


Innovating for Sustainability

One of the challenges met by green entrepreneurs and product developers who
have tried to develop more sustainable products is that efforts to create better
products in environmental terms do not always translate into effective business
cases. The purpose of this book is to promote a better understanding of the
implications of environmental issues in new product development. Through an
empirical study in the human-powered vehicle sector, Luca Berchicci examines
how and to what extent the environmental ambition of product developers and
managers influences the way new products and services are developed. Under-
standing of this phenomenon is particularly important since managers are
encouraged and/or motivated to undertake environmental new product develop-
ment projects.

From the descriptions and analyses of the two case studies Luca Berchicci
suggests that a high level of environmental ambition increases the complexity of
the product innovation process. Moreover, a high level of environmental ambi-
tion may hamper a product innovation process because it may lead the develop-
ers away from the market that their product is to serve. Accordingly, this book
attempts to explain and predict how environmental ambition influences new
product development processes. This claim represents a theoretical contribution
to existing research in both product innovation and green product innovation.
Moreover, this volume vouchsafes an original and deep insight into the diverse
facets of greening.

This book will be of interest to students and researchers engaged with new
product innovation, entrepreneurship and sustainability.

Luca Berchicci is an assistant professor at the Centre for Entrepreneurship, at
the Rotterdam School of Management, Erasmus University.
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1 Introduction

Environment/Innovation is much like motherhood: everyone thinks it’s great, but
nobody seems to know how to get pregnant.

(Hall & Clark, 2003a: 343)

1.1 The problem definition

As Hall and Clark suggest, this saying is often heard in the environmental field and
it denotes the paradox of developing environmentally driven1 innovations. The
ambition to develop new products and services with potential environmental bene-
fits occasionally clashes with the less than exciting performance of these products.
The electric car is a notorious example of environmental technology on which
national governments, green activists and green entrepreneurs in general have bet
their future stakes. The market, however, has welcomed the electric car lukewarmly.

Here the term green entrepreneur refers to individuals who see environmental
issues2 as market opportunities and are willing to exploit them. Entrepreneurs, as
discussed in Chapter 3, are individuals who search for systemic innovation and
the exploitation of opportunities to create economic value (Drucker, 1985). The
green entrepreneur wants their businesses to be environmentally responsible and
“to make a social statement, not just to make money” (Isaak, 2002). The green
entrepreneur may be a designer, a product developer, a manager in an estab-
lished firm or an individual ready to start a company.3 Therefore, the title refers
to the challenging task facing environmental entrepreneurs of matching environ-
mental issues with market demands in new product development projects. Social
needs and values for customers may not necessary overlap with one another as
the case of electric cars demonstrates. The integration of environmental issues
into new product development is the platform of this research.

1.1.1 New product development and environmental new product
development

In recent years new product development has become critically important for
firms to enable them to compete successfully in new and existing markets



(Calantone, Vickery, & Droge, 1995). New product development is crucial for
firms not only as a potential source of competitive advantage, but also as means
to diversify, adapt and reinvent the firm itself in a fast-changing market (Brown
& Eisenhardt, 1995).

New product development (NPD) is defined here as the transformation of
market opportunities (and a set of assumptions about product attributes) into a
product that meets the needs of consumers and other internal and external stake-
holders4 (Krishnan & Ulrich, 2001; Pujari, Wright, & Peattie, 2003). These
stakeholders include consumers, government and nongovernmental organi-
zations (NGOs), and they require products that are designed with specific attrib-
utes like quality and safety standards for humans and the environment, which
generally encompass the concept of sustainability. It is important to clarify that
this research focuses on two of the three elements of the sustainability concept:
the economical and ecological pillars excluding the social dimension (i.e.
working condition, protection of cultural properties or occupational health).5

The interest in the natural environment has been one of the driving forces in
the last decade motivating the redesign of existing products and the creation of
new ones to make them more energy-efficient or less material-intensive (e.g.
Brezet & Hemel, 1997; Graedel, Allenby, & AT&T, 1995; Hart, 1995; Shrivas-
tava, 1995b). The challenging task for industry, practitioners and scholars sup-
ported by policy agendas has been the incorporation of environmental
considerations into product development, aligning the natural environment with
regulations and market demands. This field of research is defined here as
environmental product development (EPD), which includes the redesign of
existing products and the development of new ones. The development of
environmental products and services includes a normative aspect – the new
products should have a lower impact on the natural environment compared to
the products that they aim to replace (Markusson, 2001). Therefore EPD differs
from NPD in the intentionality to reduce the environmental impact.

Many scholars in the EPD field argue that by going green, corporations may
reduce costs, capture emerging market, gain first-mover advantage and improve
the corporate image (Hart, 1995, 1997; Porter & Van der Linde, 1995; Roome,
1992; Shrivastava, 1995c). In other words, the environmental imperatives can
represent market opportunities rather than business constraints, creating a win-
win paradigm (Hunt & Auster, 1990). Moreover, win-win theories suggest that
there are systematically unexploited opportunities for increasing private profits
while providing reduced environmental damage (Porter et al., 1995). Porter
argues that the current market inefficiency may be overcome by just picking up
the environmental challenge.6 Perceiving environmental issues as market
opportunities may open up an additional range of opportunities, thus providing
numerous niches for enterprising individuals and firms to successfully identify
and exploit.

Accordingly, this research study focuses on environmental new product
development (ENPD), which excludes the redesign of existing products (as dis-
cussed in Chapter 4). Here ENPD is defined as new product development where
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the goal is to design, develop and implement new products or services that can
successfully replace existing products that are more harmful to the natural
environment (Figure 1.1). Moreover, ENPD is driven by market opportunities,
rather than regulatory pressure, where environmental products and services are
increasingly proposed as strategic options for increasing profits and solving
environmental problems (Shrivastava, 1995b).

1.1.2 The gap: the environmental ambition in NPD

Although many authors support the win-win logic of being “green and competit-
ive” (Hart & Ahuja, 1996; Porter et al., 1995; Schaltegger & Synnestvedt,
2002), the effort to create better products in environmental terms does not
always translate into a commercial or viable business case resulting in new
and/or expanding markets (Hall et al., 2003a).

One of the possible explanations may be found in the intrinsic uncertainty of
the product innovation process which is extensively discussed in Chapter 2. The
innovation process, and specifically the way new products are designed,
developed and implemented, is an uncertain journey in the unknown (Arrow,
2000). Drawbacks, changes and twists are the very characteristics of the innova-
tion process in which just a small number of products are implemented as
expected.

Furthermore, the more radical the innovation process, the more uncertain the
journey. Overlooking this uncertainty may jeopardize regular as well as environ-
mental product development. This is especially important since scholars, practi-
tioners and policy makers in the environmental field assume that, only by
shifting from incremental innovation to a more radical innovation, can the 
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win-win paradigm be achieved (e.g. Ashford, 2000; Brezet et al., 2000; Charter
& Tischner, 2001; Fussler & James, 1996; Hart & Milstein, 1999; Weaver,
Jansen, Grootveld, Spiegel, & Vergragt, 2000; Weiszäcker, Lovins, & Lovins,
1997; Weterings & Opschoor, 1992). Despite the importance of the innovation
process, it would appear that ENPD research has few links with regular new
product development literature (as suggested by Baumann, Boons, & Bragd,
2002).

In light of this, this research study attempts to improve our understanding of
existing product development and innovation theories and to demonstrate how
existing theoretical models in NPD literature may help address questions raised
within the environmental field. This research study also attempts to address the
request by some scholars to integrate and link existing theories with the greening
process (Starik & Marcus, 2000).

A second explanation may be related to the nature of environmental issues
(see Chapter 4). “Greening” is an ill-defined concept (Chen, 2001) and the
degree of greening is perceived differently by consumers, producers and govern-
ments (Kleiner, 1991). Although many studies have contributed significantly to
our understanding of how firms can develop and implement green products (e.g.
Brezet et al., 1997; Lenox & Ehrenfeld, 1997; Pujari & Wright, 1996), they tend
to be rather conceptual, normative and prescriptive. Such studies have less
emphasis on exploring or explaining the implications of incorporating environ-
mental issues into product development (as suggested by Baumann et al., 2002;
Lenox et al., 1997). This research study suggests combining the prescriptive and
normative approaches, along with the exploratory and explanatory approaches,
to address the implications of designing and developing new environmentally
ambitious products and services.

Finally, another explanation can be found in a combination of the two above-
mentioned explanations, that is the relationship between environmental issues
and the product innovation process. Although concerns for the natural environ-
ment may lead to the discovery of new opportunities for innovation (Hunt et al.,
1990; Sharma, 2000), we do not know exactly how the environmental concern
may influence the exploitation of new opportunities, such as the development of
new products and services. Concern for the natural environment is pervasive
among both consumers and business organizations and it is therefore an import-
ant phenomenon that demands more scholarly attention (Banerjee, 2001; Bansal,
2003; Starik et al., 2000).

In organization and the natural environment studies, many scholars suggest
that the recognition and integration of environmental concerns into a firm’s
decision-making process is becoming an increasingly accepted way to address
environmental issues in business (e.g. Banerjee, 2002; Banerjee, Iyer, &
Kashyap, 2003; Hoffman, 2001; Menon & Menon, 1997). Prior research has
investigated managers’ responses to environmental issues, identifying
antecedents (Banerjee et al., 2003; Flannery & May, 2000; Menon et al., 1997),
scale and scope of the responses (e.g. Andersson & Bateman, 2000; Bansal,
2003; Banerjee, 2001; Drumwright, 1994).
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For example, Bansal (2003) found that individual concerns and organi-
zational values are necessary conditions to explain organizational responses to
environmental issues. Flannery and May (2000) found that U.S. metal-finishing
companies’ environmental attitudes, norms and ethical climates were all posi-
tively associated with their managers’ environmental intentions, but that per-
sonal moral obligation, self-efficacy and financial cost were negatively
associated with those intentions. They concluded that managers continued to
frame environmental issues in legal rather than moral terms. Sharma (2000)
found that the extent to which some of the firms in the Canadian oil and gas
industry went further in incorporating environmental concerns into decision
making was heavily dependent on the degree to which their managers perceived
these issues as opportunities and not threats. Others have explored the conditions
under which environmental issues and sustainable business practices are intro-
duced in the very beginning of new business ventures (e.g. Larson, 2000; Schal-
tegger, 2002; Walley & Taylor, 2002). For example, Schick et al. (2002) found
that the entrepreneur’s belief is one of the most important factors governing their
response to environmental issues when comparing conventional start-ups with
ecologically oriented ones.

These scholars explain what guides managers’ and other employees’
sustainability-oriented decisions and behaviors, although it seems that few
studies are concerned with the question of how the environmental concern of
managers and product developers influence their decisions in organizational
activities. An example is Baumgartner, Faber and Proops (2002), who developed
a conceptual analysis based on capital theory investigating the influence of the
environmental concern on long-term decisions. They concluded that the integra-
tion of environmental issues increases the complexity of economic valuation
when making an investment decision. The complexity refers to the greater
number of uncertainties involved in the combination of environmental and eco-
nomic concerns that may be driving the difficulties of forming accurate expected
returns from investments.

Furthermore, it seems that previous research has analyzed how managers
respond to environmental issues in relation to managerial practices and strategic
management. Few studies have, however, addressed the influence of environ-
mental concern on decisions dealing with new product development activities.
Understanding this phenomenon is particularly important since managers are
encouraged to undertake environmental new product development projects (e.g.
Charter et al., 2001).

The environmental concern may constitute a motivation to undertake a new
product development project. In light of this, development teams within organi-
zations may seek to create environmentally friendly products, which must
satisfy some basic expected functionality. This may imply that the integration of
environmental concern with other concerns, such as cost, market acceptance or
product functionality, may influence the way project performances are assessed
and supported.

Consequently, if the environmental concern is a primary objective for
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undertaking an NPD project, it may dictate the progress of the project. This
may have relevant implications. First, given that greening is ill defined, the
project may be difficult to evaluate according to environmental concerns.
Second, the environmental concern may make decisions difficult for the devel-
opment team when a tradeoff is necessary between environmental concerns and
other concerns, for example, in case of material selection, energy efficiency,
cost or convenience. Third, in the case of radical projects, project performances
are unclear because, by definition, these projects incorporate parts that are
unknown, uncertain and untested. Given the poorly defined performance cri-
teria, development teams may emphasize environmental concerns while other
concerns may be downsized.

Therefore, the main goal of this research study is to explore and explain how
the environmental ambition of environmental entrepreneurs influences their
decisions in the new product development process, to understand the challenges
in environmentally driven innovation projects. The term “environmental ambi-
tion” is introduced here and may be defined as a specific intention to design,
develop and implement new products and services with a lower environmental
impact compared to the products and services that they aim to substitute.7 The
term “environmental ambition” is considered a better term here than “environ-
mental concern” to indicate an effective manager’s determination to act in the
innovation domain. Most researchers from sociology and psychology view
environmental concern as a general attitude toward environmental issues that does
not always translate into a determinate response (e.g. Bamberg, 2003; Dunlap &
Liere, 1978; Weigel & Weigel, 1978). Accordingly, many of these studies found
that the relationship between environmental concern and behavior is weak (e.g.
Diekmann & Preisendörfer, 1998; Weigel, 1983). Nevertheless, scholars in the
environmental field have often used this term to describe and explain the
responses of individuals to environmental issues. Unlike environmental concern,
environmental ambition is more closely linked to actions that result in attempts to
develop new environmental technologies, products or services.

To address the potential causal mechanisms between environmental ambition
and the product development process, a closer link to existing product innova-
tion theories and organizational studies is proposed. The underlying rationale is
that these studies provide building blocks to build a conceptual model that may
explain the environmental ambition in new product development (Berchicci &
Bodewes, 2005).

To sharpen our understanding of the literature on product innovation, this
research study restricts itself in several ways. Initially, it focuses on the new
product development literature that has mainly studied how organizations
specifically generate new products. The underlying rationale is that the product
performance is considered to be heavily affected by how the process of innova-
tion unfolds and how the activities are carried out (e.g. Cooper & Kleinschmidt,
1995a; Montoya-Weiss & Calantone, 1994). Moreover, this research study
adopts an organizational perspective: the new product is seen as an artifact
resulting from an organizational process (Krishnan et al., 2001). Therefore,
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organizational determinants such as management support, team commitment and
competences are seen as having a direct influence on how activities are carried
out and how products perform in the market. Finally, given its importance in the
ENPD field, this research study will focus mainly on radical undertakings.

Furthermore, this study pays a great deal of attention to the organizational
setting influencing the product development process (Van de Ven, Polley,
Garud, & Venkataraman, 1999). Product innovation is rarely confined to the
level of the product, but it often encompasses changes within the organization,
such as a new project team or a new business venture, and between the organi-
zation and the stakeholders (Janszen, 2000). Progress has been made in under-
standing new product development within single organizations; yet research on
product innovation within new entrepreneurial organizations and within interor-
ganizational settings is limited but emerging (Van de Ven et al., 1999). The
focus of this research study is on new product development projects within start-
ups and networks of organizations rather than within single, established organi-
zations.8 The underlying rationale is that EPD and ENPD are traditionally
focused on established organizations whereas very little is known about how
environmental issues are addressed in other organizational settings. Moreover, it
seems that environmental ambition is also playing an increasingly important role
in starting new ventures, both within new organizations (Larson, 2000) and net-
works of organizations (Brown, Vergragt, Green, & Berchicci, 2003).

1.1.3 The empirical domain

This research study limits its empirical enquiry to the human-powered mobility
sector. Specifically, it concentrates on new concepts designed and developed to
provide new mobility solutions in the short-distance mobility sector. The under-
lying rationale is threefold. First, the mobility sector is considered one of the
main sources of environmental and health problems such as pollution and con-
gestion and it has been receiving a great deal of attention in the policy and busi-
ness arena (WBCSD, 2001). Second, in the short-distance mobility sector new
products and services are increasingly proposed to align environmental issues
with market opportunities. For instance, although a niche market, car sharing is
an example of perceiving an environmental challenge as a market opportunity
(Meijkamp, 2000). On the contrary, it seems that in the car industry new
environmental technologies such as fuel cells are driven by stringent regulation
rather than by market opportunities (van den Hoed, 2004). Third, it seems that
new entrepreneurial organizations in particular are proposing new mobility con-
cepts. Velotaxi (see Box 2.2) or car-sharing systems are examples of new prod-
ucts and services exploited by entrepreneurs.

1.2 Research objective and research questions

This research study aims to gain better insight into the way that environmental
ambition influences the new product development process. First, it attempts to
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conceptually integrate the environmental perspective into the NPD process.
Second, it aims to enrich the theory on NPD by providing an understanding of
the opportunities, risks and challenges of the integration of the environmental
concern into NPD. Finally, it provides an empirical analysis and discussion of
the short-distance mobility sector in the Netherlands. Within this research objec-
tive, this research question is posed:

How does the environmental ambition of managers and product developers
influence their decision making during the product innovation process?

To answer this question two lines of enquiry are proposed: a theoretical and an
empirical approach.

The theoretical enquiry seeks to describe and explain two key concepts high-
lighted in the research question: the innovation process and the environmental
issues within product development. First, it was felt that a better understanding
of innovation theories would result from the evaluation and discussion of studies
which have defined and measured the key constructs within the process of
innovation. Therefore, literature on innovation, specifically NPD, is reviewed in
Chapter 2 with an emphasis on the distinction between radical and incremental
innovation processes, seeking to answer the first sub-question:

a) What does the existing theory indicate or predict concerning conditions
for successful radical and incremental NPD?

The relevance of the dichotomy of radical versus incremental innovation in
this study is twofold. First, the ENPD literature stresses the importance of
radical changes for the sake of the natural environment: the more radical the
change, the better (see Chapter 4). Second, due to the greater uncertainty
involved in radical projects, the extent to which factors are determinant for an
NPD project is influenced by the nature and degree of the innovation (Bal-
achandra & Friar, 1997). For example, detailed market research for a new
product in a new market may be inconclusive because potential consumers
may have difficulties valuing the product. Therefore, an in-depth analysis of
radical innovation is needed.

The NPD literature is closely linked to the organizational innovation liter-
ature (Fiol, 1996). Both literatures theorize about how organizational factors
influence the effectiveness of developing and bringing innovations to external
markets. Given their importance for the process of innovation, studies investi-
gating the way that innovation is organized in different settings are reviewed in
Chapter 3 to answer the second sub-question:

b) How does the organizational setting influence the process of innovation?

The relationship between three organizational forms, start-ups, established
organizations and interorganizational networks, and the process of innovation is
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examined to highlight their own advantages and set of liabilities in innovation
and their different decision-making processes.

The second key concept concerns environmental issues within the organi-
zation. Existing studies in the environmental field are reviewed in Chapter 4
seeking to answer the sub-question:

c) How has the relationship between environmental issues and product
development been addressed in the literature?

The inability to fully explore and explain the implications of environmental ambi-
tion in product development does not mean that previous studies are without
merits. The literature review is essential to understand the current approach to the
relationship between the natural environment and the organization especially
regarding the integration of environmental issues with product development.

The literature review allows one to select key constructs for the building
blocks of the conceptual model illustrated in Chapter 5. The underlying rationale
for the selection of the constructs is twofold. First, to develop a model that
attempts to explain how environmental ambition and the process of product
innovation are related, parsimony is important. Parsimony requires selectivity,
that is, only those factors that really add to our understanding should be included
(Bodewes, 2000). This is strictly related to the second rationale: the empirical
data.

The empirical enquiry is the natural following step. Although the literature
review helps identify and select key constructs, these alone do not constitute a
theoretical model unless clear relationships among them are established. To
fully understand the influence of environmental ambition during the innovation
process, that is, the relationship between these two key concepts, an appropriate
research strategy needs to investigate the unfolding of events over time. The
case study method has been chosen as the research strategy (see Chapter 5). The
underlying rationale for choosing case studies is related to the kind of research
question posed: how environmental ambition influences the product innovation
process. According to Yin (1994), the case study approach is one of the most
suitable research strategies when “how” questions are asked about a contempor-
ary set of events and when the research attempts to elucidate a decision or a set
of decisions. The theoretical and the empirical enquiries are not addressed
sequentially, but an iterative process exists between the existing theories and
data where discrepancies are reconciled in the subsequent iteration (Bansal &
Roth, 2000). Moreover, to enrich or extend theory that is empirically grounded,
an analytic induction methodology is appropriate (Yin, 1994) because it explic-
itly accommodates existing theories.

Here the selection of cases is important. In selecting cases, the recommended
approach in analytic induction is theoretical sampling (Bansal et al., 2000;
Eisenhardt, 1989). Cases are selected to highlight theoretical issues, to replicate
or extend the emergent theory and provide examples of polar types (Eisenhardt,
1989). For the purpose of this research study, two new product development
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projects are examined: the Mitka project and the Mango project. The Mitka
project is the main case study where a strong environmental ambition was the
motivation to start such a project in an interorganizational network setting. Only
after thoroughly examining the Mitka case, a second case of polar type was
selected: the Mango project. As polar types, these cases present two extreme
situations. They are polar types in their organizational settings and in their
motives. The Mitka project was created by a set of established organizations
with a high level of environmental ambition. The Mango project was set up by a
new small firm with a low level of environmental ambition. They are similar
projects in their objectives: the development and the implementation of a fast,
three-wheeled, human-powered vehicle that is weather-protected for long dis-
tances and has commercial aspirations. The reason for choosing a sequential
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case to the first main case was to compare the decision-making process and the
approach to the radical undertaking, attempting to answer the sub-question:

d) What are the differences in the decision-making process between high
and low environmental ambition level projects?

In Chapter 6 the two cases are described and within- and cross-analyses of the
cases are performed in Chapter 7. Finally, in Chapter 8 conclusions are drawn
and the model is revised. Given the practical implications of this study, this
chapter also discusses implications for scholars and product developers. An
outline of the research in shown in Figure 1.2.
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2 Product innovation

Many companies think innovation is a bit like Botox – inject it in the right
corporate places and improvements are bound to follow. But too many com-
panies want one massive injection, one huge blockbuster, to last them for the
foreseeable future. Unfortunately, successful innovation is rarely like that.

(The Economist, April 24, 2004)

2.1 Introduction

This chapter presents a review of the product innovation literature. The sub-
question this chapter attempts to answer is:

What does the existing theory indicate or predict concerning conditions for
successful radical and incremental NPD?

The process of innovation is a multidimensional and complex phenomenon.
Given this complexity, this chapter focuses on innovation literature on the
micro-level, which specifically studies how organizations generate new prod-
ucts. This review highlights specific key constructs, which will be used as build-
ing blocks for the conceptual model illustrated in Chapter 5.

In section 2.2, definitions of innovation as an adjective of an idea, practice or
artifact are reviewed and innovation typologies are illustrated. In section 2.3,
success and failure factors in the new product development are examined.
Section 2.4 explains the difference between the radical and the incremental
innovation process from an organizational perspective. Finally, conclusions are
drawn in section 2.5.

2.2 What is the essence of innovation?

The importance of innovation as a crucial means to create and maintain eco-
nomic growth and sustainable competitive advantage has been largely acknow-
ledged (e.g. Christensen, 1997; Drucker, 1985; Hamel, 2000). Schon (1967)
describes the corporation as a miniature nation where the weapons are products
and processes, its battlefield is the marketplace and innovation is essential to



waging this war.9 Nevertheless, there is no consensus in defining “innovation”
exclusively. On the contrary, different typologies of innovation have been iden-
tified, such as radical, incremental, really new, discontinuous, imitative, archi-
tectural, modular and evolutionary innovations (for a recent review see Garcia &
Calantone, 2002). However, the concept of innovation is not exclusively related
to an adjective to stick to ideas, artifacts or services but also to the process
through which the artifact is the outcome. Therefore innovation is perceived
both as a process and an outcome of the process.

2.2.1 Innovation as an outcome

According to Johannessen et al. (2001) every definition of innovation is related
to the concept of newness that may be investigated according to three dimen-
sions: What is new? How new? New to whom?. A general definition of innova-
tion as an outcome is that of Schumpeter: “the commercial or industrial
application of something new – a new product, process or method of production;
a new market or source of supply; a new form of commercial, business or finan-
cial organization” (Schumpeter, 1934). Other scholars, however, advise distin-
guishing between something new and the application, that is, invention from
innovation (e.g. Freeman, 1982). Invention is defined as “an idea, sketch or
model for a new or improved device, product or process” (Freeman, 1982: 7) or,
more generally, it means “the process of bringing a new technology into being,”
where technology is any tool or technique, any product or process by which
human capability is extended (Schon, 1967: 20).

The boundaries between invention and innovation have not been exclusively
clarified. Some scholars argue that the invention does not become an innovation
until it has been processed through production and marketing tasks and diffused
into the marketplace (e.g. Freeman, 1982). Discoveries that go no further than
the laboratory remain inventions. Therefore any invention brought into the
market becomes an innovation. Others, on the contrary, argue that any invention
that moves to the firm (Garcia et al., 2002) or that is put to use (Schon, 1967)
would be considered an innovation. For example, Zaltman’s definition stresses
the adoption of any invention or innovation stating that “any idea, practice, or
material artifact perceived to be new by the relevant unit of adoption” (Zaltman,
Duncan, & Holbek, 1973: 10). Moreover, Green et al. (1999) suggest that “an
invention may become an innovation not only with a commercial transaction,
but also with its adoption into the social fabric in some other way” (1999: 782).
Therefore invention and innovation shade into one another here because it is
hard to specify the point at which a new product or process begins to be put to
use (Schon, 1967).

Accordingly, in this research study the definition of invention and innovation
are based on Schon (1967): the invention is defined as the process of bringing a
new technology into being as result of a cognitive process, while the innovation
is when the invention is put in use.

The above-mentioned definition does not specify to what extent something is
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considered new and new to whom. The degree of the newness, usually expressed
as innovativeness, and the magnitude of the unit of adoption cause innovations
to be perceived differently. For example, the use of titanium is common practice
in the aerospace industry but relatively new for the bicycle industry.

Product innovativeness or newness refers to the degree of familiarity organi-
zations or users have with a product. Addressing the question how new, products
considered to be highly innovative are seen as having a high degree of newness
and those with a degree of lower innovativeness are at the opposite end of the
range. One common distinction based on the innovativeness is the radical versus
incremental innovation. Utterback defines radical innovation “as change that
sweeps away much of a firm’s existing investment in technical skills and know-
ledge, designs, production technique, plant and equipment” (Utterback, 1996:
200). That means dislocation and discontinuity and a major departure from
existing practices at the firm or industrial level, which goes together with radical
innovations. It also encompasses changes in the organizational capabilities that
force the organization to draw on new technical and commercial skills and to
use new problem-solving approaches. On the contrary, incremental innovation
expresses continuous improvement toward standardization within the firm and
the industry, reinforcing organizational capabilities. In the same line of reason-
ing, Abernathy and Clark (1985) developed a matrix that focuses on competitive
significance by mapping technology competence against market environments in
the case of the car industry. Their classification of innovation is based on the
conditions under which the innovation destroys or entrenches the current firm’s
competences and the market. Focusing on product development within the firm,
Henderson and Clark (1990) classify an innovation according to its capability to
overturn the existing knowledge of core concepts and components10 and the
knowledge of the linkages between them. The former is related to component
knowledge and the latter to architectural knowledge.

Given the multidimensional character of innovation, these innovation classifi-
cations are unable to define innovativeness exclusively. For example, the Sony
Walkman can be both a niche innovation (Abernathy et al., 1985) and an archi-
tectural innovation (Henderson et al., 1990) (Table 2.1). Several attempts have
been made to give clarity to the degree of newness (e.g. Garcia et al., 2002;
Johannessen et al., 2001), but arrival at a common and comprehensive definition
seems unlikely. Furthermore, there is another question to be addressed: new to
whom, which is closely related to how new.

The previously mentioned matrixes categorize the degree of newness in terms
of knowledge, skills and competences in the organization (Abernathy et al., 1985;
Henderson et al., 1990) and in the industry and market (Abernathy et al., 1985).
According to Afuah and Bahram (1995), previous studies do not address the
impact of the innovations on the capabilities and assets of suppliers, customers
and suppliers of complementary products. They propose the hypercube model,
where the Henderson matrix for the innovator entity (the firm) is expanded to the
suppliers, customers and complementary inventors attempting to describe the
impact of the innovation at various stages of its value-added chain.
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From this brief review of innovation as an outcome, the typologies of innova-
tion seem to be tailored to specific domains, products and firms and/or users.
Therefore, is it useful to distinguish among innovations?

Despite the intrinsic subjective perspective, the incremental–radical innova-
tion dichotomy is still valid, both for the firm and for the outside world. A well-
known typology categorizes new products along two dimensions of newness:
newness to the developing firm and newness to the market (Booz, 1982). Master-
ing a new product into which resources, organizational and technical skills fit
into seems to entail a lower degree of uncertainty than developing a new product
that requires new skills, various resources and faces unclear information about
the market. However, what may be seen by the innovation team as a really new
product achieved through the accumulation of new skills and resources may be
perceived by the “outside world” as a conventional product. Potential users may
perceive the innovation as too radical, making the adoption difficult because the
added value is unclear. Consequently, the perception of innovation impacts the
innovation process itself. Downs and Mohr (1976) refer to the degree of novelty
as a secondary attribute of the innovation. Secondary attributes are perceived by
senses rather than being essential to the object. For example, some innovation
may be seen as a minor change in routine by some organizations and a major
alteration for others. Downs and Mohr (1976) suggest measuring the degree of
innovativeness with respect to each organization and seeing it as a characteristic
of the organization.

For the purpose of this research study the degree of innovativeness is related in
primis to the organization that develops, adopts and implements the innovation.
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Table 2.1 Typologies of innovation for the same device according to various scholars

Type of innovation Matrix elements Author

Sony Walkman Niche innovation Existing technology Abernathy & Clark, 
competences/ 1985
disrupting market

Architectural Core concept Henderson & Clark, 
innovation reinforced/linkages 1990

between core concept 
and components 
changed

Incremental Existing technology Balachandra, 1997
innovation and market

Commercially Existing technology Veryzer, 1998a
discontinuous competences/

disrupting market



2.2.2 Innovation as a process

Invention and innovation are best understood as features of a single continuous
process rather than as steps or phases (Schon, 1967). The innovation process
may start from a well-defined problem that requires a solution, or it may be
derived from unexpected events or by chance. The innovation process has been
illustrated either as sequences of steps and activities to carry out or as a non-
linear process underlining the indeterminate nature of the innovation. They are
two different perspectives of how the innovation may be described: the rational
and the non-rational view of innovation (Schon, 1967). Keep in mind that here
they are illustrated in their extreme form.

The rational view of innovation

According to this perspective, the innovation process at the firm level consists of
a set of activities that are linked to one another through feedback loops. The
process is visualized as a chain or sequence of steps starting with the perception
of a market opportunity, a problem or a need, which is followed by the research,
the analytical design of a new product or process and testing, redesign and pro-
duction and commercialization (e.g. Buijs & Valkenburg, 1996; Fischer, 2001;
Kline & Rosenberg, 1986; Landau & Rosenberg, 1986; Rogers, 1995; Roozen-
burg & Eekels, 1995). The innovation process is goal-oriented and orderly: first,
the definition of the problem, then the identification of alternative routes to its
solution and finally, the choice as to the most promising route. The generation of
alternative routes is a divergent process, while the selection process is a conver-
gent one (Roozenburg et al., 1995). A phase of “generation” precedes a phase of
“idea screening”, with the first stage calling for creativity and imagination and
the second one for critical intelligence (Schon, 1967). Defining the problem is an
analytic sequence in which the designer determines all elements of the problem
and specifies the requirements that a successful design solution needs to have.
Terms like the “management of innovation” suggest that we can foresee the
dangers and rewards of projects where risks are controlled by mechanisms of
justification and review. Here the rational view is presented in an extreme form
but it is sometimes found in this “pure” state. However, what often happens in
practice is more complex, and the rational view of innovation seems to oversim-
plify the complexity of the process. Although linear models may describe the
process of innovation in general terms, experience tells us that organizations do
not always follow or encompass all of the steps that the models try to depict
(Buijs, 2003; McCarthy, Tsinopoulos, Allen, & Rose-Anderssen, 2006).

Innovation as a non-rational process

On the contrary, the non-rational perspective of the innovation process regards
the innovation as a process in itself. It often moves not from a clearly defined
goal to the discovery of technical means and then putting these into use, but
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from the observation of a phenomenon to the exploration of a use for it. “Once a
process of technical development has begun it does not usually move in a
straight line, according to plan but takes unexpected twists and turns” (Schon,
1967: 12). The innovation process reflects non-linear dynamics (Van de Ven et
al., 1999) and may be illustrated as a learning process (Schon, 1967). Arrow
stated that “the process of innovation is filled with uncertainty, it is a journey of
exploration into a strange land” (Arrow, 2000). It involves sets of risks and
uncertainties that are inherent to the process. The risk of an action is the likeli-
hood that it will produce an unwanted result, and it is a quantitative expression
based on probabilities (Schon, 1967). On the contrary, a situation is uncertain
when it requires action but what needs to be done remains unclear. Taking
decisions creates uncertainty when the situation is problematic and unfamiliar
and there is too little or too much information. “A firm is not designed for uncer-
tainty but is well-equipped for risks”, accordingly, “the innovative work of an
organization consists in converting uncertainty to risk” (Schon, 1967: 25). Thus
the aim is to reduce uncertainty to permit decisions on the basis of defined
information and to handle risks on clear alternatives of action.

Many scholars have drawn on the information-processing theory in which the
product development is frequently described as an exercise in information pro-
cessing (e.g. Moenaert, Demeyer, Souder, & Deschoolmeester, 1995; Tatikonda
& Rosenthal, 2000). If the objective of the organization is to translate uncertain-
ties into risks, the control of information becomes crucial when action is
required (Schon, 1967). In this perspective, uncertainty is the difference between
the amount of information required to perform a particular task and the amount
of information already possessed by the organization/individual (Galbraith,
1973). Then the process of innovation may be seen as a process of uncertainty
reduction (Souder & Moenaert, 1992).

For the purpose of this research study, the process of innovation is defined as
a learning process through uncertainty reduction.

The innovation as an outcome is an invention put into use as the result of an
experiential social process.

Common elements in the innovation process

The process of innovation as previously discussed is hard to describe as a
sequence of stages or phases of activities over time. Instead the innovation
process may be described as a much fuzzier and more complex progression of
events in which uncertainties are expected to be converted into quantifiable risks
(Schon, 1967). Notwithstanding the great deal of uncertainty, we can draw some
general conclusions about how the uncertainty reduction progresses. For
example, after studying 14 different innovations, Van de Ven et al. (1999) found
some common elements pertaining to the initiation, development and implemen-
tation periods of the innovation.

The initiation period represents a gestation period in which a variety of inten-
tionally or unintentionally related events, like new information, triggers
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awareness of technological feasibility (“technological push”) or the recognition of
the need for change (e.g. “market pull”). Although many ideas may be generated,
it appears that concrete actions to start specific innovations are triggered internally
or externally by shocks to organizations.11 Many scholars call this period Fuzzy
Front End (Khurana & Rosenthal, 1998; Kim & Wilemon, 2002).The Fuzzy Front
End (FFE) is the period between when an opportunity is first contemplated and
when the idea is evaluated ready for development. The FFE is intrinsically
dynamic, uncertain and unroutine, where the ambiguity about the commercial
potential of an idea prevents an opportunity from proceeding to the development
phase (Kim et al., 2002). The ambiguity and uncertainty may arise from the
novelty of the technology, new markets, the fact that new resources are required or
lack of faith in a firm’s capabilities (Verworn, Herstatt, & Nagahira, 2008).

The start of the development period, in which the inputs are bound to “be
converted”, is usually related to the event of the resources’ acquisition. At the
beginning of the development period, there is a relationship between the prof-
itability of the innovation when it will finally be introduced and the amount
invested in development (Arrow, 2000). Although this relationship is highly
uncertain, plans are developed and submitted to resource controllers to obtain
the resources. These plans often represent wishful thinking rather than realistic
scenarios of innovation development. Therefore, formal plans are often bound
to change. When the development period starts, the initial idea may proliferate
in many divergent, parallel or convergent ideas, in which setbacks and mistakes
often occur resulting in an alteration of pre-developed assumptions. Due to the
intrinsic uncertainty of the process of innovation, some ideas are abandoned,
others put on the shelf and others lead to important innovation spin-offs. Still
some ideas converge, translating into an innovation. Proliferation may even be
produced to leverage the risk “to bet only on one horse”. As setbacks occur, the
resource and the schedule lines, if these exist formally, often mismatch. More-
over, setbacks may influence the relationship within the team and between the
team and the resource controllers. For example, escalation of commitment may
occur within radical innovation processes (Schmidt & Calantone, 1998) or
interpretative barriers may emerge within the team (Dougherty, 1992). Accord-
ingly, the innovative personnel may also change during the process. The
innovation development period entails confrontation and interaction not only
among the innovative team, managers and investors, but sometimes with other
organizations.

The implementation/termination period occurs when inputs have been con-
verted into outputs or when the uncertainties have been translated into risks
(Schon, 1967). It begins when activities are undertaken to apply and adopt an
innovation regardless of who is developing, implementing or adopting the
innovation. Innovations stop when they are implemented and institutionalized or
when the resources run out. The people involved in the innovation process may
perceive and evaluate the innovation outcome differently. As Van de Ven et al.
(1999: 62) state “the success and failure of innovation adoption or development
often represents a socially constructed reality [rather than] an objective reality”.
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As a result, the innovation process is a leap into the unknown where the desir-
able outcome is not controlled by entrepreneurs, managers or investors – they
can only increase its odds of success (Van de Ven et al., 1999).

The findings of Van de Ven et al. enrich the definition of the innovation
process: innovation as a process is defined here as a venture to develop, adopt
and/or implement an artifact through a process of learning and uncertainty
reduction.

It may be argued that not all organizations generate and adopt innovations.
Innovations may be generated in one organization for their own purpose and
sold to another organization, which adopts them (Damanpour & Gopalakrish-
nan, 1998). Then the generating process results in an outcome such as a techno-
logy or a product for the generating organization, while the adopting process
delineates how the outcome is assimilated in the adopting organization (Daman-
pour et al., 1998). For the purpose of this research study, the focus is mainly on
the generation of innovation within one organization. The same organization
then adopts and implements the innovation.

