primarily to black‐box SI in NPD, as that is the form of collaboration in which
the NPD work completely takes place at the supplier. However, individual tasks can also be
delegated to suppliers, and therefore, grey‐box SI in NPD also offers some possibilities for using
external NPD resources. Associating this with the concept of systems integrators, it suggests that
systems integrators have more possibilities than just to choose if the development of an entire
module or subsystem is outsourced or performed in‐house: the overall development effort can
be decomposed into smaller bits, and the outsourcing decision can then be made on a lower
architectural level.
OEM’s need to focus on core modules and competencies: the paradigm of focusing on core
competencies and delegating non‐core activities to external organization is a popular theme in
the OEMs investigated (Hamel & Prahalad, 1990; Schoemaker, 1992). Indeed, it seems to have
nestled in the DNA of these companies, and only very few employees contest this notion124. The
concept of core modules is an analytical variant that we made of the core competencies concept
on the basis of the observation that some modules in the OEM products in this research
immediately and substantially contribute to the performance of the product, while other
modules are of a more peripheral nature. Hence, a distinction between core‐ and non‐core
modules can be made, and this is indeed what appears to happen at high‐tech OEMs. The
consequence is that non‐core modules are made eligible for outsourced NPD, or black‐box SI in
NPD.

In practice, the concepts above can interact with each other, but a tendency appears to exist at high‐
tech OEM to strive for complete outsourcing of NPD tasks for non‐core modules. If a module is core
but a dependency for external technology exists, then grey‐ or white‐box SI in NPD is an obvious
choice.

124

They are there, though. Most notably during an interview with an Imagine manager towards the end of the
final data collection round, the manager remarked that the whole business of outsourcing had been taken too
far and that companies like Imagine should embrace the wide range of knowledge, competencies and activities
that they still have. However, his opinion appeared to be an exception to the rule.
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Figure 16: A need for technology, capacity or a tendency to focus on core competencies results in the SI in
NPD strategy of the OEMs.

10.2 The complexity of the product as a moderator of the form of SI in NPD
The second black box that we will open up is that of the complexity of the product. In chapter 7, we
divided this concept into two parts: the modularity of the product as a whole, and the complexity of
the module. This reflects the hierarchical nature of the sort of complex systems that the OEMs we
investigated bring forth125. On the level of the entire product, i.e. the commercial product that the
OEM brings forth, we found that its modularity is an important factor that influences SI in NPD. The
overall effect is that loose coupling in the product, through a modular architecture, allows loose
coupling in the organizational system that develops (and manufactures) the product (Beekun &
Glick, 2001; Sanchez & Mahoney, 1996). In terms of SI in NPD, this means that the relationship
between the OEM’s SI in NPD strategy and the realized form of SI in NPD is moderated by the
modularity of the product.
More specifically: product modularity is an enabler of black‐box SI in NPD. If an OEM intends to
implement black‐box SI in NPD in the presence of an integrated (as opposed to modular) product
architecture, the lack of clearly defined, fully specified and stable module interfaces will necessitate
intensive coordination between the development teams that deal with different parts of the
product. On the other hand, if such stable and well‐defined interfaces are present, the development
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At the same time, our two‐leveled distinction (product and module) does little justice to the fact that the
number of layers only appears to be limited to the imagination of the observer. Arguably, one could extend the
level of detail towards the smallest conceivable particle, and the level of abstraction to include the universe.
The question is of course how useful such extensions would be. The dynamics encountered on the two
investigated architectural levels could interact with and be mirrored at other levels, but firm conclusions
regarding this recurrence cannot be drawn on the basis of this research.
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of a single module can be separated from the remainder of the development work and be assigned
to a relatively independent development team. Such a team can reside within the boundaries of the
OEM’s organization, but it may just as well be represented by an external organization such as a
supplier.
This mechanism does not imply that a modular product architecture causes outsourcing; indeed, we
view product modularity as an enabler and not as a driver for NPD outsourcing (Frigant & Talbot,
2005). We do conclude that if an OEM intends to outsource chunks of its NPD work, that product
modularity and organizational modularity ideally go hand in hand: they will have to emerge as a
tandem. This statement leads to another conclusion: based on this research, neither product nor
organizational modularity appear to be binary values. The change from an integrated organizational
or product architecture towards a modular one appears to be an evolutionary process that occurs in
several steps.
The products in this research evolve in a metastable fashion, in which incremental innovation within
an existing product architecture occurs until further improvement can only occur through a more
radical step that involves architectural innovation . On a larger timescale, this appears to be an
evolutionary process, in which the modularization of a product architecture and the development
organization occur incrementally and go hand in hand. It appears that two out of the three
evolutionary pathways outlined by Sako (2003), in which modularization of the product is followed
by modularization of the organization or vice versa, are not applicable to the industrial setting in
which this research was situated. Indeed, the pathway in which both occur at the same time, but
stretched out over a timeframe of several decades, seems the most appropriate for the setting of
high‐tech OEMs investigated.
The second concept underlying product complexity that we attribute particular importance to in
terms of SI in NPD is that of module complexity. This concept captures the complexity of the module
itself, in particular in terms of the number of parts, part‐to‐part interactions and technologies the
modules contains as well as the uncertainty that is inherent to those technologies. This has
implications for the complexity of the development of the module, and that in turn influences the
possibilities for SI in NPD and the way in which SI in NPD occurs. Firstly, the variety of technologies
and parts and the difficulty of managing the interactions between many different parts has
consequences for the knowledge and competencies that are required of the NPD team. If the
development is delegated to a supplier, this means that module complexity poses high requirements
on the supplier’s knowledge and competencies. This is the rationale behind the relationship we
defined between module complexity and the availability of a suitable supplier: the higher the
requirements in terms of knowledge and competencies, the more difficult it will be to locate a
supplier that meets those requirements.
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Figure 17: Product complexity was divided in this research in two concepts that represent two levels in the
system hierarchy: product modularity and module complexity. Both influence the relationship between the
OEM's SI in NPD strategy and the form of SI in NPD, while module complexity in addition influences the
availability of a suitable supplier (see text).

In addition, technological uncertainty, both at the module and the product level, implies that some
form of flexibility is necessary in NPD processes (Olausson & Berggren, 2010). This has two
implications: firstly, the NPD team needs to be capable of designing, implementing and using such a
flexible NPD process. This adds another required competence that plays a role in the mechanism
outlined above. Secondly, technological uncertainty in supplier‐developed modules in the empirical
setting of this research often involves interventions by the OEM, which intensifies the coordination
between the supplier and the OEM. Comparable to the mechanism outlined in relation to product
modularity, this ‘breaks open’ black‐box SI in NPD, making it move towards grey‐box SI in NPD.
In conclusion, an answer to the following research question can be formulated based on the above:
Q: What is the relationship between the complexity of the product and the form of SI in high‐
tech NPD?
A: Product complexity plays a moderating role in the relationship between the OEM’s SI in
NPD strategy and the form of SI in NPD that is actually realized. The presence of a modular
product architecture enables black‐box SI in NPD and organizational loose coupling, while an
integrated product architecture allows only white‐ and grey‐box SI in NPD and requires tight
organizational coupling for coordination purposes. In addition, complexity at the module
level results in high requirements of the supplier involved in the development, and thereby
limits the selection of suppliers that will be capable of participating in NPD. Finally,
technological uncertainty on both the module and the product level plays a similar role as an
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integrated product architecture, in the sense that it requires more intensive coordination
between the supplier and the OEM and therefore leads to tight organizational coupling,
reducing the possibilities for implementing black‐box SI in NPD.

10.3 The availability of a suitable supplier as a moderator of the form of SI
in NPD
The second moderating concept in the augmented conceptual model is the ‘availability of a suitable
supplier’. Two remarks must be made concerning the underlying concepts and mechanisms that we
discovered . The first remark is that our conclusions are tentative, as they rely on data gathered at
the OEMs, and not at the suppliers themselves. Hence, for the capturing of the rationales behind
decisions made by suppliers, we relied on data obtained in particular from supply chain managers
and personnel in procurement‐related functions at the OEMs. The second remark is that the
mechanisms behind the concept of supplier availability appear to be exceedingly complex. It proved
impossible to capture them in full detail, and at the same time, formulating theory on a very high
level of abstraction did not capture the essence of what appeared to happen in and around the
investigated high‐tech OEMs.

Figure 18: The underlying concepts and mechanisms that influence the availability of a suitable supplier are
complex and proved difficult to capture. The concepts and relationships discussed in this section are labeled
with the numbers 1‐5 and letters A‐J respectively for easy reference.

In this section, we place the dynamic model that we proposed in section 8.6.1.3 in a broader context
by integrating it in the augmented conceptual model. In the earlier dynamic model, we argued that
in the long term, a reinforcing loop can lead to increased collaboration between buyer and supplier
through increased satisfaction of the supplier and investments by the supplier in the collaborative
relationships. However, the dynamic can turn for the worse if the supplier experiences too little
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benefits from the collaboration, which could ultimately lead to relationship discontinuation (cf.
Schiele, et al., 2010; M. Song & Di Benedetto, 2008).
1. Availability of a suitable supplier. A suitable supplier is a supplier that is capable of performing
the NPD tasks that the OEM intends to assign to it, but that is also willing to participate (Mohr &
Spekman, 1994). The latter aspect is important since SI in NPD requires investments in both the
short and the long term from the supplier. In the short term, the supplier needs to commit
resources to the NPD tasks, while in the long term, it may need to accumulate knowledge and
competencies to serve the OEM (cf. Monczka, et al., 1998; Sobrero & Roberts, 2002); see also
concepts 2 and 4 below.
2. OEM‐specificity of the supplier’s assets. The supplier has innovation‐related assets (see concept
4 below) that can either be usable for a broad range of customers, or they may be usable for one
customer only (Monczka, et al., 1998; Sun, 2008). A distinction can be made between the
potential and the realized use of assets for a broader set of customers. Potential use: since the
high‐tech OEMs in this research are on the fore‐front of technology development in many areas,
the competencies required for the development of their product may not be useful for other
industries at the moment they are first needed by the high‐tech OEMs, but they may become so
at a later stage. Realized use: this refers to the situation in which a supplier has indeed
succeeded in commercializing on a broader scale the competencies that might at one time have
been specific to one customer. In particular module designs tend to be specific to high‐tech
OEMs, and this seems to be an important contributor to the competitive power of OEMs: the
creation of highly specific products allows them to serve niche markets for which no
standardized products are available. On higher levels of abstraction, i.e. the levels of
technologies and partial design solutions and that of knowledge and competencies, customer‐
specificity of assets tends to be lower.
3. Investments of, and benefits for the supplier. As mentioned above, a supplier needs to invest in
collaborative, high‐tech NPD. These investments are compensated for by benefits. These
benefits consist of direct or indirect benefits (Walter, et al., 2001). Direct value in this context
refers to financial payment by the OEM for services rendered by the supplier, whether
immediate or discounted in the price of the modules purchased by the OEM. Indirect value
refers to the financial benefits that the supplier can reap by commercializing the assets it
accumulates for and in collaboration with the OEM (see below). Three important observations
are associated with the supplier’s investments and benefits: (1) It is the difference between
investments vs. benefits that determines if the business of an OEM is attractive to a supplier
(Ravald & Grönroos, 1996). (2) The benefits tend to trail behind the investments, and therefore,
the perception of the supplier of the future benefits is important at the moment a supplier
decides to invest in NPD with a particular high‐tech OEM (Ford, et al., 2003). (3) In particular the
spin‐off (i.e. indirect) benefits that the supplier enjoys from collaborating with a high‐tech OEM
for innovation are part of the OEM’s attractiveness as a customer (Christiansen & Maltz, 2002;
Hald, et al., 2009).
4. The supplier’s innovation‐related assets. A supplier can have innovation‐related assets that are
relevant in terms of SI in high‐tech NPD. Such assets include product designs that could be re‐
used for other customers, partial designs and technologies that can be included in products for
other customers and the knowledge and competencies that can be used to create new products
for other customers.
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5. The supplier’s business development. A supplier can market its assets to new customers,
potentially in other market than its existing customers, and thereby generate revenues (i.e.) for
itself (Danneels, 2007). If the supplier is successful in using its assets to develop new business
opportunities, the supplier’s assets will become less specific to a single customer.
Several noteworthy relationships are present between the concepts outlined above. We argue that
these relationships create the dynamics that lead to the existence or emergence of suitable suppliers
for SI in high‐tech NPD.
A. Product modularity influences the customer‐specificity of the supplier’s innovation‐related
assets. A lack of modularity (i.e. an integrated product architecture) requires that the supplier is
aware of the technological context in which its module or component functions (cf. Brusoni, et
al., 2001; Takeishi, 2002). In addition, the supplier may need knowledge of the OEM’s NPD
processes and organization to aid the coordination between the buyer and the supplier, which is
typically accumulated through prolonged collaboration between both partners (Evans & Jukes,
2000; Sobrero & Roberts, 2002).
B. Through business development activities, a supplier can use its assets to serve new customers
(Danneels, 2002, 2007). In this way, the potential use of OEM‐specific assets can be realized,
thereby reducing the actual specificity of the supplier’s assets.
C. The more specific a supplier’s assets are to one customer, the more limited the benefits will be
the supplier can reap from them and the lower the attractiveness of the OEM as a customer
(Schiele, et al., 2010). This is particularly important in the empirical setting of this research, due
to the importance of the spin‐off effects of OEM‐supplier collaboration. If the supplier’s assets
are highly specific to one OEM, the supplier will need to recoup the investments in those assets
in the collaboration with that OEM alone.
D. Through business development activities, the supplier can reap financial benefits from its
existing assets (Danneels, 2007).
E. As we argued above, the ratio between investments and benefits that a supplier perceives
influences its willingness to participate in NPD with a high‐tech OEM.
F. The mix of the supplier’s assets, including most notably its NPD‐related competencies and
technological knowledge, determines if it is capable of performing the tasks that the OEM
delegates to it. This research suggests that in particular for black‐box SI in NPD, it is often
difficult to locate suppliers that have the required mix of assets to perform a NPD project in line
with an OEM’s requirements. Repeated collaboration in consecutive NPD projects, in which the
OEM assists the supplier where necessary, can help the supplier accumulating the assets
necessary for future black‐box SI in NPD.
G. A supplier’s investments result in innovation‐related assets, which in turn enhance its capability
for innovative tasks (see F).
H. A supplier can determine which assets create competitive advantage for its business, and base
its strategic decision to develop new market opportunities on that assessment (Marino, 1996).
I. The process of collaborating itself, in particular in the long term, enables the supplier to develop
new competencies and gain access to knowledge and intellectual property.
J. The scope of activities performed by the supplier determines the payment it receives from the
OEM. This payment can be made separately from the modules sold by the supplier to the OEM,
but compensation of the supplier through uplifts in the module price appear to be increasingly
popular at the OEMs investigated.
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The complex of concepts and relationships outlined above can be used to answer the following
question:
Q: What is the relationship between the customer‐specificity of innovation‐related assets and
the form of SI in high‐tech NPD?
A: Specificity of innovation‐related assets seems to influence SI in NPD indirectly, in particular
through its influence on the benefits that suppliers can reap in the long term from
collaborating with a high‐tech OEM for NPD. These benefits in turn create the willingness of
a supplier to collaborate in NPD, and to invest in the accumulation of additional assets that
are useful in the collaboration. Those assets are required for the successful delegation of a
broad range of NPD tasks for large and complex modules to a supplier. Ideally, this results in
a reinforcing loop in which both the OEM and the supplier experience value from the
collaboration. However, if the assets required from the supplier for the collaboration are
highly specific and the supplier is incapable of using them to create indirect benefits, the
OEM’s attractiveness will be limited, the supplier will not invest in the accumulation of
innovation‐related knowledge and competencies and the OEM will not be able to benefit
from a capable and willing supplier for SI in high‐tech NPD.
The answer above revolves around the same subject matter that plays a role in the question
regarding the investments of and benefits for the supplier. This part of the conceptual model shows
how interwoven the issues are that are related to the supplier’s side of the collaboration. What is
depicted in Figure 18 is a complex of concepts that operates in a dynamic manner: it contains
feedback loops that can either result in a positive, reinforcing effect, but also in a negative spiral.
Q: In what ways does the form of SI in high‐tech NPD influence the investments of, and the
benefits for the supplier involved?
A: SI in NPD requires certain assets from suppliers. These assets depend on the technical
content of the collaboration, but also on the form of the collaboration. In particular in grey‐
box SI in NPD, the supplier will need to invest in accumulating OEM‐specific knowledge, e.g.
of the OEM’s NPD process and relevant employees. On the technical side, the supplier will
accumulate technological knowledge and competencies over time, as a result of performing
NPD activities for the OEM. Hence, the supplier needs to invest time and (human) resources
in the collaboration in order to build the necessary knowledge and competencies for
prolonged collaboration. The attractiveness of the OEM’s business will then depend on what
benefits the supplier receives in turn for its investments. These benefits can occur within the
relationship itself, in the form of payment by the OEM for the supplier’s NPD services and for
products purchased by the OEM from the supplier.
But spin‐off benefits are perhaps even more relevant in a high‐tech setting: a supplier may
use the same assets it uses to serve the focal OEM to serve other customers. The extent to
which this is possible depends on the extent to which these assets are specific to the OEM.
Usually, the more abstract these assets are (i.e. generic technological knowledge and
competencies instead of product designs and intellectual property), the less specific they will
be to an OEM. But the supplier itself plays a role in determining the specificity of its
innovation‐related assets as well: the benefits it enjoys from them depends on the extent to
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which the supplier is capable of translating its assets into products and market offerings that
will generate revenues. Hence, the investments and benefits that the supplier experiences in
NPD collaboration depend on the technology at hand, on the form of the collaboration, but
also on the supplier’s strategic direction and its ability to realize its strategic plans.