2.3 New product development (NPD)

After defining what innovation is, the objective of this section is to identify
factors influencing both the process and the outcome of the innovation. More
specifically, it draws on a specific innovation literature that has mainly studied
the generation of innovations and their performance in the market, such as the
new product development literature (e.g. Cooper & Kleinschmidt, 1987; Roth-
well et al., 1974) excluding the literature on adoption and diffusion of innova-
tion widely studied in the last 30 years (e.g. Damanpour, 1992; Downs et al.,
1976; Kimberly, 1979; Rogers, 1995). The rationale behind drawing on NPD
literature regarding the generation of innovation exclusively is threefold. First,
the focus of this research study is to examine and explain how environmental
ambition influences product development. Therefore, the main concern is how
organizations with environmental ambition develop products and services and
what the implications are for product performance. Second, the product perform-
ance in the market is considered to be heavily influenced by how the process of
innovation unfolds and how well activities are carried out (e.g. Cooper et al.,
1995a; Montoya-Weiss et al., 1994). Third, the innovation adoption and dif-
fusion literature has little direct relevance for the process of generating innova-
tion (Damanpour, 1992).

Although technical and market changes can never be controlled, proactive
new product development is considered critical for firms as a potential source of
competitive advantage (Brown et al., 1995). The search for the factors influen-
cing the effectiveness and efficiency of the product innovation has been the
rationale of many studies. In the next subsection the most relevant ones are
reviewed.

Product innovation 19



2.3.1 Success and failure in NPD

What makes product innovation successful? The existing literature on product
development performance is extensive. The success of NPD is multidimensional
(e.g. Griffin & Page, 1996). It can be viewed in time perspective (Hultink &
Robben, 1995), such as in the long term or the short term; in market-oriented
terms, such as customer satisfaction and market share; or in strategic terms, such
the extent to which the new product allows the firm to enter a new market
(Tatikonda et al., 2000). This research study attempts to cluster the relevant
literature on the identification of determinants. More specifically, determinants
of success and failure used to predict market success are categorized into two
fundamental groups: 1) project-level determinants based on examining the spe-
cific compatibility of the process activities, product characteristics and market
opportunities during the project; and 2) determinants at the organizational level
examining the compatibility of company practices and firm characteristics that
may be important for the success of the project but are not apparent at project
level.

The project determinants

At the project level, the research focus is on the determinants that influence the
performance of the project. Here, project performance is related to the financial
success of a product development project. This school of research has investi-
gated why new products succeed and why others fail by trying:

• To identify determinants of new product successes/failures (e.g. Cooper,
1975; Cooper et al., 1987; Hopkins & Bailey, 1971; Karakaya & Kobu,
1994; Link, 1987; Montoya-Weiss et al., 1994);

• to design and test new product development processes (e.g. Cooper, 1979;
Cooper, 1985, 1992; Cooper & Kleinschmidt, 1991; Ettlie & Elsenbach,
2007);

• to establish relationships between NPD strategies and the product perform-
ance (e.g. Cooper, 1985, 1986; Cooper et al., 1995a; Karakaya et al., 1994).

The claim is that a product development project that is well planned with strong
support has more chance of becoming a success (Brown et al., 1995). Montoya-
Weiss and Calantone (1994) performed a meta-analysis synthesizing the results
of empirical research on the determinants of new product performance. Their
review and analysis resulted in 18 factors divided into four major categories cap-
turing the essence of the research on the determinants of new product perform-
ance (see Table 2.2). These factors have proven to be helpful as screening or
project selection and prioritization criteria (Cooper et al., 1995a). Strategic
factors and development process factors were the factors most frequently
included. For example, product advantage, referring to the customer’s percep-
tion of product superiority, with respect to specific attributes relative to competi-
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tors, is considered the most important factor by far, although it is difficult to
measure. Moreover, when there is a good match between the needs of the
project and the firm’s resources and skills with respect to market (the promotion,
market research and customer service) and technological activities (research and
development (R&D) and engineering), the product is likely to succeed. Note that
the organizational factors mentioned in the table have received very little atten-
tion from this school of research.

On the other hand, Why do products fail? And how many? There is no con-
sensus on the failure rate of new products or new projects. Many projects fail
before the testing phase and others fail in the market (National Industrial Con-
ference Board, 1964). Not surprisingly, much attention has been paid to the
latter. Concerning product failure in the market, Crawford (1977) argues that a
reasonable rate of product market failure is around 40% and the discrepancy of
several studies is due to the wide range of research methodologies used
(Biemans, 1989; Crawford, 1977). Based on existing schemes (Crawford, 1977;
Karakaya et al., 1994; Montoya-Weiss et al., 1994), Table 2.3 summarizes the
studies on the factors leading products to fail.

Many factors represent the reverse of the success factors – for example, lack
of product superiority is the contrary of product advantage and deficiency of
market or technological activities is the opposite of proficiency of the same
activities. New products are not likely to reach their business objectives when
one of these factors occurs, such as a lack of resources and managerial skills or
poor planning.

The determinants at the organizational level

At the organizational level, the unit of analysis includes various aspects of the
organization and several mechanisms within the organization that influence
product performance. Here, product performance is defined differently in differ-
ent research schools. The performance can be financial in nature as well as
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Table 2.2 Factors leading to new product success

Strategic factors Development process factors

Product advantage Proficiency of technical activities
Technological synergy Proficiency of marketing activities
Marketing synergy Proficiency of up-front activities
Company resources Protocol (product definition)
Strategy of product Speed to market

Financial/business analysis

Market environment factors Organizational factors

Market potential/size Internal/external relations
Market competitiveness Organizational factors
External environment



related to the process and the effectiveness of the product concept (Brown et al.,
1995).

The determinants used at the organizational level include aspects concerning
the way firms organize their activities for new products, as well as the strategy
and culture of the firm (Cooper et al., 1995a; Cooper & Kleinschmidt, 1995b;
Ernst, 2002). Table 2.4 presents the main organizational factors influencing the
product performance, based on Cooper and Kleinschmidt (1995a), Brown et al.
(1995) and Ernst (2002).

To a certain extent, the factors at the organizational or project level are over-
lapping. Management support and the multifunctional team, for example, are
viewed as an important measure of the performance of the new product at both
levels. This may explain the importance of the project team consisting of
members conducting the actual product development activities and the manage-
ment supporting it at the very core of product development. The composition of
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Table 2.3 Factors leading to new product failure

Strategic factors Authors

Lack of product superiority and a Cooper, 1975, Karakaya, 1994, Hopkins, 1971; 
“me-too” approach Cooper & Kleinschmidt, 1987; Biemans, 1989

(Link, 1987)
Inadequate market analysis and effort Cooper, 1975, Karakaya, 1994, Crawford,

1977; NICB, 1984; Cooper & Kleinschmidt,
1987; Link, 1987;, Biemans, 1989

Deficient resources Cooper, 1975
Poor planning Crawford, 1977 (Hopkins et al., 1971)
Lack of managerial skills Cooper, 1975; Montoya-Weiss et al., 1994;

Crawford, 1977; Hopkins, 1971; Cooper &
Kleinschmidt, 1987

Poor distribution Karakaya, 1994; NICB, 1964
Wrong pricing Karakaya, 1994

Development process factors
Deficient activities Cooper, 1975; Cooper & Kleinschmidt, 1987
Poor timing Cooper, 1975; Crawford, 1977; NICB, 1964;

Hopkins, 1971
Higher costs than expected Cooper, 1975; NICB, 1964
Market environmental factor
Stronger competitors Cooper, 1975; Karakaya, 1994; NICB, 1964;

Link, 1987
Overestimated number of users Cooper, 1975; Link, 1987; Biemans, 1989
Unexpected events and regulation Hopkins, 1971

Montoya-Weiss et al., 1994
Crawford, 1977

Technical factor
Technical difficulties Cooper, 1975; NICB, 1964; Hopkins, 1971

Organization factor
Poor internal communication Crawford, 1977; Montoya-Weiss et al., 1994,

Cooper & Kleinschmidt, 1987



the team is therefore vital to the product development performance. Cross-
functional teams are important, because functional diversity increases the
amount and variety of information available for developing products as well as
improving the internal and external communication (Dougherty, 1992). Strong
support from senior management and good coordination by the project leader
help create a positive climate for the product effectiveness and process perform-
ance. A fast (which means less time to product shipment) and productive (which
means lower costs) process may lead to financially successful products. More-
over, product advantage, unique benefits and competences that fit the firm may
also result in successful products (Brown et al., 1995).

2.3.2 NPD: summary

The NPD literature seems to suggest that the performance of a new product is
influenced by a number of factors (Ernst, 2002). Thus far, it does not look like
there will be a “unifying” theory that helps us explain and predict when a new
product will prove successful. However, the review does yield some important
factors, especially at the organizational level, which clearly have an impact on a
new product’s chance of success, such as the project team’s commitment and
competences, and management support. The emphasis on determinants on an
organizational level has been underscored by scholars such as Brown and
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Table 2.4 Organization aspects influencing product performance

Success factors for new Authors
products

How the firm organizes Cross-functional team Cooper & Kleinschmidt, 
its activities with regard 1995a); Griffin, 1997; 
to new products A strong and responsible Dougherty, 1992

project leader Cooper & Kleinschmidt, 1995a
NPD team and team leader Thamhain, 1990; Dougherty, 
commitment 1992
Management involvement Cooper & Kleinschmidt, 
and commitment 1995a
Intensive communication Cooper & Kleinschmidt,

1995a; Dougherty, 1992

Culture Allow the emergence of Cooper & Kleinschmidt, 
intrapreneurs and risk- 1995a
taking attitude
Product champions Barczak, 1995

Strategy Clear goal and strategic Thamhain, 1990; Griffin, 
focus in NPD programme 1997; Cooper & Kleinschmidt,

1995a,b
Market information and Balbontin, 1999; Cooper & 
NPD programme Kleinschmidt, 1995a
User involvement Hippel, 1977



Eisenhardt (1995), Cooper and Kleinschmidt (1995a, 1995b) Ernst (2002),
Dougherty (1992), Pinto and Pinto (1990), mainly for two reasons.

First, determinants at the project level are directly influenced by determinants
at the organizational level. Whether or not the product as a bundle of attributes
will fit into the market depends on, to a certain extent, how activities during the
project are performed and/or how an organization’s resources are utilized.
However, activities, resources and the overall decisions about the product attrib-
utes are crucially influenced by the organizational culture and the individuals’
motivations within the organization. The product in other words is an artifact
resulting from an organizational process (Krishnan et al., 2001).

An example may clarify this relationship in a better way. Within the wind
power industry, the Danish wind turbines dominate the market because the
quality of product (being cheaper or more reliable) gives them a competitive
advantage compared to other products. Thus Danish wind turbines are more suc-
cessful than other wind turbines such as the American ones (Garud & Karnoe,
2003). Why do some products have these attributes while others do not? It
depends on the proficiency of market and technical activities, which in turn
depend on how the network of organizations around the wind turbine has actu-
ally performed these activities. The decisions at the organizational level between
and within the management network and the project team have actually influ-
enced the project where the activities are performed. Therefore, the team compo-
sition, commitment and competences, together with the network management,
strategy and internal and external communication have directly influenced the
Danish wind turbine performance.

Second, studying determinants at the organizational level is a more recent
phenomenon than doing so at the project level. For example, Cooper and Klein-
schmidt, who are among the most active scholars in studying NPD success and
failure, did not investigate the relationship between the organization and the
NPD until their later work (Ernst, 2002). Accordingly, more research is needed
to explore and explain the organizational characteristics influencing NPD
performance (as suggested by Brown et al., 1995).

In the light of this, the management support for the project and the project
team commitment and competences are the constructs chosen. These constructs
may have a crucial role in understanding the challenges associated with ENPD:

1 Management support for new product development. The support for
environmental issues in NPD is likely to affect product performance due to
the complexity of greening. Moreover, this process may be even more
complex when a radical approach is encouraged.

2 Coordination and commitment of the project team. The final product is the
result of the effort of various team members, each with their own interpreta-
tion. Introducing environmental attributes into this process may introduce a
different set of interpretations. The collective agreement with regard to the
functional specifications may be influenced by a combination of environ-
mental and other concerns.
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The management support and the project team commitment influence
how product attributes are chosen, the product innovation being an outcome
of an organizational process. As a result, a third construct is selected:

3 Product attributes. As a set of attributes, successful products are “success-
ful” because they meet market requirements, and provide functionalities
valued by the market. Hence, the challenge is to understand what the
implications are of the incorporation of environmental attributes into prod-
ucts when translating functional requirements into a product specification.

Beside the above-mentioned reasons, other explanations for the selection of
these constructs are given in Chapter 5.

Before exploring the relationship between environmental ambition and man-
agement support, team commitment and design specifications, a better under-
standing of the selected constructs is needed. The selected constructs are
important determinants for undertaking innovation projects successfully: clear
goal and vision, strong management support, available resources and a strong,
committed project team. Nevertheless, there is both theoretical and empirical
evidence to suggest that it is important to distinguish among different degrees of
innovativeness when undertaking new product development. Balachandra and
Friar (1997) suggest taking a contingency approach for identifying contextual
variables and their combinations that are likely to influence the process of
innovation. Therefore, it seems important to understand the contingencies in
which the process of innovation unfolds. For the purpose of this research study,
the selected constructs are thoroughly investigated and examined with regard to
the degree of innovation in the next section.

2.4 Incremental and radical product innovation processes

The extent to which the above-mentioned factors will actually result in success-
ful NPD projects is influenced by the nature and degree of the innovation (Bal-
achandra et al., 1997). This has to do with the fact that product newness is
potentially linked to levels of uncertainty and risk (Schmidt et al., 1998), to new
product development complexity and to new resources required when undertak-
ing NPD ventures (Ali, Krapfel, & Labahn, 1995). For example, performing a
detailed market analysis for radical products may be futile because the expected
market may not yet exist (Balachandra et al., 1997) or consumers may find it
hard to imagine the potential of a radical product (Veryzer, 1998a).

Therefore, it may be wise to compare two discrete forms of product innova-
tion process: the incremental versus the radical, as illustrated in section 2.4.1.
Section 2.4.2 defines and describes the decision process of managers and
product developers under risk and uncertain conditions. Sections 2.4.3 and 2.4.4
illustrate how decisions, supports, commitments and coordination may be influ-
enced by the degree of innovativeness.
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2.4.1 The degree of innovativeness

Section 2.2 has illustrated the nature of the innovation process, comparing the
rational and the non-rational view of the innovation process. The idealized and
often after-the-fact linear process of innovation emphasized by the rational view
is understandable for various reasons.

First, it is a useful device for attempting to describe innovation and for man-
aging the uncertainties of the innovation. Many models of innovation have been
carried out to deal with innovation. The process of planning and formulation of
objectives may be helpful because they provide directions for efforts and
stimuli for action although plans are bound to be inadequate and modified in
light of discoveries made during the process. It is important to remember,
however, that these innovation models are normative templates that suggest or
prescribe how firms may innovate, but they do not actually define and explain
the innovation process. The stage-wise models may oversimplify the innovation
process (e.g. Cooper et al., 1991) while the feedback-loop models (e.g. Kline et
al., 1986), although attempting to describe the complexity of the innovation
process, do not enhance our understanding of the process. As a result, it may
not be useful to arrive at a framework or a model of the innovation process that
fails to explain it.

Second, the rational view of innovation may likely describe the process of
incremental innovations. The more radical the innovation, the less rational and
predictable the process (Schon, 1967). Accordingly, a well-planned process is
desirable for incremental innovations and an accurate market analysis of the
existing market is expected. The new product meets an existing need and the
market uncertainty is relatively low (Balachandra et al., 1997). On the contrary,
in the case of radical innovations, organizations undertake a journey in an unfa-
miliar land in which well-equipped practices may not be suitable. Note that the
degree of innovativeness is viewed from an organization’s perspective.

The process of innovation perceived as new by the organization has been
widely studied. Danneels and Kleinschmidt (2001) suggest drawing on two
bodies of literature: organization–environment relations studies and the
resource-based theory of the organization. These theoretical perspectives allow
us to distinguish two alternative conceptualizations of product newness to the
organization: newness as familiarity versus newness as resource fit (Danneels et
al., 2001).

Drawing on organizational theory, the newness as familiarity concept regards
the relationship between the organization and its environment.12 It is argued that
all organizations establish a “domain”, in which they are dependent on inputs
from the environment. Normann (1971) argues that new products may enlarge
the domain of the organization to such an extent that they make the organization
face an unfamiliar domain. Therefore organizations are more confident in devel-
oping products in a well-known technical and market environment because of
established channels of communication and existing structure. In contrast, devel-
oping products in different domains, where the market and/or technological
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environment are unfamiliar, may increase the uncertainties. Accordingly, many
studies found that radical innovations pose greater challenges to firms and
designers because of unspecific market opportunities (O’Connor, 1998; Rice,
O’Connor, Peters, & Morone, 1998), uncertain technology (Veryzer, 1998a)
without relying on familiar research techniques (Hippel, 1988). Moreover, the
development of new products and businesses based on radical innovations
requires management practices that differ significantly from those required for
incremental innovation (Rice et al., 1998). For example, after following eight
cases of radical NPD projects, Veryzer (1998a) found that radical innovations
involve a “higher degree of technological uncertainty, long development time, a
sequence of innovations, informal structure and ‘unconventional’ progression of
the activities” (Veryzer, 1998a: 317).

The newness as resource fit concept draws on recent strategy theory referred
to as the “resource-based view of the organization” which focuses on resources
that firms control and the productive uses to which they put those resources. The
organization is seen as a collection of resources (Wernerfelt, 1984). Resources
that enable the organization to develop new products include R&D expertise,
knowledge of customer needs and competitive situations, production facilities
and so forth. The synergy of a project with an organization refers to how well
the internally available resources fit the requirements for the new product
project, that is, the extent to which the new product fits with the organization’s
resources and capabilities (Danneels et al., 2001). Moreover, product innovation
requires the organization to have competences relating to technology (enabling
the firm to make the product) and relating to customers (enabling the firm to
serve certain customers). By undertaking an incremental innovation process, the
organization can exploit internal resources and rely on existing competences of
the technology and the market. A new product development that requires differ-
ent technical and business skills is seen as a radical undertaking because such
projects involve greater challenges and risks for the firm (Green & Welsh, 2003;
Schmidt et al., 1998; Schoonhoven, Eisenhardt, & Lyman, 1990). Projects with
more radical characteristics require larger resource commitments (Green et al.,
2003), longer time-to-market periods (Schoonhoven et al., 1990), different
organizational units (Christensen & Bower, 1996) and different capabilities
(Green, Gavin, & Aiman-Smith, 1995).

It is also important to emphasize that radical projects may also encompass, to
a certain extent, new services and not merely new products. For example, it may
be a radical undertaking for a product manufacturer to be able to change part of
their core business by investing in new services (De Brentani, 2001).

The French company Air Liquide, for instance, was a market leader in the
supply of industrial gas. Its main revenues came from selling gas and building
infrastructure. When gas became a commodity in the 1990s, with only price dif-
ferentiating one supplier from another, its operating income plunged. Air
Liquide then put all of its effort into radical projects, doubling R&D expenditure
to create new products. The results, however, were negligible. It took several
years before it realized that it could sell its skills, gained over years, to its
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customers. An example of this would be the handling of hazardous materials and
the maximization of energy efficiency. Through a massive program of retraining
employees, Air Liquide was able to switch resources to these new forms of ser-
vices. After selling gas for decades, Air Liquide became a provider of chemical
and gas-management services as well. In 1991, services accounted for 7% of its
revenues; in 2003 they represented close to 30% (Slywotzky & Wise, 2003).

Table 2.5 summarizes the differences between incremental and radical
product innovation processes based on the findings previously discussed.13 Fur-
thermore, Box 2.1 illustrates an example of newness from the firm’s perspective.

For the purpose of this research study, undertaking a radical innovation
process involves the organization having to cope with a new and unfamiliar
domain, where different technical and business skills are required.

Undertaking an incremental innovation process means that the organization
copes with a familiar domain, exploits internal resources and relies on existing
technology and market competences.

Exploration vs exploitation

One may ask: given these uncertainties, why should organizations pursue radical
undertakings?

The reason firms do what they do is that they expect to reap the financial
rewards at the end of the product development process. The development of new
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Table2.5 Differences between incremental and radical product innovation processes.

NPD Incremental process Radical process

Degree of uncertainty Low High
Process Goal-oriented Goal change

Orderly Sporadic death/revival
Linear Not linear
Structured Unstructured
Formal Informal
More predictable Unpredictable

Strategies and priorities Planned Dynamic
Execution of activities Sequentially or overlapping Not sequential/random
Key players The same New players in, old players out
Exogenous events/ Critical Influent

Contextual factors
Market opportunities Clear Unclear
Market research technique Suitable Unsuitable
development time Shorter Longer
Information Articulated Unarticulated
Product attributes Determinate Indeterminate
Technological familiarity High Low
Market familiarity High Low
Resources Fit Unfit
Capabilities Fit Unfit



business and product lines based on radical innovation is critical for the renewal
of an organization’s competitive position (McDermott & O’Connor, 2002) and
for its long-term survival (March, 1991). Drawing on organizational learning,
March (1991) argues that organizations need to seek an appropriate balance
between exploration and exploitation for their own prosperity. Exploitation
entails refinement and improvement of existing knowledge and skills, while
exploration entails search, risk taking, experimentation and discovery of new
knowledge. Organizations that engage in exploitation to the exclusion of explo-
ration are likely to find themselves “trapped” in a rigid and stable structure being
unprepared to cope with a fast-changing market. On the contrary, “organizations
engaging in exploration with the exclusion of the exploitation are likely to suffer
the costs of experimentation without gaining many of its benefits” (March,
1991: 71).

Box 2.1 Newness from a firm’s perspective

An example may provide a better explanation of the definition of radical
versus incremental undertaking. An established company named Alfa in
the bike industry has an existing product line made of “standard” bikes. A
standard bike is a synonym of a safety bicycle, which has two wheels of
equal size; pedals are connected to the rear wheel by a multiplying gear;
and the rider is upright leaning forward.
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The company Alfa is willing to develop a new bicycle concept: a
recumbent bike (figure above). It is a bicycle that allows the rider to sit in
a reclining position instead of leaning forward.

Beside the sitting position, design, balance, the steering systems and the
wheel bases are different on recumbent bikes. There is great variety in
how the recumbent bikes may look: using standard bicycles wheels, or



using one or more smaller wheels; and steering can be placed either above
or below the seat. Moreover, there are few standardized parts for recum-
bent bikes, increasing the complexity of the product. Beside technical
characteristics, developing a new product such as a recumbent bike also
means focusing on a different market. Potential users may be different
than normal customers and their requirements may differ as well.

From the newness as familiarity concept, for Alfa, developing such a
bike entails enlarging the domain in which the company operates: looking
for new suppliers and new potential users. Moreover, the current distribu-
tion might also be affected when regular retailers give recumbent bikes a
lukewarm welcome. The more Alfa needs to change in the current tech-
nical, market and distribution environment, the better Alfa may cope with
the unfamiliar environment. Thus developing a new recumbent bike might
signify an exploratory entry into an unfamiliar technical and market
domain.

The newness as resource fit concept in this case refers to the extent to
which the internally available resources and skills fit the requirements for
the development of such a new bike for Alfa. If the production and assem-
bly of the new product require new competencies, capabilities and
resources that depart from existing ones, the company is likely to under-
take a radical innovation.

Radical or incremental projects: which leads to success?

Another question may arise: What is the relationship between the degree of innov-
ativeness and commercial success? Previous research has struggled to find an
answer to this question, attempting to identify a clear relationship between the
degree of innovativeness and the product performance in the market. Many studies
found that an innovative product has a greater chance of success in the market
(e.g. Maidique & Zirger, 1984), while some scholars found otherwise (e.g. Roth-
well et al., 1974). Others found that innovative products are much more likely to
fail than less innovative products (Freeman, 1982). Kleinschmidt and Cooper
(1991) found that the relationship between innovativeness and commercial success
is not linear but rather U-shaped, while Franklin and Baylis (2003) recently found
that the moderately new products tend to be more successful than the most or the
least innovative ones. No matter how you see it, a simple relationship between
product innovativeness and commercial success is still uncertain. As argued by
Song and Montoya-Weiss, “there is very little conclusive evidence concerning the
impact of product innovativeness on new product success” (1998: 127).

2.4.2 Making decisions under risk and uncertain conditions

In any project, managers and designers need to make decisions in their attempt
to achieve the established specific goal. Decisions are here defined as a means to
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achieve some result or to solve problems (Gibson, Ivancevich, Donnelly, &
Konopaske, 2003). There are several ways to classify types of decisions
(Souder, 1980). Here the system suggested by Simon (1977) is adopted. He dis-
tinguishes two types of decisions: programmed and non-programmed.

Decisions are programmed when a particular situation occurs often and a
routine procedure exists to work it out. Problems that require this kind of
decision are frequent, repetitive and there is a certain cause–effect relationship.
The way to solve these problems is dependent on certain policies, rules and defi-
nite procedures.

Decisions are non-programmed when they are unstructured and novel, con-
cerning complex problems where definite procedures are not suitable. On the
contrary, such problems deserve a procedure with tolerance for ambiguity, cre-
ativity and creative problem solving. For example, business organizations
willing to diversify into new products and markets face non-programmed
decisions.

In NPD projects, actors are likely to face non-programmed decisions, where a
great deal of uncertainty and risk surrounds the outcome. Every decision is an
outcome of a dynamic process that is influenced by a multitude of factors
(Gibson et al., 2003; McCarthy et al., 2006). This process has been illustrated
and explained by several scholars (see e.g. Gibson et al., 2003; Hellriegel,
Slocum, & Woodman, 1992; Souder, 1980) as a sequential yet not fixed
decision-making process: identifying problems, developing alternatives, evaluat-
ing and choosing alternatives, and implementing them. This process usually
entails a problem (otherwise no decision is required) that is indicated by a gap
between the organizational goal and objectives and the levels of actual perfor-
mances, or by the complexity in measuring performances. However, it may be
difficult to spot the locus of a problem due to misperception of the problem.
After the problem is identified, decision makers need to develop alternatives,
that is, potential solutions to the problem. Once alternatives have been
developed, they need to be evaluated and compared with the most favorable
outcome.

The relationship between alternatives and outcomes depends on whether the
outcome is well known (condition of certainty), estimated (condition of risk) or
unknown (condition of uncertainty). The goal of selecting an alternative is to
solve a problem to achieve a predetermined objective (Mintzberg, Raisinghani,
& Theoret, 1976). Unfortunately for most decision makers, an alternative rarely
achieves the desired objective without impacting negatively or positively on
other objectives (Gibson et al., 2003). Moreover, many decisions require trading
off different objectives. For example, in certain situations an organizational
objective may be achieved at the expense of societal-environmental objectives.14

In any case, whether an objective conflicts with others or not, the values15 of the
decision maker influence the alternative chosen.

In general, Chapter 4 will discuss the concern for the natural environment as
a value while Chapter 3 will explore how decisions are taken in different organi-
zational settings.
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To conclude this section, in any innovation project, managers and designers
are required to make non-programmed decisions, which involves a comparison
of alternatives and an evaluation of the possible estimated or uncertain outcomes
according to a set of objectives (Gibson et al., 2003).

2.4.3 Decisions, team commitment and management support within
NPD projects

To cope with intrinsic uncertainties, projects are periodically monitored and
reviewed at multiple stages (Schmidt et al., 1998). This means that during the
management’s review the continuation and the direction of the project depend
on the degree of support from project and management teams. If the project is
not actively supported by key management actors, its prospects and priorities
may be reassessed and even dismissed.

On the contrary, if a project is strongly supported, the chances that it will
survive through ongoing reviews are greater. The survival chances of a new
product development project are related to its expected strategic and economic
values (Montoya-Weiss et al., 1994). In the same way, projects are constantly
monitored along performance dimensions and evaluated, assessing their
progress toward their technical and commercial goals (Steele, 1989).

Therefore, support from key management actors for NPD projects is crucial
to process performance (Brown et al., 1995). When the level of uncertainty in
NPD is low, the management support is likely based exclusively on performance
evaluation. When the level of uncertainty in NPD is high and the project is per-
ceived as radical, the support for the project may be driven by more than judg-
ments about project performance (Green et al., 2003). Furthermore, radical
projects may also be supported in cases of disappointing performance. Schmidt
and Calantone (1998) found that managers are reluctant to shut down failing
projects concerning radical products despite information indicating that out-
comes are unlikely to be successful. They explained this phenomenon by adopt-
ing the escalation commitment theory.

Escalation of commitment situations are those where there is the tendency to
invest excessively in a course of action to a greater degree than the information
or circumstances should warrant (Barton, Duchon, & Dunegan, 1989; Staw,
1981). Decision makers appear to be locked into courses of actions that are
unlikely to succeed, allocating resources such as time and money in the hope of
attaining some goal (Brockner, 1992).

The escalation of commitment research is extensive and combines rational
and non-rational explanations16 for such behavior (for a review see Brockner,
1992; Staw & Ross, 1987; Zardkoohi, 2004). Escalation of commitment is a
complex phenomenon, which lends itself to more than one explanation. Without
going into details, there are three large categories of explanations, which are
treated here as complementary and not mutually exclusive. First, the tendency to
escalate may be explained by the prospect and expectation associated with con-
tinued commitment to the course of action. For example, Rubin and Brockner
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(1975) discovered that individuals’ persistence at a task at which they were
failing was greater both when they sensed that they were drawing ever closer to
their goals and when the goals were relatively high in value. Second, the escala-
tion may reflect decision makers’ unwillingness to admit that they were mis-
taken in having their initial commitment to the chosen course of action
(Brockner, 1992). Third, psychological and social considerations are non-
rational factors that may also influence the tendency to escalate commitments.
Research has shown that cognitive processes are far from totally rational,
because they are influenced by a number of sources of potential bias and error
(e.g. Baron, 1998). They face situations characterized by high levels of uncer-
tainty (Gilbert, Mcnulty, Giuliano, & Benson, 1992), emotion (Oaksford,
Morris, Grainger, & Williams, 1996), novelty and time pressure (Fiske &
Taylor, 1984). For example, individuals can and may bias information process-
ing, as they are locked into previously held beliefs and preferences (Gilbert et
al., 1992).

Prior research has investigated the non-rational factors leading to the escala-
tion of commitment within new product development processes. While eco-
nomic factors motivate the firm to develop new products, non-economic factors
make it increasingly difficult to reassess and even stop an NPD project that is
leading to an uncertain future (Schmidt et al., 1998). For example, people get
emotionally involved in NPD projects, locked into a course of action that makes
them reluctant to change despite clear signals suggesting that they should (Bal-
achandra & Raelin, 1984; Hustad & Mitchell, 1982). Similarly, Boulding et al.
(1997) found that, when managers were asked to review hypothetical financial
information supposedly two years after the product commercialization, they
remained committed to a losing course of action in the context of new product
introduction.

Based on experiments, Schmidt and Calantone (1998) found that there is a
greater likelihood that managers will forge on with a risky NPD project when
the product is more innovative than when it is less innovative. Furthermore, their
research showed that individuals inflate their perceptions of the chances of
success for new products considered radical products than for incremental ones;
causing individuals to become more psychologically committed (Schmidt et al.,
1998).

Green et al. (2003) developed a more sophisticated theoretical model on
factors influencing decisions to terminate NPD projects, adopting the perform-
ance threshold concept from the work of Gimeno et al. (1997) on entrepreneurial
firm survival. During the NPD process, the project is evaluated according to
performance judgments that influence the go/no-go decisions. If a project is seen
as less likely to achieve performance goals, advocacy – that is, expressed
support for the project and assessment of it as a higher priority –is likely to
decline (Green et al., 2003). However, the advocacy is not only influenced by
the performance judgments but also by non-rational factors, such as psychic
income (Gimeno, Folta, Cooper, & Woo, 1997), which are likely to influence
the performance threshold (Gimeno et al., 1997; Green et al., 2003; Schmidt et
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al., 1998). A low performance threshold means that key actors enthusiastically
support a new project even in cases of poor performance. This implies a higher
level of management support, regardless of how well the project performs. In
contrast, a high performance threshold may lead to a premature termination of a
new project that is considered not to be aligned with the core business. As a
result, management support may dwindle irrespective of how well the project is
actually doing. Green et al. (2003) found that when more radical NPD projects
(technical and business experience is limited) were undertaken, the performance
judgment thresholds were lower. That is, a higher level of advocacy may
increase resource investments in a project for reasons other than expectation of
economic returns.

In conclusion, when undertaking radical NPD processes, rational and non-
rational factors may be equally important in the decision-making process (Green
et al., 2003; Schmidt et al., 1998). High expectations and prospects, self-
justification, psychological rewards and emotional involvements are some of the
explanatory factors for escalations of commitment in (radical) NPD projects.

2.4.4 Decisions and team coordination within NPD projects

Product development is a complex process where decisions are made by a
coordinated and competent cross-functional team that includes people from dif-
ferent functions (Brown et al., 1995; Dougherty, 1992). To a great extent,
success depends on the communication and collaboration among the various
members of the team (Brown et al., 1995; Cooper & Kleinschmidt, 1986;
Cooper et al., 1995a; Dougherty, 1992). Remarkably, Dougherty (1992) found
that in large firms differences in interpretation17 between the members of a team
may act as a barrier rather than a lubricant. This type of barrier may be one
explanation for the poor performance of some new products. Different members
of a development team will emphasize different aspects of innovation depending
on their place and function within the organization. Due to the above-mentioned
differences in interpretation, the development of new products for new markets18

is even more difficult (Dougherty, 1990).

2.4.5 Product specifications

Product development is a complex process involving a number of decisions that
have to do with the kind of attributes products should incorporate. Manufactur-
ers and designers attempt to develop products whose unique attributes create
value for customers. A successful product contains a set of attributes that are by
definition balanced. From a design perspective, there are two discrete
approaches to dealing with these attributes.

First, the common linear model divides the design process into two distinc-
tive phases: problem definition and problem solution. The former is an analytic
sequence in which the designer determines all the elements of a problem and
specifies what is needed to solve the problem successfully. The latter is a syn-
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thetic sequence in which the requirements are combined and balanced against
each other (Buchanan, 1992). In this case a set of criteria is established regard-
ing the technical and process-related specifications, target costs and time-to-
market period, which have to be carefully balanced.

Second, when market needs are unarticulated and information is insufficient,
the attributes of the radical product are indeterminate. In such cases, the less
common “wicked problems”19 theory of design, might apply (Rittel & Weber,
1973). The set of criteria for the design process is indeterminate, meaning that
there are no limits to design problems where the product is characterized by n
requirements (Buchanan, 1992). Such design problems are defined as “wicked”
because they are ill formulated and ill defined by decision makers with conflict-
ing values and confusing available information (Rittel et al., 1973). The degree
of innovativeness increases the indeterminacy of attributes creating risks and
uncertainties in the design process.

2.4.6 Radical projects: increasing product complexity

Undertaking radical projects also means increasing the product complexity. In
the product innovation context, uncertainties are intrinsic in the product devel-
opment process and form part of the complexity of the product. Complexity is
an attribute of new products and any idea or technology may be classified on a
simplicity–complexity continuum (e.g. Kim & Wilemon, 2003; Rogers, 1995).
The typical notion of complexity in the complex system literature revolves
around the number of components in the system and their interactions with one
another (Rivkin, 2000). For example, product complexity may be defined in
relation to the number of functions designed in the product (Griffin, 1997b) or to
the number of parts in the product (Murmann, 1994) or to the number of organi-
zational subtasks and subtask interactions posed by the project (Tatikonda et al.,
2000). These definitions, however, are clearly distinguished by the concept of
radicality, which depends on whether the system includes new components and
also on whether the combination/configuration is new (Henderson et al., 1990).

On the contrary, according to Novak and Eppinger (2001), the complexity of a
product consists of three elements: the number of product components, their inter-
actions and the degree of product novelty. Thus, they suggest that there is a rela-
tionship between the concept of complexity and the concept of radicality. When a
product involves a new architecture, new technologies or the product is the result
of a new task, there is no stable, well-understood set of interactions between com-
ponents. The process of identifying and understanding these relationships adds to
the difficulty of coordinating development. For example, in the design of the
vehicle suspension system, occasionally a new configuration will be introduced
that will affect the entire vehicle’s dynamics. New interactions between com-
ponents may emerge, resulting in lengthy development iterations to optimize the
new suspension and to create the desired vehicle performance (Novak et al.,
2001). Here the definition of complexity corresponds with Novak and Eppinger’s
definition because it captures the relationship between radicality and complexity.
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The technological and/or market newness and development complexities
influence the NPD process. The first impact of complexity is on the development
time and cost, which are likely to increase (De Brentani, 2001; Germain, 1996).
The speed of the process is then slowed due to the increasing number of tasks
and resources required (Murmann, 1994). The communication and transferral of
new ideas and the understanding of new technology may also increase the devel-
opment time (Dougherty, 1992). The organization may also be affected by the
degree of complexity of a product because the project may be misunderstood,
creating cooperation and communication problems within the project and man-
agement teams. Moreover, excessive complexity could exacerbate the problem
of unfamiliarity with the product (Veryzer, 1998b).

On the other hand, when the product is finally introduced in the market, its
inherent complexity and highly specialized process technologies may prevent
competitors from duplicating it, giving it a competitive advantage (Kim et al.,
2003) and creating additional capabilities through a learning-by-doing process
(Brown et al., 2003).

2.4.7 Approaches to radical projects: bricolage versus breakthrough

A radical project from an organization’s perspective entails an exploration in an
unfamiliar domain where the current resources and capabilities may not fit the
project’s requirements. Moreover, the organization may expect a long develop-
ment time, a high degree of uncertainty and increased in the product’s complex-
ity. Having said that, the organization may adopt different approaches when
undertaking complex and radical projects, which in turn may influence the
development time, complexity and outcome of the innovation. After analyzing
the wind turbine technology development process in the US and in Denmark,
Garud and Karnoe (2003) found that a “bricolage” approach rather than a
“breakthrough” one was more effective in completing complex technological
projects.

The bricolage process connotes resourcefulness and adaptiveness among the
actors involved in the development process (Baker & Nelson, 2005). It is also a
“baby step” approach, a process of moving ahead on the basis of small feedback
signals. In practice, practical experimentation coupled with thoughtful modifica-
tions allows the new system to emerge and gradually take shape.

On the contrary, the breakthrough approach “evokes an image of actors
attempting to generate dramatic outcomes” (Garud et al., 2003: 279). Rather
than adaptiveness, this approach favours the act of doing something radical or
new through “leap-frog” advances. For example, actors in the US pursued an
approach that attempted to generate breakthroughs in designing a high-tech,
lightweight and high-speed turbine. Overconfidence on theoretical frames pre-
vented these actors from truly understanding the complexities of wind turbines.
Therefore, “they might have failed not despite but because of their pursuit of
breakthrough” (296).

In contrast, the Danish actors took a bricolage path, scaling up from a heavy-
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weight, low-speed, simplistic design to a well-functioning and sophisticated
design, one of the most successful designs worldwide. With actors improvising
and adapting, the emergent path was transformed to achieve higher functionali-
ties (Brown & Eisenhardt, 1997; Garud et al., 2003).

In situations characterized by complex projects, the bricolage approach,
through co-shaping and interactions among actors, seems to be particularly valu-
able. Moreover, another difference in the two approaches is in the perception of
the market. The breakthrough approach emphasizes the revolutionary character-
istic of the innovation, which is believed to be a blockbuster ready to diffuse
rapidly in the uniform mass market. On the contrary, bricolage approach takes
into account the fragmentation of markets or niches, in which everything has to
be customized for a small group of consumers (Baker et al., 2005). Through the
development of a series of innovations ready to be tested in niches, the bricolage
approach emphasizes the adaptive character of the innovation (see box 2.2).

It is important to clarify that the bricolage concept should not be confused
with the incremental approach. The reason is that the extent to which the organi-
zation faces exploration in an unfamiliar domain with a scarcity of resources
means that the project in question is radical. Otherwise, if these characteristics
do not apply to the actual situation facing the organization, the project is likely
to be incremental. On the contrary, the bricolage or breakthrough approaches
manifest themselves in radical projects.

Furthermore, it is important to stress that Garud’s definition of bricolage is
different from what bricolage originally meant. The evolution of the bricolage
concept requires an attentive elucidation. Traditionally, anthropologists such as
Levi-Strauss (1966) defined bricolage as the process of manufacture using
current resources, creating new forms from readily available tools and materials
(Baker, Miner, & Eesley, 2003). For example, one may decide to build neck-
laces with only materials left on the seashore. From this perspective, the brico-
lage approach would create only incremental, “just good enough” products
rather than superior ones.

Recently, scholars see bricolage as a process that denotes a sequence of inno-
vations, trial-and-error experimentation, fast development with resources at hand
(Baker et al., 2005; Garud & Karnoe, 2001). From this perspective, the bricolage
approach may create superior, radical products through incremental steps. The
bricolage concept can be illustrated by this quote from a 3M director: “our
approach is to make little, sell little, make a little bit more . . . big ends from
small beginnings . . .” (Peters & Waterman, 1982: 231).

These two approaches may have a moderate effect on the management
support and team coordination. A breakthrough approach may even increase the
likelihood of management supporting a failing project. Moreover, it may
strengthen the escalation of commitments within the project team. On the con-
trary, a bricolage approach may achieve the reverse effect.
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Box 2.2 Bricolage versus breakthrough approaches: an example

It may also be helpful, in this case, to give examples to better understand
the difference between the bricolage and breakthrough approaches: the
Velotaxi GmbH adopting the former and the Cree company the latter.

The successful entrepreneurial German firm Velotaxi GmbH, for
example, is a bicycle taxi and advertising company based in Berlin. The
firm developed an electric and human-powered tricycle to fulfill two main
functions: a bicycle taxi and advertisement platform. As a fuel-free taxi,
the Velotaxi represents an alternative to petrol cars (private or taxi cab)
and public transport for citizens and tourists in the city centre of Berlin.
As an advertisement platform, the external cabin was designed to host
advertisement stickers. The main income of the company comes from the
advertising: clients use the vehicle surface for promotion purposes.

Although the Velotaxi founder, an ex-manager of Daimler Chrysler,
wanted a unique vehicle for his business model, he possessed limited skills
and resources. He adopted a bricolage approach: he started the taxi-
advertising service with redesigned Asian rickshaws, and, only after con-
vincing venture capitalists, clients and the local authorities of the feasibility
of the idea, was he able to find resources to build the new model. Further-
more, the Velotaxi company, with the help of the Berlin municipality, was
able to convince the German authorities to change street regulations to
recognize the legal status of Velotaxi-like vehicles as bicycles.

After four years of learning and business experience, Velotaxi GmbH
was able to introduce the first version of the fancy tricycle. Other
improved versions have been developed as well as customized for differ-
ent countries. To date, the Velotaxi is the market leader in taxi-advertising
services in an urban area (Berchicci & Brezet, 2003) in more than 40
cities around the world, demonstrating the validity of the concept.

The SAM is a three-wheel electric vehicle developed by Cree, a Swiss
start-up firm. The vision behind the SAM was clear: to create an environ-
mentally friendly compact vehicle that is electrically propelled. However,
this was not new: it was the same vision shared within the Swatch-Mobile
consortium (which resulted in the Smart car) in which the Cree founders
were among the designers. After Daimler Chrysler departed from the ori-
ginal vision, they left in 1995.

Cree adopted a breakthrough approach: they were looking for the supe-
rior solution with few compromises to the original vision. The project was
pure R&D, with no lead user and few partners involved. The search for
technical superiority resulted in a new thermoplastic body with no need
for paint (patented) and a new electric propulsion system with electronic
control. After five years, in 2000, the first market test was done with 100
vehicles, part of the pre-industrial series. However, in 2002, the produc-
tion had not yet begun, and the investments were exhausted.
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2.4.8 Innovation processes and the degree of newness: summary

From this review of the degree of innovativeness some preliminary conclusions
can be drawn. Incremental innovation processes entail harnessing existing
organizational capabilities and resources to develop new concepts in a familiar
environmental domain. The currently available skills and resources fit the inno-
vative project. The degree of uncertainty is low, as is the complexity of the
project. Planned activities may even progress as scheduled, keeping the develop-
ment time under control. On the contrary, radical projects entail a higher degree
of uncertainty and complexity during the process, requiring different capabilities
and greater resources, with a direct effect on the development time. The effec-
tiveness of the product might be unclear, especially when addressing new
markets with untested technology. Despite the uncertainty, the organization may
pursue different approaches to undertaking radical projects. The breakthrough
approach, entailing very ambitious desired outcomes, may even enhance the
product complexity, increase the resources needed, the development time and
the escalation of commitment with uncertain outcomes. On the contrary, the
bricolage approach entails adaptiveness and experimental, learning-by-doing
activities, resulting in a sequence of innovations (Baker et al., 2005). The devel-
opment time-cycle is shorter and the level of communication among the team is
greater than with the breakthrough approach, resulting in the product being more
effective.

2.5 Conclusion

This chapter discusses and defines the essence of product innovation from an
organizational perspective, identifies factors influencing product performance,
distinguishes radical from incremental innovation processes. To answer the sub-
question pertaining to this chapter, formulated as “what does the existing theory
indicate or predict concerning conditions for successful radical and incremental
NPD?”, three directions were taken.

First, definitions of innovation have been reviewed. Innovation as an outcome
was defined as an invention put into use, while innovation as a process was
defined as a learning process through uncertainty reduction.

Second, determinants of new product success and failure were reviewed.
Given the multidimensional nature of success and the great number of factors
influencing product innovation performance, management support and project
team commitment have been selected as key constructs among the determinants
because they entail crucial decisions for design specifications and consequently
for product performance. Therefore, project team commitment and coordination
and management support play a crucial role in the success of an NPD project.
However, the novelty of the project may influence both the management support
and the project commitment and coordination, and the conditions under which
product attributes are understood, identified and selected.

Consequently, a third research direction has examined the dichotomy
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between radical and incremental innovation. Based on organizational theories, in
this research study undertaking a radical innovation process involves organi-
zations coping with a new and unfamiliar domain, where different technical and
business skills are required. On the contrary, undertaking an incremental innova-
tion process involves the organization operating in a familiar domain, exploiting
internal resources and relying on existing technology and market competencies.

A radical undertaking has direct consequences on management support and
team commitment and in general on decisions being taken during NPD projects.
When the project is perceived as radical for the organization, besides perform-
ance judgments, escalation of commitment and psychic income may be import-
ant factors influencing the management advocacy. Two different approaches to
the radical undertaking may influence the outcome: the breakthrough versus the
bricolage. It seems that, by adopting a bricolage approach, the uncertainty of a
radical undertaking may be reduced more effectively than with a breakthrough
approach.

In the next chapter, the relationship between the innovation process and the
organizational setting is described. In particular, decisions at management and
project level are going to be examined in different organizational settings: estab-
lished organizations, new organizations and networks of organizations. The
comparison of these highlights the nuances, advantages and disadvantages of
each organizational setting in pursuing innovation.
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3 Organizing for innovation
How do firms innovate?

In the management of creativity, size is your enemy.
(Peter Chernin, President of News Corporation and Fox Entertainment Group,

(The Economist, December 2, 1999)

In the end, size is not the only issue. In the future, the boundaries of a firm could
become less important [for innovation].

(The Economist, July 19, 2001)

3.1 Introduction

This section aims to identify the extent to which the organizational setting influ-
ences the process of innovation.

The question of how the organizational setting relates to the ability and
propensity to innovate has been widely examined by a large body of empirical
literature20 inspired by two contrasting statements of Schumpeter (1934, 1942).
The first one states that entrepreneurship is a mechanism to create changes in the
system through innovation and that entrepreneurs are the agents of creative
destruction (Schumpeter, 1934). The second one states that large firms will be
(more than) proportionately more innovative than small firms (Schumpeter,
1942). The existence of such a large literature does not seem to guarantee a clear
interpretation of the findings due to the difficulties of measuring innovative
activity (Cohen, 1995).

Previous research has extensively examined the relationship between the
organizational setting and innovation along two dimensions: age and size. For
example, firm age is perceived as an indication of external legitimacy, of staying
power, or of the pervasiveness of internal routines (e.g. Stinchcombe, 1965).
Firm size has often been associated with the extent of the firm’s resources, with
the existence of internal procedures such as formalization, controls or decision-
making processes, with market presence and related network effects, and with
competitive strength (e.g. Aldrich & Auster, 1986). The age and size of an
organization, because of their relevance to both external relationships and
internal arrangements, have direct implications for the process of innovation.
The age and size of an organization are often treated as overlapping dimensions.



Young organizations are usually small, although the contrary is not always true.
While established organizations are not large by definition, the opposite can still
be valid. For the purpose of this research study, a positive relationship is
assumed between age and size. This research study focuses on examining the
extent to which the organizational setting influences the process of innovation
by studying two discrete types of organization: start-up/small and
established/large organization. For simplicity, a clear distinction is made
between established organizations and young or new entrants, although there is a
continuum defined by organizational age and size. Furthermore, a third form of
organization is introduced: the interorganizational network. The interorganiza-
tional network setting is considered to be increasingly important for ENPD and
NPD research.

The relevant literature for established organizations is reviewed first, fol-
lowed by that for start-up organizations and the literature concerning interorga-
nizational networks in the process of innovation is reviewed last.

3.2 Established organizations

How do established organizations innovate?
Innovation at the organizational level is governed by a set of organizational

routines and search strategies (Hannan & Freeman, 1984). Organizational rou-
tines are repositories of organizational knowledge and, through the combination
of these routines, organizations generate outcomes (Sorensen & Stuart, 2000).
The potential of established organizations to perform well in the generation of
innovations reflects a combination of their ability to refine and coordinate their
organizational routines, here referred to organizational competences,21 and the
extent to which these routines are suited to the state of the external environment
(Sorensen et al., 2000). The development of new products is one essential strat-
egy helping firms to enjoy sustainable performance. Established organizations
generate innovation by exploiting current or creating new knowledge.

3.2.1 Exploiting existing knowledge

Established organizations are well equipped to exploit current knowledge
because they have already built technological and market capabilities. Techno-
logical capabilities refer to a system comprising 1) technical abilities in the form
of people’s skills; 2) managerial systems, supporting and reinforcing the growth
of knowledge; and 3) values that serve to encourage or discourage the accumula-
tion of different kinds of knowledge (Leonard-Barton, 1995). Market cap-
abilities refer to how well established organizations know their current
customers and possess market power, giving customers preferential access to
distribution channels and sustaining market presence (Chandy & Tellis, 2000).
Thus by exploiting existing knowledge, established organizations build up
experience in production, in workforce, in stronger relationships with the
vendors and customers (Hannan et al., 1984). Besides external communication,
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internal communication is crucial for the exploitation of knowledge. Communi-
cation patterns within the organization allow established organizations to use
existing knowledge for further innovation (Cohen & Levinthal, 1990). Thus
established organizations have perfected the routines, structures, incentive pro-
grams and other infrastructure needed to develop new products and bring them
to market.

3.2.2 Exploring new knowledge

To create new knowledge, established organizations are able to allocate
resources to a set of specific activities of research and experimental development
aimed at the generation of innovation. These specific activities are under the
umbrella of the R&D system. Rather than relying on individual intuition or
chance, established organizations make every effort to pursue innovation
systematically. It is assumed that R&D intensity positively impacts a firm’s
technological competence and the rate of new technologies it creates. For
example, higher R&D investment increases the level of research activity within
the organization and permits it to engage in basic research, which is essential for
generating proprietary scientific information (Nelson, 1959), which results in
specialized scientific/technological expertise (Rosenberg, 1990). The tangible
outcome of basic research is the ability to develop several significant product
technologies22 (Hambrick and Macmillan, 1985). Then established organizations
exploit patents and economies of scale in R&D (Porter, 1980). Moreover, the
resources to undertake the process of innovation allow established organizations
to tolerate an occasional unsuccessful R&D project (Damanpour, 1992).

3.2.3 Knowledge cycle

The cycle between the creation of new knowledge and the accumulation of
existing knowledge within established organizations tends to be self-reinforcing
(Cohen et al., 1990). Henderson (1993) argues that established organizations
possess information-processing routines that facilitate incremental innovations
along existing technological trajectories. Furthermore, the accumulation of
knowledge enhances an organization’s ability to recognize and assimilate new
ideas as well as to convert this knowledge into further innovations.

The more established organizations have significant competitive strengths in
terms of available internal resources, technological and market capabilities,
managerial knowledge and ability to handle uncertainty in R&D, the better able
they are to generate innovation through well-defined organizational routines.
Furthermore, established organizations often enjoy external relationships and
contacts, reputation, legitimacy and market positions, which further facilitate
market transactions and new relationships (Damanpour, 1992).
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3.2.4 Troubles in innovating

Although established firms may be successful in bringing innovations to the
market, they may have trouble innovating and creating new knowledge (Aber-
nathy & Utterback, 1978). The underlying rationales have been extensively
studied from economic and organizational perspectives. Here three factors are
described: perceived incentives, organizational rigidities and cognitive barriers.

1 Perceived incentives. An established organization with a large share in
existing markets may have few incentives to develop products for a niche
market (Ali, 1994). Such an organization’s choice of product development
is sensitive to the degree of uncertainty in the product of innovation. When
innovation is highly uncertain, an established organization with a large
market share is reluctant to invest (Ali, 1994). This is because such organi-
zations receive profits for existing products based on current technology.
When innovation is less uncertain, the opposite may be true. The estab-
lished organization is willing to invest regardless of what resources are
required, if the innovation is perceived to be a potential success (Ali, 1994)
and if the new product addresses current customers (Chandy et al., 2000).
Moreover, in the case of familiar markets, new products may represent a
threat of cannibalization with the current business model. This threat may
cause new projects to be managed suboptimally or even to be avoided
because of inertia provided by mainstream operating units (McDermott et
al., 2002).

2 Organizational routines. These allow established organizations to deal with
the current product category because they enable the team to focus effi-
ciently on current activities (Chandy et al., 2000). Organizational cap-
abilities well suited to current challenges can easily turn into organizational
rigidities when facing new challenges (Leonard-Barton, 1995). Organi-
zational rigidities are the flipside of organizational capabilities or compe-
tences and are built on the same activities that create core capabilities.
Moreover, as organizations age and grow larger, they are prone to inertia
(Hannan et al., 1984), which may reduce their innovativeness (Chandy et
al., 2000). Complex organizational structure, organizational formalizations
and rigid communication channels may also lead to information loss
(Arrow, 2000). Therefore, inertia, formalization of routines and internal
processes, and institutionalization of the power structure may increase
organizational rigidity and reduce the likelihood of adaptation and change
for innovation.

3 Cognitive barriers. Established organizations are believed to be subject to
“technological myopia” (Foster, 1986), which inhibits their ability to per-
ceive the potential of newly emerging technologies and leads them to over-
estimate that of existing ones. This is because the organizational
competences serve to direct managers’ attention towards maximizing the
utility of the current technology for current customers, filtering any
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information not relevant for that purpose. This organizational filter (Chandy
et al., 2000) may work between the external environment and the organi-
zation and also within organizational boundaries. Moreover, organizational
routines and interpretative barriers strongly affect the development of a
market understanding, which hinders the development of new products for
new markets (Dougherty, 1990).

A combination of these factors leads us to consider the work of Christensen
(1997), who argues that many things that established organizations do well, such
as taking care of their current customers, can hinder the sort of innovative
behavior needed to deal with disruptive technologies, which are simpler, cheaper
and more convenient products that may seriously jeopardize the market position
of established organizations (Christensen, 1997). For example, the invention of
the personal computer can be seen as a disruptive innovation for IBM, which
was once dominant in the computer market, because it put its very survival in
danger (The Economist, 2004).

As a preliminary conclusion, established organizations have internal
resources, legitimacy, competences and incentives to exploit existing knowledge
and existing technology for existing customers and they do it in a very efficient
way. Besides the accumulation of knowledge through systematic and formulated
activities such as R&D, new knowledge is created that may lead to product tech-
nologies and patent exploitation. However, perceived incentives, cognitive
processes as interpretative filters, organizational rigidities and inertia may hinder
the understanding of new technologies, new markets and new ways of undertak-
ing the process of innovation. Nevertheless, some established organizations are
more successful than others at innovating.

3.2.5 Why are some established organizations more successful than
others in the process of innovation?

Chandy and Tellis (2000) suggest two explanations: dynamic organizational cli-
mates and technological capabilities. Organizational climates refer to the extent
to which some established organizations are able to overcome the bureaucratic
inertia by creating small and autonomous organizational units. These units
enable large organizations to respond to, and develop, technological innovation
while maintaining resource advantages (Chandy et al., 2000). This decentraliza-
tion also means creating competition among units. On the other hand, estab-
lished organizations with strong technological capabilities are likely to be aware
of scientific discoveries and nascent technologies. Moreover, thanks to their
large resources, they are in position to undertake radical innovation.

Furthermore, successful established organizations adopt a common approach
to overcoming interpretative barriers by creating cross-functional teams (e.g.
encompassing functions such as marketing, R&D and manufacturing) together
with less routine procedures and improved communication channels (Dougherty,
1992; Griffin, 1997a).
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It seems that successful established organizations are successful because they
have organizational climates, flexible structure and communication channels that
are believed to resemble those of small firms (Chandy et al., 2000). Why do
organizations that mirror small and young firms seem to be more innovative
than established organizations?

In the next section the process of innovation in start-ups is discussed.

3.3 New organizations

The creation of new firms is an important mechanism through which entre-
preneurs use technology to bring new products, processes and ways of organ-
izing into existence (Schumpeter, 1934). The process through which individuals
discover and exploit opportunities is defined here as entrepreneurship (Shane &
Venkataraman, 2000). New organizations are born as a consequence of this
process, which involves exploiting opportunities and converting them into prod-
ucts and services. The phenomenon of entrepreneurship has been examined by
several social science disciplines and applied fields of business.

For the purpose of this research study, this section examines specific ele-
ments of the process of entrepreneurship that have influenced the process of
innovation. Accordingly, the definition of what constitutes an entrepreneur and
their decisions to exploit opportunities through a firm’s creation are examined in
primis. The underlying rationale is that the individual characteristics of the
entrepreneur and the nature of the opportunities may influence the success of the
start-ups and the outcome of the innovation process (Van de Ven, Hudson, &
Schroeder, 1984). Second, crucial factors for developing and implementing the
innovation are explored. Finally, this section discusses why some young firms
are more successful than others in the process of innovation and surviving.

3.3.1 The entrepreneur and knowledge creation

Although entrepreneurship has been the subject of many studies, there is no
common definition of who is an entrepreneur. One reason is that entrepreneur-
ship has been studied from different perspectives, such as economics, soci-
ological or psychological dimensions, emphasizing different attributes.

For example, Amit et al. (1995) take an economic/psychological approach,
explaining that individuals become entrepreneurs because it is economically
advantageous (lower opportunity cost). Such individuals represent a sort of
nothing-to-lose person who gains less than their colleagues (Amit, Muller, &
Cockburn, 1995). On the other hand, according to Carroll and Mosakowski’s
sociological perspective (1987), being an entrepreneur is a temporal characteris-
tic – an individual’s choice to be self-employed depends upon prior self-
employment experience. In both approaches the definition of entrepreneur is
related to the circumstances under which individuals become self-employed.

On the contrary, Stevenson, Roberts, and Grousbeck (1989), argue that it is
flawed to define individuals as entrepreneurs by considering only their desire to
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become self-employed. Accordingly, they define entrepreneurs, on their own or
inside organizations, as individuals who pursue opportunities regardless of the
resources they currently control.

Rather than “what they are”, Drucker (1985) defines entrepreneurs in relation
to “what they do” and asserts that an important activity of entrepreneurs is the
search for systemic innovation and the exploitation of opportunities (Drucker,
1985). Entrepreneurial actions involve creating new resources or combining
existing resources in new ways to develop and to commercialize new products,
to move into new markets and/or to service new customers (Hitt, Duane, Ireland,
& Camp, 2001).

“How they do what they do” is also an important characteristic of entre-
preneurs. According to van Mises (2000), the entrepreneur is someone who is
able to predict or to judge future prices of products before and/or more correctly
than other persons; then he/she buys at lower prices than he/she expects them to
be in the future. The entrepreneur is an alert agent who is able to spot opportun-
ities and inefficiencies in the market (Kirzner, 1997), based on his prior know-
ledge and information asymmetry (Shane, 2000). Rather than an alert agent,
Schumpeter views the entrepreneur as a creative destruction agent who is able
to destroy old paradigms and beliefs (Schumpeter, 1934), thus performing the
function of innovation. Entrepreneurs are “outsiders” who create changes within
the industry due to their ability to see possibilities unlike other existing players
in the field (Larson, 2000). The non-entrepreneur defines everyone else who do
not carry out new innovations. The entrepreneur can lose this characteristic,
becoming a non-entrepreneur, when he/she ceases performing the function of
innovation. Being an innovator, the entrepreneur changes the economy in some
way or another, “enabling the liberal system to persist by going beyond its con-
tradictions” (Schumpeter, 1934).

It seems that the distinction between the alert agent and the destruction agent
may be related to the degree of innovativeness. The alert agent performs moder-
ately new activities, spotting “holes” in the market. In contrast, the creative
destructive agent performs new activities through profound changes in the
system.

Summarizing, entrepreneurs are individuals who perform the function of
innovation, discovering and recognizing opportunities, through information
asymmetry and prior experience, and exploiting them. The decision to exploit
the opportunities through firm creation is reviewed in the next section.

3.3.2 Exploiting opportunities through a new organization

Entrepreneurs may or may not create a new firm to exploit new opportunities.
Accordingly, they can sell these opportunities or they can simply abandon them
prior to exploitation (Roberts, 1991). Here the focus is on the exploitation of
opportunities by new entrepreneurial firms. The pre-organizational period is
vital in the organization’s life because decisions about industry, location, market
and product technology may be made during this time (Katz & Gartner, 1988).
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Previous research has identified three categories of explanations for the
exploitation of the opportunity through firm creation: individual characteristics,
nature of the opportunity and nature of the industry organization.

The first explanation is that organization formation depends on the individual
characteristics of an entrepreneur, such as career experience or psychological
traits. The entrepreneur assumes that the expected value of the entrepreneurial
profit will compensate the opportunity cost of other alternatives (Shane et al.,
2000). Individuals who have experience in firm creation, creativity (Schumpeter,
1934), a risk-tolerant attitude (Khilstrom & Laffont, 1979), counterfactual think-
ing (Baron, 1998), optimism and a strong need for achievement (Roberts, 1991)
tend to form new firms to exploit opportunities.

The second explanation is that firm creation depends on the nature of the
opportunity. Here technological opportunities are emphasized – when opportun-
ities are more uncertain (Casson, 1982), do not require complementary assets
(Teece, 1996), destroy competence (Tushman & Anderson, 1986) and when the
new technological discovery is radical, relevant for the sector and the appropri-
ability information cannot be protected (Shane, 2001), entrepreneurship is more
likely to take the form of a new organization.

The third explanation is based on industrial organization research, which
shows that firm formation is likely to occur when the demand for new products
is high (Schumpeter, 1934); when industry profits are high and the technology
cycle is young (Utterback, 1994), with moderate competition (Freeman, Carroll,
& Hannan, 1983), populated by firms that are not R&D intensive (Audretsch,
1995; Shane, 2001).

However, it is important to remember that these explanations might represent
the chance to exploit opportunities but they do not guarantee the success of such
exploitation. In the next section, the firm formation is illustrated.

3.3.3 Firm formation: organizing for the new venture

Previous research has studied firm formation, examining mainly entrepreneurial
(e.g. Bruyat & Julien, 2001) and environmental23 characteristics (e.g. Aldrich &
Martinez, 2001). Here the focus is on functions and activities necessary for firm
formation.

The new firm formation process is defined as “the process that takes place
between the intention to start a business and making the first sale” (Gatewood,
Shaver, & Gartner, 1995: 380). This process is initiated by a nascent entrepre-
neur, who is engaged in activities and actions in order to develop a business
structure and operational procedures for the purposes of creating a new firm
(Reynolds & White, 1997). The nascent entrepreneur by definition is an entre-
preneur and an innovator. The creation of new ventures also entails the develop-
ment of and management of the functions and skills necessary to exploit the
innovation in the marketplace. In this formative stage there is a set of assump-
tions about market needs, product specifications, resource availability and pro-
duction and organizational capabilities that needs to be tested in practice.
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Since entrepreneurs rarely possess all the resources and capabilities required
to seize an opportunity, the vital entrepreneurial task of assembling the resources
is often a “trial-and-error” process because the exact resources needed are as yet
unknown (Starr & Macmillan, 1990). Accordingly, informal, multifunctional,
interpersonal and interorganizational relationships are seen as ways through
which entrepreneurs gain access to a variety of resources held by external actors
(Hoang & Antoncic, 2003). Moreover, innovation is a collective phenomenon
(Freeman, 1991). The individual cannot develop and implement new
products/service systems alone; links with external actors are needed to get the
required resources or capabilities to exploit the innovation.

The network approach is useful here to define the context and the boundaries
of the entrepreneurial activities. Through formal and informal linkages, the
entrepreneur acquires the necessary information, resources and legitimacy in the
firm-formation process (Elfring & Hulsink, 2003). A key benefit of networks for
the entrepreneurial process is the access they provide to necessary information
prior to and during the exploitation phase. The network of the start-up gives the
entrepreneur access to relevant information about markets, ways to serve these
markets and ways to deal with customers (Elfring et al., 2003) – for example,
where to find experts in a needed area or new channels to acquire resources.

In the early phase firms must access, mobilize and deploy resources to
exploit the opportunities that they have spotted. The network can provide the
necessary resources (human, technical and financial) to entrepreneurs through
formal and informal agreements so that the entrepreneurs do not have to own all
of the resources needed to compete in the market. Young firms usually have
neither the capital nor the cash position of better-established firms. Given the
uncertainty, the resource constraints and the survival challenges, entrepreneurs
often deploy the minimum assets needed to achieve the desired results and
secure the resources to do this at minimum cost (Starr et al., 1990).

Entrepreneurs also seek legitimacy to reduce perceived risks by associating with
or by gaining explicit certification from well-regarded individuals and organizations
(Hoang et al., 2003). Aldrich and Fiol (1994) define two kinds of legitimacy: the
cognitive and the socio-political legitimacy. The first refers to acceptance and
understanding of the new concept and its intrinsic value by actors such as competi-
tors, customers and universities. The second refers to the acceptance of a new
venture by key stakeholders in terms of conforming to rules and standards through
negotiations and marketing in a specific industry (Aldrich et al., 1994).

Summarizing, to exploit the opportunity, the new organization requires cap-
abilities, resources, competences, expertise and legitimacy, which are sought by
entrepreneurs through formal and informal structured networks.

3.3.4 Many are called but few are chosen: the trouble of surviving
and innovating

Not all new ventures succeed in their efforts to acquire the required resources,
market and technological capabilities and legitimacy to survive and grow. As
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Aldrich and Martinez state, “In entrepreneurship, as in the biblical story, many
are called but few are chosen . . . a universal constant is that no matter how many
entrepreneurs emerge, most do not succeed in creating lasting organizations”
(Aldrich et al., 2001 p. 42). Stinchcombe (1965) argues that most of new firms
have a high propensity to fail due to a liability of newness, which entails both
internal and external obstacles that make survival difficult. Barriers to entry into
a new domain are the major external obstacles for new firms including, among
others: (1) product differentiation; (2) technological barriers; (3) licensing and
regulatory barriers; (4) illegitimate acts of competitors; and (5) experiential bar-
riers to entry (Aldrich et al., 1986). In addition to these, there are also liabilities
of smallness, including (1) problems raising capital; (2) major disadvantages in
competing for labor with larger organizations; and (3) limited abilities to obtain
benefits from specializations and economies of scale (Van de Ven et al., 1999).
Despite liabilities of newness and smallness, many new firms manage to over-
come these barriers. The next section attempts to explore the factors that
increase or decrease the likelihood of survival in the process of innovation.

3.3.5 Why are some young firms more successful than others in the
process of innovation?

Previous research has attempted to answer this question. It is important to
remember that, in the case of new firms, survival is directly linked to the ability
to develop and introduce new products in the market. Success is usually referred
to as the survival of the new firm able to incorporate technical, marketing and
production expertise into the new product. Van de Ven et al. (1984) examined
the start-up success and early development of 14 companies through day-long
on-site interviews and questionnaires with people dealing directly with the new
firms. By analyzing the data from different theoretical approaches, they found
that entrepreneurial characteristics such as competence, confidence, prior
experience, imagination and commitment are associated with successful start-
ups. From an organizational perspective, (1) implementing a start-up on a small
scale with incremental expansion; (2) having a single person in command; (3)
active involvement of top management and board members in decision making;
(4) strong internal and external communication channels; (5) a clear and brief
business plan; and (6) a lower yearly rate of expenditure were all associated with
successful start-ups (Van de Ven et al., 1984). Although the multi-perspective
approach helps us understand the new firm performance, the limited number of
samples and the use of retrospective historical data might only in part explain
the success of new firms (Bacharach, 1989).

A more sophisticated approach has been adopted by Schoonhoven et al.
(1990), in which historical data and longitudinal studies are combined to analyze
98 start-ups in the semiconductors industry. The research examined the speed
with which new firms dispatch the first product for revenue. This factor is seen
as a crucial performance criterion for new organizations because getting prod-
ucts in the market fast means gaining cash flow, legitimacy and market share
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sooner, increasing the likelihood of survival (Schoonhoven et al., 1990). Their
conclusions are interesting for several reasons.

First, firms that were faster in shipping their first product did not explore new
knowledge or synthesize existing knowledge in a new way, rather they created a
relatively low level of new knowledge. Accordingly, the greater the extent of
new knowledge created, the longer it takes for the first product to enter the
market. This seems to suggest that entrepreneurs seeking a fast first product
shipment should select less radical and less technically ambitious projects.
Rather than developing technically superior solutions, technically elegant solu-
tions should be preferred during the development process.

Second, the joint existence in the organizational structure of marketing and
manufacturing positions decreased the time before the first product shipment.
This demonstrates that these elements in the organizational structure constitute
important functional expertise that seems to make a difference in outcomes for
new organizations.

Third, the greater the monthly cash flow, the longer it took to ship the first
product. That is, well-financed start-ups took longer to ship their first product
than did new organizations with less money. So, firms that spent less were faster
in introducing the first product in the market. This is an interesting finding
because it challenges conventional wisdom, which considers that, the greater the
external power of outside investors, like venture capitalists, the greater the pres-
sure is on new organizations to generate revenues sooner (Pfeffer & Salancik,
1978).

Fourth, the findings point to an unexpected role for competition. Although
previous research stated that competition decreases environmental munificence
and impedes performance, such as product differentiation (Aldrich et al., 1986;
Stinchcombe, 1965), Schoonhoven et al. (1990) found that a greater number of
competitors has the effect of reducing the time before the first product shipment.
This finding suggests that new firms tend to target existing markets, in which
competition already exists, addressing a current need of customers. Another
explanation suggested by the authors refers to the presence of competitive
threats, which increases the impetus to speed the development and shipment
time of the first product (Schoonhoven et al., 1990).

Taken together, these findings suggest that new firms that started their busi-
ness as on a shoestring in a competitive environment, creating relatively new
knowledge, were faster to ship their first product. These entrepreneurs, oppor-
tunistic in spotting opportunities and innovative when necessary, better evoke
the image of the alert agent described by Kirzner (1997), and less the destructive
agent illustrated by Schumpeter (1934) who achieves dramatic outcomes. Pursu-
ing more technically ambitious and complex projects means longer development
and shipment time, with higher expenditure and more risks for the survival of
the new firms.

Does this mean that new firms pursuing less ambitious projects are more suc-
cessful than new firms pursuing more radical ambitious projects? The answer is
not clear because these findings directly conflict with many studies that,
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although not directly testing the factors influencing the survival of new techno-
logy firms, state that new technology firms are likely to survive if they exploit
radical technologies that cannot be imitated in the founding period (Christensen
et al., 1996; Tushman & O’Reilly, 1996; Utterback, 1994). However, it seems
that the industry and technology characteristics might have a moderate effect on
the firm’s survival. For example, Nerkar and Shane (2003) found that the
exploitation of radical technology as a way for a new firm to compete only
works in fragmented industries. In concentrated industries, the exploitation of a
radical technology fails to deliver an advantage to new firms.24

As a preliminary conclusion, it seems that new firms that pursue less techni-
cally ambitious projects, with limited money, that incorporate functional exper-
tise and spot market opportunities in competitive environments, are likely to be
faster in shipping the first product than other new firms. Therefore these new
firms are likely to gain legitimacy, revenues and market share, thus increasing
their chances of survival. On the other hand, new firms pursuing more radical
projects need more time, money and functional expertise, factors which are
crucial for their survival. In a fragmented industry their efforts are likely to be
rewarded.

3.4 Interorganizational networks

Over the last decade, the innovation studies and the organizational and strategy
management literature have increasingly focused their attention on networks,
coalitions and other collaboration agreements (Doz , Olk, & Ring, 2000; Gulati,
1999; Afuah, 2000; Porter, 1996; Powell, 1990, etc.), to explore organization
performance and the ability to innovate through relationships with other organi-
zations.

Networks can be described as a number of organizations with different inter-
ests that depend upon one another for the achievement of their goals (see for
example Bruijn & Heuvelhof, 2000). According to Powell (1990), a network is a
form of coordinating social activities, defined as a third form of cooperation
beyond market and organization. It suggests some kind of special organization
form at an aggregate level above that of individual companies. Other authors
have focused on a firm’s strategic choice to become part of a network because
the potential profit from cooperation exceeds individual strategies to maximize
benefit (e.g. Ireland, Hitt, & Vaidyanath, 2002).

Using Teece’s metaphor, (1996) no organization is an island, every organi-
zation needs vertical (supply-chain) and horizontal networks to develop and
commercialize new technologies.

Here the focus is only on the horizontal networks, which entail interactions
among two or more organizations linked by formal agreements to access or
share resources. These organizational arrangements include joint ventures,
equity partnerships, collaborative research pacts of large-scale research consor-
tia, reciprocity deals and satellite organizations.

Organizations pursue cooperative agreements to improve their competitive
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position and performance by sharing resources (Ireland et al., 2002), increasing
their market power, entering into new markets or enhancing their capabilities
(Hagedoorn & Duysters, 2002). They also look for cooperative agreements to
utilize sources of know-how located outside the boundaries of the firm and to
share risks for activities that are beyond the scope or capability of a single
organization (Powell, 1990). Examples are the collaborative agreements
between small firms possessed of entrepreneurial commitment and expertise in
technology innovation and large-scale corporate organizations with marketing
and distribution power (Christensen, 1997). Strategic technology alliances are
those modes of interfirm cooperation for which a combined innovative activity
or an exchange of technology is at least part of the agreement (Hagedoorn &
Duysters, 2002).

3.4.1 Characteristics of network formation

The definitions of a network are various and have been used for different kinds
of relationships and for different purposes. As stated by Coombs et al. (1996),
two main approaches deal with networks in the innovation process: the soci-
ological and the economic approach.

The first approach encompasses a large number of interdisciplinary studies
focusing on the interactions between actors within and between organizations.
The emphasis is on the informal network between individuals, on the exchange
of tacit knowledge, on the nature of the linkages and the process of their creation
and development between individual actors, users, buyers, suppliers, regulatory
authorities and potentially competing firms (Callon, Laredo, & Rabeharisoa,
1992; Coombs et al., 1996; Powell, 1990). Additionally, the establishment and
maintenance of linkages are essential for the success of innovation. In this view,
incomplete networks or weak linkages are associated with failure.

One of the main theories in this field is the social network theory, which tries
to apply the sociological approach to strategic alliance formation. This approach
suggests that a firm’s strategic actions are affected by the social context in which
the firm is embedded (Ahuja, 2000; Gulati, 1999; Harrisson & Laberge, 2002;
Kale, Singh, & Perlmutter, 2000; Uzzi, 1997) and focuses on the network prop-
erties rather than on simply individual (dyadic) links within the network (Angel,
2002).

In this context, the kinds of ties among actors are emphasized. For example,
Uzzi (1997), building on the work of Granovetter (1985), introduced the concept
of embeddedness. This concept entails two kinds of ties: arm’s-length (weak)
and embedded (strong) ties (Uzzi, 1997). The first one refers to sporadic interac-
tions and/or economic transactions, the second to established relationships
between actors. Although arm’s-length ties provide greater information flow
than embedded ones, they increase the risk of opportunistic behavior. On the
contrary, embedded ties generate trust, discourage opportunism and facilitate the
creation of knowledge. Embeddedness, however, can also act as a constraint,
such as one incurred by the unforeseeable exit of a core network player or, in
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cases of overembeddedness, when social aspects of exchange replace economic
imperatives (Uzzi, 1997).

The economic approach focuses on the organization itself and the role of the
business firm as a central institution through which the innovation is commer-
cialized (Coombs et al., 1996). The formal network is therefore the main
concern: formal collaborative agreement involving legal contracts between
organizations. From the economic perspective, two different theoretical
approaches are usually discussed.

The first, known as transaction cost economics theory (TCE) is concerned
with the nature of the transaction and the cost incurred in managing the transac-
tion. TCE arguments suggest that alliances are preferable and more efficient than
market or hierarchy cooperation if they minimize the firm’s costs in the transac-
tion (Ireland et al., 2002). In other words, when transaction costs are high, firms
will tend to carry out technology development activities inhouse, rather than
partner with external firms (Teece, 1996).

The second approach is resource-based view (RBV) theory. RBV theory sug-
gests that the establishment of alliances derives from the resource needs of the
firm. Managing these resources can provide a competitive advantage over its
rivals. Thus, firms form alliances to obtain access to needed assets (Hagedoorn
& Schakenraad, 1994; Ireland et al., 2002; Porter, 1985; Powell, 1990; Teece,
1996), learn new skills (Baum, Calabrese, & Silverman, 2000), manage their
dependence upon other firms (Pfeffer et al., 1978), or maintain parity with com-
petitors (Garcia-Pont & Nohria, 2002).