10.4 The concept of SI in NPD and its dimensions
SI in NPD is a concept that has become associated with a stream of literature in the field of
management science, and it refers to the contributions of suppliers in the product development
process of their customers. However, at a more detailed level, SI in NPD is a complicated and diverse
concept. We conclude that it is indeed a concept, but one that contains several loosely related
dimensions related to buyer‐supplier NPD collaboration. The particular combination of dimensions
used here to capture the construct of SI in NPD fits the empirical context of this research, which is
not to say that this combination will necessarily fit all purposes, either managerial or scientific. In the
concept of SI in NPD as we defined it, we discern the following dimensions: the scope of the
supplier’s activities, the timing of involvement, the location of NPD work and the scope of supplier‐
developed parts.

Figure 19: SI in NPD is presented as a concept that can be captured in terms of four dimensions, three of
which are clearly related

10.4.1 The concept of SI in NPD
In this section, the dimensions of SI in NPD that are depicted in Figure 19 are discussed sequentially.
The scope of the supplier’s activities: this dimension captures the tasks that the supplier performs
for the OEM, and we view it as a close proxy to the supplier’s NPD responsibility. It is the
determinant of the form of SI in NPD, in terms of white, grey or black‐box (Petersen, et al., 2005). It
is primarily the OEM itself that decides on the scope of activities that is delegated to a supplier.
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However, the possibilities can be limited by the complexity of the product and the availability, or
rather lack of, suitable suppliers. In case of an integrated product architecture (high product
complexity), NPD tasks can be delegated to a supplier, but frequent adjustments and coordinative
activities will be necessary to keep the supplier’s activities aligned with those pertaining to other
parts of the system. The formal responsibility may still reside with the supplier, but the OEM will be
intimately involved in the NPD work as a coordinating and possibly intervening force. Furthermore,
the mix of knowledge and competencies of the supplier determine to what extent the supplier can
execute the tasks awarded to it. In particular black‐box SI in NPD seems appealing to the
investigated high‐tech OEMs, as it offloads their NPD organization from non‐core activities. It also
creates the possibility for enjoying economies of scale by making use of suppliers that market similar
modules or the partial solutions and competencies that underlie them to other customers.
The timing of involvement of the supplier in NPD: the moment at which the supplier is involved in
the OEM’s NPD process depends on the tasks it is required to perform. In the case of black‐box SI in
NPD, where the supplier performs conceptual design activities as well as detailed engineering
activities, the supplier will need to be involved at an early stage in the process. White‐box SI in NPD
requires that the supplier is prompted for input in those design stages where the OEM regards it as
opportune to include the supplier’s insight, and this will depend on the nature of the input that is
expected from the supplier. In grey‐box SI in NPD, the OEM and the supplier perform activities side‐
by‐side, so the supplier will become actively involved during those activities. In all three forms, it is
possible that the supplier is consulted, informed or actively involved at an earlier stage than strictly
necessary, for example to allow it to allocate the necessary resources to the collaboration or to
reach agreement on the coordination mechanisms used between the OEM and the supplier. The
suppliers in this research generally tend to be involved at an early stage of the NPD process,
sometimes even before an actual plan for a product or a formal development process is started. This
makes sense given the fact that virtually only long‐term relationships of a strategic nature were
included in this research, and therefore, technology discussions between OEMs and suppliers are
ongoing and occur without necessary association with particular NPD projects.
The location where the NPD work takes place: in the case of black and white box SI in NPD, the NPD
work takes place at the supplier and the OEM respectively, consistent with the party bearing the
formal responsibility for the activities. Grey box SI in NPD requires, at least to some extent,
colocation of engineers of both the OEM and the supplier. The location can be either the OEM or the
supplier. Most of the suppliers we encountered in this research have NPD departments that are
located in the same region as the OEMs they serve, although a few notable exceptions were also
witnessed. In all cases, face‐to‐face meetings were mentioned to be essential in the coordination of
projects and in aligning the strategies of suppliers and OEMs.
The scope of parts for which the supplier performs NPD activities: this dimension of SI in NPD is not
directly related to the other three discussed above, and indeed, it appears not to be explicitly
recognized in the literature. Implicitly, however, it is the basis for the concept of systems sourcing
and systems integration, in which companies contract suppliers for the development and
manufacturing of large chunks of their products: modules or entire subsystems (Gadde & Jellbo,
2002; Prencipe, et al., 2003). Given the presence of a hierarchical product architecture, an OEM has
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the possibility to delegate the development of small components, assemblies, modules or sub‐
systems126 to suppliers. In particular the outsourcing of entire (non‐core) modules is a popular theme
at the high‐tech OEMs investigated, but we conclude that actual delegation in a black‐box fashion
can only occur if the product architecture is modular and module interfaces are well‐defined and
stable.
In conclusion, SI in high‐tech NPD is a complex endeavor that involves interactions between several
aspects of both the supplier’s and the OEM’s business. In a high‐tech setting, the characteristics of
the product and technologies at hand play an important role as determinants of what extent of NPD
outsourcing and –collaboration is achievable. Furthermore, the supplier influences the collaboration
through its capabilities, but also its willingness to participate in high‐tech NPD. Therefore, any major
changes an OEM intends to pursue in its NPD collaboration strategy has long‐term implications.
Product architectures may need to be redesigned, which, given the long lifetime of a product
platform, can take a decade or more to plan and complete. Suppliers must be selected, and through
repeated collaboration and continuous strategic and commercial alignment, full‐fledged strategic
partners may emerge to which the development and manufacturing of complex modules may be
delegated.
10.4.2 SI in NPD in a network context
In this section we reflect in general terms on SI in NPD in the context of the business networks that
the investigated OEMs are part of.
In the cases where suppliers are absent that are capable of acting as systems suppliers, OEMs can
implement arrangements that may realize the benefits the OEMs are aiming for. Existing suppliers
with limited NPD capabilities can be motivated to build the necessary knowledge and competencies.
Some of those assets can even be offered to the supplier by the OEM in the form of transferring key
employees or granting the use of intellectual property rights to the supplier (see e.g. the Console
and Housing Structures of Scan). If a supplier cannot be located that is capable of both developing
and manufacturing a complex module, it is sometimes possible to find separate suppliers for the two
activities and implement a triadic collaboration. The OEM can still delegate the majority of the NPD
and manufacturing work, albeit possibly at the penalty of higher coordination costs than if one
systems supplier were used (cf. the case of PrecMach’s Slide Module).
The latter option, that of a triadic collaboration, illustrates how SI in NPD can have implications
beyond the scope of dyadic relationships. Another example is also found in the Slide Module case,
where PrecMach was in direct contact with a component supplier that, in a later stage of the
product life cycle, would be ‘hidden’ behind the first‐tier supplier SlideSup. SI in NPD does not occur
in a vacuum: it is an activity that occurs on the interface of organizations that are part of a network.
SI in NPD is a symptom of a continuous process of recombination of the innovation‐related assets of
individual organizations. SI in NPD leads to the intensification of existing (buyer‐supplier)
relationships: relationships that are sometimes only implicitly or indirectly present in a business
network, but that become subject of careful NPD‐ and relationship management if innovation
processes require it, as was the case with BellowSup. Hence, in order to understand the meaning of
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Or any other combination of monolithic components that can be conceived; note that none of these terms
appear to have a clear, agreed‐upon definition, for example in the number of components that they consist of.
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SI in NPD, one must include the dynamics within the business network in which it occurs, and not
just the long‐term dynamics of the buyer‐supplier relationship itself.
But in the end, the decision to involve suppliers in innovation activities is the choice of an OEM,
based on the perception that doing so will help improve its competitive position in a global market.
Through this research, we have made an effort to understand the mechanism through which OEMs
can do so, and what challenges it involves. But we have no answer to the question if it is desirable or
inevitable to involve suppliers in NPD. Perhaps it is the only way to remain competitive in an
industrial landscape in which processes of vertical disintegration and specialization are a common
phenomenon. Perhaps it is the only way in which the development of exceedingly complex products
can be managed in the first place, through a process of ‘divide and conquer’ ‐ by dividing them in
smaller bits, and by distributing those bits over individual organizations that manage their own
resources, activities and strategies. SI in NPD is perhaps a sign of ultimate flexibility: organizational
boundaries are only legal artifacts, while processes of innovation cross these boundaries in very
much the same way as the boundaries are crossed between teams within a single organization.
But is SI in NPD and flexibly forging (and disconnecting) technology partnerships the route of choice
for innovation in a high‐tech manufacturing industry? Perhaps not. Perhaps SI in NPD is a symptom
of a focus on core competencies taken too far, and as such it is a process that ultimately leads to
disintegration of firms and their varied knowledge bases. Segmenting the knowledge and
competencies of high‐tech firms may make it more difficult to recombine them into meaningful, new
product concepts for the future competitiveness of the firm. Instead of a powerful network
organization in which organizations dynamically associate as market requirements require it, the
result may be a disintegrated landscape of bits and pieces that are difficult to put together. The
process of forging new partnerships may be cumbersome and costly instead of flexible and powerful,
and the lack of a central coordinating mechanism may make inter‐organizational alignment
impractical or even impossible.
In this research, the OEMs represent relatively powerful players with sufficient market power to
exert influence on their suppliers. This helps planning long‐term technology developments and
aligning the strategies of dozens of businesses within the supply network of an OEM. But suppliers
may gain critical mass and bargaining power, as for example happens in some instances where
suppliers are striving for higher value‐added activities by becoming systems suppliers. And that may
erode the position of OEMs as the leaders and coordinators in their respective business networks. If
OEMs become followers instead of leaders, how are the new network leaders (who are possibly the
suppliers of those OEMs) going to coordinate supply and demand? Will they be able to translate the
current and future commercial and technological requirements of the OEMs’ niche markets into
viable roadmaps?
The above illustrates that when assessing the success of innovation, the focus should not be on a
single firm within the business network, but on the entire supply chain or network. It is the
combination of organizations that contributes to the emergence of new products that creates
competitive advantage, and not one firm by itself (cf. Lambert & Cooper, 2000). As a consequence, it
is no longer the technological knowledge and innovation‐related competencies that an OEM itself
possesses that determine its success in an innovative market. Instead of that, or at least in addition
to that, its competitive advantage is created by an OEM’s possibility to quickly and effectively locate

222

Conclusion: an integrative framework of SI in NPD
those technologies and competencies in its business network that are complementary to its own
assets. Perhaps more so than being able to develop technologies in‐house, an OEM should be able to
link external knowledge and competencies to its own business goals, but in such a way that its
external partners are as satisfied with the collaboration as the OEM itself. For ideally, a partner such
as a supplier cannot be used as an external source of innovation once or twice, but sustainably.
Although it must be noted that the flexibility in creating new inter‐organizational links also brings the
necessity to break or weaken those that no longer contribute to the mission of the OEM: it is not
feasible to infinitely expand the organizational network and to maintain only intensive, collaborative
relationships with all parties in the business landscape. OEMs should therefore plan ahead in every
collaboration: not only for the period in which the collaboration thrives, but also for its possible
demise127.
In any case, SI in NPD is a sign of a dynamic and innovative industry, in which continuous innovation
is a necessity. SI in NPD has implications for how companies in a supply chain evolve through
processes of re‐defining their core competencies and delegating innovation‐related activities to
others. This redefining of core competencies leads to changes in the distribution of investments and
benefits associated with innovation throughout the supply chain as a whole. Although in the short
term, a tendency towards more SI in NPD is visible, it seems impossible to pinpoint a specific
direction in which matters evolve in the long term. Our data show no evidence of an inescapable
force that pushes system architectures towards modularity or integratedness, or that drives
companies to vertically integrate or disintegrate.
In practice, the extremes are never realized; product architectures and organizational designs
revolve around the grey, middle ground, as managers attempt to respond to external influences by
finding new optimal solutions. But these optima appear to be difficult to capture in clear facts and
figures. It seems that the vision and perception of decision makers at the OEMs as well as at their
suppliers are in the end more powerful and influential than the business cases they use to illustrate
or validate their plans. The decision to collaborate for innovation and the question how this should
be done is then to a large extent a matter of choice rather than obligation. But if it is undertaken,
and the details of the implementation should be pursued conscientiously and with a sense of the
interests of all parties involved; not only for the next NPD project or new product, but also for the
decades to come.