The literature mentioned suggests two different ways to define networks,
which nevertheless complement each other. They differ in their level of analysis:
TCE theory views firms from an outside-in perspective and tend to explain and
predict transactions among firms. On the contrary, RBV theory views firms from
an inside-out perspective and focuses on firms’ resources allocation and acquisi-
tion. Some important concepts emerge for the innovation process, such as
weak/strong ties. On the one hand, to gain new information and new resources,
the organization needs to have a great number of heterogeneous, weak ties. The
organization will essentially benefit from such sparse networks to the extent that
the organization is seeking to pursue exploration of new knowledge or radical
innovations (Burt, 2000; Elfring et al., 2003). On the other hand, commitments,
trust and experience, being expressions of dense networks with strong ties, may
facilitate the innovation process in exploiting existing knowledge and pursuing
incremental innovation (Burt, 2000; Elfring et al., 2003).

3.4.2 The process of network formation

Doz et al. (2000) suggest that the formation process of R&D networks may be
dominated by three kinds of initial conditions. First, changes in the organi-
zation’s environment. These changes may involve: 1) new governmental regula-
tions; 2) rapid changes in the market; 3) new entrants into existing markets; 4)
foreign competition (R&D in industry collaboration). Second, the presence and
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identification of common interests among potential members may increase the
likelihood of forming collaborative agreements: 1) pre-existing relationships; 2)
common industry origin; and 3) similar organizational characteristics. Third, the
intervention of a triggering entity may also encourage the formation of net-
works. This role is played by, for example, government agencies, individuals
acting as champions or specific firms.

Pressure from the environment or the presence of a triggering entity create
two kinds of process formation. Doz et al. (2000) call these the emergent and
engineering processes, respectively. In the first, collaboration is driven by
responses to common threats or a perceived need to gain access to similar
resources. Accordingly, members with similar interests can generate consensus
on the domain of their R&D consortium, leading to a strong expectation of con-
tinuity. On the contrary, the engineering process is started by triggering entities
in the case of dissimilar interests and low interdependence. A “hub-and-spoke”
approach to member solicitation will be employed in the initial stages. The trig-
gering entity is likely to be an individual with strong personal connections.

Risks and challenges in developing effective alliances

Although popular, alliances often fail (Van de Ven et al., 1999). Factors such as
goal divergence, partner opportunism, improper partner selection, and cultural
differences may contribute to alliance failure (Doz, 1996; Kale et al., 2000).
Research shows that different expectations can lead to either major changes or
dissolutions that are unplanned by one or more partners (e.g. Das & Teng,
2001). Moreover, selecting partners with different or conflicting expectations
may lead to opportunistic behavior or to alliance failure (Kale et al., 2000). For
example, opportunistic behavior may take the form of a learning race, that is,
when a firm’s primary motive is to quickly learn (acquire) a partner’s skills and
then underinvest in the alliance after achieving its learning objectives (Alvarez
& Barney, 2001).

Thus in all kinds of collaborative agreements there are risks that can lead to
subsequent instabilities. According to Das and Teng (2001), there are at least
two types of alliance risks – relational and performance risks. Relational risk is
concerned with the probability, and consequent actions, of a partner who does
not appropriately commit to an alliance and fails to behave as expected.
Performance risk refers to factors that may impede achieving alliance objectives.
For example, in interfirm modularity projects, in which the component products
of different firms work together to create a system, firms were frustrated at their
lack of control over the definition of their own products (Staudenmayer, Tripsas,
& Tucci, 2005). Thus, performance risk is common to all strategic decisions,
while relational risk is idiosyncratic to individual strategic alliances (Ireland et
al., 2002). Ensuring cooperation, avoiding competition and developing trust
between partners are the major challenges in building alliances.
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3.5 How does the organizational setting influence the process
of innovation?

Conventional wisdom suggests that young and small firms have a greater
advantage in innovation (e.g. Ács & Audretsch, 1990). In general those firms
possess capabilities such as niche-filling and flexibility, seeking out protected
market niches that are too small to engage larger organizations (e.g. Chen &
Hambrick, 1995). Moreover, these organizations are also seen as being quicker
than established organizations due to structural simplicity, streamlined opera-
tions, lack of structural inertia, faster decision-making processes and targeted
innovation (e.g. Dean, Brown, & Bamford, 1998). The result is a quicker
response to the dynamics of industry environments.

These arguments seem to be supported by many recent studies, which tend to
find that small firms have introduced a proportion of innovations larger than
their share of employment. This finding has frequently been interpreted as
showing that small firms are more innovative than large firms, or more efficient
innovators, achieving greater outputs per unit of R&D input (Ács & Audretsch,
1991; Cohen, 1995).

In contrast, there are arguments in favor of established organizations in rela-
tion to innovation. The advantages of established organizations, as we previ-
ously discussed, include their market power over customers and suppliers, the
exploitation of patents and scale economies in R&D, accumulation of techno-
logical knowledge and capabilities, competitive strengths in terms of available
resources, managerial knowledge and ability to handle uncertainty (e.g. Aldrich
et al., 1986; Cohen, 1995). Furthermore, established organizations often have
external relationships, contacts and reputations that expose them to new
competitive tools and technologies. For example, after a historical analysis of a
relatively large number of radical innovations, Chandy and Tellis (2000) found
that the established and large organizations introduced a majority of the radical
product innovations in the last 50 years.

Just as small and established organizations differ in the advantages they have,
they also differ in their weaknesses. While start-ups may be more innovative,
they frequently have trouble bringing innovations to the market in a successful
way. On the contrary, while established organizations have more trouble inno-
vating, they enjoy greater success bringing innovations to the market (Abernathy
et al., 1978). The established organizations are believed to be constrained by
organizational rigidities, structural inertia, technological myopia and poor incen-
tives to pursue radical innovations. On the contrary, young and small firms, due
to liabilities of newness and smallness, are subject to lack of market recognition,
weak financial positions and lack of internal structure. They will be more likely
to succeed when entering industry environments in which speed, flexibility and
niche identification are rewarded or when pursuing radical innovation in a frag-
mented industry.

It seems that an answer to the question of this section is unlikely to be
exhaustive, because, as Aldrich and Auster said, “the obstacles faced by new,
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small organizations can be easily overcome by the established and large one,
whereas the constraints faced by larger and more established organizations can
often be easily overcome by new and small ones” (1986: 168). Moreover, indus-
try characteristics, technology appropriability and organizational capabilities
have a moderate effect on the relationship between the organization size/age and
its ability to innovate (see Table 3.1).

The network of various organizations, representing an intermediate form of
organization to that of new, small and established organizations, may provide a
more conducive environment for product innovation or new business creation
(Van de Ven et al., 1999). In theory, it can overcome the liabilities of newness,
smallness, bigness and aging. However, we saw in practice that the problems in
managing joint ventures largely stem from having more than one parent organi-
zation. Thus the problems of communication and conflicts found in large organi-
zations are likely to increase in networks. Moreover, sovereign conflict,
antitrust, intellectual property and appropriability conflicts and losses of auto-
nomy and control are liabilities of “double parenting and conflict” (Van de Ven
et al., 1999).

Also, decision-making processes have dissimilar characteristics in different
organizational settings. In start-ups, decisions are made by one or a few indi-
viduals (with similar values and interests) aiming for specific established object-
ives. Decisions are usually fast and responsibilities for outcomes are clear. On
the other hand, a group decision-making process (likely to take place in larger
organizations) is usually slower, but it brings specialists and experts together,
whose interactions result in better decisions. However, different interpretation
schemes, motivations and interests may hinder the decision process. This phe-
nomenon is particularly emphasized within interorganizational networks.
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Table 3.2 Advantages and disadvantages of different organizational settings in decision-
making processes

Advantages Disadvantages

Established Interaction of different Slow process
organizations expertise has benefits in Interpretative barriers

identifying, evaluating and Different individual values
choosing alternatives
Greater knowledge available 
to the group

New firms Fast decision process Limited knowledge for 
Clear responsibility for nonprogrammed decisions
implementing Individual values and motivations

as guidelines

Collaborative Greater knowledge and Different motivations, vested 
network competences within the group interests

Organizational and individual
objectives inconsistent with the
network’s objectives



Despite the ability of heterogeneous actors to better identify and evaluate
alternatives, different individual and organizational values, vested interests and
different motives may create problems for choosing among alternatives. More-
over, one actor’s objective may be different from another’s objectives which
could create tensions and conflicts in the very identification of the problem (see
Table 3.2).

However, many of the supposed liabilities of the new companies may not be
totally accurate as Schoonhoven et al.’s (1990) findings, previously discussed,
suggest. New and small firms are able to develop and implement relatively new
products without large resources in a competitive market. Further, functional
expertise, fast decision making, flexibility and allocating resources through
external networks increase the likelihood of developing and implementing mod-
erately new products. Moreover, the degree of innovativeness of the project is
likely to be more radical for the outside world than for the innovate team in the
new firms – prior experience seems to play a crucial role in recognizing and
exploiting the opportunities (Shane, 2000; Van de Ven et al., 1984). So here it is
assumed that new and small firms have greater advantages in the process of
innovation than established organizations.
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4 Environmental product
innovation

Some things in nature are irreplaceable – literally priceless. Even so, it is essen-
tial to consider tradeoffs when analyzing almost all green problems.

(The Economist, April 25, 2005)

4.1 Introduction

In the last decades, an enormous amount of knowledge has been created on the
impact of human activities on the natural environment in the environmental
field. This concern has been translated into new policies, new research pro-
grams, tools and methodologies to decrease the environmental burden of firms’
activities. This chapter reviews the literature on the relationship between the
natural environment and the organization, encompassing different units of analy-
sis from the organizational level to the product level. The purpose of the review
is threefold. First, it highlights how scholars have made use of existing theo-
retical frameworks, which may explain and predict the phenomenon under
study. Second, it emphasizes the complexity of EPD and ENPD. Third, it shows
how environmental ambition has evolved from optimizing production processes
to radically changing products and services. Section 4.2 gives an overview on
how the relationship between the organization and the natural environment has
been addressed, highlighting the theoretical background. Section 4.3 focuses on
EPD, illustrating the status quo in research and in practice and the future chal-
lenges especially for ENPD.

4.2 The greening of business

During the last decades environmental issues have become crucial for industries,
corporations, government policies and various stakeholders. After the disasters
in the 1960s and 1970s, such as industrial pollution and oil spill, public concern
and government authorities realized that industrial processes could have negat-
ive effects on human health and on the natural environment. Driven by regula-
tory and societal pressures, industry became “greener”, adopting new
technologies and managerial systems to monitor, control and reduce the environ-



mental impacts of industrial activities. At the beginning of the 1990s some firms
within industry moved beyond just complying with the legislation to actually
exceeding regulatory emissions requirements (Roome, 1992). Currently,
environmental issues have been integrated into firms’ activities and the greening
of business seems to have achieved unexpected levels.

Scholars have investigated the role of corporations in society, arguing that,
rather than the conventional technocentric paradigm, an alternative “ecocentric”
paradigm should be proposed (Starik & Rands, 1995). This paradigm advocates
an ecologically centered conception of interorganizational relations and internal
management activities (Shrivastava, 1995a). Others argue that a synthesis of the
two opposite paradigms is preferable, where the two paradigms are integrated
(Gladwin, Kennelly, & Krause, 1995; Shrivastava, 1995a). Numerous studies
have addressed the relationship between the organization and the natural
environment at different levels of analysis (e.g. Starik et al., 1995) and investi-
gated the greening of business through the lenses of existing theories.

4.2.1 At the industry level

Scholars at the industry level have investigated how and to what extent existing
industries are embracing environmentally responsible conduct, often referring to
“self-regulation” (Berchicci & King, 2007; Ostrom, 1990; Russo, 2003; Starik et
al., 1995). One recurrent example is the chemical industry, whose leading firms
have decided on a set of rules under the name of the “Responsible Care
Program”. Nevertheless, it has been shown that non-members improved their
environmental performance more quickly than did the program’s members
(King & Lenox, 2000). Besides existing industries, new industries are getting in
line with environmental and social issues. Russo (2003) defines sustainable
industry as a collection of organizations with a commitment to economic and
environmental goals, whose members can exist and flourish, permitting other
entities to do the same (Starik et al., 1995). An example of a sustainable industry
is the fast-growing wind energy industry, where institutional environment, geo-
graphic concentration and natural capital have positively influenced the growth
of the sustainable industry (Russo, 2003).

4.2.2 At the organizational level

Most of the studies have addressed environmental issues at the organizational
level in relation to the strategic management and capabilities of the firm. Some
studies argue that, by going green, corporations may reduce costs through ecolo-
gical efficiencies, capturing emerging markets, gaining first-mover advantage
and improving the corporation’s image (Hart, 1995, 1997; King & Lenox, 2001,
2002; Porter et al., 1995; Roome, 1992; Shrivastava, 1995c). These studies are
often defined as the “pays to be green” literature.25 Others dispute the “win-win”
logic of being green and competitive, affirming that the economic and environ-
mental goals are distinctive and the actions needed to achieve them are not the
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same (e.g. Walley & Whitehead, 1994). Moreover, many firms still frame
environmental issues as a one-dimensional nuisance, involving regulations,
increased costs and liabilities (Hart & Milstein, 2003). Rather than being mutu-
ally exclusive, some scholars affirm that the economic and environmental per-
formances seem to be positively correlated (Gilley, Worrell, Davidson, &
El-Jelly, 2000; Klassen & McLaughlin, 1996; Russo & Fouts, 1997). Others
argue that there is a non-significant (McWilliams & Siegel, 2000) or mixed
(Hillman & Keim, 2001), or even negative (Wright & Ferris, 1997) relationship
(for a review see Margolis & Walsh, 2003).

Furthermore, some scholars suggest that environmental practices are similar
to other managerial practices. For example, Christmann (2000) proposes that
firms should not blindly follow recommendations on environmental manage-
ment and expect to be green and competitive but that they should select environ-
mental practices that fit with their existing resources and capabilities.
Accordingly, Andersson and Bateman (2000) emphasize that, within the firm,
treating the environment like any other business issue, may engender successful
environmental champions. Similarly, Reinhardt (2000) suggests the framing of
environmental issues as a business problem, taking into account the type of
industry, sector and market in which firms are operating.

These scholars have been analyzing environmental issues in the organi-
zational setting – integrating, combining and improving existing theoretical
frameworks and models. Many authors adopt the resource-based view of the
firm approach (e.g. Aragon-Correa & Sharma, 2003; Christmann, 2000; Hart,
1995; Russo et al., 1997; Sharma & Vredenburg, 1998; Shrivastava, 1995c)
because it provides a theory to explain the competitive advantage as an outcome
of the development of organizational capabilities associated with a proactive
environmental strategy (Aragon-Correa et al., 2003; Hart, 1995; Sharma et al.,
1998) and to link the proactive environmental strategies to environmental
performance (Russo et al., 1997; Sharma et al., 1998).

4.2.3 Why become greener?

Other studies have investigated in depth the question was to why firms respond to
ecological issues. Scholars have identified three main driving forces of corporate
responsiveness to environmental issues, two institutional forces and one economic
rationale (e.g. Bansal et al., 2000). First, the role of legislation in stimulating
firms’ environmental responsiveness has been largely recognized. Firms seek to
comply with legislation to avoid penalties, fines, legal costs and market and social
pressures (Cordano & Frieze, 2000). Proactive behavior and earlier adoption of
environment-related activities take place in firms to anticipate regulatory allega-
tions and keep competitive (Aragon-Correa, 1998). However, in the absence of
explicit sanctions, firms may respond more slowly to environment-related activ-
ities and undermine environmental performances (King et al., 2000).

The second driver is social pressure. Customers, local communities and
environmental interest groups encourage firms to take their environmental
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impacts into account (Bansal et al., 2000; Starik et al., 1995). The Shell–Brent
Spar accident and Nike child-labor issues are well-known inductive examples
that have persuaded firms to respond. These two institutional forces increase
legitimation and appropriateness of their actions within an established set of reg-
ulations, norms and values or beliefs (Bansal et al., 2000; Starik et al., 1995;
Suchman, 1995).

The third driver is economic. By adopting eco-efficient practices, firms may
reduce operating costs by reducing waste, conserving energy, reusing materials
and focusing on life-cycle costs (Porter et al., 1995; Shrivastava, 1995c).
Besides cost reduction, environmental response is considered a source of
competitive advantage (Bansal et al., 2000; King et al., 2002a), by addressing
green consumers, preempting competition, building a corporate reputation and
creating value for the firms (Hart, 1995; Russo et al., 1997).

Besides the RBV approach, authors have adopted the institutional approach26

to explain how organizations become more aligned with the institutional
environment due to coercive, mimic and normative pressure (Bansal et al., 2000;
King et al., 2000; Oliver, 1991; Starik et al., 2000; Suchman, 1995). Other
authors have investigated individual decisions to embrace environmental issues
by adopting theories of planned behavior (Cordano et al., 2000; Flannery et al.,
2000).

4.2.4 At the micro-level: a firm’s product development activities

Another stream of research has focused on the micro-level, specifically on the
firm’s product development activities where the integration of environmental
issues into products and services is the main concern (e.g. Baumann et al., 2002;
Brezet et al., 1997; Charter et al., 2001; Chen, 2001; Graedel et al., 1995; Hand-
field, Melnyk, Calantone, & Curkovic, 2001; Hart, 1995; Lenox et al., 1997;
Lenox, Jordan, & Ehrenfeld, 1996; Pujari et al., 2003; Shrivastava, 1995b; Shri-
vastava, 1995c). Green product development, which intends to decrease the
environmental burden through product design and innovation, is emerging as an
innovative systematic means to deal with environmental problems (Chen, 2001).
The next section reviews and discusses the literature and emergent topics in this
field.

4.3 The environmental issues involved in products and
services

Products affect the natural environment during their life cycle, from the extrac-
tion and production phase to the disposal phase and during usage. Product
designers are the interface between the “user” and the “product”, and they have
a crucial role in integrating environmental requirements into the product design
(Charter et al., 2001). Driven by ecological concerns such as increasing waste
and the depletion of natural resources, product designers and practitioners have
developed a new design philosophy called ecodesign or “Design for the
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Environment” (DfE).27 DfE is defined as a systematic process or approach by
which environmental considerations are integrated into products in order to
design environmentally conscious products (Graedel et al., 1995). Environ-
mental requirements in the design process encompass several aspects of the
product life cycle, like minimizing raw materials, choosing materials with a
lower environmental impact, reducing energy consumption and increasing recy-
cling opportunities.

Within the ecodesign literature evolutions in the terminology and in the scope
of research have occurred. Over the last years, the terminology has evolved from
green design, eco-redesign and ecodesign, to sustainable product design,
environmental product innovation and product service system (PSS). If ecode-
sign or DfE is concerned about the environmental issues in product design, sus-
tainable product design integrates social and ethical aspects of the product’s life
cycle alongside environmental and economical considerations (Charter et al.,
2001). On the contrary, environmental innovation encompasses new technolo-
gies, new products and services, while PSS focuses on functions rather than
products.

Accordingly, the research in the environmental arena has widened its scope.
The approach for addressing environmental issues has been extended from the
optimization of existing products to the creation and development of new tech-
nologies, radical products and services.

This change in scope has important implications. Several scholars, practition-
ers and managers have realized that the concern for the natural environment was
not only the reason to optimize existing products and processes, but also the
driving force for creating new business opportunities through new products and
services. As a consequence, environmental ambition has been translated into the
intention to develop new products and services, and to search for new ways of
fulfilling product functions.

This shift in environmental ambition can be explained using an example. A
famous saying often heard at conferences in the environmental field is “why
redesign a chair when you can design the whole office?” The redesign of the
chair entails an optimization of the product, while the design of the whole office
leaves room for creativity and innovation, where changes may occur encompass-
ing different aspects of the office system and their specific functions. It is
assumed that the larger the changes in the system (e.g. the office), the greater the
benefits for the natural environment (Hart et al., 2003; Weterings et al., 1992).

This assumption originates from “factor” thinking. According to the Brundt-
land report (Brundtland, 1987), in which the term “sustainable development”
was coined, to give next generations the same opportunities as our generation
has today, present consumption needs to be reduced by a factor of 10 or 20 in
the next 50 years. This factor is based on the doubling of the world population,
combined with a fivefold increase in wealth per capita while halving the total
global environmental burden. Factor-thinking has gained legitimacy in the
environmental arena. To achieve a reduction of the environmental burden, a
classification of different innovations was proposed. Such a classification
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system, as displayed in Figure 4.1, enables opportunities for environmental and
economical profits, yet requires larger and more fundamental changes.

Product improvement involves product optimization while product redesign
entails process improvements and replacements of product components. Func-
tion innovation entails new products and services and changes in the way exist-
ing products function; PSS is part of this type of innovation. The shift from
physical products to dematerialized services is an example of function innova-
tion. System innovation28 requires technology development, but also implies
changes to the social (adoption by consumers) and structural environment (infra-
structure development) (e.g. Ashford, 2000). Major changes usually take more
time than minor changes.

For ease of communication, in this research study DfE, ecodesign and sustain-
able product development (SPD) processes represent the broad umbrella of EPD
regarding product improvement and product redesign. ENPD denotes a more recent
evolution in the literature, including environmental product innovation and PSS and
it focuses mainly on function innovation and to some extent system innovation.
This distinction is necessary because many scholars refer to EPD or ENPD indis-
criminately (see for example Baumann et al., 2002; Pujari et al., 2003).

In the next section EPD is discussed, followed by a discussion of ENPD.

4.3.1 EPD as a research agenda

Although EPD is a relative new discipline, in the last decade scholars from
environmental studies have yielded hundreds of publications contributing to a
better understanding of environmental product development (for a comprehen-
sive review see Baumann et al., 2002).

Environmental product innovation 65

Product 
improvement

E
nv

iro
nm

en
ta

l i
m

pr
ov

em
en

t F actors 10
or more

F actors 5

F actors 2

Product 
redesign

Function
innovation

System
innovation

Time horizon (years)

5 10 20

Figure 4.1 Levels of environmental innovation (based on Brezet & Rocha, 2001; RAND,
1997; Weterings & Opschoor, 1992).



One research stream encompasses both industry and academic studies, using
success stories to prove conceptually that there are opportunities to combine
environmental issues in products and also improve market performance (e.g.
Charter et al., 2001; Cramer & van Lochem, 2001; Dutton, 1998). Several com-
panies, like Xerox, Electrolux, BMW and 3M, have been heralded as ENPD pio-
neers, and are said to have benefited from the approach (Gutowski et al., 2005;
Mackenzie, 1997). Another stream of research offers engineers and managers
guidelines, manuals, tools and advice for integrating environmental concerns
into the product design process (e.g. Brezet et al., 1997; Burall & Design
Council, 1996; Huisman, 2003). The purpose of these tools29 is to identify
environmental and cost implications of alternative materials or process decisions
(Handfield et al., 2001; Huisman, Boks, & Stevels, 2003) and help firms to
develop greener products. There are various typologies of tools at different
stages of development for this purpose (for an extensive review of tools see e.g.
Boks, 2002; Tischner & Tukker, 2002).

Third, several studies were carried out to examine and to identify factors that
promote green product development (for a review see e.g. Johansson, 2002).
The role of an environmental coordinator (Pujari et al., 1996), the integration of
environmental professionals (Ehrenfeld & Lenox, 1997), the involvement of
customers (Pujari et al., 1996) and suppliers (Pujari et al., 2003; Stevels, 2001b)
and top management support (Ehrenfeld et al., 1997; Handfield et al., 2001;
Pujari et al., 2003) are considered crucial factors. Empirical studies have investi-
gated the ways that firms have tried to engage in EPD (e.g. Gutowski et al.,
2005; Handfield et al., 2001; Handfield, Walton, Seegers, & Melnyk, 1997;
Hemel, 1998; Lenox et al., 1996; Pascual, Boks, & Stevels, 2003; Stevels,
2001a; Tukker et al., 2001).

Although these studies have increased our understanding of EPD and con-
tributed to the development of a systematic approach to dealing with environ-
mental issues in product development, all but a few fail to draw on existing
theoretical frameworks in NPD and the organizational innovation literature (as
suggested by Baumann et al., 2002; Lenox et al., 1997; Pujari et al., 2003). Few
studies have adopted existing theories to explain how to manage the develop-
ment of green products (e.g. Handfield et al., 2001; Johansson, 2002; Lenox et
al., 1997). One of the few examples is the promise manual (Brezet et al., 1997)
based on product development methodologies developed by Roozenburg and
Eekels (1995) and Buys and Valkenburg (1996).

It also looks as though the discussion in the academic literature has been
largely normative and prescriptive (Baumann et al., 2002; Pujari et al., 2003).
Scholars seem to have mainly drawn on normative templates, attempting to
build new knowledge rather than integrating existing knowledge and resources
from contiguous research fields (as suggested by Lenox et al., 1997). Remark-
ably, publications mainly describe new tools rather than evaluating and improv-
ing existing ones (Baumann et al., 2002).

Not surprisingly, the great deal of tools and methods built on this specific
knowledge did not prevent some crucial drawbacks of EPD from surfacing.
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The complexity of greening

Greening itself is not a well-defined concept (Chen, 2001) and degrees of green-
ing are perceived differently by consumers, producers and government (Kleiner,
1991).

For example, in the academic circle, there is an ongoing debate about what is
considered a green product. One distinction is between products that have been
systematically designed to reduce their environmental impact (for example with
ecodesign methods) and products that achieve the same result and environmental
quality without using any specific tools or methods, thanks to autonomous
technological development such as digitalization, miniaturization and energy
efficiency. For example, mobile phones have changed drastically in the last
decade; their eco-performance has increased, they weigh less, use less energy,
carry less hazardous batteries and incorporate more functions for customers.30

The fact that the concept of greening remains ill defined also manifests itself
from a market perspective. Many scholars and practitioners seem to assume that
consumers are willing to pay a premium for green products when they indicate
that they care about the natural environment or look for environmentally
friendly products or brands (Ottman, 1998). Unfortunately, people’s attitudes
towards the environment may not always materialize in their purchasing behav-
ior (Simon, 1992). In 2000, Shell, for example, introduced Pura, a more environ-
mentally friendly fuel that contained fewer pollutants. Although Shell assumed
that its customers would pay a premium for the environmental aspect of the new
fuel, Pura proved to be a failure. When Shell subsequently introduced a new
fuel, with even fewer pollutants than Pura, and marketed it as a fuel that would
increase engine performance, not even mentioning its environmental advantages,
they managed to turn it into a commercial success (Op Het Veld, 2005).

The complexity of greening is also reflected in the challenging tasks for pro-
ducers trying to deal with environmental attributes. Incorporating levels of both
green and regular attributes in one product might occur through the design
process in terms of material selection, energy efficiency or toxic waste, for
example (Chen, 2001). However, integrating environmental attributes should not
conflict with traditional product attributes or performances such as safety and
convenience. Environmental attributes are seen as distinct from the more tradi-
tional ones like price and quality31 (Chen, 2001; Prakash, 2002). As suggested
by Chen (2001: 252), “typical environmental attributes that are listed on various
green consumer guides include recyclability, recycled content, fuel efficiency,
toxic content reduction, and emission-related performance”, and others like
efficient packaging.

Moreover, the increased degree of complexity opens up a larger set of pos-
sible tradeoffs (Hemel, 1998). Keeney and Raiffa (1993) argue that, in cases of
multiple objective decisions, the improvement of one attribute might be
achieved only at the expense of other attributes. For example, cars with electric
propulsion result in an improved emission rate but the speed and distance rates
are forgone (De Neufville et al., 1996). Not surprisingly, Handfield (2001) found
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that requirements that have immediately observable effects in terms of prof-
itability, customer needs and market share might take precedence over environ-
mental goals.

The ill-defined nature of the concept of greening also concerns the extent to
which product optimization is achieved through ecodesign methods and tools.
On the one hand, to design a product, the designer might rely on DfE tools to
choose environmentally better materials or to design a product with energy-
efficient attributes. Then the DfE tools are used as a tradeoff method to select
and choose specific product attributes. On the other hand, the designer is
required to design products without a specific material banned by regulation
because it is harmful for health and environmental reasons. A checklist might
help the designer select proper materials. As result, both end-products are con-
sidered eco-products although the designer’s willingness and the degree of
product optimization are different. For example, in Japan and in Europe the use
of cadmium is banned in many manufacturing products and any cadmium-free
product is seen by many firms as a green product. Therefore, firms such as
Toyota and Epson claim that all of their newly developed products are green
products (Yamamoto, 2003) because they are cadmium-free. Due to the lack of a
clear definition of greening, firms can claim their products as green regardless of
their environmental ambition and the extent to which products have been
optimized.

Despite these heterogeneous interpretations, in this research study greening is
defined as the (explicit) attempt to reduce and minimize the environmental
impact of the development, manufacturing, use and disposal of products and
services.

4.3.2 EPD as a practice

The intrinsic complexity of greening may explain why firms that have tried to
develop more environmental products have had mixed experiences. For
example, after studying ten firms seen as proactive in integrating environmental
issues into their business, Handfield et al. (2001) found a gap between the advo-
cates of DfE tools (environmental managers) and the users (designers) of these
tools in terms of expectations, perceptions and orientations towards DfE prac-
tices and tools. Weak research foundation and barriers in the interpretation of
DfE principles between these two groups seem to have created uncertainties in
the process and outcome of DfE. According to Gloria et al. (1995), due to the
complexity of DfE issues, some of the barriers to the use of DfE tools are
intrinsically related to the tools themselves, which feature poor data availability
and quality together with high implementation costs.

Moreover, many companies cited in the literature as examples of corporate
environmentalism have employed the tools sparingly and, when they have done
so, they were used as an addition to the regular product development with mar-
ginal effects on overall environmental impact reduction (Handfield et al., 1997).
For example, a survey in 1996 found that 25% of manufacturing companies had
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a corporate program for incorporating environmental concerns into design
(Lenox et al., 1996). However, designers did not seem to use environmental
database and design software extensively and even fewer organizations have
adopted environmental analytical tools such as life cycle analysis (LCA) or full-
cost accounting. Consequently, guidelines and checklists are the tools most com-
monly employed. Similarly, though environmental targets are added to a set of
fundamental product requirements, they are often not prioritized and are given
less weight than costs or time-to-market criteria (Handfield et al., 2001). It looks
as though environmental improvements are mainly accomplished thanks to
stricter regulations (Ashford, 2002). Moreover, the assumption that green prod-
ucts resulting from DfE processes might lend them a competitive edge is still to
be proven. For example, Ehrenfeld et al. (1997) found that firms that have been
successful were successful without relying heavily on tools.

4.3.3 Green products in the market

Are green products successful in the market? The answer is not straightforward.
Well-known examples of champions of successful environmental products in the
market are often cited, like the energy-saving lamp, and the successful diffusion
of environmental technologies such as photovoltaic cells is slowly but inex-
orably occurring. It seems that the number of green products among all US new
product introductions rose from 1.1% in 1986 to 13.4% in 1991 (Ottman, 1998)
but decreased to 10% in 1997 (Fuller, 1999). These numbers need, however, to
be carefully handled because, as explained earlier, there is ambiguity about the
definition of green products. However, the Ottman and Fuller rate is taken as a
“barometer” of green products’ success. According to some authors, this rate is
low (Baumann et al., 2002; Pujari et al., 2003). The effort to make better prod-
ucts in environmental terms does not always convert into a viable business case
creating new and/or expanding markets (Hall et al., 2003a). As a result, many
green projects end up with products in niche markets, or at the prototype stage;
or they have failed to introduce any products, stopping prior to that stage (Hall
et al., 2003a). Surprisingly, whereas the number of green products is rather
small, the number of tools to design and develop them has been rapidly increas-
ing in the last few years.

4.3.4 Current research in ENPD: the call for radical undertakings
and PSS

Recently, scholars have emphasized that the development of new products and
services rather than the optimization of existing products is a necessary con-
dition to achieve consistent improvements in eco-efficiency32 (Charter et al.,
2001). It is assumed that greater “factor” gains can come through the develop-
ment of a new product (and a new business) based on a critical reassessment of
the consumer (or market) needs that are to be fulfilled (Ryan, 2003). The
achievement of such leaps forward in eco-efficiency demands a different
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approach from companies than continuous improvement processes; rather than
incremental steps, new radical approaches are required (Green & Vergragt,
2002; Jansen & Vergragt, 1992; Weiszäcker et al., 1997). Furthermore, a strong
role is attributed to technology in achieving increased levels of eco-efficiency
(Weaver et al., 2000).

Accordingly, the ecodesign might only accomplish incremental improve-
ments to current products rather than reinventions or fundamental innovation
(Hart et al., 1999). Consequently, focusing on DfE processes might be one of the
elements distracting companies from pursuing radically different products and
business models (Senge & Carstedt, 2001).

Such thinking has led to an increasing interest in new products and services
development and the idea of “product service systems” as business strategy and
policy development (Mont, 2004; Roy, 2000; Ryan, 2003). PSS is defined as
tangible products and intangible services designed and combined so that they are
jointly capable of fulfilling specific customer needs (Mont, 2002; Tischner et al.,
2002). The underlying assumption is that the development of services together
or in substitution of products leads to an environmental improvement of the
current production and consumption pattern.33 For example, it is argued that sub-
stituting tangible products, such as answering machines, with intangible ser-
vices, such as electronic mailboxes, affords a substantial environmental gain.
According to Senge et al. (2001), providing services rather than just selling
products creates a potential new alignment between what is economically sound
and what is environmentally sound.

Scholars have developed tools and guidelines to design and implement PSS
(for a review of these tools see e.g. Beerepoot, 2004; Tischner et al., 2002) and
used several cases to prove the potential of such a PSS concept (Beerepoot,
2004; Brezet, Vergragt, & Horst, 2001b; Goedkoop, van Halen, te Riele, H., &
Rommens, P., 1999; Hawken, Lovins, & Lovins, 1999; Manzini & Vezzoli,
2003; Mont, 2004; Tischner et al., 2002). Nevertheless, it seems that experimen-
tations with business organizations resulted in mixed success (Beerepoot, 2004).

The PSS approach emphasizes the systematic innovation in which new prod-
ucts and services may be developed (e.g. Fussler et al., 1996). Although this
approach calls for the adoption of unorthodox conduct, that is, radical undertak-
ing, few studies have examined what radical undertaking entails for the organi-
zation – for example, explaining to a project team how to deal with the higher
degree of uncertainty intrinsically linked to project radicalness.

Furthermore, PSS scholars suggest designing and developing products and
services beyond organizational boundaries (Mont, 2004). Given the environ-
mental ambition, scholars affirm that the PSS model “implies new types of
stakeholder relationships and/or partnerships, new convergence of economic
interests, and a concomitant systemic resources optimization” (Manzini et al.,
2003: 856). Accordingly, the larger the network of committed stakeholders, the
greater the chances of attaining system innovation. However, PSS seems to
overlook the higher risks of innovating in interorganizational settings (Van de
Ven et al., 1999).
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4.3.5 EPD summary

How have the environmental issues been addressed in the literature?
What emerges from the literature review on green product development is a

rather contradictory picture. Although EPD is high on the policy and business
agenda and previous research has significantly contributed to explanations of
how to incorporate environmental issues into new products (e.g. Chen, 2001;
Handfield et al., 2001; Lenox et al., 1997; Pujari et al., 1996; Pujari et al., 2003),
it seems that EPD and ENPD are not without pitfalls.

Within EPD, the ill-defined nature of the concept of greening increases the
complexity involved in successfully incorporating environmental issues within
product development. Furthermore, the overemphasizing focus on building
tools, while overlooking links with existing product development and innovation
theories, make this task even more complicated. The reason is that treating EPD
without taking into account the context in which it is embedded can lead to a
conflicting and complex situation.

These drawbacks might even increase within ENPD for two main reasons:
the call for radical undertakings and interorganizational cooperation.

For example, although there is a call for a radical approach in the environ-
mental field to address the environmental imperative (e.g. Hart et al., 1999;
Senge et al., 2001), the effect of the radicalness in the process of innovation has
not been sufficiently explored. Adapting normative templates from redesigning
methodologies to build tools for radical undertakings might be ineffective. This
is because radical undertakings entail a much higher degree of uncertainty than
less ambitious projects. Moreover, new highly environmentally ambitious prod-
ucts and services need to meet market demands. This entails a better understand-
ing of new product development and radical undertakings. NPD provides an
understanding of the complexity and radicalness of product development.

The same argument can be made about interorganizational cooperation. Scholars
have investigated EPD and ENPD within established firms. Undertaking (radical)
projects with an interorganizational cooperation might present different mechan-
isms and challenges. Moreover, the entrepreneurial start-up is seen as a relevant
setting for the creation of environmental innovations (Larson, 2000).

Summarizing, the literature previously discussed in Chapters 2 and 3 on NPD
and organizational settings provides the theoretical framework to examine what
environmental ambition implies for product development and performance. The
underlying rationale is that these theories give better insights into how new
product development projects unfold, identifying factors that might create risks
and uncertainties during the innovation process.

Integrating EPD and ENPD literature in regular NPD and organizational liter-
ature should also strengthen the legitimacy of ENPD within the more mature
NPD and organizational field. A better integration of the two disciplines seems
plausible and desirable. This brief review highlights the need for a deeper under-
standing of environmentally driven projects and an integration of ENPD within
the larger umbrella of existing innovation and organizational theories.
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5 Theory-based conceptual model
and research methodology

5.1 Introduction

Chapters 2, 3 and 4 have discussed the innovation, organizational and environ-
mental literature to better understand the process of innovation, its relationship
with the organizational setting and the relationship between environmental issues
and product innovation. This chapter will present a conceptual model that is based
on the constructs previously discussed. This model will serve as the research
methodology for the empirical part of the book. Section 5.2 explains the selection
of constructs chosen for the conceptual model and presents and explains this
model. It also enumerates and illustrates the research propositions. The constructs
and their relationships serve as a guide for the selection and analysis of the empiri-
cal data. Section 5.3 explains the case study approach as a research strategy and
also illustrates the selection process and data collection process.

5.2 Building blocks of the conceptual model

The process of innovation is a complex phenomenon. Many factors influence the
process of innovation, both outside and within the boundaries of an organization.
In the literature review in Chapter 2, the focus is on factors within an organi-
zation’s boundaries because the aim is to discuss various components of different
theories regarding new product development projects, that is, specifically how
organizations innovate. When we examine or develop a theoretical framework,
however, we need to use specific language devices that help us organize a
complex empirical world. Therefore, “factors” need to be translated in units of
theoretical statements, that is, constructs and variables. Accordingly, the com-
ponents of a theory34 are constructs and variables in which constructs are related to
each other by propositions and variables are related to each other by hypotheses.
This whole system is bounded by assumptions such as value, time and space. As
nicely formulated by Bacharach (1989: 500), “the constructs may be viewed as a
broad mental configuration of a given phenomena [sic] while the variables may be
viewed as an operational configuration derived from the constructs”. The primary
difference between propositions and hypotheses is that propositions involve con-
cepts, whereas hypotheses require measures (Whetten, 1989).



Given the qualitative and explorative character of this study, constructs and
propositions rather than variables and hypotheses are discussed. Therefore, “if
the purpose of proposition is to communicate the relationship between two or
more constructs the only performance criterion which these constructs must
meet is that they have good clarity and parsimony” (Bacharach, 1989: 503).

Accordingly, the focus on specific literature does not prevent the number of
constructs and their relationships from being rather large, making it difficult to
study and evaluate the very components of the theories. Given this complexity,
only some key constructs are chosen. The selected constructs are the building
blocks for the preliminary conceptual model. In Chapter 2 three constructs were
selected because of their crucial importance as determinants of product perform-
ance. In addition, other explanations are noted in this section. The underlying
rationale for the process of selection is threefold.

First, as explained in Chapter 1, selectivity is an important criterion in social
science. Only key constructs that really help to understand the phenomenon
under study should be incorporated (Bodewes, 2000). Furthermore, propositions
should be limited to specifying the logically deduced implication of a theoretical
claim (Whetten, 1989).

Second, from the literature review some constructs and variables have been
extensively studied, while others have been poorly defined and occasionally
lead to conflicting results. Thoroughly examining these poorly defined con-
cepts and their unclear relationships may yield a better understanding of the
phenomenon under study. For example, studies on new product performance
have focused on the identification rather than the explanation of success and
failure factors (Cooper et al., 1987; Montoya-Weiss et al., 1994), and have not
provided sufficient predictions (Brown et al., 1995). To be “useful”, a theory
should be able to explain and to predict (Bacharach, 1989). Thus the under-
standing of these determinants and questions like “why did it occur” (or “why
not?”) might indeed improve the theory on success and failure (Whetten,
1989).

Third, the qualitative aspect of this research study suggests that the theo-
retical and the empirical enquiries are not addressed sequentially, but that an
iterative process exists between the existing theories and data where inconsisten-
cies are settled in successive iterations (Bansal et al., 2000). Whereas the
research strategy will be discussed later in this chapter, it is important to empha-
size that the constructs chosen were also selected because they are substantially
supported by empirical data.

5.2.1 Selection of the building blocks

In Chapter 2, two typologies of the innovation process were defined: the incre-
mental and the radical. The key difference was related to the level of uncertainty
and newness for the outside world and for the organization undertaking the inno-
vative projects. Note that the focus here is mainly on the organization’s view of
the innovation process.
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Incremental innovation processes are characterized by a low level of
uncertainty because the organization is familiar with developing products in a
well-known technical and market environment and boasts resources, capabilities
and competences that are well suited to the requirements of the new product
project. Radical innovation processes are characterized by a high level of uncer-
tainty; the organization is unfamiliar with developing new products in a new
technical or market environment because greater resources, different technical or
market capabilities and competences are needed.

In this research study the new product development process, which is seen as
a radical undertaking for the organization, is examined.

The underlying rationale is twofold. First, although radical NPD has received
a great deal of attention, our understanding of radical undertakings is limited
(e.g. Veryzer, 1998a), which has also occasionally led to conflicting results (e.g.
Balachandra et al., 1997). Second, there is a demand for radical innovations. As
seen in Chapter 4, many scholars argue that, to reduce the impacts on the natural
environment, new radical solutions based on new technologies are needed (e.g.
Hart et al., 1999). Assuming this to be correct, a better understanding of radical
undertakings is needed.

The selected constructs are: environmental ambition and the organizational
setting. They influence the product and the process characteristics expressed
here by four constructs: 1) management support; 2) project team commitment; 3)
product attributes; and 4) product performance.

Environmental ambition

The construct of environmental ambition is defined as a specific intention to
design, develop and implement new products and services with a lower environ-
mental impact compared to those that they aim to substitute. The extent to which
environmental ambition influences the process of radical innovation is far from
clear. As previously discussed, there is a tendency to emphasize the radical
approach in innovation to address important societal problems (e.g. Hart et al.,
1999; Senge et al., 2001). However, previous research has barely defined and
examined the relationship between decisions taken during the radical undertak-
ing and concern for the natural environment. This gap in the literature requires
empirical data, discussed later in this chapter.

Environmental ambition, as a driver to start an ENPD project, may set up
qualitative or quantitative objectives. For example, the former may be evident in
the actors’ willingness to contribute to a better sustainable society, while the
latter may be noticeable in clear, formalized goals like improvements by a factor
of four in energy efficiency. However, remember that environmental ambition
cannot be the only driver to start a new project. Organizations engage in ENPD
to create value. Commercial and/or technical goals such as profits, sales, growth
and R&D, are the main motivations behind any decision or action.

Here two discrete forms of environmental ambition are defined: high and low
levels of environmental ambition or eco-ambition. The former identifies an
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environmental ambition clearly and explicitly expressed from the beginning of a
project. For example, clear statements concerning the environmental imperative
in the business plan, which are recurrently addressed in meetings, in public or
through formal requests for subsidies concerning environmental projects. There-
fore, measuring environmental ambition may rely on observable variables such
as statements in the business plan, in the project development description and
the mission. Moreover, the level of eco-ambition is high when decisions during
the innovation process may be influenced by the environmental ambition. On the
other hand, a much lower eco-ambition level is denoted when concern for the
natural environment represents an opportunity to innovate but does not influence
decisions during the innovation process. It may manifest itself after product
implementation in the market as a marketing tool rather than as an objective.

The organizational setting

In Chapter 3, the relationship between the process of innovation and the organi-
zational setting, which could take the form of a start-up, established organization
or network of organizations, was discussed. It was briefly decided that no clear
conclusions could be drawn about the comparative merits of alternative organi-
zational settings for innovation. Each organizational setting has its own benefits
and unique liabilities, such as liabilities of newness, bigness and or double par-
enting (Van de Ven et al., 1999). The decision-making process is influenced by
these organizational structures. In this study two discrete organizational struc-
tures constitute the construct of organizational setting: start-ups and the interor-
ganizational network. There are differences between the decision processes in
new product development projects within a coalition of firms and entrepreneur-
ial firms. The former, rather than the latter, entails decisions during a new
product development project frequently being made by a group of managers rep-
resenting the firms’ interests. The strategic alliance, rather than a single entrepre-
neur, holds ownership of the project.

Management support

The management advocacy for a project was defined in Chapter 2 as expression
of support for projects (Green et al., 2003). The decision maker has the faculty
to lend support to projects. Any project’s survival within one firm or a network
of firms is inextricably linked to management support. This means that a high
level of management advocacy for a project will result in it being assigned a
higher priority, while a lower level of support could lead to the project’s demise.
Previous research has found that management advocacy appears to be driven by
both performance judgments, evaluating the progress of projects toward their
commercial and technical goals, and non-rational factors, such as psychological
income or excitement about radical projects (Gimeno et al., 1997; Green et al.,
2003). Therefore, a decision about a project’s evaluation may be influenced by
factors independent of performance judgment. Then the questions are: Does the
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environmental ambition of decision makers shape the management support for
ENPD projects? Is the environmental ambition a non-rational component of the
support process?

Project team commitment

Organizational aspects are crucial for product innovation. The commitment of
the project team is the chosen construct for the conceptual model. Here the
project team consists of the members responsible for the actual product develop-
ment, the decision takers. As discussed in Chapter 2, it is important to take the
project team into account because it is considered to be the core of product
development (Brown et al., 1995). The team’s commitment is therefore vital for
product development performance because aspects such as communication,
coordination, information within and outside the team strongly influence the
process performance (e.g. Dougherty, 1992). In radical undertakings, the
decision takers may get emotionally involved and escalate their commitments
due to psychological and social considerations (Schmidt et al., 1998). The ques-
tion is whether decision takers may escalate their commitments to a course of
action because of environmental ambition. Do non-rational factors like psycho-
logical and social considerations play a bigger role when environmental con-
cerns are incorporated into decision making?

Product attributes

The complex process of product development involves a number of decisions
related to functionality and attributes of the product. The product attributes are
the result of decisions made by managers and product developers. The reason
for taking “product attributes” as a building block is related to the effects of inte-
grating environmental issues into products. In Chapter 4, it was suggested that it
may be difficult to fully understand and evaluate environmental performance.
Two rationales were discussed. First, greening is an ill-defined concept (Chen,
2001), because it has different meanings according to different actors. Second,
many environmental attributes, such as fuel economy and recyclability, may
conflict with traditional product attributes or performances, such as safety and
convenience (Chen, 2001). The question is whether environmental ambition
influences product specification decisions and product performance.

Product performance

The main goal of new product development is to have a new product or a combi-
nation of product-service whose performance enhances the benefits for the
organization directly or indirectly (in terms of profits, learning or legitimation)
(Brown et al., 1995; Cooper et al., 1987, 1995a; Montoya-Weiss et al., 1994). If
the product does not perform as expected, it is likely that some aspects were
overlooked during the NPD process. The above-mentioned constructs may
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directly or indirectly influence the product performance. Note that in a radical
undertaking there is a great deal of uncertainty, which increases the difficulties
for new products trying to match market requirements.

5.2.2 The preliminary conceptual model

The constructs selected are the building blocks of the preliminary conceptual
model illustrated in Figure 5.1. Note that the model is underdeveloped. These
constructs and their relationships are guidelines for the analysis of the data
through which a better and well-suited model will emerge. In the final well-
tuned model, relationships among existing constructs will be reinforced and new
relationships between constructs may emerge.

As the literature review in the previous chapters has shown, all of the con-
structs and their relationships presented in the model have been investigated by
scholars to some extent. What the existing literature has overlooked is the exist-
ence of a new key construct, named here as environmental ambition, and its
relationships with the other constructs in the model. Therefore this research
study proposes a new construct and new relationships to demonstrate how and
why environmental ambition changes the accepted relationships. This research
attempts to generate new theoretical insights, demonstrating how the addition of
a new construct significantly alters our understanding of the phenomena by reor-
ganizing the causal model (as suggested by Whetten, 1989).

In the next section the relationships among the constructs are explained.

5.2.3 Propositions

This section discusses the propositions, that is, the relationships among the
selected constructs. These propositions are, however, tentative but they are useful
for guiding the empirical exploration. Given the fact that the empirical exploration
might reveal additional insights, the propositions may be provisional.
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The escalation theory and Green’s theoretical model may explain and predict
how radical projects with a potential environmental gain may be pursued and
supported despite poor financial and process-related performances. Unlike prior
research, this study suggests that environmental ambition may be seen to act as a
non-rational factor in the decision-making process.

Environmental ideology may influence the project support, resulting in a
reduction of the performance thresholds, depending on the contextual settings.
In situations with similar performance indicators, environmental ambition may
influence the go/no-go decision in different ways.

In the first case, a radical project with a high potential for environmental
gains may be supported enthusiastically by decision makers concerned about
environmental issues. Consequently, the threshold for the performance indic-
ators may be lowered. This implies a higher level of management support,
regardless of performance. In another extreme situation, a project with a high
level of environmental ambition may receive a lukewarm reception because the
team may perceive intrinsically complex environmental issues as too alien and
unfamiliar to the organization. Despite management support, the project team
may be reluctant to undertake such a project. This reluctance may take the form
of a higher performance threshold. As a result, management support may decline
regardless of how well the project is actually doing. Considering environmental
ambition as a non-rational component of the support process, the first proposi-
tion is:

P1 Decision makers with a high level of environmental ambition will
support environmental projects and thus lower performance thresholds.

The effect of the radical undertaking on the team’s commitment might be
twofold. First, the commitment of the team might be escalating (Schmidt et al.,
1998), making any performance judgment difficult (Gimeno et al., 1997; Green
et al., 2003; Schmidt et al., 1998). Improper methods for evaluation and psycho-
logical rewards (Gimeno et al., 1997) for doing radical projects are likely to
lower the performance judgment thresholds. Second, commitments may turn
heterogeneous within the team during the project – some members will be more
committed than others, especially in large organizations and networks of organi-
zations. This may result from different interpretative schemes (Dougherty, 1992)
or different/changed interests. These effects are moderated by the kind of
approach taken toward radical undertakings. The escalation of commitment
(Schmidt et al., 1998), different interpretative schemes (Dougherty, 1992) and
divergence in commitments (e.g. Ireland et al., 2002) may delay the develop-
ment process, increasing the risk of having a product unfit for the market
(Montoya-Weiss et al., 1994). Given its non-rational nature, environmental
ambition in decision-making processes may provide psychological rewards and
high expectations associated with continued team commitment to the course of
action regardless of performance. Previous literature has overlooked the role of
environmental concern in dictating the innovation process and its potential
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ability to emphasize psychological and social considerations in product develop-
ment. This research study suggests that environmental ambition may act as a non-
rational factor and one of the mechanisms underlying escalation of commitment.

P2 In a radical undertaking, decision takers with a high level of environ-
mental ambition are likely to escalate their commitments.

New product development is a complex process that entails a number of
decisions related to the kind of attributes the product should include. Incorporat-
ing new attributes such as environmental ones may increase the product com-
plexity. The rationale is threefold. First, as discussed in Chapter 2, new
attributes, by definition, increase the product complexity because they entail new
interactions between new components and the existing ones (Novak et al.,
2001). Furthermore, in cases of conflicting attributes, giving a higher priority to
environmental attributes at the expense of other parameters (like customer
requirements) may affect product performance. Second, when environmental
attributes are ill defined, the integration of these with other attributes may create
difficulties in the decision making process because the information at hand is
confusing. In such cases, the set of interactions between components is unclear.
Third, the environmental motto suggests that radical solutions rather than incre-
mental ones may engender substantial improvements for the natural environ-
ment. Product developers with high environmental ambition may favor new
attributes regardless of their effects on coordinating development. This may
result in increased product complexity.

P3 A high level of environmental ambition will likely increase product
complexity.

5.3 Research design

The purpose of this book is to understand how environmental ambition shapes
the NPD process. As we saw hitherto, previous research but has poorly
addressed this specific relationship. The lack of sufficient understanding of this
phenomenon requires a qualitative empirical line of enquiry. This type of
enquiry is well suited to exploring and discovering new substantive areas about
which little is known (Strauss & Corbin, 1999).

In this section the research design is discussed. This discussion addresses
case selection, data collection and data analysis methods.

5.3.1 Case study research

This research project utilizes the case study strategy. The underlying rationale is
based on some key features well suited to the purpose of this study.

First, it allows investigation of how product innovation unfolds in a real-
world environment in which decisions actually take place (Yin, 1994).
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Second, the case study method is well suited to studying the overall picture of
the research object as a whole. It allows for the in-depth identification of a
variety of contextual factors when the phenomenon under study is dependent on
a large number of factors (Verschuren & Doorewaard, 1999). As emphasized in
the words of Montoya-Weiss et al. (1994: 413):

Case studies must play a new role in the future. . . . Case studies can con-
tribute to the field in terms of identifying new factors (of new product
performance) or developing new methodological approaches. Also, new
branches of new product performance research are primary candidates for
case study.

Third, it is an appropriate strategy for enriching or extending theory, yet also
accommodates existing theories through an iterative process (Yin, 1994).
Fourth, compared to other methods, the case study method provides evidence in
a situation in which all of the relevant behaviors cannot be manipulated through
experimental design. Moreover, it may elucidate and explain a decision or a set
of decisions too complex for a survey or experimental strategies (Yin 1994).
Finally, it allows the incorporation of a variety of different sources of evidence,
including archival documents and interviews (Yin 1994).

Table 5.1 briefly illustrates the summary of case study characteristics, based
on Verschuren and Doorewaard (1999).

An important component of case study research is the unit of analysis (Yin,
1994). It reflects the core of the phenomenon studied, which occurs in a bounded
context. The case is actually the unit of analysis (Miles & Huberman, 1994). In
this research study the unit of analysis is the new product development project
within an organizational setting.

5.3.2 Case selection

The selection of cases is an important aspect of qualitative studies and crucial
for later analysis. Qualitative sampling, unlike quantitative sampling, tends to be
purposive rather than random. The choice of informants, episodes and interac-
tions are being driven by a conceptual question, not by concern for “representa-
tiveness” (Miles et al., 1994). Sampling in qualitative research is usually not
wholly pre-specified, but it evolves once fieldwork begins.

Regarding this research study, the author had the opportunity to step into a
project begun in the Netherlands in which the objective was to design and
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develop a new, three-wheeled, human-powered vehicle. One of the motivations
behind the Mitka35 project was to provide a sustainable mobility solution for
individual transport over short distances. The project aimed to reduce the
amount of kilometers individuals traveled by car. Although it started as an R&D
experiment, the project team and the network management soon realized that the
Mitka could be an attractive product for the market.

Therefore, the project was considered an extremely interesting case study for
various reasons. First, the environmental concern was a strong driver behind the
project – the idea of a new alternative for commuters to car use. Second, there
was a strong belief that, to address the environmental imperative, a radical
approach was needed. Third, a heterogeneous coalition of organizations estab-
lished to develop and implement such a concept existed.

The Mitka project was considered a crucial case for understanding the influ-
ence of environmental ambition on decision making during the NPD process.

A second, sequential case was chosen to gain an even deeper understanding
of the phenomenon under study. The reason was to be able to compare decisions
during the innovation process within a similar technical and market environ-
ment. Given the limited number of cases that can usually be studied, according
to Pettigrew (1990), it makes sense to opt for cases with extreme situations and
polar types in which the phenomenon of interest is “transparently observable”.
The advice of Pettigrew was followed in choosing polar types but variations in
specific settings were restricted.

To restrict variations, the cases needed to have a similar context and to
present a high level of uncertainty in the innovative undertaking. It was felt that
the selected cases needed to be a new product development project in the mobil-
ity context, with similar technical characteristics to the Mitka. Specifically, the
new venture’s objective needed to be the development and the implementation
of a new human-powered vehicle.

The new venture should also represent a radical undertaking for the organi-
zation and to some extent for the market. The development of a three-wheeled,
human-powered vehicle was considered a radical undertaking because the com-
petences involved in its development, production and manufacture were sensibly
different to those required for a two-wheeled vehicle. Thus a great deal of uncer-
tainty influences the choice of actors during the venture development process.

On the other hand, the selected cases were required to be polar types with
respect to the organizational setting and to the degree of environmental ambi-
tion. As discussed earlier, two discrete forms of organizational setting were
chosen: small/young organizations and a network of organizations. A better
understanding of the influence of these two discrete forms on new product
development will enrich the theoretical discussion on the topic.

The presence of cases where high and low levels of environmental ambition
are identifiable are extremely important for understanding how decisions in the
innovation process are more or less influenced by the environmental imperative.

Given the explorative nature of the study, beside the Mitka project, new cases
were pre-selected and proposed that responded to the sampling parameters (see
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appendix I). Keep in mind that some of the cases not selected are used as illus-
trations of conceptual statements such as in Boxes 2.2 and 6.1.

However, only one case was selected to be compared with the Mitka case: the
Mango. This case was chosen because it met the selection criteria such as tech-
nical similarities with the Mitka and motivational and organizational setting dif-
ferences (see Table 5.2).

They are polar types: the Mitka project, through a network of organizations,
started with a high level of eco-ambition; the Mango project was started by
entrepreneurial individuals with a low level of eco-ambition. On the other hand,
they have similar technical characteristics and functions, were designed for the
same Dutch market and were developed simultaneously.

Besides being polar types, the two cases present methodological differences.
The study of the Mitka case resembles longitudinal research in real time,
meaning that the researcher lives with an organization over time or carries out
periodic interviews (Pettigrew, 1990). In a period of more than two years, real-
time data were gathered through observation, meetings and interviews. On the
contrary, for the Mango case, selected after the Mitka case was chosen, real-time
data collection over the whole innovation process, although desirable, was not
feasible. Ex post facto investigations were needed to reconstruct the product
development process. Thus retrospective data collection was the main source
for this case study. However, interviews carried out in January, February, June
and October 2004 allowed for the identification of patterns and dynamic
processes through retrospective study, while lending the opportunity to gain at
least some verification through a real-time close-up view (Leonard-Barton,
1990: 248). Thus the Mitka case is by far the most in-depth case studied over a
two-year time-horizon. The Mango case in comparison was much more focused,
consisting of five interviews over eight months that were used to verify the
insights and theory elements that had emerged from the Mitka case. Analyzing
only two cases allowed for a much deeper and more detailed analysis than
would have been possible if a wider sample of projects had been studied. Thus
richness of description makes up for the disadvantages associated with a small
sample size.

One may ask why so few cases were examined. In management science there
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is an ongoing discussion with regard to the in-depth study of a single case versus
the study of multiple cases (see e.g. Dyer & Wilkins, 1991; Eisenhardt, 1991).

The main advantage of in-depth study of one or two cases is related to the
ability to deeply understand and fully describe the context of the phenomenon
under study. Otherwise, the more contexts investigated, the less contextual
insight is communicated (Dyer et al., 1991). By taking into account the details of
a particular context, the researcher increases the accuracy of the theoretical rela-
tionships, because he/she understands the “deep structure” of social behavior
(Light, 1979). On the contrary, with a larger number of studies, “the descriptions
will be rather thin, focusing on surface data rather than deeper social dynamics”
(Dyer et al., 1991: 615). Furthermore, in-depth cases allow a researcher to high-
light a construct by showing its operation in an ongoing social context, with the
result that the case study becomes a much more coherent story (Dyer et al.,
1991). With regard to product development projects, another advantage of in-
depth study of few cases is associated with the ability to thoroughly examine the
decision-making process of the development team. In this research study, deep
understanding of the context and the decision-making process was considered a
necessary condition to examining the phenomenon under study and to produce
new theoretical insights.

5.3.3 Quality criteria for case study research

To evaluate the quality of the case study design Yin (1994) suggests various cri-
teria such as construct validity and internal validity. Construct validity refers to
the extent to which the phenomenon under study matches the constructs suppos-
edly representing the phenomenon. It requires an iterative process involving 1)
refining the definition of the construct; and 2) building evidence that measures
the construct in each case (Eisenhardt, 1989). To enhance construct validity Yin
(1994) suggests 1) using multiple sources of evidence/data; and 2) having key
informants review the findings. In this research study the iterative process
involved data from multiple sources: semi-structured interviews with key infor-
mants, participant observation and archival documents.

Internal validity refers to the extent to which the emergent relationships
between the constructs fit with the evidence in the case (Eisenhardt, 1989).
Moreover to increase the internal validity it is important to discover the under-
lying theoretical reasons as to why the relationship exists. The structured analy-
sis technique pattern matching (Yin, 1994) is used in this research study. It
compares empirical patterns with constructs’ relationships proposed a priori; the
more the patterns match, the higher the internal validity. According to this tech-
nique, an independent construct has a causal relationship with a set of con-
structs. If all the outcomes are consistent as predicted, strong causal inferences
can be made. However, if just one of them does not support the data, it is prefer-
able to have another case that could augment the first case. Then the independent
construct is the reverse and the outcomes predicted should follow a different
pattern using the same set of constructs.
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5.3.4 Data sources

Case study research privileges qualitative and unstructured ways of gathering
data (Verschuren et al., 1999). In this study the empirical focus was on the
research objects: the Mitka project and the Mango project (Table 5.3). More-
over, the context in which those projects had unfolded was given a great deal of
attention; in particular, the bicycle industry has been extensively analyzed. To
elucidate the propositions different data sources were used: semi-structured
interviews with key informants, archival documents and participant observation
(see appendix II).

Interviews

Regarding the two projects under study, the selection of key informants was
based on their knowledge of the project and their proximity to the decision-
making process. Thus, members of the project team were identified as primary
key informants and, adopting a snowball method, additional relevant key infor-
mants involved in the projects were interviewed. The interviews were semi-
structured and lasted from one and a half to three hours. Informants were first
requested to describe the historical timeline of the project, its main players and
decisions taken during the process.

The initial interviews were kept broad in scope in an effort to expose a wide
range of motivations, decisions and competences. As the research project pro-
gressed and the theory was refined, interview questions became more focused in
an effort to ascribe more details to the emerging patterns. To build internal
validity inconsistencies were probed further (Eisenhardt, 1989).

With regard to the bicycle industry, interviews were conducted with man-
agers of the leading, large bicycle-manufacturing companies and with some
entrepreneurs from small and young bicycle-manufacturing organizations in the
Netherlands. The reason was to understand how these organizations innovate
and build internal validity given the “the small world” of the bicycle-
manufacturing industry, where people know about each other’s work.

Participant observation

During the period 2001–2003, the author had the opportunity to participate in
the product development of the Mitka project, observing the team at work.
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Although these observations were not coded, they were instrumental in shaping
initial conceptualizations for the preliminary model. Several discussions and
informal conversations occurred with the team members regarding technical
development as well as market research. The author’s role was active in the
project with regard to the market research, in particular the test preparation and
implementation.

Archival documents and press releases

In qualitative case study research, corroboration of interviews through archival
records is important to validate information (Yin, 1994). Therefore, the inter-
view data were supplemented with information from archival documents and
press releases. Internal reports, archival information, newspaper and magazine
articles were used to confirm the reliability of the interviewees’ responses and
also permitted directed and detailed probing in the interviews.

Procedure for case description

The data collected formed the backbone of the case description. All the sources
of evidence were reviewed together; consequently the case description was
based on the convergence of information from different sources. The use of dif-
ferent sources enables crosschecking of findings using the triangulation method,
which increases the reliability of the conclusion (Yin, 1994). As illustrated in
Figure 5.2, all the various sources were used to write the first draft of the case
study description. In the Mango case, only the interviews with the founders,
press releases and surveys among a limited number of Velomobiel’s users were
used for the case study description. The draft of the case study description was
checked by key actors, who also gave further comments on the project. After the
check, the final descriptions of the cases were written.
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In the Mitka case, the identity of the actors is kept anonymous and only the
function and organization are given. Moreover, a limited number of quotes from
interviews were integrated into the case description for privacy reasons.

5.3.5 Data analysis

Data analysis adopted approaches common to qualitative, inductive research
studies (i.e. Miles and Huberman, 1994; Eisenhardt, 1989; Yin, 1994). For each
case a detailed written case history and timeline were prepared along with a
schematic representation of the main phases and events (as has also been used,
for example, by Van de Ven et al., 1999). The descriptive time-oriented display
is utilized, arranging a series of concrete events by chronological time periods.
These periods are based on the categorizations made by Van de Ven et al.
(1999), who identified three major periods during the innovation process: the
initiation period, the development period and the implementation period. These
periods are then sorted into three categories that represent the levels of analysis:
management support, project team commitment and product attributes.

It is important to mention that, while in the Mango case decisions were taken
by two individuals within a start-up firm, in the Mitka case decisions during the
process were taken by a network of heterogeneous actors. The coalition was
established formally by the different organizations through formal agreements
(e.g. contracts). Each member in the coalition represented their direct company
in the coalition. The question is who is making the decisions? Decisions within a
network may be examined at three levels of analysis. First, from the individual
perspective, each member expresses his or her opinions which may not necessar-
ily be aligned with the parent company. From a group perspective, decisions are
the outcome of a compromise process among heterogeneous actors where dis-
cussions act as the means to reach agreements. Finally, from an institutional
perspective, each member’s decision in the coalition is the expression of their
company’s mission and rules. Each decision in a coalition is the manifestation of
these three different perspectives. Here the actors are treated as a group (the
project team and the management team) rather than as institutions or indi-
viduals: “organizations do not make decisions, individuals do” (Liedtka, 1991:
543), on their own (as solitary entrepreneurs) or more often in groups.

Procedure

Initial versions of the interview schedule were written following the first couple
of interviews. These were then used to identify blank spots and inconsistencies
that could be probed in later interviews. In general respondents agreed on key
issues, such as what were the main phases of product development, or the major
disruptive events.

Following each timeline, within-case analyses (Yin, 1994) were conducted
by studying the key research issues, such as environmental ambition, the innova-
tion approach, and the key resources and competences.
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The perspective an author has on a topic is obviously strongly influenced by
his or her personal development. To control for researcher bias a process of con-
sensus validation was employed, whereby informants were invited to comment
on the general description of the study. This feedback is a valuable reality check
and has triggered a return to the data to find more substantiating evidence. In
other cases the feedback has been dismissed when informant bias emerged due
to inconsistency between “what was said” at any point of time and assertion a
posteriori.

In the cross-case analysis, finally, the findings from the cases were compared
through tables and graphical mapping. From this, a revised version of the con-
ceptual framework will result. This model is once again contrasted with the case
data, thereby continuing the iterative process between data and theory.
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6 Description of the Mitka and the
Mango cases

This chapter begins with a brief introduction to the human-powered vehicle
sector (HPV), and then describes the Mitka and Mango cases.

6.1 The human-powered vehicle sector

Although the bicycle industry is more than 120 years old, it seems that the
design of the present-day bicycle has remained much the same as that originated
in the 1880s, when J. K. Starley developed the Rover Safety Bike in 1885 (for a
review of bicycle history see Bijker, 1995).36 This bike is regarded as the arche-
type of modern bikes, setting the trend for future technical development and
commercial production (Figure 6.1).

Figure 6.1 A detail of a Penny Farthing bicycle about 1870.



Before the safety bicycle became the dominant design in the 1880s, there was
great diversity in bicycle designs and diverse developments were possible. For
instance, an 1886 catalogue of all British cycles described 89 different bicycles
and 106 tricycles (Bijker, 1995). With the establishment of the safety bicycle
development and the rise of automobiles,37 the number of “unconventional”
human vehicles declined drastically. Moreover, the growing success of the car
from the 1950s on coincided with a decline in the popularity of the bicycle and a
gradual disappearance of bicycle producers. For example, in the Netherlands the
increased competition and the decline of bicycle use38 (de la Bruhéze et al.,
1999) forced many companies to close down or to be taken over by other com-
panies. Today, only a few well-known old Dutch brands such as Gazelle,
Batavus, Union and Sparta have managed to survive from the 45 companies
listed with the Dutch Chamber of Commerce in 1962.39

Over the last century, these bicycle producers also changed their core activ-
ities. Before, design, development and production were performed within the
company, now these activities are almost entirely outsourced. The bicycle
design is commissioned to design bureaus, the frame production is outsourced to
Asian countries and other parts such as the wheels, gears, suspensions and
brakes are provided by suppliers. The modern bicycle brands seem to be more
like assemblers than manufacturers. Moreover, it seems that most bicycle manu-
facturers in the Netherlands (Giant company included)40 tend to adopt similar
innovations once they are available in the industry. The first adopter is usually
followed by the others after a relatively short period of time.41 In light of this, it
is not surprising that suppliers and small entrepreneurial firms are the ones
developing new technological concepts.

For example, in the early 1970s the emergence of the mountain bike as a new
product was due to some bikers riding sturdy unsophisticated bikes for off-road
cycling in California. From the late 1970s, some of these lead users began to
make a business out of it, selling custom-made mountain bikes, 5,000 of them in
1982 alone (Berto, 1999). Traditional American bicycle producers reacted late to
the mountain bike boom, and only after that bicycle component makers, such as
Shimano and Suntour, introduced groups of components particularly designed
for off-road terrain in mountain bikes (Berto, 1999).

6.1.1 New forms of HPVs

Despite the almost unchanged design of regular bikes, much of the development
has gone into refining geometry and all the components – looking for better
functionality, efficiency, new materials, better manufacturing processes, lower
weight and lower cost. For example, high-end bicycles feature highly sophistic-
ated designs with frames and components made from advanced aerospace mater-
ials, including titanium, carbon fiber and metal-matrix composites (Roy, 1994).

Over time, some hybrid bikes have been introduced in niche42 markets to
address various needs. Such bikes include folding bikes, recumbent bikes,43 tri-
cycles, cargo trikes and electric-assisted bikes.44
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For example, the Velotaxi (described in Box 2.2), and the Smarttrike, alias
the RoodRrunner, are two new concepts that were developed and introduced in
the market as a new passenger trike and as a new transporter respectively (see
Box 6.1).

Box 6.1 The RoodRunner

The RoodRunner45 is a specially designed mail-delivery vehicle for the
Dutch mail service company. It was designed by Springtime (a design
bureau located in Amsterdam) to help postmen deliver a large volume of
mail with less effort. The RoodRunner has an electric engine that provides
50% more driving power to the driver while cycling.

The RoodRunner was commissioned by the Dutch mail service manag-
ing director, who was eager to have this type of new carrier in a short
period of time. Springtime had one year to develop the design and build a
working prototype. This implied a simple and attractive design without
any fuzziness to keep the price low, around C2,500. The consequences for
the design were choosing well-known and affordable production processes
and avoiding sophisticated and costly technological solutions. In 2000, the
first ten prototypes were ready and tested. After an enthusiastic acceptance
by the postmen, the trike presented some technical problems. For example,
the tires were perceived to be small and fragile for cycling up and down
the sidewalk and the batteries were discharging more quickly. Because of
these problems, Springtime decided to keep on improving the concept, for
example, making the frame more robust, providing more battery power,
and increasing the capacity for the carrier. The solutions proposed
increased user acceptance. The great deal of attention aroused by this
novelty went beyond the post company. New companies such as GranTur-
ismo saw in the RoodRunner an opportunity to meet different mobility
needs. The name was changed to Smarttrike. To encompass different pur-
poses, Springtime built it in a modular system, so that its individual parts
could be adapted to the particular company or private-use function. The
versatility of the concept offered the scope for customization of the tricy-
cle to suit company users like postal or cargo carriers or private users
transporting children to school. In 2004, the first vehicles were launched at
C2,000 and C3,400, human and human-electric version respectively.

Intriguingly, the Roodrunner’s popularity was the reason the Dutch
mail company terminated its purchase contract. The managers felt that the
RoodRunner was their own “creature”, and therefore not to be exported to
other companies.

Among new forms of HPVs, the velomobiles are increasingly proposed
(Walle, 2004) as the missing link between the automobile and the bicycle due
to their ability to fulfill commuting and recreational needs, and to offer protec-
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tion from the weather. The next section provides a brief description of the
velomobile.

6.1.2 What is a velomobile?

The term “velomobile” has recently appeared in numerous websites, articles and
debates among producers to denote a new kind of bicycle. The definitions vary,
but it is usually understood to mean a fully or partially faired, human-powered
vehicle, almost always three-wheeled for stability (for a recent history of
velomobiles, see Walle, 2004). Unlike fully faired machines, which set speed
records, velomobiles are designed for practicality, weather protection and utility
use in traffic in addition to pure speed and efficiency (van der Laan, 2004). The
sitting position is low and comfortable like that on a recumbent bike and the
body is protected by the streamlined fairing, which allows low air resistance,
equalling more speed, and provides a large dry luggage unit (Eick, 1998). The
term velomobile covers a wide range of vehicles (see for an example Figure 6.2),
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Figure 6.2 Some velomobiles in the market: a) Versatile from Flevobike. b) Cab-Bike.
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which includes vehicles that have removable fairings and those with a mono-
coque46 design. Table 6.1 illustrates the perceived strong and weak points of the
velomobiles, compared with regular bicycles, compiled by users and velomobile
experts (Eland, 2002a, 2004; Walle, 2004).

Since these attributes are a combination of a bike’s characteristics with many
of the features of a car, velomobiles are often promoted as car-replacement
vehicles (van der Laan, 2004). An email survey completed by Velomobiel47

clients confirms that velomobiles are primarily used to replace other means of
transport for commuting (see Table 6.2).

It is important to emphasize that the Mitka concept was not viewed as a velo-
mobile by the coalition, but as a completely new concept. Nevertheless, the
Mitka concept shares some similarities with the velomobiles, such as weather
protection, speed and luggage capacity.

The futuristic look of velomobiles does not come cheaply. Velomobiles cost
between C3,000 and C8,000, due primarily to production costs, but also to the
cost of materials and unique parts. Velomobiles are produced in very small
series, which makes the production very expensive. Moreover, velomobiles rep-
resent only a small portion of the recumbent bikes market, which itself totals
about 1% of the total bike market in the Netherlands.48

The velomobile and the recumbent bike producers form a small community
where almost everyone knows each other at the national and the international
level. Specialized magazines such as Velo Vision, dedicated competition events,
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Table 6.1 Strengths and weaknesses of velomobiles

Strengths Weaknesses

Comfort Heavy weight
Relaxed sitting position Heavier than bikes
Full suspension Between 25 and 45 kg
No balance problems

Speed Cost of purchase
Good aerodynamics Between C3,000 and C8,000
Lower air resistance

Safety Position
Stability Lower position perceived as unsafe 

by some potential customers

Low centre of gravity
Fairing protecting the body
Low maintenance Space needed for parking
Drivetrain enclosed and drum brakes

Weather protection High steering ratio
The body is usually totally sheltered, Cumbersome driving in cities

with the head out

Luggage capacity Original design
Attracts too much attention



such as Cycle Vision, touring trips such as Oliebollentoertocht49 and many inter-
net websites like www.ligfiets.net, help inform the community about the latest
technical developments, enable its numbers to exchange opinions and informa-
tion and create publicity aimed at a wider public. However, combining the
passion for making and riding these special bikes with the need to sustain a prof-
itable business in this niche market is not an easy task for most of the producers.

6.2 The Mitka case

Zo kind, je nieuwe Pausmobiel? (Oh boy, your new Pope Mobile?)50

This section presents an in-depth case study of the Mitka project. The study is
based on two years of participatory observation between January 2001 and
January 2003, 25 formal interviews carried out between January 2001 and
March 2005, several discussions with project participants on different occasions
and archival documents, which included meeting reports, research documents,
product development and business plans and emails (see Appendix II). The main
events of the Mitka history are reviewed in Box 6.3.
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Table 6.2 Results from the email survey conducted among Velomobiel’s drivers

Questions Variables Results

Purpose of using the HPV Commuting 100%
Recreational 65%

Commuting with Velomobiel’s Distance (average) 54 km
vehicles Days per week (average) 3.8 days

Commuting by alternatives Public transport 46%
(multiple choices)* Car 28%

Bike (other than Quest and Mango) 19%
Motorbike 3%
None 3%

Car sold or not bought due to NPV purchase (from the total) 17%

Commuting before buying the Public transport 37%
HPV (multiple choices) Car 36%

Bike (other than Quest and Mango) 24%
Motorbike 2%

Notes
* It is intended to cover the remaining days in which alternative means of transport to the HPV were

used. Due to variety of working days (4 or 5) these percentages should be seen as a rough estima-
tion.