10.5 Theoretical and practical implications
This concludes our study of SI in NPD in a setting of OEMs that create high‐tech, complex products in
a business to business setting. In the final two sections, we will review the implications of our
research for researchers and managers. The first involves a review of the limitations of this research
project and an assessment of relevant research opportunities, resulting in suggestions for further
research. The second presents managerial implications that could be useful for companies that
intend to involve their suppliers in NPD.
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During the pilot research, a procurement manager mentioned during an interview that a lesson he learned
in managing collaborative relationships, that during the initiation of a new partnership, it is important to plan
its discontinuation as well as its success, however difficult that is.
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10.5.1 Limitations of this research and suggestions for further research
The limitations of this research lie in two main areas: its scope and the methodology used. These
subjects will be addressed separately.
10.5.1.1 Limitations originating in the scope of this research
One of the ways in which this research adds to the existing literature is by offering an integrative
view of SI in NPD. This was done by placing that phenomenon in a broad context in terms of the
management literature, contrasted by a narrow focus on a specific empirical context. SI in NPD was
used as a starting point to explore the innovation and NPD‐outsourcing practices of high‐tech OEMs
in The Netherlands. The attempt to create an integration of several streams of literature, most
notably those on SI in NPD, modularity and system integration, means that we have chosen breadth
over depth in terms of a theoretical basis.
In this research, we have touched upon several subjects, attempting to characterize the relationships
between them and to find out how they interact. As a result, the concepts themselves that are
central to this research have not been addressed in the depth in which they have been explored in
publications that are focused on a narrower scope. This is visible in how the fundamental concepts
in this research were operationalized. The dimensions used were chosen eclectically and were
chosen partly so that they would be recognizable by the practitioners that were interviewed. This
implies that the conclusions that we draw remain on a relatively high level of abstraction. Below, an
overview will be provided of particularly important concepts that were addressed in this research,
the limitations that this research has in investigating them, and suggestions for further research.
SI in NPD
Currently, the expression SI in NPD appears particularly useful as a keyword in academic publications
to indicate that a paper is about buyer‐supplier collaboration with respect to product development.
However, as a concept, it seems ill‐defined. Existing definitions such as that of Van Echtelt (2004, p.
27) are so generic that virtually any activity that a supplier performs in relation to a customer’s NPD
activities is SI in NPD. In section 10.4.1, we discussed four aspects of SI in NPD, all of which are
explicitly or implicitly present in the extant literature. We have made an attempt to characterize the
relationships between these aspects, but without trying to make quantitative estimates of the
strengths of relationships.
A quantitative measurement of concepts such as product complexity, customer specificity and SI in
NPD is certainly possible, although it will require that certain dimensions of those concepts are
highlighted at the cost of others. Several publications have done this by collecting e.g. survey data to
untangle the complex of concepts, dimensions, antecedents and effects associated with SI in NPD
(Omar, Zailani, Sulaiman, & Ramayah, 2006; Petersen, et al., 2003; Ragatz, et al., 2002; Ragatz, et al.,
1997; Tan & Tracey, 2007). Efforts have also been undertaken to measure product modularity
(Gershenson, Prasad, & Zhang, 2004; Mikkola, 2006). A quantitative study into the relationship
between product modularity and SI in NPD could be based on a synthesis of such measures. A similar
way of working could be applied to the relationship between the customer specificity of the product
and SI in NPD.
While such quantitative research gives some insight into the correlations between aspects related to
SI in NPD, it does not necessarily say much about the causality between them. Only scant research
appears to have embarked upon journeys in this direction (Lakemond, et al., 2006; Van Echtelt, et
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al., 2008), the present study being one of them. The conclusions of these studies is invariably that
concepts related to NPD collaboration and characteristics of the product and NPD processes are
intertwined. This leaves room for studies that bring more conceptual clarity in the black box of SI in
NPD, both in quantitative and qualitative ways. In addition, the characteristics of the product and
technologies at hand seem to be underexposed. For example, the question at which level of the
system architecture a supplier is being involved, i.e. the scope of (interrelated) parts for which a
supplier performs NPD activities, is absent from the literature on SI in NPD. This seems to be an
hitherto unexplored interface between literature on product architecture and complexity and the
literature on SI in NPD. Future research could fill this gap by answering questions such as “what is
the optimal level in the product hierarchy to outsource NPD activities,” and “under which conditions
is such a decision to outsource NPD indeed the right decision”?
Modularity of the product and the organization
The concept of product modularity plays a central role in this research. On a theoretical level, we
have taken stock of several definitions of the concept of modularity. But on an empirical level, the
operationalization of this concept was informal and implicit. The result is that apart from a
qualitative assessment, no actual measurement of the modularity of products was made. We
concluded in section 9.2 that a quantitative measurement of product modularity as such would be
difficult to perform in a meaningful way. However, the dimensions of product modularity that have
been recognized in the extant literature, such as the presence of well‐defined and stable interfaces,
could be used to set up a quantitative measurement of product modularity (Hsuan Mikkola, 2003).
This could lead to better understanding of, for example, what the optimal partitioning is of a given
product in terms of different hierarchical levels (vertical partitioning) and separate elements on each
level (horizontal partitioning). Such a measurement could be linked to a measurement of
performance, e.g. of overall NPD costs, NPD lead time or collaboration success to work out optimal
architectural solutions from different perspectives. The work of Baldwin and Clark (2000) using the
design structure matrix to map interactions between system elements and NPD activities is an
example of the direction in which this could be pursued.
The present research adds to the debate concerning the direction of causality between product
modularity and organizational modularity (Campagnolo & Camuffo, 2009; Frigant & Talbot, 2005).
We argue that product modularity enables organizational modularity, our data are too limited to
make this a universal statement, nor does that answer the question if firms or even entire industries
tend to evolve from an integrated product and organizational architecture towards a modular form
of both. Our research suggests that external factors drive the modularization of the product:
competitive forces and customer requirements lead to a need for a combination of high
innovativeness and economic efficiency, both of which OEMs attempt to realize by modularizing
their products. At the same time it is arguable that modularization of the NPD organization is
necessary to be able to keep a vast number of interdependent NPD activities manageable. However,
our understanding of the direction of causality between organizational and product modularity is
still incomplete. Further research should be undertaken to bring clarity to this matter.
Customer specificity of innovation‐related assets
The construct that was built in the course of this research is particularly eclectic: bit and pieces were
borrowed from several sources and streams of literature and put together into what we believe is a
sensible combination. This was done by applying the theory on asset specificity to knowledge and
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competencies. The types of knowledge and competences that we inventoried in this research are
specific to the empirical context. It seems relevant to extend such efforts to other industries as well.
In addition, this subject of the specificity of innovation‐related assets could very well be extended in
a quantitative direction, by attempting to quantify the costs of ‘NPD transactions’, i.e. the
transactions that are involved in delegating NPD tasks to external organizations, in the face of the
investments required to build partner‐ or relationship‐specific knowledge and competencies (cf.
Dyer & Singh, 1998). This could shed light on the question in what instances is SI in NPD sensible, and
should companies undertake it? A quantitative approach could result in the recognition of guidelines
with practical relevance, or at least in recognizing those parameters that are the major cost drivers
in NPD collaboration between buyers and suppliers. As of yet, the actual costs of coordinating NPD
activities across organizational boundaries appear to be an elusive but empirically relevant subject,
as it could influence the decision‐making at innovating firms concerning NPD outsourcing.
An additional aspect that we have touched upon, but not worked out in detail is the relationship
between product modularity and customer‐specificity of a supplier’s assets. We argue that low
product modularity requires customer‐specific ‘module’ designs that are compatible with the rest of
the product, but also that a supplier needs architectural knowledge of the entire product and
knowledge of the customer’s NPD organization in order to coordinate the development work at the
supplier in a technical and organizational sense. This subject could be further explored; some
research in this direction has been performed (Griffith, et al., 2009), but it seems that a more
structural exploration of the interface between product modularity and innovation‐related asset
specificity could help create a better understanding of the implications of modular and integrated
product architectures in terms of the competitiveness of the firm, its market positioning and its
bargaining power with regard to suppliers.
Drivers, antecedents and enablers of SI in NPD
We conclude in this study that ultimately it is the OEM’s strategy that drives the form of SI in NPD
that will occur. Underlying that strategy, according to our observations and some existing studies,
are a need for external technology or NPD capacity and a focus of the firm on core competencies.
We argue that the relationship between strategy and the way in which SI in NPD manifests itself is
moderated by the complexity of the product and the availability of capable and willing suppliers.
This is only a pattern that we recognized in our data, and discussions with managers at OEMs in the
course of this research led us to believe that it is the essence of SI in NPD in this empirical setting.
But we also remarked in the chapter on methodology that this research is based on the post‐
positivist notion that reality is difficult to capture in a complete and consistent explanation (see
section 5.1). That implies that what we argue is the essence of SI in NPD, is not necessarily a
complete or the only explanation of how SI in NPD works. In the course of this research, we have
come across several subjects that might also explain the observed phenomena. We will list a few
notable subjects that were not included in the integrative framework that is the result of this
research, but that nonetheless seem particularly worthy of further research.
Inter‐organizational collaboration is likely to be influenced by the internal organization. Hillebrand
and Biemans (2004) have argued that there are clear interactions between collaboration within the
firm and between firms. We found at high‐tech OEMs several indications that support this notion,
but decided not to focus on this aspect in the final analysis. Still, we concur with Hillebrand and
Biemans (2004) that the internal organization at both the buying and the supplying firm is a relevant
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subject to take into account when studying phenomena of inter‐firm collaboration such as SI in NPD.
The work concerning the involvement of purchasing personnel in NPD processes is a prime example
of the direction in which this could be pursued (Atuahene‐Gima, 1995; Wynstra, et al., 2003).
However, the scope of intra‐organizational collaboration could be broadened to include not only
purchasing personnel, but also other functions that are relevant in terms of SI in NPD. In particular,
some of our observations in the course of this project suggest that departments dealing with
logistics in the supply chain, legal issues, human resources and organizational process design are
relevant functions to include in this sort of research.
In connection with the above, the subject of personal traits and interpersonal relationships seems to
be a promising avenue of research in a context of intra‐ and inter‐organizational collaboration. We
observed cases in which SI in NPD appeared to ‘run smoothly128’, while in other cases, interviewees
were less optimistic about past, present or future collaborative processes. An important factor in
this respect appears to be the personal compatibility between procurement personnel and
engineers that are involved in the same instance of SI in NPD. A frequently observed phenomenon
was that tandems formed, either intentionally or serendipitously, between a procurement account
manager (responsible for the management of the relationship with a particular supplier) and an NPD
project manager. In some cases, these tandems appeared to be successful, in the sense that both
ends of the relationship described the collaboration as constructive and useful. In other cases, these
interactions were described in less optimistic terms and friction between both persons appeared to
be present. It was mentioned by several interviewees that inter‐ and intra‐organizational
collaboration is in the end about people working together, and that tends to go better if these
people get along on a personal level. Although this was a recurring theme, we decided that it would
be beyond the scope of this research to include it in a more structural fashion in data collection and
analysis. However, it seems a promising avenue of future research on the nexus of collaboration
management, human resource management and sociology.
10.5.1.2 Limitations as a result of the methodology used and suggestions for further
research
Some limitations of this research stem from the qualitative research methodology used. As
explained in the introductory chapter, the purpose of this research is to expand on and integrate
existing work on e.g. modularity, relationship value and SI in NPD by exploring the practices of high‐
tech OEMs in a longitudinal and retrospective fashion. The case study approach used for this enables
detailed, in‐depth, qualitative data collection. In turn, this means that it allowed us to identify
relevant decision parameters used by managers, to spot evolutionary patterns and to capture the
subtlety in relationships between relevant concepts (Eisenhardt, 1989; Yin, 1994). What these data
do not allow, however, is the drawing of conclusions with a wide reach and with high external
validity. This is reinforced by the highly specific empirical setting in which this research was
conducted, in which only Dutch, high‐tech manufacturing companies are represented.
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We are aware that this is a rather subjective qualification, but it is inescapable that in some cases, the
interviewees appeared to be enthusiastic about the intra‐ and interorganizational collaboration, while in
others, clear signs of friction or dissatisfaction were observed. These could sometimes be explained by
differences between individual employees or personal and temporary circumstances surrounding a particular
interview, but in some cases, the positive sentiment recurred in additional interviews concerning the same
case.
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The use of qualitative data and a limited number of cases implies that our conclusions are based on
analytic generalization and not statistic generalization (Yin, 1994). We have looked for plausible
explanations for how SI in NPD unfolded over time in different cases, and have attempted to
recognize patterns in that evolution (Eisenhardt, 1989; Langley, 1999). We have not investigated the
probability of certain patterns occurring. Additional research could be aimed at testing the
relationships we present in the augmented conceptual model in this chapter.
The empirical context in which this research was performed is homogenous in a number of aspects:
the OEMs are all based in The Netherlands and they are all high‐tech firms with complex, physical
products that are manufactured in relatively low volumes. It is possible that the prevalent social and
cultural norms in Western Europe influence inter‐firm collaboration, for example because of the
relative ease with which contacts are initiated between firms and between individuals on different
organizational levels (cf. Hofstede, 1983). Comparative research between different regions, as was
done repeatedly in the context of SI in NPD in the automotive industry (cf. Birou & Fawcett, 1994;
Liker, et al., 1996), could be undertaken to validate the results of the present research in an
international setting. In addition, research efforts could be undertaken to identify differences
between industries (cf. Pavitt, 1984a). The issue of the different domains or perspectives (Erens &
Verhulst, 1997; Takeishi & Fujimoto, 2003) from which a product can be viewed is an interesting lead
that could be connected to this. For example, in this research, only manufacturers of physical
products were investigated; do similar dynamics play a role in firms developing software?
Furthermore, this research involved only data from the viewpoint of the buyer in the buyer‐supplier
dyad. This was a deliberate choice in the research design, as we sought to understand in detail the
buyer’s perspective on the collaboration. Still, particularly regarding the subject of customer‐
specificity of assets and the attractiveness of collaborative innovation for supplier’s, this choice is a
shortcoming. Very little research is available that does offer a fine‐grained, qualitative insight in both
ends of buyer‐supplier innovation‐oriented collaboration (see Lakemond, 2001 for a notable
exception). Our research suggests that this would be a particularly relevant avenue for future
researchers to explore.
Finally, the mini‐study of partnership success or failure in two contrasting cases of long‐term
collaboration in section 8.6.1.3 could be used as the basis for a system dynamics model (Sterman,
2000). In the course of this research, no attempt was undertaken to do this, but it seems that a
system dynamics approach could produce insightful results when applied to evolutionary processes
of modularization and value perception in a context of inter‐firm collaboration. A system dynamics
approach has been used to model the dynamics of buyer‐supplier relationships (Akkermans, Bogerd,
& van Doremalen, 2004). The present study could be used as a basis for further development of that
avenue of research, especially since system dynamics appears to be usable for research subjects in
which strategic issues and multiple stakeholders are important factors (Vos & Akkermans, 1996).
In conclusion, this research is limited in several ways, reducing the external validity of the
conclusions drawn. As the intent of this research was to explore subjects that appeared appropriate
for further research and to integrate existing research efforts, the limitations outlined above were
accepted. Hopefully, these shortcomings will be filled by future research efforts, for which we have
provided a few suggestions.
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10.5.2 Managerial implications
In this section, we will provide a few practical guidelines for decision‐makers that deal with SI in
high‐tech NPD. Our recommendations can be divided into two categories: one pertaining to the
different rationales and forms of SI in NPD, and one pertaining to strategic considerations that are
related to SI in NPD.
10.5.2.1 Recommendations concerning rationales and forms of SI in NPD
Perhaps the most essential recommendation in terms of SI in NPD that can be given to a company is
to be clear about the goals that are to be achieved by implementing SI in NPD. Several rationales for
SI in NPD are recognizable in the literature and also in our empirical work, and we have argued in
this chapter that each form of SI in NPD comes with its own set of advantages and drawbacks. This
means that the correct form of SI in NPD should be selected to suit the goals of the company. Below,
we will present a number of scenarios that connect with the most important purposes of SI in NPD
that we have encountered in this research.
Forms of SI in NPD and their requirements
If the internal NPD organization must be offloaded (due to a focus on core competencies or a lack of
internal NPD personnel) and/or economies of scale are desired, then black‐box SI in NPD or even the
inclusion of CoTS components is desirable. However, this requires that clear technical and
organizational interfaces are defined, so that the work of the supplier can be clearly specified and
coordination between the company and its supplier does not require excessive managerial
attention. In terms of the product architecture, the implication is that a high degree of modularity
should be put in place. In the case of systems sourcing, special care must be taken to define the
same modules from a developing‐ and manufacturing perspective. Since the supplier will perform
both the development and the manufacturing work for the module, the boundaries of the module
should be the same from a functional and a physical perspective. Otherwise, the transfer from NPD
to manufacturing will result in integration problems and problems related to the transfer of partial
designs from one supplier to another.
Furthermore, if the existing product architecture is of an integrated nature, this can have profound
implications for the NPD process as well. A modular product architecture with the well‐defined and
stable module interfaces that are desirable for black‐box SI in NPD requires that the architecture and
interfaces are defined before the development of the separate modules starts. In other words: a
phase of architectural definition needs to be put in place at the beginning of the NPD process. In
addition to this and as a complement to the technical interfaces, a clear organizational interface
must be available to streamline the coordination between buyer and supplier. This requires a clear
project timeline, well‐defined deliverables and project milestones, and points of contact through
which information flows and problem‐solving processes between the buyer and supplier can be
coordinated.
Alternatively, the focal company may require technological knowledge that it does not possess itself.
This knowledge may be attracted from a supplier. In such a case, the opportune mode of SI in NPD
depends on how closely the necessary technology will interact with in core modules or
competencies of the focal firm and what competencies the supplier has. If the technology does not
interact closely with those areas that the focal firm considers as its core competencies or modules
and the supplier is capable of managing the required NPD activities itself, then a black‐box mode of
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SI in NPD can be selected, and the guidelines laid out above can be applied. But if the supplier’s
technology needs to be integrated into core areas of the focal firm’s product or if the supplier lacks
the necessary NPD capabilities, then the focal firm will need to be more intimately involved in the
NPD process. The appropriate form of SI in NPD is grey box, in which engineers from both firms work
side by side. This brings other challenges than black‐box SI in NPD. Due to the tight organizational
coupling, frequent contacts and intensive information exchange between the focal firm and the
supplier need to be facilitated. In all likelihood, this will require frequent face‐to‐face interactions,
and geographical proximity between both companies or colocation will be an advantage or even a
necessity.
In addition, there needs to be a good understanding at the supplier of the focal firm’s NPD processes
and employees. In order to perform daily activities, the supplier needs to be aware of its role in the
overarching NPD process of the focal firm, and it needs to be able to locate those employees in the
focal firm’s organization to obtain the information necessary to perform tasks. In addition to these
organizational arrangements, legal and financial agreements require special attention in grey‐box SI
in NPD as well. Due to the fact that the development work is distributed over the focal firm and the
supplier, clear agreements must be made regarding the ownership rights of the resulting intellectual
property. Financial compensation of the supplier’s services will need to be arranged as well, which
may require a detailed administration of which activities were performed by whom.
If only a supplier’s insights and manufacturing knowledge are needed to fine tune the product design
for e.g. manufacturability, then white‐box SI in NPD can be sufficient. In comparison with black‐ and
grey‐box SI in NPD, this appears to be relatively easy to implement. Attention should be given to
determining the optimal moment at which the supplier is prompted for input. Too early, and the
design may not be detailed enough to trigger useful input from the supplier. Too late, and not
enough time will be available to make changes to the design and any remaining flexibility is too
limited to make the required changes. A tactical matter that should be kept in mind in involving
suppliers in a white box fashion is that by allowing the supplier to influence the design, it can be
possible for a supplier to tailor the design to its specific manufacturing capabilities or product
offering. In this way, the supplier can achieve a lock‐in of the buyer, reducing the possibilities and
increasing the costs associated with switching suppliers later on in the product life cycle. This will
likely not be concern in terms of product functionality or manufacturability itself, but it may conflict
with the supply chain strategy of the focal firm. This issue was observed frequently in the course of
this research129, sometimes causing frustration with procurement personnel as any room for
negotiations with a supplier had been effectively taken away during the design stage of the product.
10.5.2.2 Strategic considerations associated with the content of this research
In addition to the pragmatic, operational guidelines above, this research also gives rise to strategic
considerations. The first recommendation for high‐tech firms is to depart from the situation in which
a product design turns out to be specific to some extent, limiting the possibilities for the company
itself and its suppliers to create economies of scale and thereby optimize value. Instead, OEMs could
decide on an innovation strategy that fits with a deliberately chosen level of specificity of the
product. On one end of the scale, there is the possibility of marketing a fully generic product that