In January 2005, an email survey was sent to 50 drivers of Velomobiel’s products (the Quest and the
Mango). The questionnaire included both open questions (e.g. Why did you buy a Mango? What are
the barriers for velomobiles’ market diffusion?) and structured questions (e.g. How many days a
week do you use your HPV for communing?). Twenty-three (46% of the total) questionnaires were
fully completed and returned.



6.2.1 What is the Mitka?

The Mitka (an acronym derived from “mobility solution for individual transport
over short distances”, in Dutch, Mobiliteitsconcept voor Individueel Transport
op de Korte Afstand) is a roofed, three-wheeled, human-powered vehicle with an
electric engine that doubles human pedaling power. It has a maximum speed of
25–40km/hour and automatically tilts during steering. The Mitka has an inno-
vative shape that works with the natural position of a driver’s body (Figure 6.3).
It is intended as an alternative to a car for commutes of up to 25 kilometers,
since 80% of the car trips made in the Netherlands are between five and 20
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Figure 6.3 The Mitka, May, 2003.



kilometers (Flipsen, 2000). The aim is to reduce the number of kilometers that
people travel by car. Its environmental impact (especially CO2, local emissions
and resources used) is estimated to be one-third that of a car (Luiten, Knot, &
Horst, 2001a). The Mitka concept is based on the assumption that people will
take the Mitka instead of the car and thus use less energy on their regular trips
(home–work, shopping, visiting).

The project described in this section was developed through the joint efforts
of several actors. Here the actors are treated as individuals rather than as organi-
zations. Decisions are expressions of the group constituted by these individuals.
The coalition of partners behind the Mitka is formed by:

• The Sustainable Product Innovation group of the TNO Institute of Indus-
trial Technology (TNO). TNO is a major Dutch organization conducting
applied research in technological innovation in industry. The group’s core
business is product development with a considerable reduction in environ-
mental impact. The Sustainable Product Innovation group has been the
Mitka project leader. The team included the director of the group, three
project managers and other individuals.

• The director of Gazelle, a major bicycle company. Gazelle is the bicycle
market leader for the Netherlands, selling more than 400,000 bikes per year
(Bovag-RAI, 2003). The director’s role in the Mitka project has been in
business development and distribution.

• The director of the Peter van der Veer Designers bureau (Vd Veer) has
been the product development designer. He is the lead designer for Gazelle
Company.

• The director of Freewiel Techniek (Freewiel), an engineering company spe-
cializing in three-wheel configuration.

• The facility manager of European Nike. Some Nike employees were the
lead users for the new sustainable mobility concept.

• The Design for Sustainability (DfS) group, located in the faculty of Design,
Engineering and Production at Delft University of Technology (TUDelft).
This group was asked to design detailed features of the Mitka concept and a
set of services. More crucially, DfS’s role was to conduct consumer
research, examine user acceptance of the Mitka and to design different
Mitka accessories through students’ projects. This and several other projects
in product-service innovation have been carried out through a cooperative
agreement between TUDelft and TNO under the umbrella of the Kathalys
project (Brezet et al., 2001b). The group included the leading professor, a
senior researcher and two junior researchers.

• A project manager of Novem, a government agency funded by the Dutch
ministries of environment and economic affairs, has subsidized the Mitka
project.51

• The business developer from a one-person consulting firm.
• The managing director of BOM (Brabantse Ontwikkelings Maatschappij, in

Dutch), a regional development agency.
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For a project that has lasted more than seven years, the project and the man-
agement teams’ members have inevitably changed. In the following sections
these changes are described according to a timeline of events similar to van den
Ven’s scheme (Van de Ven et al., 1999). The events are described according to
four phases: initiation period, early development period, late development
period and implementation. A list of the important events is given at the end of
the section (Box 6.3).

6.2.2 Initiation period: vision and coalition building

The idea for a new concept in transportation able to combine a number of car and
bicycle attributes such as speed, rain protection and comfort with a significant
reduction in environmental impact was formulated during a three-year process
called the initiation period. This phase contemplates all the ideas, research studies
and failed network coalitions that led both to the Mitka’s coalition and to the first
concept design of the Mitka. During the initiation period, much of the information
was scattered. There is no precise reference to one business organization’s strategy
but more to a combination of the interests, expectations and opportunities of dif-
ferent organizations during different timeframes. Moreover, the final concept of
the Mitka is the result of many ideas brought together by some key actors during
the whole process. Three major events between 1996 and 1997 can be identified
as the beginning of the initiation period. These events are referred to as “TNO &
Batavus”, “TUDelft” and “TUDelft & TNO” to highlight the locus of the major
activities. The TNO team was highly committed to starting a PSS concept, which
this research study refers to as the “Bike Plus”.

TNO & Batavus

In 1996, a manager from TNO and two managers from Batavus bicycle
company came up with an idea for a new bicycle concept. This concept envi-
sioned a bicycle suitable for longer distances than generally covered in normal
bike use. A proposal for subsidies to develop a sustainable concept was submit-
ted to the EET. The basis for the proposal was a “renovate” bicycle concept, but
the proposal was not accepted. As a research institute, TNO industry started to
invest resources in studying the opportunity to develop such a concept. The team
moved in two directions, finding partners for a likely project and defining the
product characteristics for a new “Bike Plus” vehicle.52 The Stork company
(engineering development in automotive industry) decided to join the project
with a commitment from its R&D unit. However, it withdrew in 2000 after the
EET-KIEM program was submitted.

TUDelft

Simultaneously, at Delft University of Technology several students’ projects
were focusing on sustainable solutions to substitute the car for short-distance
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travel. In particular, one project used the VIP53 approach (Hekkert, 1997) to
develop a new concept for short-distance travel in 2005 (Maas, 1998). More-
over, to get a first impression of the acceptance of these ideas, a concept test had
been carried out. Abstract sketches were presented to potential future users uti-
lizing the Future Conditioning technique (Urban, Weinberg, & Hauser, 1996).
The concepts encompassed rain-protected bikes as well as trikes with child
seats. The final concepts resembled the “ideal” bike: comfortable in all weather
conditions, suitable for distances ranging from five to 20 kilometers with an
incorporated luggage unit or child seat incorporated.

TNO & TUDelft

In 1997 a new cooperative agreement was established between TUDelft and
TNO under the umbrella of the Kathalys project (Brezet et al., 2001b). The
mission of this project was twofold: first, to help companies explore market
opportunities for sustainable product innovation; second, to develop promising
sustainable concepts in collaboration with one or more organizations. Some
workshops during this period helped create the conditions for a sustainable
vehicle concept combining car and bicycle characteristics.

The four years of collaboration resulted in the development of a method for
sustainable product innovation – the Kathalys method, which was refined and
tested during the Mitka Project. See Box 6.2.

Box 6.2 The Kathalys method

The Kathalys method is an approach for developing sustainable product
service systems (SPSS). It distinguishes five tracks, which should all be
simultaneously worked upon throughout five project phases. See the table
below for an overview of these tracks and phases, and the expected deliv-
erables per phase and per track.
The five phases in the SPSS development process, as distinguished in the
Kathalys method are:

1 Future exploration. Environmental information is combined with
needs, consumer trends and/or technological potentials. This results in
a vision of the future. Often scenarios are built to explore the possi-
bilities and to generate sustainable ideas. The result of this phase is
one or more ideas for likely sustainable system innovations.

2 System design. In this phase the boundaries of the system to be
developed are defined in more detail. Building a partnership and
reaching commitment is very important in this phase. The result is a
project plan that is supported by a consortium of partners.

3 Product/service specification. The products and services are
developed in this phase. A concept model with a mockup of the
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product(s) and a conceptual idea of the services is the result of this
phase.

4 Drawing in detail and testing. Because the solutions are often rather
new to the user, a practical test period is necessary to be able to really
evaluate the customer added value and the environmental impact of
the solution.

5 Implementation. In this phase the final development of the system
takes place. All specifications are set and the system, not in its final
stage but as close to reality as possible, has been tested and evaluated.
Now all separate elements of the system individually can be fully
developed in more detail. It is assumed that this will not differ much
from “normal” product or service development tasks.

The Kathalys method is a result of the new research field within the environ-
mental arena, the product service system, which is considered different from the
regular product development, and the ecodesign approach.

The TNO project manager explained why PSS is necessary and how it is dif-
ferent from other approaches by stating that (Luiten et al., 2001a: 1):

To reach sustainability, so [it] is argued, the environmental efficiency of
production and consumption should be improved by a factor 4 (Weiszäcker
et al., 1997) to even a factor 20 (Weterings and Opschoor, 1992). This rep-
resents enormous efficiency improvements, which cannot be reached by
mere technological innovations alone or by new use-patterns as such. . . .
Thinking from existing solutions is not sufficient to reach these radical
changes. There is a need for creative new thinking to generate ideas for ful-
filling needs in an alternative way. Solutions that are sustainable often go

Tracks The product/ Sustainability Organization The user The economical 
phases service system feasibility

1 Future Innovation vision Environmental Actor overview Vision on needs Economic 
exploration bottleneck(s) and and consumer opportunity

vision on the trends
environmental 
opportunity

2 System System definition Quantitative Commitment by User profile Turnover target
design environmental targets partners to the 

project plan

3 Product/ Testable product/ (Hypothetical) Partner agreement Evaluation of Economical 
service service combination environmental acceptance assessment
specification assessment

4 Drawing in Tested product/ (Practical founded) Business agreement Practical foundation Investment and 
detail and service combination environmental for acceptance and exploitation 
testing assessment use behavior estimation

5 Implementation Developed product/ Environmental gain New business Fulfillment of needs Profit
service combination in a sustainable way



beyond one product or one service. They are more often on a system level,
with a system being defined as a combination of products, services, organi-
sations, rules, policies, (infra) structure, etc. that all together enable the user
to fulfil a certain need. . . . The result is in most cases not only one product,
but moreover a system of product(s) and services. Therefore current
methods for EcoDesign as described . . . are not appropriate for dealing with
SPSS [Sustainable Product Service System].

The “Bike Plus”

In 1998, the TNO team started to characterize the future concept of the “Bike
Plus”. The key characteristics of the new vehicle, selected by the initial particip-
ants through several creativity visioning workshops, included speed higher than
a regular bicycle (about 18km/h), power assistance, youthful athletic appear-
ance, resemblance to a bicycle yet innovative design, safety and comfort and
low environmental impact (Oskam, 1999). Electric power assistance was needed
to reach high speeds around 30–40km/h. The TNO team also calculated two
scenarios for the environmental gain – the first one entails 924 million kilome-
ters driven by car per year substituted by a new vehicle concept; the second one,
less optimistic, around 109 million kilometers per year. Such a vehicle should
have the flexibility of a bike with the comfort of a car (rain protection, safety,
seat position, etc.). TNO made an inventory of original individual transportation
concepts on two and three wheels, such as the Swiss Twike or a recumbent bike,
to understand their penetration in the market. They found that none of them had
a significant market share.

The question was why these alternative methods of transport to the car are
not successful. According to the TNO team, the answers generally revolved
around:

• Bad image. Electric bikes and man-wide cars are perceived by many people as
transportation for elderly persons or for individuals with physical disabilities.

• Conservative consumers. Many bike users perceived new kinds of bikes,
such as three-wheeled bikes or recumbent bikes, as too innovative. They do
not think that these innovative bikes respond to their needs. These vehicles
are also considered unreliable, uncomfortable and sometimes unsafe.

• No marketing. Many vehicles are made by “amateurs”, developed in
garages and are known by only a few people (Van Gemert, 2001).

As a result of this phase of the project three actors became involved in “Bike
Plus” – TNO, Batavus and Stork product engineering.

The new concept was for a faster than normal bike (thanks to power assis-
tance), which was also flexible and reliable, safe and comfortable. It was to have
a highly customized profile with high-tech innovative solutions and a low
environmental impact. A flexible modular system was desirable, such as inter-
changeable modules for the frame, steering mechanisms and brakes, which
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could be customized to individual preferences. The result should have been the
development of different modules to build up several “Bike Pluses” to reach a
large target group.

For the TNO team, a new product service system ought to have been in place.
This meant that the new PSS was not bound only to new product development,
but that it required the development of new services and infrastructure. As
further explained by the TNO manager, as project leader, in a conference paper:

The present mobility-system based upon the car with [a] combustion engine
is strongly interwoven with society. Designing only a new vehicle probably
will not yield a solution that is attractive enough to supersede the car. More-
over, if a solution is sought in new products only, in this example [the
Mitka concept], these should comply with current means of infrastructure.
The innovation space for sustainable solutions then would be unnecessarily
small, and hence the environmental gains possibly lower than could be.
Therefore the innovation space was enlarged, to include the surrounding
system of (infra) structures, (organisational) arrangements and services.

(Luiten et al., 2001a: 4)

After a second attempt was rejected by the EET committee, a third attempt
failed to get subsidies. This time the Batavus company withdrew from the pro-
posal. According to the TNO manager, there were the following interdependent
reasons:54

1 The innovative factor. The idea to build a bike with characteristics closer to
the car (speed, longer distance, privacy, status) was thought to be too inno-
vative by the Batavus company, whose managers could not foresee a serious
market for it.

2 The core business. The project was considered to be too far from the core
business of the bicycle company – bicycle production.

3 New president in charge. The company had financial problems and a new
president took control, deciding not to invest money in the project, in con-
trast to the former president, who had been enthusiastic about it.

While the ideas for features of the new vehicle were brewing, the TNO
manager, whose enthusiasm, commitment and energy kept this initiative alive,
pursued two essential objectives: funding for the project and links with viable
business partners with a high potential for production and marketing and a will-
ingness to carry on with the project. The way out would be to find an immediate
mobility problem that Mitka could solve. In short, the sustainability solution was
searching for an immediate problem to solve.

The opportunity came along during a meeting with the environmental com-
missioner of Nike, who was at the Nike European headquarters in Hilversum (in
the Netherlands) on an official visit. The TNO team leader asked the commis-
sioner for a joint partnership to create a new sustainable vehicle. The reaction
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was enthusiastic. In addition to the recognizable “big name”, Nike offered a
valuable opportunity to test the new vehicle among the employees at its Euro-
pean headquarters in Hilversum. Nike was running out of car parking space and
welcomed alternative solutions. As explained by the facility Nike manager:

Being part of this project, it is related to the company’s culture [Nike] for
three reasons:

1 Innovation. The Mitka is something new and it can be trendy, sportive
and attractive for young people.

2 Moving. Nike started to make shoes, that’s moving and the Mitka is
about moving too.

3 The logo of Nike is “doing the right thing”, and it looks that Mitka is
about environment and mobility.55

The decision to involve Nike in the project was based on the need to find a client
for a sustainable vehicle concept. In this way, the Nike employees were con-
sidered the lead users, the final customers for such a vehicle. The new vehicle
needed to be developed according to the needs of these lead users (Luiten et al.,
2001a). The next step was to involve a company that had the resources and
knowledge to develop the new sustainable vehicle. The choice was the Gazelle
company, a competitor of Batavus’s in the bicycle market. Gazelle’s reaction
was positive, the managing director saw an opportunity to cooperate both with
TNO engineers and with Nike, which is considered a successful and well-known
company. To develop a new sustainable bicycle concept, the managing director
asked Vd Veer Designers to work on the product design.

The basis for the fourth proposal to the EET-KIEM was established, submit-
ted and accepted, TNO receiving C226,000. Meanwhile, the name “Bike Plus”
was changed to the Mitka. Another change was the project leader. Within the
TNO team, another manager became the project leader, under the supervision of
the former project leader. The aim of the project was:

To develop a family environmental friendly compact vehicle which is more
comfortable and functional than the bicycle and with better production tech-
niques that allows us to produce the vehicle on a large scale.56

At this point, after three years of incubation, the parameters of a flexible
modular bike-plus vehicle emerged, along with a coalition of actors ready to
develop and pilot it in a specific “real-life” context.

6.2.3 Early development: from vision to design concept

To understand the technological, economical and ecological potential of a new
mobility vehicle, TNO performed two market studies in the European Nike head-
quarters in Hilversum. The first study consisted of several tests lasting for a couple

Description of Mitka and Mango cases 101



of weeks with different bicycle concepts, from regular safety bikes to electric
ones, recumbent bikes and trikes as well. The reason was to get feedback and
comments on the different bikes’ aspects and characteristics (Joore, 2000a).

The second study, in March 2000, was launched through an internet-based
questionnaire given to Nike employees. The respondents were asked to describe
their current mobility situation and to “build” on a computer screen, out of indi-
vidual components, a vehicle that would meet the general set of specifications
defined earlier by the Mitka coalition and their own preferences as future Mitka
users. The respondents were able to construct their own ideal product service
system by combining elements, like two or three wheels, a rain-protection
shield, a luggage unit or a child seat.

Furthermore, since the project was meant to constitute a product service
system, the respondents had the opportunity to express their concerns on the
service development. In the questionnaire three service packages were pre-
sented:

1 Service package A: “Damage control”, which focused on maintenance and
the repair of the vehicle. Possible services are an “on-site” repair shop,
helpdesk, insurance, etc.

2 Service package B: “Comfort for you”, which encompassed supplementary
services like shopping service, call-a-car, rent-a-car services, children to
day-care transport, etc.

3 Service package C: “Comfort at work”, which included showers and chang-
ing rooms with lockers.

According to the project manager, the goal of the questionnaire was to create
awareness about the project among Nike’s employees.

Some important findings emerged from the questionnaire. Based on a total of
88 respondents, 27% perceived the Mitka as a reasonable alternative and 17%
saw it as a good alternative to their current means of transport (Table 6.3).
Among car drivers the percentage was at 2.2% and 35% respectively57 (Broeke
van den, Korver, & Droppert-Zilver, 2000). These percentages were seen by the
TNO team as positive confirmation of the value of the Mitka concept. The
majority of car drivers found that the Mitka was not a good alternative for car
use, unless they would be required to walk for more than 15 minutes to reach
their workspace from a parking space or they had to leave home two hours
earlier to find a parking place. None of the respondents who tried the electric
trike (the Twike) during the bike tests chose the three-wheeled version, probably
because it was perceived to be difficult to maneuver at high speed (Flipsen,
2000). The average daily distance that people thought that they could cover with
the Mitka was between five and 15 kilometers one way and the speed was
around 25km/h. Moreover, one of the central findings from this exercise was the
users’ preference for a two-wheeled over a three-wheeled vehicle (table 6.3).

In May 2000, the coalition decided to develop a three-wheeled Mitka.
Three interwoven factors were mentioned during discussions and interviews
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that may explain this decision. First was the appeal of the sleek, innovative
appearance. The three-wheeled concept was considered more innovative than
the two-wheeled one. The challenging task stimulated the design team as well as
the management. As the designer explained:

Making a two-wheeled version meant another recumbent bike, therefore
nothing new. On the other hand, a completely new mobility solution was
needed, something really new. It was much more interesting for us as
designers to make a completely new kind of vehicle than to redesign hun-
dreds [of] bikes.58

Second, the Gazelle manager was clearly positive about this solution,59 while
most of the other coalition members were doubtful which to choose. This was
especially true after the option to develop both versions was considered to be too
expensive and time-consuming. In choosing the three-wheeled version, the
project leader’s intention was to stimulate the Gazelle manager to increase his
commitments.60

The third reason was because it was “better for the environment”. The ulti-
mate goal of the Mitka was to be an environmentally friendly substitute to car
use for commuters. The team’s strategy was to make drivers interested in the
Mitka and the people who chose the three-wheeled version concept seemed to
take the car as a frame of reference when reflecting upon the Mitka. On the con-
trary, those who chose the two-wheeled version seemed to be more oriented
towards the bike concept. A two-wheeled version would be likely to attract
cyclists, with unwanted and disastrous consequences from an environmental
impact view. Cyclists moving from the bike to the Mitka would have increased
the environmental impact. On the contrary, car drivers moving from the car to
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Table 6.3 Findings based on the Nike questionnaire (Broeke van den et al., 2000)

Mitka as an alternative for the current Good Moderate No choice Bad Very
means of transport bad

Respondents

Total population (N = 88) 17% 27% 23% 17% 16%
Car drivers (N = 45) 2.2% 35% 62.8%*

Mitka version Two-wheels vehicle Three wheels vehicle
Total population (N=88) 66% 34%
Car drivers, alone in their car (=33) 60% 40%
Car drivers, traveling between 5–15km

(N = 6) 50% 50%
Car drivers, traveling between 5–30km

(N=18) 50% 50%

Note
*This is a cumulative percentage of the three choices.



the Mitka would have a positive environmental impact, estimated at a factor of 3
(Oskam, 1999; Weiszäcker et al., 1997). As explained by the project leader: “in
this way [the three wheeled vehicle] it is hoped to encourage car users to switch
to the Mitka.”61

After this important decision, the design team worked on the model. The
product characteristics had to encompass the various features identified in the
questionnaire:

The three-wheel vehicle is comfortable in all weather types due to the
various coverings, it is easy to maneuver and park and it has a modern aura
about it. An electric motor doubles the pedaling power, so the driver always
has “a following wind”.62

According to the Nike facility manager, the design needed to be attractive and
sportive to match the Nike culture and engage the curiosity of young people. For
example, the choice to have two wheels in front and one behind and not the
other way around is related to the sleeker, more innovative appearance.

The first 1:3 model

Finally, in July 2000 a model (scale 1:3) was ready to be revealed to the public.
The occasion came on September 20. The model was presented at the Nike
European head office in Hilversum. It was the project leader’s intention that the
presentation would promote the Mitka to potential investors. At the presentation,
many people, including journalists, were overwhelmed by curiosity and reacted
very positively to the Mitka model. In the following days, there was a significant
amount of enthusiastic press coverage concerning the futuristic vehicle.

The enthusiasm was contagious. The coalition resolved to explore the Mitka
concept with the objective of developing a prototype. The coalition brought in
Freewiel Techniek company, specialized in electric and three-wheeled configu-
ration vehicles, to build the prototype. The decision of the Freewiel Techniek
director to join the coalition was influenced by the challenging task of the
project and the occasion to work again in collaboration with Vd Veer Designers.
At this point the necessary financial resources were the main problem. The
coalition resolved to take advantage of an opportunity to obtain subsidies, the
MOVE program. This program would cover around 50% of the total cost of the
project.

The MOVE program was set up in two phases: MOVE I (October 2000–July
2001) and MOVE II (August 2001–September 2002).

The goal of the MOVE I (Joore, 2000b) program was threefold:

1 determine the technical feasibility of the Mitka vehicle;
2 build a full-scale mock-up of the Mitka vehicle;
3 develop the market for the Mitka, build a strategic alliance around the Mitka

and find partners for phase 2.
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In the MOVE I project proposal there is reference to MOVE II as phase 2:

The realization of these purposes is necessary for the realization of phase 2,
in which the MITKA will be implemented on several testing positions. In
phase 2 (following after this project) several MITKA vehicles will be
placed on about 10 testing spots, totaling about 50–100 vehicles. Among the
testing positions will be the European Headquarters of Nike Europe.

(Joore, 2000b)

The cost of the MOVE I program was estimated to be around C300,000 (50% of
the figure was subsidized).

The coalition consisted of the Kathalys team (TNO & TUDelft), the Nike
manager, Vd Veer designer, the Gazelle managing director and the Freewiel
Techniek managing director. It is important to mention that since 1997 the
Mitka and several other projects in the product service system had been carried
out within the Kathalys team, like the sustainable office project (Brezet et al.,
2001b).

The 1:1 model

The design team focused on building a working model and a mock-up model.
The former was aimed at understanding the technical feasibility of the trike. The
latter was intended to be shown as a “concept car” to be compared with other
vehicles and to get feedback from the public.

THE WORKING MODEL

The challenge faced by the team was to build a three-wheeled vehicle where an
upright position, entailing a high center of gravity, was combined with the tilting
and steering mechanism of the two wheels in front. With the help of computer
simulations, computer modeling and biomechanical models, the project team
decided to install two separate mechanisms for steering and tilting, adopting a par-
allelogram construction, that is, the short beams of the parallelogram represented
by the wheels were able to bend (Van Gemert, 2001). With this construction the
pedal system needed to be positioned between the wheels in the centre of the par-
allelogram. A couple of problems, however, arose with this configuration, namely
stability and maneuverability. First, the width had to be around 85cm to ensure
good maneuverability, which needed to be seriously improved. Second, a block
system was required to moderate the tilting effect of the all-body vehicle. At low
speeds the tilting effect was dangerously strong, the vehicle might just bend over
due to the high center of gravity. After several parallelogram constructions, the
tilting problem still existed and the project team was confident and committed to
resolve it in the second part of the project despite the limited technical support
from Gazelle where “there is neither the know-how on 3 wheels configuration nor
on the electric assistance.”63 Concerns about the combination of a high center of
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gravity and a three-wheeled configuration were expressed by recumbent bike and
velomobile producers, like Flevobike.

Besides technical problems, the width necessary for the tilting/steering
mechanism works soon presented a practical problem: vehicles wider than 80cm
were unlikely to be able to pass through doors (as emphasized by the market
research).64

THE MOCK-UP MODEL

According to the plan, the design team was able to build a mock-up of the Mitka
vehicle for February 2001. It was built by Freewiel on the basis of the TNO
model, although many technical details had still to be discussed. Meanwhile, Vd
Veer designers worked on the weather protection and the styling of the Mitka.
Finally, the mock-up was presented at FIETSRAI, the largest bicycle fair in the
Netherlands, in the Gazelle showroom. The reason for showing the Mitka
concept in public was twofold: (1) soliciting user feedback both on the vehicles
and the design services (through a questionnaire) and (2) generating publicity to
attract investors and partners.

The market research

Meanwhile the market research operated by the TUDelft group moved in four
directions (Joore, 2001; Silvester, Knot, Berchicci, & Luiten, 2000):

1 Secondary analysis of the Nike intranet questionnaire to distinguish differ-
ent target groups because in the first report the characteristics of the respon-
dents had been described without going thoroughly into relationships
between the different items of the questionnaire.

2 Group discussions with nine Nike employees in February 2001. The goal was
twofold: first, to get insights and personal opinions about the Mitka model
(1:3) and service around it; second, to generate ideas for valuable services.

3 Questionnaire at the FIETSRAI (N= 142). The visitors were asked to
express their opinion about the presented system consisting of the model, a
video impression of the prototype and a graphic presentation of some of the
service arrangements that had been proposed by the Nike employees in the
group discussion.

4 In-depth interviews with 12 Nike employees. The aim was to get feedback
on the Mitka system (product and services).

The results of the market research were rather blurry (Table 6.4). The secondary
analysis did not find any significant differences between people in favor of the
two- or three-wheeled version of the Mitka concerning their socio-
demographics, situational characteristics, need for services or patterns of
mobility. However, it suggested that those among the car drivers who chose the
two-wheeled versions were “latent cyclists” – people using the car because of

106 Description of Mitka and Mango cases



certain circumstances, but who would actually rather use the bike. This could
create an unwanted rebound effect as explained in the consumer analysis:

From a sustainability point of view, people traveling by pooling a car or by bus
are not [the target group]. The danger of a so-called rebound effect of
employees traveling presently rather sustainable changing mode by choosing
the Mitka is realistic. During the development of the product service system
around the Mitka concept attention should be paid to this rebound effect.

(Silvester et al., 2000)

From the group discussion it emerged that:

The three-wheel design was not so much appreciated, mainly because prob-
lems were expected concerning the maneuverability, which was, according
to them, one of the most important advantages of a bike above the car.
Many group-members were quite enthusiastic about the design, but also a
relevant part thought it would be “too new” for them.

(Luiten, Knot, & Silvester, 2001b)
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Table 6.4 Results from the market research (February–May 2001)

Time Event Result

February 2001 Visioning exercise with nine • Potential users have difficulty 
Nike employees • envisioning daily life with the new 

• artifact
• The three-wheeled vehicle is seen to

have a problem maneuvering and
passing through doors

• Mixed reaction to the radical design
• Strong preference for leasing over

ownership
March 2001 Interviews with bicyclists • Mixed reactions towards Mitka

at FIETSRAI 2001 • Mitka system as appropriate for their
situation for 57% of the car drivers

• 61% of car drivers show willingness
to buy it

• Concerns about the infrastructure –
technical service and parking

• Not appropriate for transporting
children

• Services not particularly important
April and In-depth interviews with 12 • Hesitance about the radicality of the 
May 2001 Nike employees • design

• Strong preference for non-ownership
• Mixed reactions to rain protection
• Preference for two-wheeled version
• Potential users have difficulty

envisioning daily life with Mitka



On the other hand, a bunch of services such as foldable but fixed rain protection,
financial support, no ownership (leasing), and maintenance and reparation
arrangements were suggested as important conditions for adoption of the Mitka.

The results from the bicycle fair questionnaire appeared to be more optimistic
than those from the discussion group (Luiten et al., 2001b).

The results of the questionnaire revealed a fairly high [level of] enthusiasm:
46% of all respondents (N = 142) and even 57% of the target group (car-
users between 5 and 20 km) evaluate the Mitka system as appropriate for
their situation, ca[.] 48% of the target group stated they definitely will use
the Mitka, and even 61% of the target group answered positively on the
question whether they would consider to buy a Mitka. However, also 33%
of the target group found the Mitka system not appropriate for their situ-
ation, and a rather large part of the target group did not have clear opinions
about the Mitka-system.

(Luiten et al., 2001b)

The respondents were also asked if and how much they were ready to pay for
such a vehicle: 50% confirmed their willingness to buy the Mitka and among
them 35% would spend roughly C1,350, 22% about C1,800, 22% ca. C2,250
and 7% ca. C3,400. On the contrary, the services developed for and around the
Mitka were considered unimportant if not in place yet. As a result, “testing the
acceptance and needs of new product-service system is difficult” (Luiten et al.,
2001b).

The business development

While the design and the market research team were working on technical devel-
opment of the vehicle and user acceptance, respectively, the Mitka coalition
brought in a new actor, a consulting firm whose assignment was to develop a
strategy for the commercialization of the new vehicle, establishing a new organi-
zation, the Mitka company.

The main idea for the business plan was to sell the attractive package of a
“mobility solution” to employers of large and medium corporations. Con-
sequently, the employees would have another transport option to choose from in
addition to the car and public transport.

The Mitka company should entail a small, entrepreneurial management, with
one director responsible for marketing and sales and three trustworthy managers
for technological development, design and logistics and distribution respec-
tively. As a first step, the Mitka needed to be intellectually protected.

The first evaluation of the production units and costs based on benchmarking
was also drawn. The Mitka should take 1% of the market, that is 10,000 units
per year. This estimation was made taking into account the number of electric
bikes sold per year, between 8,000 and 10,000. In other words, the Mitka was
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going to double the number of electric bikes. The price should be fixed around
C2,700, the same as the average electric bike. These figures, however, referred
to the full production, while for the first year, it was estimated that the number
of Mitka produced would be between 1,000 and 5,000.

The business plan also recommended and urged the design team to finish the
first prototype in order to have a real-life test and to indicate the cost of it, to
enable a more realistic financial assessment.65

Meanwhile, the DfS director became aware of another case of transport prob-
lems and searches for solutions. On the island of Texel, the tension between the
desire to promote tourism while holding back the number of cars on the island
reached a climax. An idea emerged that Mitka might be part of the solution to
Texel’s problem (Brown et al., 2003). As a result, a series of students’ projects
started to analyze the Texel mobility system (Boelens, 2002; Heijnen, 2001;
Steenbergen, 2002).

6.2.4 Late development period: the prototype

When the MOVE I program finished, the team had great hopes of introducing
the Mitka to the market. As the project manager said: “[the MOVE I] resulted in
a mockup of the Mitka vehicle, which doesn’t function but looks perfect.”66

There were encouraging signs to support their enthusiasm. First of all, the
MOVE committee confirmed a willingness to deliver subsidies for the following
project, but stressed that the service aspect of the Mitka required much more
attention.67 While the design team was working hard during summer 2001 to get
the first electric prototype on the scene, the consulting firm was actively looking
for business partners and adjusting the business plan. Finally, the publicity-
generating activities for the Mitka project included photo opportunities with the
Dutch crown prince and his wife sitting in the Mitka.

One could observe that this was a turning point for the project. After a long
period of only taking low risks and keeping the social context secondary to the
engineering and the product design, the high level of publicity and the perceived
increasing value of the Mitka concept raised the stakes for all the participants. This
created a sense of urgency within the coalition. The general feeling was clearly
expressed by the business developer: “the world stands still without the Mitka.”68

First, the rapidly approaching pilot stage had elevated the Mitka project to a
higher level of corporate attention. In a meeting in September 2001, before the
final MOVE II proposal was submitted, the Gazelle director was willing to
invest significantly in the project for the next three years (not only money from
the PR budget) if clear figures on the costs, time and market potential of the
vehicle were disclosed. In the same meeting, the Nike delegate pointed out the
increasing interest expressed by Nike at the corporate level with regard to the
commercialization of the Mitka.

At the beginning the participation of Nike was more like a game – a new
project to get fun from that. The parking problem was there, but it was not
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enough to be really committed. When the Mitka was presented [to the
public] the reactions were enthusiastic. In that moment the Mitka project,
from a funny experiment, started to be more serious for us. Now the project
is very important for Nike. Also the vice-president is getting enthusiastic
about it.69

Second, new actors became interested in the project: Brabant Development
Corporation (BOM) and a major Dutch insurance company. The former is a
semi-public development agency for the Brabant region in the Netherlands that
had been pushing hard for innovation in transportation services. Brabant was
planning to build a 13 kilometer demonstration route that was intended to serve
as a testing ground for innovative ideas in transportation including fast, no-
stopping bicycle lanes. The latter is currently in the process of expanding its
core business to provide employers with complete mobility solutions for their
employees. It became interested in including the Mitka in its range of trans-
portation alternatives.

Therefore, the goal of MOVE II was actually to further develop the vehicle
and the services and to test a number of prototypes in real-life experiments.
Three main objectives were announced:

1 develop the vehicle to a prototype level with services;
2 implement and test ten prototypes with relative services in the Nike head-

quarters and gauge user acceptance;
3 develop the market and establish the Mitka consortium.

The cost of MOVE II was estimated around C616,000, 50% to be covered by
subsidies.

The plan was indeed simple. First build one prototype that was intellectually
protected; then build a series of them to be technically tested with dedicated
services by Nike employees; and finally, show the Mitka to the media to attract
potential investors. It was observed that confidence and optimism were shared
by all of the participants and all expectations concentrated on the technical
development. In the same meeting in September 2001 and in the MOVE II
project proposal, the Mitka consortium planned the first prototype by the end of
the year, and the first series in spring 2002.

The prototype phase

Looking more closely, the project was not without challenges. Building the first
prototype required the project team to carry out several working packages:

1 concept development of the new steering and tilting system;
2 concept development of the new roof;
3 concept development of the new sitting position;
4 development of the luggage unit and child seat;
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5 development of the propulsion system, the choice of the battery technology
and the power control;

6 concept development of the frame and suspension;
7 elaboration of the storage services.

Except for point 5, all the working packages entailed completely new design and
development techniques. There were very few standard parts, so that everything
needed to be made by the project team, which had little specific experience. The
concept for the storage service was worked out by a student designer (Dekker,
2002).

Even the choice of the propulsion system, battery and power control was
challenging. According to the speed and electric motor power, the Mitka could
have been registered as an electric bike (2.5kW, max. 25km/h), a moped (4kW,
max. 25km/h) or a scooter (4kW, max. 40km/h, with compulsory use of a
helmet). The project team also decided to drop the child seat because it was per-
ceived as an accessory to the design, which could be incorporated at a later
stage.

Unfortunately, the first finished working Mitka was far from ready by the end
of the year or the beginning of 2002. Significant technical problems emerged at
the end of 2001. For example, the new tilting/steering system, designed ex novo,
did not function properly because the vibrations of the fork created serious prob-
lems for the stability of the vehicle at high speed. These technical drawbacks
meant a longer development time and shifted resources. Therefore, the budget
allocated for service and market development was partially diverted to the tech-
nical development of the prototype and recruiting also to experts from TNO
Automotive.70

The unexpected technical problems did not undermine the confidence of
the project leader, although in a memo to the management meeting in Febru-
ary 2002, he admitted that the cost of developing the first prototype was
higher than expected. Therefore, the decision to build a series of ten Mitkas
had to be carefully evaluated after the prototype test, although many among
the partners wanted to have at least one vehicle. Moreover, the electric motor
was not functioning properly and the weather protection was not yet ready. A
decision on power for the propulsion system had not been made, although
Gazelle stated that it was only interested in the commercialization of the new
vehicle if the Mitka could be registered as an electric bicycle rather than as a
moped.

THE NEW ORGANIZATION

The organization chart71 also changed (see Figure 6.4). Two teams were offi-
cially created: the strategy and the commercialization teams. The former encom-
passed the traditional partners plus BOM and the insurance company. Its
function was not defined in detail; however, it entailed management support for
the Mitka project. Besides the strategy team, a commercialization team was
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established, led by the consulting firm director. Its function was to prepare a
business plan, find potential financial partners and manage the public relation-
ship.

Meanwhile the project team was working hard to solve the many technical
problems. TUD researchers were preparing the testing, encompassing both prac-
tical arrangements such as installation and transport of the vehicles, and recruiting
test persons among Nike employees. Everyone was waiting for the prototype.

THE PROTOTYPE

The occasion came on May 2, 2002, when all of the partners (which included the
TNO director and one Nike CEO) gathered together to see the first Mitka
prototype and decide what to do next. Their high expectations turned into disil-
lusionment. Although the prototype was ready, the electric engine was not
working properly and the roof was not in place; more time was needed. Finan-
cially, a significant part of the budget was already spent and the cost for building
three to five vehicles was estimated at around C100,000. One completed and fin-
ished vehicle would only cost around C40,000. The day before the meeting,
however, the cost of one vehicle in the pre-industrial series was set at C20,000
according to the business developer.

Two scenarios were presented: the first, and most optimistic one, contem-
plated finishing the current model in a couple of months and focusing on the
construction of three to five vehicles that would be ready for September 2002
and then the testing. The second scenario entailed the completion of the first
vehicle in a month and testing with lead users during the summer. Everyone
chose the second scenario because they wanted to see the “perfect” vehicle on
the road before thinking of investing significant resources.

The prototype created anxiety among the partners. The Gazelle manager,
talking about the state of the project, said:

The negative aspect is based on the absence of a product after two years. . . .
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Now it is time to make a product that is working and functioning properly.
No more promoting because it is already two years that the Mitka model is
shown and the public can lose interest in something which never ends in a
product.72

On the other hand, some members of the project team felt frustrated. They felt
that their efforts were not fully recognized by the team management and that the
process was too bureaucratic and slow with endless discussions.73

Given this concern, new surprising developments occurred within the coali-
tion. TUDelft proposed looking for other partners within the car industry. It was
felt that, if the Mitka targeted car drivers, car companies were more suited to
producing and distributing such a vehicle than bike producers. They looked for
car companies without success. Nevertheless, the TNO team felt confident of the
chance to have the Mitka produced by Gazelle. In the following meeting in July,
while the management group stressed the need to finish the prototype and find
commercial partners, one of the main partners, Gazelle, decided to stop invest-
ing in the three-wheeled version because the Mitka, although still a better altern-
ative to a car than a bike, was too expensive and outside the core business of the
organization.74 In light of this, the Gazelle director decided to develop a two-
wheeled version of the Mitka, stating that the new project was independent from
the current MOVE II project.