129

But mostly outside the context of the cases discussed in detail in this book.
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technically does not differentiate from competing offers. Competitive advantage could be drawn
from services that augment the product or from branding. The advantage of this strategy is that it
can rely heavily on the use of off‐the‐shelf components or even entire products that are bought as‐
is. At first glance, it seems that such a strategy is a far cry from the business practices that were
discussed in this report, but note that Imagine has used this strategy for low‐end products to
complement its offering of high‐end products. Hence, it can be useful to augment a product
portfolio without having to invest heavily in NPD activities.
On the other end of the scale, a company can decide to offer highly specialized products with
superior technical performance or functionality. We argue that in order to differentiate from the
competition in that respect, integration between and specialization of parts of the system are
necessary to some extent. For example at PrecMach, its success in the market niche it serves is
enabled by the performance of its products, which is in turn enabled by the highly specific and
intricate product designs that are tailored to squeeze the optimal performance out of traditional and
new technologies. Functional integration is necessary to tune modules to each other in order to
reach this optimal performance. Hence, the other end of our scale of innovation strategy is
characterized by integrated, specific products. The drawback of this end of the scale, however, is the
reduced possibilities for SI in NPD due to reduced product modularity and due to higher
requirements on suppliers in terms of technological knowledge and competencies.
In essence, the choice seems to be between two archetypal paradigms. The first is a strategy in
which Lego‐like building blocks are procured as black boxes from the market, resulting in limited
integration problems and smooth coordination with suppliers. However, this could cause difficulties
in creating a sustainable competitive advantage. After all, any competitor can decide to put together
the same combination of blocks130. The other archetypal form is the highly integrated product in
which every component is tuned to its environment, creating the best imaginable performance but
also the most challenging environment in which to integrate the inputs from suppliers. It seems that
in the short term, it is possible to make a favorable combination of both strategies: define highly
specific modules that are tuned to each other in a functional sense, but at the same time loosely
coupled, allowing the possibility of smooth, black‐box SI in NPD. However, the question is if this
combination will create competitive advantage in the long term, as competing firms may start
contracting the same or similar building blocks from the original suppliers. Legal protection of
intellectual property could be at the basis of such a successful strategy, resulting in a modular, but
‘closed’ product architecture (Fujimoto & Takeishi, 2001). However, it seems only a matter of time
before supplier firms devise ways to evade legal action, for example by creating variants on the
building blocks that are essentially similar to the original, but different enough to evade legal
repercussions.
This brings us to the second strategic issue, which concerns the investments and benefits of the
supplier. For the focal firm, the presence of a capable and willing supplier is vital for successful SI in
NPD. But ‘capable’ and ‘willing’ implies two things: firstly, the issue of capability means that the
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There are several options for preventing this, however. The systems integrator could decide to devise one
unique and essential building block that ties the other ones together, thereby keeping control over the system
as a whole. Or the systems integrator could use its bargaining power over suppliers to make exclusive
agreements concerning the supply of modules.
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supplier has the required knowledge and competencies to participate in the form of SI in NPD that is
desired. This may require investments by the supplier. Secondly, the willingness of the supplier
implies that the supplier has a positive perception regarding the benefits that will emerge from the
collaboration. Or more accurately: the supplier expects the ratio between investments and benefits
to be favorable, if not immediately, then within a certain timeframe. It may seem attractive for a
firm to entice its suppliers to make the investments necessary for NPD collaboration by promising
substantial benefits in the long term.
But especially if these promised benefits are of an indirect nature, i.e. their materialization is
dependent on the supplier’s own business development activities, the focal firm has little influence
on the extent to which those benefits will actually arise. In the short term, the supplier may perceive
those benefits, anticipating their materialization in the long term, and invest in the assets required
by the present customer. But if in the long term those benefits do not materialize, the supplier is
likely to become dissatisfied with the relationship, resulting in a business conflict between both
parties. This can be particularly undesirable for the OEM if it has by now become dependent on the
supplier’s assets. Hence, in order to maintain the long‐term viability of the relationship, the focal
firm needs to be aware, at least to some extent, of the perception of the supplier concerning the
profitability of the collaboration, as well as the possibility that that perception may be unjustified.
Hence, if a focal firm requires its suppliers to invest in certain assets with the expectation and
(implicit) promise that those assets will be or will become valuable for other customers of the
supplier as well, ideally the focal firm is aware of the actual market potential of those assets. In this
research, we observed that high‐tech OEMs usually have a vague perception of the value of their
supplier’s assets, but they rarely recognize it as part of their own business to be aware of this.
The final two strategic implications of this research pertain to systems suppliers. As we have
discussed, these are suppliers that are capable of performing the development and manufacturing of
large and complex modules or subsystems. While the use of systems suppliers is attractive for non‐
core modules and sub‐systems, there are strategic risks involved in making use of systems sourcing
as well. There are two notable risks involved: the first is the risk of losing bargaining power over
suppliers, and the second is the risk of losing the knowledge and competencies needed to outsource
and innovate successfully.
Concerning the first risk: the attractiveness of systems suppliers essentially lies in the fact that they
can take over the management of the complexity of a substantial part of the overall product in terms
of development and manufacturing. Instead of coordinating and performing the development and
manufacturing of that part of the system itself, a company can rely on the relationship with a single
supplier that performs these activities. From that perspective, the bigger the part of the product that
a systems supplier takes care of, the more attractive it is to the buying firm. The downside of this
approach, however, is that this makes the system supplier gain substantially in importance. This is
apparent in terms of the value that is purchased from the supplier, the control the supplier has over
the realization of a part of the product and thereby the technical and economic performance
thereof, but also in the particular combination of innovation‐related assets that the supplier has. A
substantial dependency on the systems supplier will emerge at the outsourcing firm. An outsourcing
firm may have been in the position to influence the way in which the returns are distributed that
were generated from collaborative innovation. But as it increasingly relies on systems suppliers, it
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may find that the balance of power between itself and its systems supplier(s) has shifted. In such a
case, it may be the systems supplier(s) that decide who is entitled to the premiums generated
through collaborative innovation.
The second risk associated with the use of systems suppliers is associated with the knowledge and
competencies that underlie the development of the module or subsystem in question. If a company
delegates the development of substantial parts of its product to a supplier, it runs the risk of losing
the knowledge and competencies to perform that development in‐house. This has two
consequences: the first is that a dependency on external partners emerges; see also the argument
concerning bargaining power above. The second is that in order to outsource the development of
modules, it is useful, if not necessary, to have insight in how that development takes place: in order
to judge if the supplier’s offering is reasonable, but also to track and resolve problems in an early
stage and to solve integration problems when the module is integrated with the rest of the product.
Both of these consequences erode the competitive power of the focal firm: the first reduces its
bargaining power in face of its customers, while the second reduces its capability to develop
complex new products.