A second issue arose: Who owns the Mitka? According to TNO, the answer
was easy, TNO owned 40% of the rights to the three-wheeled Mitka; Vd Veer
Designers/Gazelle owned 40% and the rest was owned by Freewiel Techniek.
Eventually, any two-wheeled concept was going to be owned by Gazelle/Veer.
The problem was the position of TUD. They were out of the deal and so
opposed it. Tension inevitably arose among the participants until a compromise
was reached: 20% to TUDelft of the 40% owned by TNO, which was 8.2% of
the total. In spite of the increasing diverging opinions within the coalition, the
project leader bet on the test, which could turn the Mitka three-wheeled version
into a profitable business case potentially able to attract new investing partners.

While the test preparation was shaping up (selecting test drivers, writing the
test manual, fine-tuning services and building up logistics), the Mitka vehicle
was still lagging behind schedule. Although the roof was completed, the battery
system and the battery recharger were not working properly. Moreover, the dis-
tance range of the Mitka was not clear. It appeared to be around 25kilometers
based on one test. There was also a legal issue – the 4kW engine allowed speeds
up to 40km/h, which requires the user to wear a helmet according to safety regu-
lations. Helmets are required for vehicles with a speed of more than 25km/h.

The propulsion system issue highlighted the different visions within the
coalition. According to the Nike manager, the Mitka should be fast, aggressive
and sportive to fit the organization’s image. Therefore, the propulsion system
needed to push the Mitka to 40km/h at least, without a helmet. On the contrary,
the Gazelle director wanted a Mitka limited to 25 km/h, which could be regis-
tered as a bike.
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The Mitka should be very attractive and fun to ride (and it is). The speed
should be around 40km/h without helmet: this is important because the image
of Nike is sportive, fast, cool, fancy and trendy. If the Mitka needs to be on the
car street for that reason, it is acceptable, but not with the helmet, please.75

Therefore, the project team faced a technical and political dilemma, more speed
meant more power, which in turn required the user to wear a helmet. The
problem was solved by introducing a two-speed mode under the dashboard – a
bicycle mode and a moped mode. This solution was seen as a compromise
between the need to address the legal issue and Gazelle’s insistence on a bike-
registered vehicle on the one hand and the willingness of the project team to
have a fast, appealing vehicle for car drivers on the other.

These problems created repeated delays of the test, which was postponed
many times, sometimes just a couple of days before it was due to start. The
project manager was so eager to let Nike employees test the Mitka that there
were only a couple of pre-tests focused solely on the battery recharge cycle.
Finally, on October 22 the test of the new Mitka vehicle began.

The test

The real-life test was different from that planned. The number of Mitka avail-
able for testing was neither five nor ten as expected, but only one vehicle. Due to
the problems mentioned, the test had been postponed from spring to autumn.
The preliminary technical tests were not carried out as expected; therefore a
great deal of uncertainty existed as to the actual functionality of the concept.

Besides the vehicle, test drivers benefited from a raft of related services:
maintenance, a parking lot in the Nike Building, battery rechargers at home and
at the office, a manual on how to use the Mitka and a travel diary.

Although more than 13 people signed up for the test, only two were selected
plus the DfS director. The reason related to the selection criteria for this special
testing. The potential test drivers needed:

• to commute over a distance of between 10 and 15km;
• to have shelter for the Mitka and a power supply;
• to ride for at least two weeks to test the Mitka in different settings (weather

conditions, shopping or recreational use, etc.);
• to be preferably car drivers; and
• to be enthusiastic about driving the Mitka.

After the initial screening, two enthusiastic American Nike managers were
chosen; they lived just 12km from the office and had a suitable storage place for
the Mitka.

The first driver, a product marketer, commuted just a couple of days with the
Mitka, driving early in the morning and returning around 10pm. He stopped
riding after that because he thought it was too dangerous to drive the Mitka. The
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insufficient lighting, poor visibility and poor maneuverability forced him to
drive during off-peak hours to avoid other bikes along the path. He reported pre-
cisely the following critical factors:76

1 Insufficient lighting – driving in the dark was dangerous because the lights
did not provide enough illumination on the road (in that period of the season
it was dark in the early morning and in the afternoon).

2 Poor visibility – the windshield provided protection from the wind and the
rain but it was difficult to see out of it, especially when it was raining:
“Without wipers it is very hard to see and the little wing on the top doesn’t
help the visibility also. Moreover, it reflects the lights of the cars making the
visibility worse.”

3 Poor maneuverability – “it is not easy to pass other bikes. It is heavy to
steer and the steering is not precise, it was fighting all the way home!”.
When riding a normal bike, the weight of the body goes to the bar and helps
you to steer, but on the Mitka the weight was on the seat and made it diffi-
cult to maneuver. It was also heavy on the front and very light on the back.
There was no precision in the steering. Moreover, “it is not easy to steer
with one hand while signaling the direction with the other one out or ringing
the bell”.

4 Speed limit – max 28km/h and then you could not go any faster with the
human power.

5 Pilot – when you switched off the Mitka the pilot also switched off, thus
losing the data.

6 No shock absorption system – “All the bumps you can feel on your spine!
Moreover you cannot lift your body like on the normal bike. It is unpleasant.”

He also proposed some solutions: replacing the windshield and lighting. On
October 25, the third day of the test, the project manager decided to halt the pilot
test and fix the urgent problems.

After two weeks, the project team worked on the vehicle, changing the light-
ing system but not the windshield. This was because the change would require
the complete substitution of the windshield system, an operation thought to be
too complex and time-consuming. The only recommendation given to testers
was not to use the windshield in the rain and in the dark. The test started again
on November 12, but this time the DfS director drove the Mitka from the univer-
sity building in Delft to his house 13 kilometers to the south and back the next
morning. The first evening, he did not recharge the battery, feeling confident that
the Mitka would be able to cover the trip back the next day. Unfortunately, the
power assistance stopped after approximately 19 kilometers. He described his
impressions in this way:

As long as the power assistance was working, I was pleasantly surprised for
the extraordinary speed (28km max) the Mitka could reach. However, once
the battery went off, I felt as a loser who was not able to pay for a real good
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vehicle for disabled people. I was as fast as a snail and on little hills I had to
step down and push it.77

The overall evaluation was in line with the first Mitka driver: poor visibility in
rainy conditions, poor maneuverability and danger in passing other vehicles. On
the contrary, the sleek appearance was highly appreciated by neighbors and rela-
tives. However, he also decided to stop the test.

After maintenance, without substantial changes, the test started again with the
first test driver, who was able to ride it for three days. However, his evaluation
did not change. On November 29, 2002 the second and the last “official” test
driver started the Mitka test, which lasted one week. Interestingly, his evaluation
was more positive than that of the previous driver. On the one hand, he made
similar comments about the effort to maneuver, yet on the other hand, he felt
that it was fun to ride in this way, although he never drove in rainy conditions.
He particularly appreciated the sitting position with the back support, a feature
similar to that in the new Giant bike: the EZB Revive.

The two Nike drivers also had mixed feelings about the organization, which
appeared “rather disjointed and opaque, although the project team members indi-
vidually seem very pleasant, eager, and committed78 (first driver). Moreover, it
looks like there is a phase of reorganization, no clear procedure79 (second driver).

On December 5, 2002, the test was over and serious questions regarding the
safety issue remained unanswered. Meanwhile, at the management level, there
was hope that, with an effective public presentation of the Mitka, they would be
able to raise the capital needed to produce 50 Mitka vehicles, especially with the
help of BOM. However, when the partial results of the test were presented to the
management group on December 12, BOM avoided dealing with the issue.
Intriguingly, only the most optimistic test driver was formally invited. The occa-
sion for the press conference and the search for potential partners and business
people occurred on the same day, where everyone could test the three-wheeled
Mitka on Nike’s sport track in Hilversum. This event also created a great deal of
publicity, with TV reports and newspaper articles praising the new vehicle as an
alternative to the car.80 As a big surprise the two-wheeled Mitka version created
by Vd Veer for Gazelle was also presented to the press, the Easy Glider.

6.2.5 The termination of the three-wheeled Mitka development and
the implementation of the spin-off: the two-wheeled Mitka

In July 2002 Gazelle decided to bet on a two-wheeled version of the Mitka, and
use the three-wheeled version as a PR tool. The two-wheeled version would
respond to Giant’s EZB, a new, slightly recumbent bike with a back support. Vd
Veer designers started to work on the two-wheeled version and in October 2002
the first pictures were in the newspapers: “the little brother of the Mitka.”81

After a trial with the three-wheeled Mitka, the Gazelle director decided that it
was too innovative, too expensive, too heavy and too far from Gazelle’s target
group, cyclists.82 Moreover, the power assistance and roof were too complex,
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creating never-ending problems. In addition, Gazelle wanted a bicycle and not a
scooter or a moped, which included any bike with 4kW as power assistance,
according to the regulations. According to the designer, the three-wheeled Mitka
was a brand new kind of bike with a frame and sitting position between a regular
bike and a recumbent one. Adding the power assistance and roof, it was a unique
vehicle. After working for more than two years on the three-wheeled Mitka, the
task of designing and developing a two-wheeled bicycle with similar ergonom-
ics was not difficult. Consequently, it took only three months to come up with
the first prototype with electric assistance. The knowledge gained about the body
and sitting position of the three-wheeled Mitka were transferred to the two-
wheeled vehicle. The first prototype also had the same engine and set of batter-
ies, allowing a speed of 40km/h. This new electric bike was still considered out
of the core business of Gazelle because electric bikes featured in its product
portfolio. Nevertheless, it was a big step in the right direction because, accord-
ing to Gazelle, “this gives you a lot more bicycle as it’s lighter, more maneuver-
able and sportier [than the three-wheeled Mitka].”83 This prototype was shown
during a press conference in December 2002, but the development did not stop
there. The designers took two directions. First, making a two-wheeled Mitka
without electric power assistance and weather protection for production and dis-
tribution in 2003 to compete with the Giant Revive EZB already in the market.
to The second direction was further developing the version with the electric
engine.

The “regular” bike, called Easy Glider, was presented to the FIETSRAI in
March 2003 and it was nominated, together with the Giant EZB Revive DX8,
for the “Best Bicycle of the Year 2003” award, for innovative design and a revo-
lutionary relaxing sitting position. It got also a second nomination in 2004
(Figure 6.5). Its name stems from the ease with which the user can regulate the
sitting position along the diagonal frame. The price for such a bike was about
C1,095 in 2004 and there were about 2,000 Easy Gliders on the street in May of
that year.

It is a different story for the Easy E-Glider with power assistance. The main
problems were the price, speed and Gazelle’s skepticism about entering the
new electric bike market. While the power/speed ratio and the problems related
to street regulations were well recognized, price remained an issue. How much
should such a bike cost? The price was linked to the Mitka development. The
same engine and battery construction was extremely expensive and heavy;
therefore, the second prototype was given a different, much smaller engine, but
in the same position between the rear wheel and pedal system. It was presented
at the same bicycle fair in 2003 and later tested on Texel Island (on April 9,
2003) where bike rental companies were encouraged by a local non-profit
organization, the Sustainable Texel Foundation84 to adopt innovative bicycle
concepts.

The second prototype, however, was still too expensive, estimated at around
C3,500. Finally, the designers decided to set up a standard 400W engine, easy
to assemble on the front wheel with the necessary kit. With this less complex
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and cheaper configuration, the cost of the Easy E-Glider dropped to around
C2,000. Nevertheless, Gazelle seems to be reluctant to produce the Easy E-
Glider.

With the end of the Move II program at the end of 2002, the three-wheeled
Mitka project suddenly lost impetus. Although a functioning prototype was
developed and to some extent tested as expected, the promised 50 pre-series
vehicles and the pledged creation of services were not delivered. Moreover, the
lack of business partners forced premature termination of the three-wheeled
Mitka. After three years of product and service development and about
C1,150,000 of investment, the Mitka project ended with two power-assisted pro-
totypes, one three-wheeled and one two-wheeled, and one two-wheeled spin-off
on the market, taking into account both the generated publicity for the particip-
ants in the consortium and the learning process.

Comments from key actors

After the termination of the Mitka project, some of the key actors were asked to
reflect on it and to check the accuracy of the descriptions in this chapter. From
this reflective task, two interrelated issues clearly emerged: the goal and the
outcome of the project.
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As emerged during the discussion on February 22, 2005, the original goal of
TUDelft in the Mitka project had been narrower than TNO’s goals. The Mitka
project was seen mainly as a demonstration project for sustainable mobility by
some members of the TUDelft team, although the project soon came to represent
a market opportunity. Contrary to this view, the former project leader confirmed
that the TNO team had been strongly committed to introducing the Mitka to the
market as an alternative to the car since the beginning of the project, having
always considered it an attempt to achieve system innovation.

The Gazelle director’s motivation has been a matter of discussion in the final
part of the project. According to the former project leader, the goal of Gazelle was
clear: developing an innovative three-wheeled concept. During the interview on
March 25, 2002, when asked about his goal for the project, the Gazelle director
confirmed that fact, although he added that the Mitka also acted as a marketing
tool, providing publicity for the company. According to the business developers
interviewed on January 7, 2005, Gazelle might have had a double agenda, with the
main intention being to generate publicity. This interpretation seems to have been
partially confirmed by the designer in a phone conversation on February 22, 2005,
who suggested that Gazelle achieved one of its goals with the great deal of public-
ity generated by the Mitka project. In an email received on February 15, 2005, the
Gazelle director suggested that the Mitka project had turned out to be a successful
project primarily for Gazelle only, for marketing reasons and for the opportunity it
engendered in developing the Easy Glider. It is important to emphasize that the
above-mentioned interpretations are post factum.

With regard to the outcome of the Mitka project, the Vd Veer director said:

It is not a success. When everyone was super excited with the first model
we were not successful to reap the moment and finding a solution for the
bending system. We didn’t succeed to define the next step and the Mitka
became heavy, poorly maneuverable. Maybe we should take a step back and
make it simple for leisure purpose and for a niche market and not for a large
one. Maybe the first target group should be elderly people, although it may
kill the project! However, our society is becoming older and they have the
money to effort such a thing.

Back to your question: I think it is not a success but there are some suc-
cessful elements in It . . . We learnt a lot, with a good network. In the future
we are going to make more things with TNO or TUD. We learnt also how
to get subsidies. Finally, the spin-off of the Easy Glider! If we were not
involved with the Mitka the Easy Glider could not reach the catalogue of
Gazelle. So that’s a very positive outcome!85

Addressed with the same question, the Gazelle director responded:

The development of the Mitka was a difficult process with never-ending
discussions, with continuously different people and organizations and, with
never-ending product development. Conclusion: the whole project was too
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complex and too expensive. Result: never a perfect prototype . . . What is
worth for Gazelle? Yes, for public relations . . . [and] it was relatively easy
to develop the Easy Glider.86

The business developer pointed out that the Mitka project had failed from a
business perspective, because it had been mainly technologically driven while
the business development had been understated, with no strong commercial
partner from the outset of the project.

However, the former project leader defined the Mitka project as “a great success
with little money”, because it created an innovative and important step towards a
sustainable society while increasing the public and policy makers’ awareness.87

Who knows whether the two prototypes will sleep forever or, sooner or later,
awake again.

6.3 The Mango case

A velomobile is a very good bike, but a bad car.
Ymte Sijbrandij88

This section constitutes an in-depth case study of the Mango development based
on 18 hours of interviews with the two founders and others involved in the project,
carried out between December 2003 and October 2004 (five interviews in total),
supported by magazine articles such as “Velo Vision” and internet sources con-
cerning velomobiles. Moreover, an email survey of Velomobiel’s clients was per-
formed. The main events of the Mango history are reviewed in Box 6.4.

Unlike the Mitka case study, retrospective data collection was the main
source for this case, requiring the interviewer to recall events, facts and
decisions that had occurred in the past. Given the entrepreneurial and young
character of the firm, the number of interviews is unsurprisingly low. The inter-
view will cover the two levels of analysis: the entrepreneurial level and the NPD
process level. At entrepreneurial level, motivation, prior experience and
opportunities are analyzed. At project level, the focus is on decisions resulting in
the Mango development process.

6.3.1 Velomobiel, the firm and the products

Not to be confused with the type of vehicle illustrated in section 6.1.2, the firm
under study is called Velomobiel (Dutch translation of velomobile). The
company was founded by Allert Jacob and Ymte Sijbrandij in 1999 under the
name of J&S Fietsdiensten (J&S bicycle service). In it changed its name to
Velomobiel, to raise its visibility, with the arrival of a new partner, Theo van
Andel. The company comprises three individuals: Allert Jacob is the designer
and developer of Velomobiel’s two vehicles, while Ymte Sijbrandij is the
market developer and Theo van Andel is in charge of the assembly line, with all
three working on the production line.
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The Quest and the Mango are the two Velomobiles produced by Velomobiel.
The first project was the Quest introduced to the market in 2000 costing C5,672
with the Mango appearing two years later at C4,500. The Quest is longer and faster
while the Mango is cheaper and has a smaller turning cycle to improve maneuver-
ability (Figure 6.6).
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Figure 6.6 a) The Quest, b) the Mango.

a)

b)



In a way similar to the history of the Mitka, the Velomobiel development is
related according to a timeline of events following van de Ven’s scheme (Van
de Ven et al., 1999). The events are described according to four phases: initia-
tion period, early and late development period and implementation. The
emphasis here is given to the Mango development, considered the synthesis of
previous concept developments. Therefore, the Mango is positioned in the late
development period whereas the first Velomobiel’s product, the Quest, is posi-
tioned in the early development period.

6.3.2 Initiation period: the Alleweder experience

To fully understand the Velomobiel story, a step back in time is required, stop-
ping the clock somewhere in 1993 when a special event was being prepared. In
the occasion of the 365-days-fiets-prize organized by the Netherlands’ magazine
Fiets (translated “Bicycle”), Allert Jacob was asked to act as the driver of the
Alleweder, a semi-covered recumbent bike produced by the Flevobike
Company.90 Allert Jacob was one of the racing champions of NVHPV (Dutch,
human-powered vehicle association) and already a client of Flevobike, owning
one of their recumbent models.

The Alleweder (literally translated from the Dutch as “the all weather con-
ditions”) was not designed by Flevobike, but by a civil engineering student, Bart
Verhees, who for his final project, constructed a recumbent three-wheeler. After
his graduation, he decided to build a canopy with aluminum sheets around the
frame leaving open the front side (or the “nose”). The reason for building such a
vehicle was to find a solution to the drawbacks of cycling, which was his
passion: first, the lack of protection from severe weather conditions and second,
the lack of comfort. His hobby was building small airplanes, so he had the skills
to build a light canopy from sheets of aluminum. After the canopy, he wanted to
make a self-carrying fairing (with no frame), like an airplane’s fuselage but with
the addition of wheel casing. To improve comfort, very soft suspension was
added. This was the first Alleweder in the mid-1980s, which drove more than
50,000km.

He wanted to start production but never succeeded. He tried to set up a list of
potential clients willing to buy it, but the number of subscribers was too low to
start a business case. In 1993, Bart Verhees decided to take the vehicle to Flevo-
bike’s owner, Johan Vrielink, a well-known producer of recumbent bikes, to get
feedback and advice. Johan Vrielink saw a business opportunity in the
Alleweder and made an immediate decision to take it to the 365-days-fiets
competition. He wanted to test the concept’s functionality and see how the
public might react to the sleek, innovative vehicle.91

There were four basic requirements for participation. The bicycle should be
able:

1 to drive 35km in one hour (without electric help);
2 to carry 15kg of luggage in a space of at least 80 liters;
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3 to provide protection from extreme weather conditions; and
4 to only warrant low maintenance.

Alleweder won the competition with Allard as the driver. Thanks to the public-
ity advertising this event and the subsequent press coverage of it, the name
Alleweder started to spread in the bike world. Potential customers started to
contact Flevobike. They wanted to ride an Alleweder or even buy one. Con-
sequently, Flevobike decided to produce the Alleweder. However, because the
number of employees available was limited (at that time three family members)
it could not cope with this unexpected success. Therefore, Flevobike asked
Allert Jacob to work for the firm and he accepted. He explained his motivation
in this way: “I studied to be a craftsman teacher, because I like to work with my
hands. Bikes were my passion and in the beginning the work in Flevobike was
about production: both two-wheelers and Alleweders.”92

Allert Jacob’s work took place in the workshop, building and modeling dif-
ferent metal parts of the Alleweder. As a tireless driver of the vehicle, Allert
Jacob made additional improvements based on this extensive usage. “Being
users of the Alleweder we encountered many little problems which were later
addressed. In some way we anticipated customers’ problems.”93

The main changes were under the canopy. For example, the suspension,
brakes and the chain guiding were redesigned and improved. These changes
were introduced in a subsequent series of the Alleweder. Looking closer, the
first series of 25 Alleweders were different from the others in the way that they
were produced. The production of the first series involved labor-intensive work,
where the aluminum sheets were cut with scissors and bent almost manually.94

The rest of the production was done by the Fokker company, who had the right
machines for cutting and modeling the different parts needed for construction.
However, continuous improvements became a regular procedure during the
development. “During that period you got skilled in design, production, mater-
ials and construction and experience with the customer and bike market.”95

The first 25 Alleweders were sold for C1,132, later for C1,359 and finally for
C1,586. The price increase was due to a miscalculation of the effective produc-
tion costs, such as the labor hours. When production stabilized and the cost had
been correctly calculated, the price increase was necessary. Between 1993 and
1998, Flevobike sold about 500 Alleweder, plus recumbent bikes. In the begin-
ning, the demand was higher than in the late 1990s, when the market for such
novelties stabilized and saturated. In the first year, around 120 Alleweder were
sold, but in 1999, only 50 units were sold.

The bikes were sold to order. The customer ordered the vehicle, which was
then built. The customers were provided with a kit including all the parts of the
Alleweder and the tools needed to put it together themselves. The reason for
providing the client with a kit instead of a ready-to-drive vehicle was mainly to
keep the price low. Outsourcing the assembly meant fewer labor hours. Working
on demand required an average development time of five months, whereas the
assembly time was around 40–80 hours. Another advantage of the kit was that
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few clients required maintenance service. They were able to do it themselves.
On the other hand, the market segment for such a kit was limited and quickly
saturated.96

In 1995, Ymte Sijbrandij started to work at Flevobike as a book-keeper and
shortly afterwards, he decided with Allert Jacob to become co-owner of the
company. They had numerous ideas and they decided to invest in Flevobike. In
the same period, Allert Jacob (after building 200 Alleweder and 400 recumbent
bikes) decided to work only three to four days a week and spend the remaining
time working on his own projects in the workshop, such as two-wheelers and a
redesigned Alleweder.

The C-Alleweder

The Alleweder was one of the fastest bikes on the road, with comfort, weather pro-
tection, speed and luggage unit the main product characteristics. However, accord-
ing to Allert Jacob, improvements were desirable and achievable. First, the speed.
The Alleweder could become even faster by reducing the weight and improving
the aerodynamics. Second, maintenance of the vehicle required time. For example,
cleaning the chain, which would get dirty easily, was a cumbersome task.

Having a lighter and faster Alleweder required changing not only the shape
but also the complete canopy, the fairing’s material and consequently the pro-
duction system. The current canopy’s material, aluminum sheets, was not suited
to fine bending because:

Aluminum sheets can be bent only in one direction and not on two direc-
tions. This limitation affects any improvement in aerodynamics. You can
only do it if you are capable of pressing, like in car production, but it is too
expensive, and it makes it feasible only when you have a large number of
parts to produce.97

It was decided that carbon fiber-glass could replace the aluminum sheets, which
proved to be an optimal solution in case “you want to improve the weight and
aerodynamics. Any shape can be done with fiber-glass.”98 Therefore the new
product requirements were in place for a new version of the Alleweder: a faster
and lighter Alleweder in carbon and fiber-glass, with better aerodynamics in a
monocoque design. To improve the aerodynamics, drawings and small models
were the tools utilized; however, some of the fundamental rules from the
Alleweder vehicle, like the driver’s position, were retained. “Rather than plan-
ning, it was a process of estimating, assuming and guessing.”99

However, the monocoque design with carbon and fiber-glass was a real chal-
lenge for a designer inexperienced in working with fiber-glass. An opportunity
for cooperation came along with the one-man concern, Mr Tempelman. This
company specialized in fiber-glass/epoxy work, and at that time was producing
the seats and nose cones for the Alleweder. After creating a first model in poly-
ester, molds were ready for making the body of the C-Alleweder.
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The first C-Alleweder (named “C” because of the carbon element in the
body) was finally ready at the end of 1996. The body was carbon and fiber-glass,
with no frame inside, only the gears and pedals were made of metal. The chain
was inside the fairing meaning that no chain maintenance was required. The new
C-Alleweder was indeed faster and lighter than the regular version. It had 15%
more speed and weighed 8kg less. Moreover, the luggage space almost doubled
to 120 liters.100 The design was also much smoother and linear than the previous
version.

These visible improvements did not prevent other problems from emerging.
First, it was time-consuming. The production time was around 40 hours. This
was because of “the lack of experience in working with fiber-glass.”101 The
second drawback was strongly related to the first one: it was very expensive to
build one. The design did not take into account the production process because
the C-Alleweder was not meant to be sold. Nevertheless, a small-scale produc-
tion process was put in place to address increasing demand from new clients.
Between 1997 and 1998 20 C-Alleweder were built. The price of the 
C-Alleweder changed three times. Going from C3,400 to C7,000, it became far
too expensive, especially compared to the aluminum Alleweder.

In 1998, C-Alleweder production stopped and the molds were sold to Mr
Tempelman, who built around 12 Limits, a copy of the C-Alleweder. Besides
the cost and the high production time, two other factors influenced the
decision to terminate production of the vehicles. To begin with, the speed of
the C-Alleweder and its production process could be further improved accord-
ing to the designer. Therefore a new project was on the horizon. On the other
hand, the Flevobike founder did not fully support the development of the 
C-Alleweder. First, he had concerns regarding the production techniques. He
preferred the metal manufacture to the fiber-glass. Second, even more cru-
cially, the Vrielink family intended to stop producing recumbent bikes and
the Alleweder all together and to focus on R&D alone. On the one hand, the
50-plus models were too many for a market whose size was not increasing as
much as it had in the past. Therefore downsizing was necessary. On the other,
Johan Vrielink thought that the bicycle industry needed more R&D to improve
the obsolete production system. Consequently, “I sold everything and I
invested in the future working in R&D only. If we compare the bike with the
car we are still driving the T-ford model. The bike is more than 100 years old
and nothing changed!”102

This decision had a major impact on the relationship among the partners.

We were co-owners and in total there were five family members: on one
hand the founder Johan Vrielink, the wife and the three sons. On the other
hand, Ymte and I. So if you have a discussion on the future of the company
it is very difficult to get your way with the family united against your ideas.
We wanted to build our machines, because we liked and we saw the possi-
bility for ourselves to make it happen. And Johan [the founder] didn’t want
anymore; he wanted to change the company and do only prototyping.103
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With the C-Alleweder was already out of production, in spring 1999 Allert
Jacob and Ymte Sijbrandij left Flevobike with a clear idea for a new project that
was taking shape, a 1:1 scale model made of foam.

6.3.3 Early development period: the firm and the Quest

The new project was based on the C-Alleweder with potential improvements
both in the aerodynamics and in the production process. The main product
requirements were higher speed and ease of production. This time, nothing was
left to approximations. Based on studies about wings, the first drawings recalled
a “Darius windmill” wing that is not turned toward the wind, but stays still.104

Similarly, riding a bike means confronting different wind directions.105 “The
shape of the wing section was a nice shape for a bike. The side wind might
create a problem to the bike with this shape, but on the other hand a bike reacts
very well with an in-front wind.”106

From these drawings two small models were created, which were different in
length and center of gravity. To see the differences in aerodynamics, the two
models’ contours were compared in a wind tunnel. A clear winner came out of
the tunnel – the longer model was much better than the other one. The aerody-
namics improved about 30% with a 10% increase in terms of speed. The next
step was to cut the foam and shape it in such a way as to obtain a 1:1 scale
model.

At the same time, after driving about 250,000 km with the aluminum and
carbon fiber-glass Alleweder, Allert Jacob and Ymte Sijbrandij founded a new
company, J&S, to be able to build a new vehicle with a lower air drag for prac-
tical use.

Because I wanted to ride one, I wanted to have one! This was the first moti-
vation to make it. It was the same for the C-Alleweder, I made it because I
wanted to ride something like that. And we knew, thanks to the experience
in Flevobike, it was possible to have a small company and to build and sell
special bikes. If we didn’t work in Flevobike, probably we would never
have started a company. It is not easy to leave a job and start a new one, if
you don’t know anything about it. But we knew that it could be done, even
better!107

Starting a new company with the ambition to develop a new concept vehicle is
not an easy task without financial resources. To cope with that, both of them
started to do different jobs.

Ymte became a truck driver for a furniture import–export company but kept
his job as book-keeper for Flevobike, while I started in my garage a work-
shop with different machines and tools for machining. I had different
assignments, for example I worked for Cab-bike [www.cab-bike.de] doing
suspensions.108

130 Description of Mitka and Mango cases



If the model was clear, the molds were not. The opportunity to make the molds
came when a friend of theirs, who was enthusiastic about the project and worked
for a company specializing in bath fiber-glass construction, offered to help.

The designer identified two ways of reducing the production and assembly time
for the new concept. First, they could reintroduce the metal frame so that the fiber-
glass fairing could contain the metal frame with the enclosed chain. Second, they
could avoid the painting process. From the molds, the fairing should be ready
without additional steps such as plastering and painting. The new fairing had two
striking advantages compared with the old C-Alleweder’s fairing. First, the 
C-Alleweder’s monocoque was difficult and time-consuming to produce because
many of the vehicle’s parts, such as chains, bottom brackets and derailleur, are
inside the “fuselage”. The pedals and the cranes were the only parts outside the
“fuselage”. Moreover, after the molding process, the C-Alleweder needed to be
plastered to make it smooth and then it had to be painted; positioning all the parts
inside plus the production and the painting process required time.

The Quest

Given his experience in machining, Allert Jacob was able to build the metal
frame and suspension by integrating standard parts into the frame such as drum
brakes, the chain, derailleur wheels and tires. However, given the limited
experience and the complexity in working with fiber-glass, J&S decided to out-
source the production of the canopy. The main requirement for the fairing was
lightness without compromising the stoutness of the structure. Few companies
were able to combine lightness and stiffness, especially for a small production
series. The German Go-One was asked to do the job thanks to its experience
building very light, model fiber-glass planes and proven capability producing
such a high-quality canopy. Moreover, Go-One could cope with small-scale pro-
duction. By taking the fairing out of the molds, it was already painted and ready
to be assembled with a coating of polyester. Moreover, being just beyond the
Dutch border, the transport cost was not an issue.

In February 2000, one year after building the 1:1 scale model, J&S shipped
their first product: the Quest.

The Quest had an aluminum frame with two steering front wheels and a drive
rear wheel, all covered by the aerodynamic fiber-glass/epoxy resin fairing and full
independent suspension. The fairing protected the body from weather conditions
and incorporated an enclosed drive train. Although the driver’s head is outside, the
fairing provided a headrest for protection in case the vehicle turned over and to
reduce the air drag. The cover of the Quest was made of heat-formed foam, which
is meant to be used in extreme weather conditions. The extended shape yielded a
luggage space of more than 120 liters. The width was 76.5cm. According to the
designer, the width should be more than 75cm and less than 80cm. The Quest
should be wider than 75cm to be able to ride both on the bicycle paths and the car
roads (as the street regulations set forth). On the other hand, the Quest needed to be
able to go through regular-sized doorways, which are 80cm across.
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The first three Quest velomobiles were made for the designer, the future
designer’s partner and the friend who made the molds.109 The first three vehicles
were considered experiments rather than finished products because the designer
wanted to test the thickness of the fiber-glass. The first one was considered too
thick, the second one too thin, while finally, the third one had the right thickness
according to the designer. Another advantage of the Quest was the production
time, stabilized at 20 hours for the metal frame, taking into account the out-
sourced fairing production. When the first Quest vehicles were on the road, the
news spread rapidly through magazine covers and dedicated internet sites. This
resulted in widespread interest and potential customers.

In a few months the J&S company received about ten orders. As in the case
of Alleweder, the firm adopted the same method of constructing to order, with a
waiting time of six months. Thanks to the experience with the C-Alleweder, the
firm could comfortably calculate the cost of making the Quest, fixing its price at
C5,672:25 (NLG 12,000). It was a pleasant surprise for potential users, because
they compared the Quest price with that of the C-Alleweder and found it 23%
cheaper. Despite inflation, the price of the Quest has remained unchanged since
2000 (as of 2005). Keeping the same price was possible because of improve-
ments in the frame production. Accordingly, the efficiency in production came
from an increase in the stock of metal parts and a faster and easier way to make
them thanks to improved skills.

6.3.4 Late development period: the Mango

The two Quest producers could not cope with the increasing demand for the
Quest, so decided to ask Theo van Andel to join the company and in March
2001 J&S changed its name to Velomobiel. After a meeting with the IHPVA, it
was decided to spread the word “velomobile” for fairing recumbent bikes.
Changing the name to Velomobiel was seen as a natural step. Production stabi-
lized at three-quarters of a Quest per month. Although the Velomobiel partners
were busy making the new Quest, they had time to test and ride it in different
competition events and tours around Europe. They traveled thousands of kilo-
meters, from which they obtained positive results. First, testing the Quest in
real-life situations in all kinds of weather conditions demonstrated the good
quality of the concept (see for example Sijbrandij, 2002). Second, the Quest got
a lot of attention from cyclists and potential users, partly because of the ease
with which it won races. Ymte Sijbrandij was the Dutch champion of recumbent
cycle racing several times.

The entry of Quest in the bicycle world was welcomed as the fastest bike
within the recumbent bike and velomobile category for practical use (excluding
bikes designed for racing only). Thanks to its aerodynamics, the power from the
cyclist needed to keep up a certain speed is less driving the Quest than other
bikes on the market. Thus far (October 2004), the Quest is still the fastest bike
on the street (Eland, 2004).
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With the development of the Quest we searched for a bike with the best
specification for speed and daily use. Speed is an important aspect of
comfort, even if you are not interested in riding fast. Riding a fast bike
means that you can ride at “normal” speeds with little effort which means
you can cover a longer distance in a relaxed way.110

Compared to the already fast C-Alleweder, the Quest is 10% faster. This means
30% less effort to reach the same speed, which increases the comfort.

The Quest however was not without drawbacks. Maneuverability was somewhat
sacrificed for comfort and speed. For example, the front wheels were covered to
decrease the air drag, which reduced the ability to steer. Consequently, potential
users were concerned with the large turning cycle (10.7m) and the limited maneu-
verability in cities or in situations where a narrow turning was required.

The Mango

This problem represented an opportunity to contemplate the development of
another vehicle with the same design characteristics but that was easier to
maneuver and simpler to produce.

We want to make something less extreme than the Quest, which is focused
on the best aerodynamics. So the idea behind the Mango was to build a less
extreme vehicle, cheaper and affordable for people, easier to maneuver in
the city, fitting in the shed, and easier to produce also. The speed is lower,
but still quite fast for a bike.111

Early in 2002, a new project was started at Velomobiel: the Mango. The require-
ments for the new vehicle were better maneuverability and a cheaper price than
the Quest. The body length was shortened by about 40cm and the fairing did not
cover the front wheels so as to reduce the turning cycle. The rear sides of the
shells were made narrower than Quest’s without losing stiffness in the fairing.
The weight of the Mango needed to be similar to the Quest to provide more
stability. For the Mango vehicle, the designer decided to use a larger number of
standard parts inside the fairing than in the Quest vehicle. For example, unlike
the Quest, the drive chain integrated in the Mango was a standard 8-speed
derailleur transmission (27 derailleur gears) as well as a standard rear axle. More
sophisticated and expensive parts were offered as optional. A simpler and faster
production process of the aluminum frames also helped to keep the price low.

In June 2002 the first Mango was produced and it was tested during the summer
(Eland, 2002a). In September 2002, the first Mango was introduced in the market
for C4,500, 20% less expensive than a Quest, with a turning cycle of 7.8m.

While the Mango had improved stability and maneuverability and was
cheaper than the Quest, it was also slower and had less luggage space. The
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reduction in terms of speed is around 8% (Bakker, Hoge, & Laan van der, 2004),
while the luggage space was reduced by 30%.

A bike is always a compromise between demands. This compromise does
not have to end in the same bike for everyone. The Quest is the fastest, but
some people are willing to trade off a little bit [of] speed for a more
compact bike like the Mango. . . .

Nothing in life is for free; the price [to pay for the tradeoff] is some loss
[in] luggage room and speed.112

As with the Quest, the Mango attracted the curiosity of many people in the
bike world through well-known information channels. Orders started to pile up
on Ymte Sijbrandij’s desk, which indicated that they had made the right
direction.

6.3.5 Implementation: the market

In the last few years the Quest and the Mango have received a great deal of
attention from specialized magazines. For example, Velo Vision magazine, based
in the UK, reported a test among four major velomobiles: Versatile by Flevo-
bike, Cab bike by German Cab Bike Company, the Mango and the Quest. In
terms of speed, comfort and energy efficiency, the Quest was assessed as the
best bike; while the Mango was the cheapest and the most stable (van der Laan,
2004). Based on the velomobiles’ energy efficiency tests (Eland, 2004), the
Velomobiel vehicles seemed to be among the most efficient bikes for commut-
ing within 40km as illustrated in Table 6.5.113

The Velomobiel company not only produces the Mango and the Quest, but
also metal parts for other recumbent and velomobile producers in the Nether-
lands and abroad.

From March 2000 until October 2004 around 170 velomobiles had been sold,
40 had been ordered for an 11-month long waiting list. Figure 6.7 illustrates how
Velomobiel’s production output has increased from an average of two vehicles
per month in late 2000 to four per month since 2003. The increase in production
output is explained both by the entry of Theo van Andel in 2001 and the small,
yet continuous, improvements made in the production process. The current pri-
ority of Velomobiel is to reduce the production time and consequently the labor
cost (Figure 6.7). In this way the price may also decrease.

Currently the Velomobiel has one of the highest production outputs in the
velomobile world, as illustrated in Table 6.6.

According to Velomobiel, owners making profits in this very small market
sector is more of an exception than the rule.