10.6 Roundup
This concludes our research into SI in high‐tech NPD. This study has investigated the relationship
between characteristics of the product, in particular its complexity and its level of customer
specificity, and the form of SI in NPD. This was done in the context of high‐tech OEMs that
increasingly involve their suppliers in NPD. A longitudinal research design using retrospective
interviews and a multiple‐case study setup was used to investigate the evolutionary processes that
create and change product architecture and buyer‐supplier NPD collaboration. The ten case studies,
each of which dealing with a particular type of module, were conducted at three high‐tech OEMs in
The Netherlands. The academic relevance of the study was supported by a literature review of SI in
NPD, which suggested that longitudinal and integrative research into the subjects addressed in this
study would be a useful endeavor. At the same time, the empirical relevance was underlined by
frequent and intensive interactions with high‐tech OEMs throughout the research.
It was found that product modularity is a means to deal with product complexity, and that
modularity enables black‐box SI in NPD. Black‐box SI in NPD is appealing for high‐tech OEMs as it
allows to make use of supplier’s innovation‐related knowledge and competencies as well as their
NPD capacity. This allows OEMs to focus on their core competencies, while remaining competitive in
terms of the functionality, performance and speed of development of their new products. However,
it also appears difficult for OEMs to achieve a high degree of modularity, mostly due to the high
degree of technological uncertainty that is inherent to high‐tech systems, but also because of the
high costs associated with redesigning an integrated product architecture into a modular one.
Moving from an integrated product architecture to a modular one is an evolutionary process that, if
it happens at all, spans a time period of several decades. In addition, a modular organizational
architecture has been associated in previous studies with a modular product architecture, and our
findings suggest that product modularity indeed appears to enable organizational modularity.
However, the exact relationship between organizational and product modularity remains a complex
one that is worthy of further research, for which we have provided some pointers in this chapter.
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Also, it was observed that the more specific a product and innovation‐related assets are towards the
OEM, the lower the opportunities are for suppliers involved in NPD to generate returns from the
investments they need to make in those assets. An OEM has some influence on the specificity of
products and the assets that are necessary to develop them. Examples were observed in this
research of products that became less specific over time, for example due to architectural changes
made by the OEM. The supplier also plays an important role in terms of the specificity of a product,
particularly through its business development activities. By framing its innovation‐related assets in
new ways, a supplier can market them to new customers and thereby increase the value it reaps
from those assets. Reducing the specificity of innovation‐related assets is mutually beneficial to
OEMs and suppliers: it increases the value that suppliers experience from the collaboration and
therefore their willingness to invest in accumulating more innovation‐related assets. The OEM can
then enjoy the availability of a committed and innovative supplier.
In conclusion, an integration was performed of the literature on product modularity, relationship
value and SI in NPD. This integration is both empirically and academically relevant. We have cast
light on the complex relationships between the concepts addressed in this book. At the same time, it
is clear that there is ample opportunity for further research into the dynamics of SI in NPD. While SI
in NPD has been investigated quite extensively over the past two decades, we feel that its
evolutionary aspects as well as its relationships with other aspects of management science and with
fields such as engineering are still relatively unexplored. Apart from offering relevant conclusions
and managerial implications based on our conclusions, we hope that this research will also serve as
an inspiration for further research.
Nijmegen, The Netherlands, December 2011
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Appendix A: Longitudinal research phase introductory letter and
interview protocol
Introduction and conceptual model
This research project aims to gain insight into the relationship between supplier involvement in new
product development (SI in NPD) and the architecture of product platforms, as present at Dutch
high‐tech OEMs. Our research focus is on the long term: we intend to observe how the relationship
between both concepts has changed between two consecutive product platform generations (i.e. a
current product platform and its predecessor).
SI in NPD refers to the delegation of product development activities to suppliers. The scope of
activities that a supplier performs may range from, for example, a supplier providing input on the
manufacturability of a product design, to a supplier performing all development activities for a
module or subsystem (‘system sourcing’). Platform architecture refers to the architecture of product
platforms, especially choices regarding modularity and interfaces.
For this research we created a conceptual model, in which SI in NPD and platform architecture are
linked through two groups of processes:
SI in NPD
sourcing activities and product management
activities. Sourcing activities are activities that
are aimed at developing and maintaining a
supplier base that can be accessed to fulfill
Product
Sourcing
both
manufacturing
and
product
management
activities
activities
development needs. Such activities are
generally performed by a Procurement or
Supply Chain Management department, but it
is also possible that other departments such
Platform
architecture
as Research or Development contribute to
these activities. Sourcing activities contribute to
Figure 20: the conceptual model linking supplier
the set of collaborative relationships and the
involvement in new product development (SI in
NPD) with properties of a product platform
experience of an OEM in collaborating with
architecture.
suppliers for new product development. We
assume that sourcing activities are partly inspired by the possibilities and limitations that are offered
by the product platform architecture.
Product management activities are activities that are aimed at the planning and management of new
and existing products and product families. This includes the collection and analysis of the
requirements of customers and other internal and external stakeholders (internal stakeholders: e.g.
manufacturing, customer service, corporate intellectual property; external stakeholders: suppliers,
governments), and the planning of product families and platforms in accordance with those
requirements. This results, among other things, in an architectural concept of a new product
platform.
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This interview guide is used to discover the cohesion between the concepts described above,
through interviewing managers who oversee the processes that exchange information between the
elements in the conceptual model. As researchers, we are interested in these processes themselves,
as well as in the people and departments that perform them and the sort of information that is
exchanged between them.
1)

SI in NPD
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture

a. Supplier base stability: What changes have been made to the supplier base in the transition
from the old to the new platform?
i. Are you using an existing supplier base or a ‘brand new’ set of suppliers for the development
tasks related to the current/new product platform?
ii. To what extent have existing or new suppliers been ‘educated’ or ‘trained’ by you to be able
to perform their current product development tasks?
iii. Supplier base rationalization: to what extent do you use system suppliers in order to reduce
the (apparent) complexity of the supplier base (e.g. reduction of number of 1st‐tier
suppliers)?
b. Reasons for collaborating: for what reasons do you collaborate with suppliers for product
development? E.g. distinction between collaboration for knowledge (access to specific
technology) or for capacity (‘extension’ to the OEM’s own product development manpower)?
c. Form of collaboration: What form of SI in NPD was used for the previous and for the current
product platform and what sort of responsibilities was awarded to the supplier in both
situations?
iv. What is the scope of parts/modules for which the supplier performs (development)
activities? (‘level of outsourcing’)
v. What activities does the supplier perform (e.g. product development, prototype building,
supply chain development, module integration, etc.)
vi. Technological aspects (short – detail of specifications/requirements, vs. long term –
roadmap alignment)
vii. ‘Business model’ (risk/reward sharing, organizational interface cf. Lakemond et al.)
d. Supplier competencies:
i.
What sort of competencies (both technical and organizational/collaborative) was present
at the supplier during both the development of the old and the new platform?
ii.
How have these competencies and the changes therein influenced the future
development of the relationship with the supplier and the strategies towards SI in NPD?
1. Technical vs. organizational competencies
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2. People: retained, or knowledge transferred (or not)

2) Platform architecture
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture

a. Complexity: what are the ‘width’ (# of high‐level subsystems/modules) and ‘depth’ (levels
between system and monolithic component) of the platform?
b. ‘Make/buy’:
i.
What major parts of the system are developed by your company, and what parts are
acquired from suppliers and business partners?
ii.
What differences exist in this respect between the current and the previous platform?
What are the reasons and causes for these differences?
c. Modularity: To what extent are the current and the previous platform architecture modular?
i.
Layers; hierarchy
ii.
Domains: physical, functional, technological
d. Stability: To what extent are interfaces between modules well‐defined, stable and well‐
documented?
e. Evolution:
i.
What were the reasons for initiating the development of the current platform? To what
extent are any changes supplier‐related?
What differences in modularity and stability are there in current platform compared
ii.
with the previous one?

3) Product management activities
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture
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System architects / engineers and product marketers:
a. Role: What is the role of system architecting/engineering in this organization? Where do they
come from (or: how do you obtain new architects)?
b. Information Sources:
i.
From what sources and through what processes do product managers collect
information for the development of new products?
ii.
How are those information streams combined and prioritized (in terms of processes,
rules, conventions)?
c. Requirements:
i.
what do they look like (categories; e.g.
customer, operational, …)
ii.
where do they come from (actors, data
sources)
iii.
how do they reach the architect (process)
iv.
where do supplier‐related requirements come
from? What role do they play with regard to
other requirements (technology/enabling,
limitation, financial)?
d. Product specification: how are requirements
combined/synthesized into a product concept
(specification, architecture, technology mix, …)?
e. Project integration: how are the system architect’s and product marketers’ ideas inserted into
NPD projects?
f. Roadmaps: for what purposes are roadmaps used, what are their key features and what
supplier‐related/relevant information do they contain? (Note: roadmaps can be input as well as
output for/of architects)
g. Evolution: How have the above processes changed over time, i.e. in comparison between the
current and the previous platform generation?
h. Collaboration: What is the collaboration with Procurement and external suppliers like? With
whom (suppliers, departments) do you collaborate most intensively? What advantages does this
have? What problems occur in this collaboration?
i. Roadmaps:
i.
What product roadmaps are used? What are supposed to achieve? How do roadmaps
connect with internal (e.g. R&D technology roadmap) and external (e.g. ITRS) processes?
ii.
What role do suppliers play in meeting (future) customer/market requirements? In what
way are suppliers involved in the roadmapping process? How are those requirements
matched with the offerings of suppliers (which processes and actors)?
iii.
What outputs do product managers realize regarding new products (e.g. product
requirements, product concept, …)? How and by whom are those outputs translated or
integrated into the product architecture?
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4) Sourcing activities
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture

a. Sourcing activities: What sourcing activities exchange information between SI in NPD and
platform architecture and who manages and executes these processes? E.g. supplier relationship
management, new product introductions, …
b. Sourcing department: Who (i.e. which department/function) is responsible for managing and
executing these sourcing activities? With whom do they (mostly) collaborate for the purpose of
NPD/NPI?
c. Information types: What sort of information is being exchanged through these processes? E.g.
interface requirements, component specifications, application information, …
d. Process evolution: How have these processes and types of information changed over time; i.e.
compared with the situation during the development of the old platform?
e. Sourcing rules: What are the primary ‘rules’ or strategies for sourcing, e.g. in terms of:
i.
Commercial‐off‐the‐shelf vs. custom developed components?
ii.
Contracts?
iii.
Properties of suppliers?

5)

Sourcing ‐ product management relationship
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture

a. What sort of teams or collaborative processes are present that incorporate sourcing and product
management/engineering/architecting functions at the same time?
b. What are they supposed to achieve (and do they succeed)?
c. What processes are used to exchange what sort of (supplier‐related) information? To what
extent are processes and information exchange mechanisms formalized?
d. How have they changed over time (previous platform generation vs. current)?
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6)

Full cycle management
SI in NPD

Product
management
activities

Sourcing
activities

Platform
architecture

a. To what extent, and in which way, do high‐tech OEMs consciously manage the interplay
between SI in NPD and platform architecture?
b. What are the goals and intentions of this purposeful management? (long‐term perspective; link
with future market requirements and innovation strategy) Is this successful (why)?
c. What changes occur in SI in NPD and platform architecture in the long term in a situation where
SI in NPD and platform architecture indirectly influence each other? What are the strategic
implications of this for OEMs and suppliers?

7)
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Functions eligible for interviews
 SI in NPD: NPD project management and/or procurement account management
 Product management activities: program management, product marketing
 Platform architecture: system architects or system engineers
 Sourcing activities: purchasing / SCM strategy
 Top‐level management: overall management, links to corporate strategy

Pilot research phase

Appendix B: pilot research phase
The main phase of research (see ) was preceded by a pilot research phase. This phase involved
theory development and resulted in the formulation of the research questions and a comparative
case study design to guide the main, longitudinal phase of research (Eisenhardt, 1989; Yin, 1994).
Theory‐based pre‐research
PrecMach’s supply chain management department provided am empirical seed for this research, by
indicating that it was challenged to outsource more of its NPD work131 in response to changes in the
technological and economic requirements it faced. The context in which this challenge was faced
contained two important aspects: the presence of long‐standing supplier relationships and a highly
complex product for which NPD activities would have to be outsourced. PrecMach’s management
assessed that its existing supplier base could be used for NPD purposes, as its suppliers already
performed the vast majority of the manufacturing and some of the assembly work for PrecMach’s
products. This desire to delegate NPD work to existing suppliers matches with the concept of SI in
NPD that existed in the literature, which revolves around NPD collaboration with partners in a supply
chain setting (Johnsen, 2009).
Using the starting point of the challenges involved in outsourcing development tasks for a complex
product to suppliers of physical goods, a literature study was performed to take stock of the existing
views on SI in NPD, resulting in an internal report that later formed the basis for chapter 3 of this
thesis. To ascertain the academic relevance of the research subject and to help further refine it,
discussions were organized with a number of academics active in the field of supply chain
management. One of the notable outcomes was the focus of this research on buyer‐supplier dyads
and not on the higher‐order subject of innovation in organizational networks (Dyer & Nobeoka,
2000; Uzzi, 1997).
Name (fictive)
Imagine

InterNav
PrecMach

Price of product a

Typical customer industries or application
fields
Varies widely in the range of € 10k Document processing
‐ € 200k for the products
investigated
Ca. € 9.5 million (average price of Transportation, defense, offshore
shipped products in 2009)
Ca. € 24.5 million (average sales Electronics
price of new products in 2010)
a
Based on financial statements issued by the companies (InterNav, PrecMach) or
indicated by internal company source (Imagine)

Table 20: Companies addressed in phase 1 of the research. Company names are anonymized for reasons of
confidentiality

In parallel with the theoretical endeavor, numerous discussions with informants at PrecMach took
place to explore the organizational context of the firm, the customer requirements it faced and the
nature of its product offering. It was decided in an early stage that the relevance of PrecMach’s
challenge would have to be verified by obtaining data from other companies as well (see Table 20).

131

A number of key suppliers had been performing NPD work for PrecMach for several years already
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To this end, interviews with representatives of Imagine and InterNav were performed. The products
of all three companies can be described as complex production systems, or CoPS: they are expensive
products ranging from tens of thousands to many millions of Euros, consist of many modules or
subsystems that are often customized and involve the integration of many technologies which are
often the result of recent development, to name a few characteristics that are linked to CoPS
(Hobday, 1998).
PrecMach and Imagine are both OEMs that translate customer requirements into product concepts
and designs which they produce in a certain volumes. InterNav however is an engineer‐to‐order
company that usually operates as part of a consortium with other companies delivering most of the
engineering‐intensive subsystems. For the products of InterNav that were discussed for this
research, the requirements for key subsystems were for a large part settled directly between the
end customer and InterNav’s suppliers, leaving InterNav with a limited role in the development of
the subsystems. The difference between PrecMach and Imagine on one side and InterNav on the
other are also visible in terms of system scope and technological uncertainty (Hobday, et al., 2005).

Table 21: Three case companies of phase 1 in the typology of technological systems (Hobday, et al., 2005, p.
1112)

While InterNav’s products are essentially the overarching systems that comprise subsystems that are
comparable in complexity and physical size to those of PrecMach and Imagine. Hence, InterNav’s
activities are mainly focused on a higher architectural level, and are more concerned with the
physical integration of subsystems than with development and engineering of subsystems.
Furthermore, insofar technological uncertainty plays a role in InterNav’s systems, it is mostly dealt
with by the suppliers of those subsystems. Those suppliers are often large companies which can be
regarded as OEMs themselves. It was observed that these differences between InterNav on one side
and PrecMach and Imagine on the other have profound implications for product management and
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supplier management. These activities are mostly focused on logistics planning at InterNav, while
they encompass a wider variety of tasks and seemed to have more strategic relevance at the other
two organizations, which is visible in the larger NPD and procurement departments in those
companies. Hence, it was decided to include in this research only OEMs that perform their own
product management and supplier management. In terms of the typology of Hobday et al. (2005, p.
1112), the remainder of the research was focused on high‐tech and super‐high‐tech companies on
the product‐system level; cells C2 and D2 (Table 21).
Empirically‐based pilot phase
An important result of phase 1 was the identification of the type of organization that seemed
appropriate to gain insight into the subject of collaborating for the development of complex
products with suppliers. In phase 2, this insight was used to select additional manufacturing
companies that were used for a ‘collaborative innovation quick scan’. This quick scan had the
ultimate purpose to further refine the research subject. This was achieved in two ways: (1) by testing
if the innovation challenge identified at PrecMach was also recognized in a wider set of companies,
and (2) by searching for parameters that appeared to influence the adoption of SI in NPD in the
context of high‐tech manufacturing companies. Inclusion criteria for companies included:
‐

‐

‐

‐

The presence of a proprietary product; we were interested exclusively in companies with
their own innovation strategy resulting in a self‐made line of products, as opposed to
supplying customer‐specified parts or products.
An emphasis on product innovation; from the onset, the focus of this research was on high‐
tech companies, and therefore, we focused on companies in which technology development
plays a prominent role.
An emphasis on the procurement of semi‐finished products and materials; the intention was
to explore practices of SI in NPD, and therefore, suppliers needed to play a significant role in
the core business of the investigated companies.
The presence of a manufacturing process involving hardware goods. While innovation occurs
both in (hardware) products and in services, the dynamics are not necessarily comparable
(Gadrey, Gallouj, & Weinstein, 1990). We excluded companies selling software products or
services, because we anticipated that the interactions between manufacturing processes
and SI in NPD could be an important subject that would be absent in service‐ or software
companies.

Finally, for practical reasons and also to control to some extent for regional culture, a selection was
made companies situated in The Netherlands (see Table 22) 132.
Access to most of the companies was gained through the use of the professional and personal
network of the primary researcher. PrecMach was already present in the dataset of phase 1, which is

132

Some of the companies are part of multinational organizations. PrecMach, Imagine and Integral were
during the period of this research multinational companies with their headquarters in The Netherlands and the
vast majority of their R&D activities performed there as well. Nano and Scan were during the period of this
research part of multinational organization, but both names refer to the business units that were located in
The Netherlands and that performed the vast majority of their R&D in The Netherlands as well. The other
companies are Dutch companies, although all of them sell their products worldwide and some have local sales
offices for that purpose.
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also true for Imagine, which was contacted through managers at PrecMach. Elec, Nano, Robot, Scan
and TranCorp were contacted in the same manner. Instru was accessed through an existing contact
between its owner and a member of the MICORD research group. Integral and SemiCorp were
identified as relevant companies through analysis of company websites, and were contacted through
email.
Name
(fictive)

Employees

PrecMach
SemiCorp
Dyna
Elec
Instru

> 5k
< 500
> 5k
< 500
< 500

Annual
revenues
(million €)
> 500
< 100
> 500
100 ‐ 500
‐

Nano

500 – 5k

> 500

Integral
Robot
Imagine
Scan
TransCorp

500 – 5k
500 – 5k
> 5k
500 – 5k
500 – 5k

> 500
100 ‐ 500
> 500
100 ‐ 500
> 500

Typical customer
application fields

industries

or Interviews CoPS type
(Table 21)

Electronics
Electronics
Process industries
Electronics
Research,
chemicals,
high‐tech
equipment
Research,
nanotechnology,
life
sciences
Petrochemicals, defense
Food production, agriculture
Document processing
Defense, mass transport
Retail & distribution, mass transport

3
1
2
1
1

D2
D2
C2
C2
C2

2

D2

1
3
3
2
1

C2
C2
D2
D2
C2

Table 22: Companies that were included in the pilot phase. Company names and data are anonymized for
purposes of confidentiality. The companies varied in terms of size and customer industries.

Relevant interviewees were identified by providing a brief introduction of the research project to the
contacted representatives, who in turn located colleagues who were capable and willing to answer
our questions. Interviewees were supply chain managers, procurement representatives, product
development project or program managers and product managers. In the case of Robot, a corporate
quality manager was also interviewed, and data from Instru were obtained from an interview with
owner and previous director of the company. Twenty face‐to‐face interviews were held in during the
quick‐scan, which were in most cases transcribed verbatim. In the case of Robot, the interviewees
required that the conversations would not be recorded, and instead of a verbatim transcript, a
comprehensive report of the conversations was written the day after they had taken place. The
interviews were coded using a coding scheme that was iteratively refined throughout the process
through the simultaneous open and axial coding of text fragments (Corbin & Strauss, 2008, pp. 198‐
199). The end result was a hierarchical coding structure comprising two levels, with six main
categories and seventeen subcategories. During the process of coding, categories have been
merged, new categories were created, and changes in the hierarchy have been made.
In addition to the interviews, other data sources were used such as internal company presentations,
magazines and intranet information, as well as publicly available data sources such as annual reports
and information on company websites. Also, various informal, face‐to‐face conversations were held.
A noteworthy portion of these conversations were held at the end of the quick scan research phase
and revolved around the discussion of the results of the quick scan with the interviewees. The
results were based on analysis of the interview data, using the coding tree in Table 23 as guidance in
the identification of particularly relevant concepts and their relationships.
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Pilot research phase
Category
Industrial environment
Business networks
Authorities
Innovation strategy
Make/buy strategy
System
integration
architecture
Long‐term product planning

Brief description
Captures aspects of the commercial and
administrative context in which the focal company is
embedded.
Contains aspects related to the overall innovation
strategy of the company, including criteria for
and outsourcing and decisions related to product
architecture.
Revolves around technology roadmaps (Phaal,
Farrukh, & Probert, 2004) and other aspects of the
planning of new products over several product
generations.
Market requirements
Contains the market and customer requirements that
Collaboration with customers
the focal companies face, and deals with any mentions
of NPD collaboration with customers (customer
integration in NPD).
Organization of SI in NPD
Contains several aspects of the organization of
Collaboration organization
supplier involvement in new product development,
Collaboration process
both on the short‐term, project level as on a larger
Competence development
Contractual agreements
(strategic, long‐term) scale. This category is the central
Project planning
theme of the interviews in this research phase, which
Specifications and documentation is reflected in the large number of sub‐categories. The
Supplier’s viewpoint
inclusion of some of these sub‐categories here is
Supplier selection
arbitrary; for example the ‘supply base characteristics’
Supply base characteristics
could also be considered part of the ‘industrial
Supply base trends
environment’.
Task division
Technology development
Contains references to the development of
Role of universities
technologies, both inside the focal companies as well
as in the industrial or academic network.
Table 23: Coding tree for the quick scan research phase. Sub‐categories are indented and italicized.

Based on the analysis and the discussion of intermediary results with practitioners, a conceptual
model was created that attempted to capture the conditions under which SI in NPD was adopted by
high‐tech OEMs. This model consisted of a set of drivers and enablers (Figure 21) that reflected
respectively the need of OEMs to collaborate for NPD, and the factors that allowed NPD
collaboration with suppliers to become reality (Wynstra, et al., 1999). We identified the economic
pressures on high‐tech OEMs and an increasing number and complexity of underlying technologies
in OEM products as driving factors of NPD collaboration. The rationale behind this is that the
combination of economic pressures, and in particular a pressure on sales price and therefore
development and production costs, and a high variety of technologies incorporated in OEM products
makes it necessary for OEMs to focus on the development of core technologies and parts only. The
implication is that non‐core developments would have to be outsourced. Enabling factors are the
availability of suppliers for SI in NPD and the presence of a modular system architecture (Sanchez &
Mahoney, 1996). We then linked the insights gained from the conceptual model back to the
literature. This synthesis underlined the importance of putting the adoption of SI in NPD in a high‐
tech environment in a longitudinal perspective to add to the literature on buyer‐supplier
collaboration under influence of technological evolution (Frigant & Talbot, 2005).
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Appendix B

Driving factors
•
•

Diversity of technologies in product
Economic requirements: product and
development costs

Adoption of SI in NPD by
high-tech OEMs
Enabling factors
•

• Modular product architecture
Availability of suppliers for SI in NPD

Figure 21: A conceptual model of drivers and enablers of SI in NPD was a result of the pilot research phase

However, the conceptual model in Figure 21 is not particularly useful in understanding the long‐
term, dynamic aspects of SI in NPD that we became interested in. In particular, if fails to
accommodate for the observation that both products and supplier relationships appear to evolve
over time. Regarding products, consecutive generations of similar products can often be
distinguished, with each next generation being a slightly or radically changed version of the previous
one. Parallel to that technological evolution, the relationship with a supplier may change over time,
for example in terms of the extent to which NPD tasks are delegated to the supplier or way in which
value is distributed between the buyer and supplier.
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Nederlandse samenvatting
Dit hoofdstuk geeft een Nederlandse samenvatting van de overige hoofdstukken.

Inleiding
Dit boek gaat over het betrekken van toeleveranciers in productontwikkeling (‘supplier involvement
in new product development’ of SI in NPD); met name in de ontwikkeling van high‐tech systemen.
Productontwikkeling is relevant voor bedrijven, omdat het ze in staat stelt om op lange termijn
winstgevend te blijven (Geroski, et al., 1993; Lawless & Anderson, 1996; Roberts, 1999).
Kennis vervult een central rol in innovatie, waarbij een onderscheid gemaakt kan worden tussen
kennis die binnen de organisatie wordt gegenereerd en kennis die extern wordt aangetrokken
(Cohen & Levinthal, 1989). Het paradigma van open innovatie heeft dit besef nieuw leven
ingeblazen. Open innovatie refereert naar de mogelijkheid om kennis van externe partijen te
integreren in interne innovatieprocessen, of om kennis die ontstaat in innovatieprocessen over te
dragen naar externe partners (Chesbrough, 2003a).
Een voor de hand liggend voorbeeld van zulke externe partners zijn de toeleveranciers van een
bedrijf. Toeleveranciers definieren we als bedrijven die producten en/of diensten aan hun klanten
verkopen. Relaties met toeleveranciers kunnen dus variëren in de aard van de uitgewisselde zaken,
maar ook in intensiteit en duratie. Sommige toeleveranciersrelaties zijn van langdurige aard. Op dat
soort relaties ligt in dit boek de nadruk. In zulke relaties komen relatiespecifieke investeringen voor
en speelt onderling vertrouwen een grote rol (Bensaou, 1999; Ganesan, 1994).
Daarnaast bestaan relaties tussen klanten en leveranciers niet in een vacuum – ze zijn meestal
ingebed in leveranciersketens (cf. Uzzi, 1997). Ketens zijn aaneenschakelingen van bedrijven die uit
grondstoffen (complexe) producten maken, waarbij de individuele bedrijven verschillende stappen
in dit proces voor hun rekening nemen. Tussen een grondstof en de consument zitten vaak vele
bedrijven die materialen en halffabrikaten aan elkaar leveren. In dit boek richten we ons uitsluitend
op klant‐leveranciersrelaties tussen bedrijven (‘business‐to‐business’ relaties).
Welke rol spelen toeleveranciers dan in de innovatieprocessen van hun bedrijfsmatige klanten? Een
centraal concept hierin is dat van kerncompetenties. Kerncompetenties zijn combinaties van kennis
en vaardigheden die een bedrijf in staat stellen zich op lange termijn te onderscheiden van
concurrenten. Dit houdt bijvoorbeeld in dat een bedrijf diepgaande kennis heeft van het product die
het op de markt zet en van de processen die nodig zijn om het product tot stand te brengen (Tidd, et
al., 1997, p. 54). In abstractere zin is een kerncompetentie het vermogen van een bedrijf om
gedurende langere tijd materiele en immateriele bezittingen in te zetten om haar doelen te bereiken
(Sanchez, et al., 1996, p. 8).
Volgens Prahalad en Hamel (1990) is het verstandig voor een bedrijf om zich te richten op het
inzetten en verder ontwikkelen van haar kerncompetenties. Dat zijn namelijk de zaken waarin het
bedrijf echt goed is en waarmee het waarde kan toevoegen voor haar klanten. De consequentie is
dat competencies die niet tot de kern behoren aan andere bedrijven uitbesteed kunnen worden.
Voor innovatie betekent dat dat innovatieactiviteiten die niet tot de kern behoren, uitbesteed
kunnen worden, bijvoorbeeld naar toeleveranciers. Hier kunnen potentieel voordelen behaald
worden; elk bedrijf doet in die situatie immers waar het het beste in is. Maar de praktijk wijst uit dat
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die voordelen, bijvoorbeeld snellere en goedkopere productontwikkeling, niet altijd behaald worden
(Eisenhardt & Tabrizi, 1995; Koufteros, et al., 2006). De centrale stelling van dit boek is dat er twee
thema’s zijn die hier mee te maken hebben: de complexiteit van het product dat (gezamenlijk)
ontwikkeld wordt en de waarde die de leverancier ervaart door te participeren in gezamenlijke
productontwikkeling (‘relationship value’ of ‘relatiewaarde’).

Producteigenschappen: complexiteit en specificiteit
Voordat SI in NPD in detail besproken wordt, gaan we in de volgende paragrafen in op de twee
eigenschappen van het product die in belangrijke mate de samenwerking tussen klant en leverancier
beïnvloeden: productcomplexiteit en de mate waarin het product specifiek is voor de klant.
Productcomplexiteit en –modulariteit
Complexiteit op zichzelf is een abstract begrip zonder eenduidige definitie. De bestaande literatuur
omvat een viertal aspecten van complexiteit die relevant voor de toepassing op producten:
‐
‐
‐

‐

Diversiteit – het aantal afzonderlijke elementen binnen een systeem, bv. de componenten
van een samengesteld product (cf. Simon, 1962).
Interactiviteit – de mate waarin en de wijze waarop de elementen elkaar beïnvloeden; deze
interacties kunnen onvoorspelbaar zijn (cf. Perrow, 1984; Simon, 1962).
Onzekerheid – er is onzekerheid verbonden aan het ontwerp van onderdelen of de
ontwikkeling van technologieën die de basis vormen van nieuwe producten (Eisenhardt &
Tabrizi, 1995; Ragatz, et al., 2002).
Subjectiviteit – personen en organisaties verschillen in de mate waarin ze een complex
systeem kunnen overzien (cf. Campbell, 1988; March & Simon, 1958). Wat voor bedrijf A een
complex product is, wordt wellicht als eenvoudig beschouwd door bedrijf B.

Het beheersbaar maken van complexiteit in productontwikkeling richt zich met name op twee
aspecten: het omgaan met onzekerheid in het ontwikkelproces en het beheersen van interacties
tussen de onderdelen van het product. Enerzijds kan dit bereikt worden middels gestructureerd
projectmanagement en intensieve informatie‐uitwisseling (Griffin, 1992; Jaworski, 1988; Lukas, et
al., 2002). Anderzijds speelt het begrip modulariteit een belangrijke rol in de ontwikkeling van
complexe maakproducten (Baldwin & Clark, 1997; Frigant & Talbot, 2005; Sanchez & Mahoney,
1996).
Net als voor complexiteit zijn er voor modulariteit verschillende definities. Daarin staan echter
meestal twee aspecten centraal: de vertaling van functies van het product naar fysieke onderdelen
en de definitie van de interacties tussen afzonderlijke onderdelen (zie Campagnolo & Camuffo, 2009
voor een literatuuroverzicht). In een modulair product wordt een functie van het product
gerealiseerd door precies één fysiek onderdeel. Bij niet‐modulaire of geïntegreerde producten is
dezelfde functie het resultaat van een interactie tussen verschillende onderdelen. In termen van
interacties is een modulair product herkenbaar door stabiele, volledig gedefinieerde interacties
tussen onderdelen. De interacties tussen onderdelen van een niet‐modulair product zijn vaak van
onvoorspelbare aard en kunnen veranderen gedurende het productontwikkelproces (Ulrich, 1995).
Bij modulaire producten is het mogelijk om de ontwikkeling en productie van onderdelen te
delegeren naar afzonderlijke teams of zelfs naar externe leveranciers (Frigant & Talbot, 2005;
Sanchez & Mahoney, 1996). Immers, de interacties tussen de onderdelen zijn goed te documenteren
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in specificaties, wat de coordinatie tussen de verschillende ontwikkelteams of bedrijven
vergemakkelijkt. Bij een geïntegreerd product is dit veel moeilijker: daar moeten de ontwikkelteams
continu onderling afstemmen om de (onvoorspelbare) interacties tussen componenten beheersbaar
te maken.
Er is dus een relatie tussen de modulariteit van het product en de modulariteit van de
ontwikkelorganisatie. Een modulair product maakt een modulaire ontwikkelorganisatie mogelijk. Dit
is bijvoorbeeld herkenbaar in de vliegtuigindustrie, waar de ontwikkeling in hoge mate verticaal
gedesintegreerd is (O'Sullivan, 2003). Echter, de bestaande kennis van de relatie tussen
organisatorische en technische modulariteit is gebrekkig. Zo is er discussie over de richting van de
relatie: beïnvloedt het product de organisatie of juist andersom? Dit proefschrift draagt bij aan een
beter begrip van die relatie.
Productspecificiteit en waarde in de samenwerkingsrelatie
In de transactiekosteneconomie spelen transactiespecifieke investeringen een belangrijke rol. Dit
begrip kan betrekking hebben op relatief tastbare zaken zoals productiemachines. Maar minder
tastbare transactie‐ of relatiespecifieke investeringen komen ook voor, zoals kennis en competenties
van de medewerkers binnen een bedrijf die specifiek zijn voor transacties met een bepaalde
zakenpartner (Williamson, 1983). Ook bij gezamenlijke productontwikkeling spelen dit soort
investeringen een rol (Sobrero & Roberts, 2002; M. Song & Di Benedetto, 2008).
Op dit punt kan het verband worden gelegd tussen specifieke investeringen en het begrip
relatiewaarde (‘relationship value’). Relatiewaarde gaat over de waarde die een relatie tussen
bedrijven vertegenwoordigd voor beide deelnemers. Tot op heden werd daarbij met name aandacht
geschonken aan de klantzijde van de relatie. Recentelijk is de aandacht voor de leverancier echter
toegenomen (Lindgreen & Wynstra, 2005).
In een context van SI in NPD is dit van groot belang. Bij SI in NPD gaat het over nieuw te ontwikkelen
producten, die dus per definitie uniek zijn. Van leveranciers vergt de gezamenlijke
productontwikkeling investeringen in de samenwerkingsrelatie. De vraag kan dan gesteld worden of
de opbrengsten opwegen tegen de investeringen en of de leverancier bereid is om de nodige
investeringen te maken (Gassenheimer, et al., 1998; Ring & Van de Ven, 1994). Het feit dat die
investeringen over het algemeen voorafgaan aan de (eventuele) opbrengsten onderstreept het
dynamische karakter van het begrip relatiewaarde: de waarde die een bedrijf percipieert verandert
over tijd (Ellegaard, et al., 2003).

Het betrekken van leveranciers in productontwikkeling: SI in NPD
SI in NPD, oftewel het betrekken van leveranciers in productontwikkeling, kan gedefinieerd worden
als elke inbreng die een leverancier heeft in het productontwikkelproces van een klant (Van Echtelt,
2004). Vanuit de klantzijde zijn er twee categorieën van redenen om leveranciers in ontwikkeling te
betrekken:
‐

‐

Korte‐termijn/projectgerelateerd: hierbij ligt de nadruk op kosten, ontwikkeltijd en
kwaliteit/maakbaarheid (Handfield, et al., 1999; Van Echtelt, et al., 2006; Wagner & Hoegl,
2006).
Lange‐termijn/strategisch: hier gaat het om toegang tot externe kennis en competenties.
Onderliggend is het paradigma dat een bedrijf zich moet concentreren op een beperkt
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aantal kerncompetenties en dus andere zaken moet uitbesteden (Fine & Whitney, 1996;
Gadde & Snehota, 2000; Van Echtelt, 2004).
Naast de mogelijke voordelen heeft SI in NPD ook nadelen: verlies van inzicht in het
ontwikkelproces, tegenvallende prestaties (Eisenhardt & Tabrizi, 1995), verlies van kennis en
competenties (Dankbaar, 2007; Monczka, et al., 1998), toenemende afhankelijkheid van de
leverancier (Farr & Fischer, 1992; Handfield, et al., 1999) en hoge coordinatiekosten (Bensaou, 1999;
Bruce, et al., 1995). Een aantal zaken verhoogt de kans op succes:
‐
‐
‐

Interne organisatie: goed gedefinieerde processen en interne samenwerking bevorderen het
succes van externe samenwerking (Hillebrand & Biemans, 2004)
Betrekken van inkoop bij productontwikkeling (Atuahene‐Gima, 1995; Wynstra, Van Weele,
& Weggeman, 2001)
Vertrouwen en toewijding in de samenwerkingsrelatie (Ragatz, et al., 1997)

Maar management van de samenwerking speelt ook en grote rol. Idealiter wordt de samenwerking
zodanig ingericht dat de voordelen niet overstemd worden door de nadelen. De literatuur over SI in
NPD gaat grotendeels over het managen van samenwerkingsprojecten en in mindere mate over
samenwerkingsrelaties. De nadruk ligt hierbij op vier aspecten van SI in NPD :
‐
‐

‐

‐

De projectfase waarin de leverancier in de ontwikkeling wordt betrokken (Monczka, et al.,
2000; Twigg, 1998; Wagner, 2003).
De eigenschappen van het product; met name de mate van technologische onzekerheid en
technische uitdaging die de ontwikkeling met zich meebrengt (Petersen, et al., 2003; Wasti
& Liker, 1997; Wynstra & Ten Pierick, 2000).
De mate waarin ontwikkeltaken onderling afhankelijk zijn en de daaruit voortvloeiende
vervlechting van de organisaties die betrokken zijn in de ontwikkeling (Lakemond, et al.,
2006; Primo & Amundson, 2002; Sobrero & Roberts, 2001).
De mate waarin ontwikkeltaken naar de leverancier worden gedelegeerd (Clark, 1989;
Petersen, et al., 2005; Twigg, 1998).

In het bovenstaande wordt de samenwerking met name vanuit de klantzijde beschouwd. Hoe ziet de
leverancierskant eruit? Daarvoor kan gekeken worden naar de investeringen en de beloningen van
de leverancier. Leveranciers investeren ondermeer in het ontwerpen van componenten, in het
ontwikkelen van technologie en in de opbouw van innovatiegerelateerde competenties (cf.
Asanuma, 1989; J. F. Christensen, 1995; Subramani & Venkatraman, 2003). Uit die investeringen
kunnen beloningen voortkomen. Een leverancier kan op deze manier innovatiever worden en
nieuwe competenties ontwikkelen die in de toekomst nuttig zijn (Hald, et al., 2009; Walter, et al.,
2001). Competenties die zijn opgebouwd voor een specifieke klant, kunnen op een later tijdstip
aangewend voor het bedienen van andere klanten (Danneels, 2007).

Onderzoeksvragen
Het doel van dit boek is om bij te dragen aan de bestaande kennis over SI in NPD. Dit doen we op
vier vlakken:
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Het koppelen van bestaande kennisgebieden, met name SI in NPD, relatiewaarde en
productmodulariteit.
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Het onderzoeken van de lange‐termijnaspecten van SI in NPD.
Het onderzoeken van de investeringen van leveranciers en de belongingen die ze ontvangen
voor gezamenlijke productontwikkeling; dit resulteert in een toevoeging aan de literatuur
over relatiewaarde.
Het onderzoeken van de lange‐termijnaspcten van productmodulariteit.

Hiervoor gaan we uit van de volgende drie onderzoeksvragen:
1. Op welke manieren beïnvloedt SI in NPD de investeringen die toeleveranciers maken en de
belongingen die ze ontvangen?
2. Wat is de relatie tussen de complexiteit van het product en de vorm van SI in NPD?
3. Wat is de relatie tussen de klantspecificiteit van innovatiegerelateerde bezittingen en de
vorm van SI in NPD?

Methodologie
In dit exploratieve onderzoek werd een verband wordt gelegd tussen bestaande theorie met behulp
van empirische data. Het onderzoeksproject werd uitgevoerd in twee fasen: een pilotfase waarin het
probleemgebied in kaart werd gebracht, en een hoofdfase waarin meervoudige case studies zijn
gemaakt op basis van een gegevens uit een drietal bedrijven (Eisenhardt, 1989; Yin, 1994). Deze
laatste fase was van een longitudinale en retrospectieve aard (cf. Poole, et al., 2000). In interviews is
gevraagd naar ontwikkelingen m.b.t. technologie en samenwerkingsrelaties over een periode van 10
tot 35 jaar.
Vanwege de aard van het onderwerp zijn de onderzoekseenheid en het analyseniveau niet eenduidig
aan te wijzen: meerdere eenheden en niveaus spelen een rol in dit onderzoek (cf. N. Anderson, et
al., 2004). Er is gekeken naar samenwerkingsrelaties in combinatie met opeenvolgende
productgeneraties. Daarvoor zijn data verzameld op verschillende niveaus en over veschillende
eenheden (producten en organisaties/netwerken). Om een goed begrip van de technologische
context te krijgen, maar ook om praktische redenen, is gekozen voor het oogpunt van de klant in de
klant‐leverancierrelatie.
De selectiecriteria voor bedrijven, case studies en interviewees zijn gebaseerd op de vier
selectiestrategieën die uiteengezet zijn door Pettigrew (1990). De bedrijven voor de
longitudinale/retrospectieve onderzoeksfase zijn gekozen aan de hand van de volgende criteria:
‐
‐
‐
‐

De bedrijven moesten fysieke producten maken op basis van hoogwaardige technologie
Alleen in Nederland gevestigde bedrijven kwamen in aanmerking
De bedrijven moesten ervaring hebben met het uitbesteden van ontwikkelwerk naar
leveranciers
Er is gezocht naar variatie in producten en klantmarkten om een heterogeniteit in
productieaantallen en marktcontext te creëren.

Dit resulteerde in een selectie van drie high‐tech bedrijven. Binnen deze bedrijven zijn tien case
studies opgezet. In elk daarvan stond een specifiek deel van het product, of een module, centraal.
Deze modules moesten voldoen aan de volgende criteria: (1) er is een leverancier betrokken
(geweest) in de ontwikkeling ervan, (2) er moeten verschillende, opeenvolgende generaties of
versies van de module herkenbaar zijn en (3) er moet tussen productgeneraties verandering
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opgetreden zijn in de technologie en/of de samenwerkingsvorm. Vervolgens is gezocht naar
informanten uit zowel de Inkoop als R&D afdelingen van de verschillende bedrijven. Voor de
longitudinale/retrospectieve fase werden 33 interviews afgenomen bij 30 informanten. Van de
interviews zijn transcripties gemaakt, die vervolgens zijn gecodeerd. De analyse en conclusies in dit
onderzoek werden gevormd op basis van de gecodeerde interviews.

Bevindingen
De bevindingen zijn onder te verdelen in een tweetal hoofdthema’s: de relatie tussen
productcomplexiteit en SI in NPD en de belenoningen en investeringen van leveranciers.
Productcomplexiteit en SI in NPD
In de context van dit onderzoek speelt complexiteit vooral een rol op twee niveaus van het product:
op het niveau van het product zelf en op het onderliggende niveau van de module.
Op productniveau kan complexiteit onderzocht worden door te kijken naar domeinen – fysiek,
functie en technologie. Als die domeinen corresponderen, dan is het product modulair. Dit
onderzoek laat zien dat een hoge mate van productmodulariteit black‐box uitbesteding mogelijk
maakt. In black‐box uitbesteding draagt de leverancier zorg voor de gehele ontwikkeling van de
module, met minimale tussenkomst van de klant. Is het product sterk geïntegreerd (en dus niet
modulair), dan wordt de samenwerking ook gekenschetst door een hoge mate van integratie. Dat wil
zeggen dat er intensieve samenwerking bestaat tussen de teams die de verschillende delen van het
product ontwikkelen. Dit leidt tot twee mogelijke vormen van samenwerking. Ten eerste ‘white box’,
waarin de leverancier in zeer beperkte mate bijdraagt aan de ontwikkeling. Het alternatief is ‘grey
box’, waarin klant en leverancier zij aan zij deel uitmaken van het ontwikkelteam voor een module.
Het is mogelijk om van een white of grey box situatie toe te groeien naar black box, maar dat vereist,
naast een modulaire architectuur, verregaande kennis en competenties van de leverancier.
Op moduleniveau lijkt het aantal componenten over het algemeen toe te nemen. Ook bestaat op
dat niveau een grote varieteit in technologie. Aangezien niet alle technologieën tot de
kerncompetenties van een OEM behoren, is uitbesteden naar een systeemleverancier een logische
oplossing. Maar dat maakt het moeilijk om over verschillende modules heen te optimaliseren:
hetzelfde ontwerpprobleem komt vaak voor in meerdere modules, en dan is het vaak efficiënt om
dezelfde oplossing te gebruiken. Het bewaren van consistentie in ontwikkeling over lange termijn
kan vergemakkelijkt worden door het gebruik van roadmaps. Daarnaast kunnen problemen met
achterliggende (‘second tier’) leveranciers niet altijd goed herkend en opgelost worden.
Net als hun klanten zijn leveranciers vaak beperkt in staat om ontwikkeltaken uit te voeren of om te
gaan met een grote variëteit aan technologieën. In die gevallen kunnen leveranciers gestimuleerd
worden om stapsgewijs meer ontwikkelwerk te doen om zo een toename in kennis en competenties
te stimuleren. Daarnaast kan soms technische kennis overgedragen worden van de klant naar de
leverancier.
Een bijzondere uitdaging wordt gevormd door technologische onzekerheid. Hierbij blijkt vooral dat
het belangrijk is dat de leverancier voldoende inzicht heeft in de organisatiestructuur en
ontwikkelprocessen van de klant. Omgekeerd helpt het als de klant een goed gedocumenteerd
ontwikkelproces heeft dat gecommuniceerd kan worden aan de leverancier.

252

Nederlandse samenvatting
Investeringen en belongingen voor leveranciers
Het belang van het perspectief van de leverancier wordt onderstreept door het feit dat capabele
leveranciers die geschikt zijn voor high‐tech innovatiesamenwerking, schaars zijn. Daarnaast blijkt de
bereidheid van de leverancier om te participeren in productontwikkeling van cruciaal belang te zijn.
Een belangrijke factor die deze zaken beïnvloedt is de klantspecificiteit van het product of de kennis
en competenties die nodig zijn om het te ontwikkelen. Deze klantspecificiteit neemt soms af: wat
begint als een zeer specifieke oplossing voor één klant, kan door een leverancier op later tijdstip
alsnog breder worden vermarkt. Dat kan dan leiden tot een andere vorm van samenwerking, waarbij
de leverancier een meer leidende rol in de ontwikkeling aanneemt. Een verbindend element in de
architectuur (interfacemodule) kan hierin helpen. Zo kan een grotere leveranciersmarkt van kant‐en‐
klare producten aangeboord worden. Architecturele en organisatorische wijzigingen gaan hier hand
in hand.
De investeringen van leveranciers bleken onder te verdelen in drie categorieën:
‐
‐
‐

Productontwerp
Technologie
Kennis & competenties (incl. organisatorisch)

Daar tegenover staan de belongingen, die ook verschillende vormen aannemen:
‐
‐
‐
‐

Betaling; al of niet uitgesteld.
Intellectueel eigendom; toepasbaar in andere sectoren (buiten no‐fly zones)
Kennis en innovatiecompetenties; toepasbaarheid bij andere klanten mogelijk onbekend op
het moment van opbouw
High‐tech reputatie; op zichzelf van beperkte waarde.

Het bovenstaande is geillustreerd met een vergelijking tussen twee gevallen met een verschillende
dynamiek. In één geval leidde de combinatie van investeringen en belongingen tot een positieve
dynamiek en een win‐win scenario voor klant en leverancier. Het andere scenario leidde juist tot
problemen in de relatie en een teruggang in de bereidheid van de leverancier om te investeren in de
samenwerkingsrelatie.

Conclusies
In deze paragraaf volgt een antwoord op de onderzoeksvragen en worden de beperkingen van dit
onderzoek kort besproken.
Antwoorden op de onderzoeksvragen
De empirische resultaten van dit onderzoek helpen een antwoord geven op de onderzoeksvragen.
1. Op welke manieren beïnvloedt SI in NPD de investeringen die toeleveranciers maken en de
belongingen die ze ontvangen?
SI in NPD vergt bepaalde investeringen van leveranciers. Deze investeringen zijn deels
afhankelijk van de vorm van samenwerken. Met name ‘grey‐box’ en ‘black‐box’
samenwerking stellen hoge eisen aan de kennis en competenties van leveranciers. In grey‐
box SI in NPD moet een leverancier effectief kunnen integreren in het ontwikkelproces van
de klant. Daarvoor is nodig dat de leverancier o.a. kennis heeft van organisatie en
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bedrijfsprocessen van de klant, maar ook van de architectuur en werking van het gehele
product. In black‐box SI in NPD moet de leverancier in staat zijn om zelfstandig de
ontwikkeling van (een deel van) een product te organiseren, inclusief het plannen van
technologieontwikkeling en het aansturen van onderliggende leveranciers.
Daartegenover staat dat een leverancier profijt kan hebben bij samenwerking voor
productontwikkeling. Op de lange termijn zoekt een leverancier naar financieel rendement
op zijn investeringen. Rechtstreekse betaling voor ontwikkeldiensten is een middel daarvoor.
Maar in ee high‐tech omgeving zoals hier onderzocht is, hebben met name spin‐off effecten
aantrekkingskracht op leveranciers. De samenwerking met veeleisende high‐tech bedrijven
tilt leveranciers naar een hoger niveau, wat uiteindelijk zowel de klant als de leverancier ten
goede kan komen.
2. Wat is de relatie tussen de complexiteit van het product en de vorm van SI in NPD?
Uit dit onderzoek trekken we de conclusie dat het uitbesteden van ontwikkeltaken naar
leveranciers een (strategische) keuze is. Het spectrum van uitbesteding heeft twee
extremen: productontwikkeling wordt helemaal uitbesteed (‘black‐box’), of juist helemaal
niet (‘white box’ of helemaal geen SI in NPD). De complexiteit van het product lijkt hierin een
modererende factor te zijn. Hoe minder modulair het product is, hoe moeilijker het is om
ontwikkeltaken verbonden aan (een deel van) het product in hun geheel uit te besteden. Het
resultaat kan dan een grey‐box samenwerkingsverband zijn. Technologische onzekerheid
heeft een soortgelijk effect. Tenslotte stelt een hoge mate van complexiteit binnen een
bepaalde module hoge eisen aan de partij die de module ontwikkelt. Dit beperkt de keuze
van leveranciers die geschikt zijn voor de ontwikkeling van de module.
3. Wat is de relatie tussen de klantspecificiteit van innovatiegerelateerde bezittingen en de
vorm van SI in NPD?
Klantspecificiteit heeft een indirecte invloed op de vorm van samenwerking, met name op
de lange termijn. De bezittingen, d.w.z. producten, kennis en competenties die een
leverancier opdoet in samenwerking met een high‐tech klant zijn vaak specifiek naar die
klant. Maar op langere termijn kan de leverancier kan in staat blijken om die zaken te
vermarkten naar andere klanten. Dat verhoogt het rendement op de investeringen die de
leverancier voor de initiële high‐tech klant heeft gemaakt. Voor de leverancier kan dit een
stimulus zijn om te blijven investeren in innovatiesamenwerking. Omgekeerd, als de
bezittingen klantspecifiek blijven, dan zal het rendement op de gerelateerde investeringen
beperkt blijven en wordt de leverancier in mindere mate gestimuleerd om te investeren in
innovatiesamenwerking.
Beperkingen en suggesties voor verder onderzoek
Dit onderzoek kent diverse beperkingen als gevolg van methodologische keuzen. Deze beperkingen
geven aanzet tot vervolgonderzoek:
‐

‐
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In dit onderzoek is gekeken naar klant‐leveranciersrelaties vanuit het perspectief van de
klant. Aanvullend onderzoek zou gebruik kunnen maken van data van beide zijden van de
relaties om een evenwichtiger beeld te vormen.
Dit onderzoek is kwalitatief. Concepten zoals modulariteit, intensiteit van de samenwerking
en klantspecifiteit zijn kwalitatief geïnventariseerd. In vervolgonderzoek zouden

Nederlandse samenvatting

‐

‐

kwantitatieve schalen ontwikkeld kunnen worden voor dit soort concepten. Dit kan
bijdragen aan een consistentere vergelijking van verschillende organisaties en industrieën.
Het dynamische karakter van samenwerkingsrelaties zou op een kwantitatieve wijze
gemodelleerd kunnen worden. Het toepassen van bv. systeemdynamica (cf. Akkermans, et
al., 2004; Vos & Akkermans, 1996) is daarbij een voor de hand liggende optie.
Een hoofdconclusie van dit onderzoek is dat kenmerken van het product de aard van de
samenwerkingsrelatie bepalen (technologisch determinisme). Het ligt voor de hand dat ook
andere zaken ook een belangrijke rol spelen in de vorming van samenwerkingsverbanden.
Hierbij kan gedacht worden aan bv. strategische besluitvorming, de mate waarin
samenwerking binnen de organisatie bijdraagt aan externe samenwerking (Hillebrand &
Biemans, 2004) en de eigenschappen en relaties van de mensen die betrokken zijn bij het
vormgeven van de samenwerking.

Aanwijzingen voor managers
Tot slot resulteert dit onderzoek in een aantal aanwijzingen voor inkoop‐ en R&D managers die te
maken hebben met samenwerkingsverbanden met leveranciers.
Allereerst is samenwerken een strategische keuze. Er is een spectrum dat loopt van helemaal niet
samenwerken (alle productontwikkeling binnen de organisatie uitvoeren) tot het volledig
uitbesteden van alle ontwikkeling. Het één is niet per definitie beter dan het ander.
Daarnaast is het verstandig om na te gaan waarom er samengewerkt zou moeten worden met
externe leveranciers. Bestaat er een behoefte aan externe kennis, externe ontwikkelcapaciteit, of
aan strategische flexibiliteit? Er kan dan gekozen worden voor een samenwerkingsvorm die bij die
motivatie past.
Technologie is een bepalende factor in het kiezen van een samenwerkingsvorm. Met name als er
nieuwe, complexe technologie wordt toegepast en/of het product is sterk geïntegreerd (niet
modulair), dan zijn de mogelijkheden voor het volledig uitbesteden van ontwikkeltaken beperkt. In
zo’n situatie kan hooguit gestreefd worden naar een ‘grey box’ samenwerkingsverband. Wil men
toch op een ‘black box’ manier uitbesteden, dan zal de systeemarchitectuur daarop moeten worden
aangepast: er moeten dan modules worden gedefinieerd met duidelijke en stabiele interacties met
omliggende delen van het product.
Samenwerken kent potentiële voordelen, maar ook risico’s,zoals het verlies van kennis en
competenties op de lange termijn of (onevenredige c.q. onwenselijke) afhankelijkheid van een
leverancier. Met dit soort risico’s moet rekening worden gehouden in het vormgeven en
onderhouden van samenwerkingsverbanden.
Tot slot is een belangrijk aspect van het (gedeeltelijk) uitbesteden van ontwikkeltaken de
beschikbaarheid van een leverancier die bereid en capabel is om hieraan deel te nemen. De
bereidheid van een leverancier wordt mede bepaald door de mogelijkheden die bestaan om
investeringen in de samenwerking terug te verdienen. Tegelijkertijd dragen die investeringen bij aan
de capabliteit van de leverancier. Er is dus een verband tussen bereidheid en capabiliteit. Dit
onderzoek onderstreept dat het essentieel is voor uitbestedende partijen om zich bewust te zijn van
het perspectief van de leverancier.
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