In the IHPVA114 scene, there are a lot of people who are dreamers. And
there are many appealing vehicles and many people who give always advice
on how to do better and so on. And they seem to know everything about it,
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but there are few people who make something like that, and there are fewer
people who have founded a company and make a living with that. I think
we are the only one.115

After driving 120,000km with their velomobiles, Velomobiel is looking forward
to producing, improving and cycling their creatures in the future.
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7 Analysis of the Mitka and Mango
cases

The previous chapter described the innovation journey of both the Mitka and
Mango actors, highlighting their motivations and objectives and illustrating the
design and development decisions that were made. This chapter will take a step
further and analyze these cases. Sections 7.1 and 7.2 illustrate the analysis of the
Mitka and the Mango cases respectively, while section 7.3 presents a cross-case
analysis. The goal of within-case analyses differs from the goal of cross-case
analysis. For the Mitka case, the objective of the analysis is to understand how
and under what circumstances environmental ambition and project innovative-
ness influenced decision making and subsequently affected the product concept.
The Mango case analysis is instrumental to the analysis of the first case, which
is characterized by a low level of environmental ambition. The purpose is to
verify whether the Mango case can be distinguished from the Mitka case in the
way the innovation process was undertaken. Therefore a comparative case study
analysis will reveal similarities and differences in the innovation processes.

7.1 The Mitka case

7.1.1 Introduction

Was environmental ambition a determining factor in shaping the innovation
process? How did project newness influence decisions? This section will cast
light on the innovation journey of the Mitka coalition. The analysis of the case
follows the same chronological timeline adopted in the description chapter,
when four periods were identified. Nevertheless, the analysis focuses mainly on
two development periods when the crucial decisions were taken. Those develop-
ment periods are analyzed at the management level and at the project team level
respectively. This section evaluates the extent to which environmental ambition
and the radical undertaking affected the support process, the attitude, the
commitment of the coalition of the management and the project teams. Finally,
this chapter also discusses the conditions under which the coalition’s decisions
influenced product complexity.

The management team encompasses the TNO team and the project leader, the
Gazelle director, the business developer, the DfS group and the Nike manager.



The project team involves the Vd Veer designer, the TNO team, Freewiel Tech-
niek and the TUDelft team. Although many decisions were made with the
support of all of the partners, strictly technical decisions were made by the
project team while the management team focused mainly on business and
market development.

The following subsections, 7.1.2 and 7.1.3, illustrate why the Mitka project
should be considered a radical undertaking with a very high level of environ-
mental ambition. Subsections 7.1.4, 7.1.5 and 7.1.6 explain how these two con-
structs are related to the management support process, to project team
commitments and to product complexity in the early and late development
periods respectively. Subsection 7.1.7 discusses the implementation period and
reflects on the Mitka outcome from different perspectives.

7.1.2 Environmental ambition

In the initiation period, the four scattered events had something in common: the
idea to develop a new concept as an attractive alternative to car use was driven
by the strong concern that the current mobility system, heavily reliant on the car,
was having a negative impact on the natural environment. Air pollution due to
NOx and CO2 emissions depleting the ozone layer, the increase of congestion,
noise and uncovered infrastructure costs were considered the main problems of
the car mobility system. For short distances in particular (5–20km), the Kathalys
group saw the alternative vehicles to the car as unsuitable for the growing indi-
vidual mobility needs of commuters. Regular bikes, well suited for trips of up to
5km, were considered uncomfortable for longer distances. On the other hand,
public transport was unable to meet efficiently the needs of suburban
commuters.

Therefore, a new mobility concept could provide the flexibility and the acces-
sibility of the bike with the protection and comfort of the car. The justification
for starting such a project was based on the win-win paradigm: contributing to
alleviating the depletion of the natural environment and simultaneously exploit-
ing business opportunities for mobility needs that had previously been poorly
addressed. Moreover, the policy agenda at national and European level at sup-
ported projects related transport issues.

The environmental ambition of the TNO team was the driving force behind
the teams’ efforts to find partners in the bike industry and other organizations to
act as clients, such as the Nike company. Within the coalition it may be naïve to
state that the environmental ambition was shared uniformly by all of the
participants. The TNO team and the TUDelft team were the most ambitious (as
demonstrated by the establishment of the Kathalys program), while the designer
and the Gazelle director were driven mainly by the innovative opportunities.
However, decisions were taken jointly.

Environmental ambition also manifested itself in the decision to submit appli-
cations for two subsidy programs where the environmental dimension was
clearly expressed in the subsidy program mission.

Analysis of Mitka and Mango cases 141



The high level of environmental ambition was also reinforced by embracing
and further developing the PSS conceptual framework. Unmistakably, the PSS
philosophy dictated that only through a new product-service combination, often
developed and implemented beyond the boundaries of a single organization,
could a real environmental improvement be achieved.

The concern for the natural environment was not only restricted to the idea
itself, but also manifested itself during the process. It was repeatedly stated,
mentioned and openly expressed during discussions, public presentations, con-
ference papers and official documents, such as reports or submission proposals.
How did this ambition influence the project?

7.1.3 The project innovativeness

The Mitka constituted a radical project for several reasons.
The PSS concept. The brand new, human-powered, weather-protected

vehicle, with power assistance for a 40km range, original design and unique
sitting position, was seen by most of the participants as neither a bike nor an
electric car, but rather as a one-of-a-kind means of transport. It was not only the
vehicle that made the Mitka unique, but also the specially designed services
around it. The maintenance, the call-a-car, and the leasing services were con-
sidered an integral part of the Mitka and made it a completely new mobility
solution. The exceptionality of the Mitka concept was again reinforced by the
PSS conceptual framework, which states that the combination of new products
and services together with new organizational settings is likely to lead to a
radical improvement for the natural environment (Luiten et al., 2001a).

The high degree of uncertainty for the organization. In Chapter 2, the under-
taking of radical innovation processes for an organization has been defined as
the conditions under which the organization copes with a new and unfamiliar
domain, where different technical and business skills are required. The decision
to develop a trike instead of a bike, in spite of the users’ preference, increased
the level of uncertainty in the innovation process because the team was facing a
new dramatic challenge. Many tasks were completely new for the project team.
For example, the Gazelle company’s capabilities, while well suited for creating
and developing a bike, were untested for a luxury trike. Moreover, unlike other
bike manufacturers, Gazelle had never integrated electric assistance in the pedal
system. On the other hand, the TNO team had never built a steering/tilting
system, while Freewiel Techniek’s core business was vehicles for disabled
people. The nature of the challenges was not restricted to the technicalities, but
also encompassed business and market development. In spite of significant
experience in product development, the small consulting firm and the TNO
manager had limited experience in developing a business plan or finding poten-
tial partners for this specific product. Therefore, the entire team was facing, to a
certain extent, an unfamiliar domain with limited skills.

New market. The Mitka was meant to be a radical product for a new market.
The former project leader used to warn everyone not to confound the Mitka with
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any other human-powered vehicle, such as a recumbent bike, because the
design, the technology and the objectives were of a completely different nature.
Therefore, it was felt that the Mitka had no real competitors with regard to vehi-
cles resembling bikes. A new market also meant that potential users were not
completely aware of it; therefore interactive group discussions, interviews,
surveys and public presentations were carried out, not only to get feedback on
the concept, but also to let people get acquainted with the Mitka.

A new organizational setting. Mitka development was carried out by a
heterogeneous coalition rather than a single established organization. As the PSS
framework suggests, an interorganizational setting is better equipped for devel-
oping PSS concepts than a single one because of the broader changes needed in
the system (Luiten et al., 2001a). However, this coalition had strong innovative
characteristics due to the high number and heterogeneity of the partners. The
individual actors were part of up to seven organizations, ranging from an insur-
ance company to research institutes, with different interests and missions.

7.1.4 Initiation period choices

The TNO team motivation to start such a project was driven by the strong belief
that, to reduce environmental problems caused by the current mobility system,
new solutions in terms of products and services were necessary. The initiation
period, which lasted more than three years, was by definition a phase of search-
ing for opportunities. Given the scattered initiatives and the strong commitment
of the TNO team to address environmental issues, the team was able to create
the conditions for obtaining initial resources and partners. It turned a broad
vision of a societal problem into a specific project: a human-powered vehicle.
The TNO team was the triggering entity able to form the network through a
“hub-and-spoke” approach, typical of engineering processes.

Within the coalition, reflection, self-assessment and consideration of the
actors’ roles took place. The general attitude toward the Mitka project was
mainly supportive (see Table 7.1). The commitment of Gazelle and Nike was
limited to genuine interest in participating in an innovative environmental
project that could generate publicity and provide a business opportunity.

7.1.5 Early development period choices

Management team: attitude, commitment and support

The high level of environmental ambition was not only translated into an
attribute of the product, but also influenced some of the key decisions. The
assumption that a greater environmental benefit related to the radicality of
the project was strongly held and supported during the whole process. Therefore
the choices did not moderate the radicality of the concept. In fact, they accrued the
radicality and the complexity of it.

One of the major critical decisions faced by the project and the management
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team in March 2000 was the wheel configuration of the Mitka. The innovative
survey on Nike’s intranet resulted in a consistent preference for the two-wheeled
over the three-wheeled version. Up to 66% preferred the two-wheeled bike.
Nevertheless, the management team chose the three-wheeled version. Why did
the coalition choose a direction contradicting consumer preference? The expla-
nations listed in chapter 6 denote how the decision was influenced by the search
for a higher degree of innovation and significant concern for the environment.

Both the management and project team were keen to develop a new mobility
solution. They were interested in something very different from the current bike,
which would be so attractive to car drivers (their target group) that they would
be convinced to leave their car at home or not even buy a second one. In particu-
lar, Gazelle’s participation in such a project meant free publicity, which rein-
forced its image as an innovator that takes care of the natural environment.
Therefore, the more radical the project the better. Along the same lines, Nike
was willing to explore new means of mobility.

Besides the innovativeness of the three-wheeled version, the TNO team was
also concerned about the overall impact of such a concept on the natural
environment. Since the car is responsible for the depletion of the environment,
any decision in the Mitka process should clearly focus on a specific target group:
car drivers only. Therefore, the new PSS needed to be attractive to car drivers
and exclude cyclists. Consequently, a Mitka resembling the bike might involun-
tarily target the cyclists, the most environmentally friendly commuters. To avoid
this rebound effect, the Mitka design needed to be unique and closely resemble
the comfort of a car.

The coalition, especially the Kathalys group, felt that the two-wheeled con-
figuration would not address the main objective of the project: a new concept
able to meet consumers’ need while drastically reducing the environmental
impact of the current mobility system. Another two-wheeled bike would not
constitute a system innovation. Environmental ambition influenced the decision
to choose the three-wheeled vehicle.

The management team dismissed the user preference for the two-wheeled
version. The TNO team justified the 66% preference for the two-wheeled
version in two ways: the consumers’ conservative attitude towards something
new and many car drivers’ preference for the three-wheeled version. Given the
uniqueness of the trike, they argued, lead users may not fully understand the
potential of such a concept because it is demanding and sometime prohibitive
for them to detach themselves from the current transport system. In other words,
lead users may not be not able to identify the futuristic trike as a solution to their
commuting needs. In the same way, the team preferred to see and focus on the
35% of car drivers, who saw the Mitka as a moderate alternative to the car.

On the other hand, they supported the thesis that the majority of the car
drivers preferred the three-wheeled version, although the results showed a differ-
ent picture. Some 60% of the total number of car drivers (N = 33) and 50% of
the car drivers commuting between 5 and 30km (N = 24) chose the bike version
(see Table 6.3).
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Again, the combination of the willingness to pursue a radical undertaking with
the belief that only a major change in car drivers’ behavior (switching modes of
transport) could stimulate a leap-frog toward a better natural environment may
explain such an interpretation of the data and the following decisions. The prospect
and the high expectations of having a radical and environmental concept in the
market may explain their strong commitment to this wheel configuration.

After the public presentation of the Mitka 1:3 scale model and due to the
positive public reaction and the press releases, the enthusiasm among the
participants rose and increased their willingness to proceed in exploring the
promising Mitka trajectory. This was a dramatic change in attitude and commit-
ment, and it occurred throughout the coalition (see Table 7.1).

This proactive attitude was translated into a new set of objectives for the
MOVE I and II projects, a new means of transport with dedicated services for a
consistent market. The “go” decision to invest C316,000 in examining the tech-
nical feasibility of the vehicle was an expression of the combination of the part-
ners’ heterogeneous rationales.

These motivations may be differentiated in two components: rational and
non-rational. The rational motivations may encompass the publicity that resulted
from participation in the project and the relatively small financial investment
each partner had to make. In addition to that, the opportunity to develop a new
vehicle meant acquiring and mastering new technical capabilities. More subtly,
the non-rational motivations are related to the euphoria of undertaking a radical
project giving birth to a sleek, innovative vehicle, which looks good and every-
one likes, despite few performance judgments being in place. Everyone was
affected by this enthusiasm, which resulted in the project being pushed through.
Furthermore, there was the feeling among the TNO team that they had finally
developed a real PSS with a significant environmental benefit. The environ-
mental ambition manifested itself in public presentations and meeting discus-
sions where the environmental dimension of the project was emphasized. The
management team was emotionally involved in the project, engaged both by its
innovativeness and the feeling of “doing the right thing” for the natural environ-
ment. The psychological rewards derived from this environmental concern and
the innovativeness of the project might have been one of the non-rational factors
why it garnered such enthusiastic support.

Given the radicality and the environmental ambition of the team, the coalition
was unable to foresee the technical problems derived from the current assets and
the project manager seemed to overlook the different “souls” of the coalition. As
a result, it seems that the advocacy process was strongly influenced by both
rational and non-rational components, allowing the Mitka project to progress
through the first important go/no-go decision stage.

Project team

The project team had no doubts that choosing the three-wheeled concept meant
exploring new frontiers of design and having the opportunity “to play” with the
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Mitka concept. The choice of the three-wheeled version meant combining the
willingness to engage in a new and radical undertaking with the ambition to
create a sustainable product service system that minimized any rebound effects.

The project team lost Stork company but was reinforced by Freewiel Tech-
niek, who specialized in three-wheeled vehicles for disabled people. However,
the Mitka project was also a new and challenging task for Freewiel despite its
knowledge of the three-wheeled configuration. In fact, its expertise concerned
the configuration with two wheels in the back and one in the front, which is
typical of vehicles for disabled people and of some recumbent trikes. This con-
figuration is technically simpler because the steering mechanism involves only
the wheel in the front. Therefore, the new participant’s expertise did not signific-
antly improve the team’s abilities to cope with the development of the Mitka.

The Mitka model presentation’s success, combined with the highly ambi-
tious targets set in the MOVE I program, forced the team to adopt all of the
previously chosen product attributes of the “ideal” alternative vehicle to the car.
They were happy to do so. Consider the great challenge: to develop a new
human-powered concept with great novel technical features, such as a new
roof, a new tilting steering mechanism with a new sitting position, electrically
powered, with the growing expectation from the management team and the
public (see Table 7.1).

The escalation of commitments locked the project team within the boundaries
of this ideal means of transport. The project team did not challenge the require-
ments of the Mitka. On the contrary, it tried to accomplish all of them, inspired
by the Mitka “muse”. Consider for example the combination of the high sitting
position with the three-wheel configuration. According to various designers and
experts, this combination creates stability problems because the center of gravity
is too high. The driver could easily lose balance, especially at moderate speed
and in windy conditions. The center of gravity, as they argued, needs to be low,
for instance, by making the vehicle longer as with the recumbent bikes. This
problem did not prevent the project team from renouncing and changing the
product requirements.

Intriguingly, it seems that these commitments, not only let the team stick with
the original ideas, but even pushed it to opt for the most complex and radical
solutions among different technical choices. For example, the team would
choose the superior ideal solution rather than the simpler and more elegant one.
Consider some of the technical dilemmas presented in Table 7.2, such as the
wheel configuration or the propulsion system. With regard to the latter, the team
opted for a new and costly battery system and a complex engine rather than
looking for a more standard and affordable propulsion.

Moreover, there was the tendency to dismiss current, known technical config-
urations. For example, many recumbent bike producers faced similar problems
with the wheel configuration and the sitting position. Nevertheless, the team was
keen to work on its own.

The search for superior solutions and the overconfident attitude in combina-
tion with the lock-in effect of the original requirements pushed the Mitka
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concept beyond the current street regulations, infrastructure and sometimes
against one of the partner’s interests. Again, consider the vehicle width and the
propulsion system (see the Table 7.2). The Mitka’s width was 85 centimeters,
five centimeters too wide to pass through most regular doorways. This require-
ment was explicitly mentioned by most of the market research respondents. On
the other hand, the chosen propulsion system was too powerful, allowing speeds
of 40km/h, which then required the use of a helmet, to the great dismay of the
Gazelle director. Nevertheless, the project team insisted on keeping the Mitka on
this track, dismissing the legal issue.

Another justification for this behavior was clearly expressed by the project
leader, which may give an idea as to how environmental ambition dictated the
development process. The PSS philosophy indicated that only through dramatic
changes in the current system could significant environmental benefits be
achieved. Therefore, the development of the Mitka should not necessarily be
constrained by the current regulations and infrastructure; on the contrary, it
might provoke a desirable change in the system, shaping it and making it more
sustainable.

The high level of environmental ambition and the radicality of the project
facilitated the escalation of the team commitments to decide on a course of
action that resulted in a high degree of product complexity. The stringent ques-
tion of how to align short-term goals, such as market expectation and technical
feasibility, with long-term ambitions, such as system innovation, was not
addressed.

Product attributes and product complexity

The decision to develop a new PSS with a new three-wheeled configuration, a
new sitting position, a brand new roof with power assistance and a new set of
services presented both technical challenges for the team and business and
market risks for the entire coalition. For example, the designers and the TNO
team did not have the necessary experience and specific capabilities with a
three-wheeled configuration vehicle to enable informed decisions. Moreover, the
concept was perceived to be complex by the lead users within Nike. This
approach fostered by the high ambition level and by the radical undertaking
increased the complexity of the PSS and specifically of the product. The large
number of new components created an unstable and poorly defined set of inter-
actions. The team had difficulty coordinating single developments and the whole
product architecture. The team’s limited experience with some of the new com-
ponents and the lack of priority among the product components and their devel-
opments increased the complexity of the concept.
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7.1.6 Late development period choices

Management attitude, commitment and support

This phase started just as the previous stage began, with great enthusiasm after
another public presentation of the Mitka mock-up, when the future King of the
Netherlands sat on it next to his wife. Marketers affirmed that everything dis-
played with the Princess would sell. This proverb, combined with high expecta-
tions created the conditions under which Gazelle and Nike were prepared to
invest in the Mitka. Rather than performance criteria, prospects and expectations
of the coalition acted as the main mechanisms for project support. Before any
real commitment could be made, the vehicle needed to be ready. Therefore,
another project, MOVE II, was set up, and C600,000 invested to fulfill the ambi-
tious objectives. These objectives included having the final Mitka prototype
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Table 7.3 Technical inconveniences illustrated by the disharmony between the objectives’
announcements and their effective delivery

Announcements “The Mitka prototype ready for”

Meeting on September 23, 2001 First Mitka on November 2001
MOVE II proposal (November 2001) “3 Mitka for Nike in the beginning of the year

2003”
March 2002 first series of prototype ready

Email on December 6, 2001 First prototype delayed, probably only one in
early 2002

January 30, 2002 Memo from the March 2002 the prototype
project leader in preparation for the April 2002 the test
management meeting The decision in May 2002 whether to build 10

Mitka between June and September 2002 or not

Management meeting February 2, 2002 Early April 2002
3 or 5 vehicles for the testing

Management meeting March 13, 2002 Late April 2002
Few vehicle for the testing, probably 3
Price unknown, but “quite expensive”

Management meeting with all the One prototype ready, but motor ill functioning 
partners May 2, 2002 and without roof. Cost: C25,000 each

Test in June 2002 with only one (roofed)

End of May 2002 Test in September–November 2002

July 3, 2002 (confirmed in August) Test starting on September 1, 2002

End of august 2002 Test starting on September 17, 2002

Halfway through September 2002 Test starting on October 3, 2002

End of September 2002 Test starting in the second half of October 2002

Beginning of October 2002 Test started on October 22, 2002



ready, tested and finally produced. Unfortunately, it took eight more months, 16
months in total before anyone could ride the first Mitka. Expectations based on
emails or meeting announcements of the coming prototype and testing were
regularly dashed (see Table 7.3). One of the effects of this procrastination of the
project was the relocation of resources. Resources previously allocated to
market research activities were transferred to strictly technical product develop-
ment activities.

The long waiting time had a huge impact on management’s spirits, with the
enthusiasm turning into disillusion. Nevertheless, managers let the project team
work on the Mitka, adopting a “wait-and-see” attitude. Therefore, the project
team was actually leading the project while the management team awaited the
results.

This new coalition mind-set uncovered some fundamental differences in
problem definitions and expected solutions among the participants. These prob-
lems had been set aside for too long and were largely internalized by the project
manager, only to emerge at this stage. Table 7.4 summarizes the differences
among the individual actors.

The presence in the coalition of many influential actors exacerbated difficulty
of managing different interests and goals – the greater the number of particip-
ants, the greater the probability that their goals will not be congruent with each
other. Here the liabilities of the heterogeneous organizational setting manifested
itself. This included the long decision-making process to arrive at agreement
while the members’ interests were mostly implicit. Consider for example the
discussion on the intellectual property of the Mitka or the debate on the propul-
sion system, or even more illustratively, the decision of the Gazelle director to
develop the Easy Glider alone. The poor communication among the manage-
ment members emphasized the skeptical view of some. Consider the confusion
about the cost of the Mitka. The wait-and-see attitude, combined with the revela-
tion of different actors’ interests and poor communication, jeopardized any real
commitments and postponed any reflections, self-assessment and critical evalu-
ation of goals and objectives. Moreover, the fact that management failed to fully
comprehend the technical development reinforced this attitude.

Project team

The “wait-and-see” attitude of the management clashed with the great efforts of
the project team to have a perfect riding model ready by summer 2002. The
project team was completely in charge of the project by this time and the team
members’ commitments strongly escalated, allowing them to work extra hours
and sometimes on the weekends. The team was determined to finish the Mitka
vehicle despite management’s indolence.

The strikingly different attitude of the project team toward the Mitka led to
the deterioration of communication and coordination with the management
team. Given this situation, it is not surprising that the Mitka organization
appeared opaque and disorganized to the two test drivers.
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Although the coordination was inadequate, the project team strongly focused
on the Mitka’s development. The team narrowed down the design options rather
rapidly, thus limiting the flexibility of the concept to respond to future surprises
in technical design. Notably, there had been numerous opportunities during the
preceding two years to foresee these problem areas. As the project was
approaching the pilot stage, several unresolved issues loomed large. The most
acute are summarized in Table 7.5. The table shows that many of the unresolved
issues are related to the three-wheel design, the radically different, sleek appear-
ance and the practicalities of daily life with the Mitka.

In spite of these problems, the project team did not reconsider or re-evaluate
some of their choices; on the contrary the team seemed to be locked in with the
original ideas to maintain the same development track.

Furthermore, it is surprising that the market research (see for example the
Table 6.4 in Chapter 6) was often dismissed. This research clearly indicated that
the Mitka was highly appreciated, but remained unsuitable for most people
because of its radical appearance, that the fact it was perceived as highly expen-
sive and hard to use and store. Moreover, the testing unmistakably denoted the
limitations of the concept.

This was a kind of paradox. The decision to start such a project was based on
the assumption of combining user need, an ideal mobility concept, with more
general societal needs, the preservation of the natural environment. However,
crucial decisions during the process were not influenced by the users’ prefer-
ences. The team’s escalation of commitments and the high level of environ-
mental ambition in combination with a lack of firm coordination by the
management team, precluded any self-assessment or reflection on the ideal
means of transport with regard to technical problems, infrastructure barriers or
potential users’ perceptions.

Another paradox lay in the fact that the Kathalys method was created to
assess both the innovation process and the environmental performance, yet
never fully implemented or adopted. Despite the project leaders’ strong belief in
the Kathalys method, it was not followed thoroughly. Instead the team focused
almost entirely on the “product service system” and the “sustainable” tracks,
overlooking, for example, the “economical feasibility” or the “organization”
track (for a complete description of the Kathalys method, see Box 6.2). Having
said that, the method was undeveloped and still under construction, con-
sequently it was not completely reliable. Nevertheless, the method was not
improved and it was only partially tested in other domains. A systematic evalu-
ation or self-assessment of the Kathalys method was not performed.

Intriguingly, despite the high level of environmental ambition and the great
deal of experience in environmental assessment tools, such as life cycle analysis
(see Chapter 4 for a review), no specific quantitative environmental assessment
was performed at this stage of the process, only qualitative ones.
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Product complexity

Working hard and strong commitment did not prevent the technical problems
from emerging. The testing demonstrated the limits of the prototype, while the
services, except for maintenance, were not yet in place. Moreover, serious con-
cerns arose during the test. The test drivers perceived the prototype as complex,
not “easy-to-handle” and occasionally even dangerous. The longer-than-
expected development time for single components and the difficulty integrating
these components testify to the growing complexity of the project. The project
team was keen to carry out the development of all components almost simultan-
eously, although some needed more development time than others. For example,
the development of the sitting position (similar to the Giant EZB Revive)
required less effort and time than the development of the new cover or the new
tilting-steering mechanism. This failure to assign priorities might have resulted
in a greater level of complexity.

7.1.7 Implementation period

The reported discussion on the goal and outcome of the project at the end of the
description chapter reflects a mix of different interpretations, interests and some
making sense of things after the fact.

The formalized goal, as noted in the project proposals and business plan,
clearly suggested the intention to introduce a new environmentally friendly
vehicle into a new market, with some details as to how to achieve this. Given the
heterogeneous setting, next to this explicit goal, other implicit goals might have
coexisted, such as publicity generation or raising awareness of mobility prob-
lems. However, the actors’ justifications and attempts to make sense of things
after the project’s termination may have understated the formalized goals and
emphasized the “secondary” goals. The network setting highlights these differ-
ent interpretation’s schemes.

Consider, for instance, the different interpretations of the project’s outcome
held by the Gazelle director and the TNO former project leader. To understand
the interpretations’ nuances an analysis of the broader context is required.
These individuals work in different organizations where missions as well as
business models are different. Gazelle’s revenues come from selling bicycles in
the mass market, targeting only a small segment at the high end of the market.
Therefore, it is not surprising that the director considered the Mitka an expen-
sive, complex and never-ending product. On the other hand, TNO’s revenues
stem from subsidized projects and consultancy with a large turnover. From this
perspective, it is unsurprising that the former project leader considered the
expenditure rate of the project low. The question is then how money is used in
a NPD project. Consider, for instance, how an entrepreneurial firm like Velo-
mobiel would invest it. Moreover, due to the significant environmental ambi-
tion of the project leader, the Mitka project was, and still is, perceived as a real
attempt at system innovation.
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The Mitka was a fascinating project, in which several people worked for
several years towards achieving an ideal mobility concept. This did not happen.
The formalized goal was not achieved and the project was prematurely termi-
nated despite many actors’ desires, the project team’s determination, generous
business plans and more than C1 million investment in the three-year project.
The poor performance of the expensive product, together with the lack of poten-
tial investors, signalled the end for the Mitka project. Paradoxically, if the devel-
opment of the three-wheeled Mitka has died a death, the development of its
“little brother”, the Easy Glider, is tremendously alive. The spin-off, developed
by Vd Veer, has been perceived by the coalition members as a success.116

What emerges as another dimension of success is the learning experience,
which encompasses technical capability as well as capabilities in working as
part of a team for some team members. The dominant mode of learning was
technical and came at later stages only. The successful spin-off is the result of
the technical learning experience as clearly stated by the designer in chapter 6.
However, the learning experience did not help the team as a whole to reflect on,
assess and continue the project together. Besides the technical learning, the pub-
licity generated by the project positively influenced all of the actors in the coali-
tion, lending the companies they represented the image of innovators and
environmentally conscious organizations.

7.2 The Mango case

7.2.1 Introduction

How did Velomobiel’s start-up cope with a radical project? This section will
analyze the innovation journey of the Velomobiel entrepreneurs. The objective
of the analysis is to understand how Velomobiel’s founders made decisions and
the consequences their actions had on the product concepts. As in the descrip-
tion, the analysis follows the same chronological timeline. While the Mitka case
was analyzed at two levels, the management and the project team levels, in the
Velomobiel case such a distinction is superfluous since the decisions were taken
only by the two Velomobiel founders. However, their decisions concerned both
the development of new product concepts and the creation and survival of the
new firm. Unlike the Mitka case, the development of the Mango can be seen as
the last of a series of innovative concepts. This section starts by explaining
Velomobiel’s innovation path from the project innovativeness perspective. This
is followed by three sub-sections that analyze the decisions made during the ini-
tiation, development and implementation periods. First, environmental ambition
is analyzed.

7.2.2 Environmental ambition

Unlike the Mitka case, Velomobiel’s founders had no ambition to develop and
implement innovative concepts for the sake of the natural environment. Their
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passion for new and fast HPVs drove them to create a business out of it. They
were interested in building new velomobiles for people like themselves. Intrigu-
ingly, Velomobiel’s vehicles are seen by several actors in the environmental
field as environmentally friendly or sustainable products because their use may
substitute car use. As the survey among Velomobiel’s clients illustrates, almost
one commuter out of three uses a velomobile as a substitute for the car (see
Table 6.2). Although the Quest and the Mango are considered green products,
environmental concern was neither the driving force nor the goal for Velomo-
biel’s founders.

7.2.3 The project’s innovativeness

Velomobiel’s project, the first product as well as the newly born company, were
radical for several reasons.

The new product. The creation of a series of velomobiles such as the
Alleweder, the C-Alleweder and the Quest had a certain level of novelty. The
Alleweder with its aluminum fairing and full suspension constituted a radical
vehicle. It was the first bicycle with these characteristics in the market. Bart
Verhees was not the inventor of a new kind of vehicle, but of a new way of
building bikes with a self-carrying canopy made of aluminum sheets. At that
time, the American Windcheetah was already on the market, although its canopy
was much smaller and not aluminum. There was also another company, the
Dutch M5, which was making three-wheeled bikes although they then changed
to produce only two-wheelers. Flevobike was the innovator of the Alleweder
because it was able to produce and introduce it to market. The C-Alleweder,
designed by Allert Jacob, was a radical concept due to the adoption of a new
material, carbon fiber-glass, and the absence of a metal frame inside the fairing.
These were great novelties for a commercial, human-powered vehicle. The
Quest is not as radical as the two previous versions of the Alleweder. In fact, it
is a combination of both models’ advantages and the use of modern instruments
such as, for example, the wind tunnel. Nevertheless it is the fastest, human-
propelled vehicle for practical use in the market. The Mango represents an incre-
mental step from the Quest concept, but it can be seen as the last of a series of
innovative concepts, the most market-driven vehicle.

The high degree of uncertainty. The design, the development and the produc-
tion of the C-Alleweder and the Quest were radical undertakings for the designer
and his partner because they represented a serious challenge that had never been
attempted before. First, Allert Jacob was not a designer, in spite of his passion
for cycling. His experience was limited to machining production and craftsman-
ship. Second, besides the design, he also needed to get acquainted with produc-
tion processes. Consider, for example, the learning experience in making a scale
model, building molds or working with new materials.

New organizational setting. Besides the technical aspects, the start of the new
company also required new capabilities and resources in developing the business
model, coordinating suppliers, marketing the new product and communicating
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with potential clients. Therefore, the learning process also included learning new
skills regarding the organizational functions required by a newborn company.

A new market. The term velomobile, which refers to faired, human-propelled
vehicles, was introduced in 2000. At the same time the company J&S changed
its name to Velomobiel. Velomobile was not just a neologism but it signalled the
birth of a new market segment in the bike market. Therefore the Alleweder and
the Quest became the first products in this special niche market. Since then, the
term velomobile has been officially recognized by the IHPVA.

7.2.4 Initiation period choices

The decision by Johan Vrielink to produce the handmade Alleweder allowed
Allert Jacob to start new work and be part of a new phase of the Alleweder’s
development. From cutting the aluminum sheets with scissors to machining the
suspensions or fixing the derailleur, Allert Jacob built his technical skills and
competences learning how to produce and assemble this special vehicle. Besides
these competences, the extensive use of the bicycle, both for leisure and for
competition purposes, created the conditions for him to be able to identify the
strong and weak points of the vehicle and identify areas for improvement. Thus
acquired knowledge and expertise not only about the production phase but also
about the usage phase. Moreover, feedback from the Alleweder users matched
his impressions (see Table 7.6. for an overview of the Velomobiel development
process).

This learning experience and Jacob’s passion for cycling enabled him con-
ditions to envision a superior bicycle not yet in the market: a fast, comfortable,
light and weather-protected, human-propelled vehicle. He soon came up with a
shortlist of product requirements for a new version of the Alleweder. Although
he was not a designer, he managed to design from scratch and develop the 
C-Alleweder prototype. The search for the fastest, lightest, maintenance-free
vehicle influenced his decisions to develop a radical new vehicle characterized
by a new monocoque fairing with less air resistance and composed of a lighter
material, carbon fiber-glass.

Although these choices made the vehicle faster, lighter, more comfortable
and maintenance-free, they produced the undesirable effects of making the
product expensive and difficult to build. There were additional steps in the pro-
duction process, such as plastering, painting and the assembly line. Moreover,
the limited experience in working with new materials such as fiber-glass and the
related production process increased the complexity of the product, the produc-
tion time and consequently, the cost. The unfamiliarity with the new production
process and the labor-intensive nature of the process made it difficult to set a
definitive price for the C-Alleweder. Consider not only the frequency of the
change (three times in the first year), but also the extent to which the price
changed, from C3,400 to C7,000. The C-Alleweder experiment was a learning
experience for the designer as well as for Flevobike, but it had little impact on
the financial assets of Flevobike, thanks to the product differentiation strategy.
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The high price and the production complexity were the main reasons why the C-
Alleweder was withdrawn from the market despite being the fastest and most
innovative, human-propelled vehicle for practical use that was maintenance-free.

7.2.5 Early development period choices

The C-Alleweder represented an important lesson for the designer. He realized
that the design and use of new materials for a completely new monocoque
fairing could not be done without thinking about the production and assembly
process. To present a vehicle in the market in a short period of time, the design
needed to be functional to the production process. Therefore, the next project’s
design should also take into account the production phase, without compromis-
ing the product requirements of the C-Alleweder.

Before proceeding with the new design, Allert Jacob decided to build new
capabilities with regard to fairing shapes to improve the C-Alleweder’s air drag
flow. Consequently, the Quest’s design was the result of accurate studies rather
than intuition or improvisation. The designer’s idea was to create a faster vehicle
but a less complex concept, by adapting sophisticated aerodynamic solutions to
a much simpler vehicle body. Consider, for example, the reintroduction of the
new metal frame about which he had specific knowledge or the removal of the
carbon fiber in the fairing. Table 7.7 illustrates some of the technical dilemmas
faced by the product developer during the development process.

The production process also needed to be simpler. Given the designer’s inex-
perience with fiber-glass and the relative high production time of the fiber-glass
fairing, Jacob decided to outsource the production of the fairing. Thanks to the
network of recumbent and velomobile producers, he was able to find a firm that
was able to produce high quality fiber-glass ready to assemble, without plaster-
ing and painting. Therefore, the simpler metal frame production and the out-
sourcing of the fiber-glass created the conditions for a simpler production
system with a decreased production time.

Besides the production, there was also concern about the assembly phase.
The market for the “do-it-yourself” clients with the Alleweder’s kit system was
perceived as saturated. Therefore, the assembly phase was considered part of the
company tasks rather than a user task. This provided an opportunity to enlarge
the market.

Besides the technical struggles experienced during the development of the
Quest, the developer also faced a new challenge. The change in Flevobike’s
strategy forced Allert Jacob and Ymte Sijbrandij to leave the company and start
one of their own in order to develop the Quest. Thanks to their adaptiveness and
the experiences they had accumulated at Flevobike, they were able to establish
new functions for the technical, business and market development of the new
firm. As for the development of the Quest, they showed adaptiveness to the
evolving situation by carefully using their limited resources to achieve their
goal.
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7.2.6 Late development period choices

Thanks to the choices made during the design and development stages and after
a prolonged test, J&S was able to present the new Quest to potential clients as a
new vehicle that was faster and cheaper than other velomobiles in the market,
taking into account the withdrawal of the Alleweder. More than the extensive
use, tests and contests, it was the user feedback and first impressions of potential
clients that were the driving forces for Velomobiel’s founders to rethink the
Quest concept. Consider, for example, that the length and turning circle were the
main concerns of the potential users because they were concerned with having
good maneuverability. Moreover, the price was perceived as being too high.
Intriguingly, Velomobiel decided to develop a new vehicle, the Mango, to
respond to this potential target group. This decision suggests that Velomobiel’s
founders considered not only the consumers feedback very important, but also
the potential users’ opinions. Production costs and time are still important
issues, however their adaptiveness and accumulating experience in producing
both the Quest and the Mango helped boost their productivity output (see Figure
6.7 in the previous chapter).

7.2.7 Implementation period

The choices taken during the development of the Mango denote a shift in the
learning curve. While the initiation period coincided with the acquisition of
knowledge and experience in developing a vehicle, and choices were based on a
trial-and-error approach, the early development period corresponded to a phase
of adaptiveness and resourcefulness. The choices made were elegant and effi-
cient solutions rather than superior and more complex ones, as occurred during
the development of the C-Alleweder. In the late development period the choices
were influenced by the experience accumulated by Flevobike, which created the
conditions to launch and sell its product. Moreover, the Mango was Velomo-
biel’s response to potential consumers’ complaints about the Quest’s limited
maneuverability and high price.

What the choices in this innovation journey have in common is that they were
based on feedback from users and potential clients, which were then reinforced
by Velomobiel’s founders experience with the vehicle.

7.3 Cross-analysis

While the two previous sections have analyzed the two cases separately, this
section turns to a comparative analysis of the cases. The goal is to compare the
two innovation processes and highlight the contrasting features. This section
seeks to answer the question illustrated in Chapter 1:

What are the differences in the decision-making process between high and
low environmental ambition level projects?
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As a matter of fact, the decisions taken along the two project development
processes reveal different approaches to product development. Before that, one
must remember why the researcher decided to compare the Mango case with the
Mitka case. The projects had similar objectives but contrasting motivations and
they occurred in different organizational settings. The technical objectives of
Velomobiel’s founders were similar to those of the Mitka actors. They wanted to
develop a new, human-powered vehicle for practical use with specific character-
istics, such as weather protection, comfort and speed. The motivation for the two
projects were however different. In the Mitka case, the goal was to replace the
car, for travel within a 25-kilometer range, with a new concept. This goal was
driven by the teams’ high level of environmental ambition and a perceived busi-
ness opportunity. The environmental ambition acted as a design imperative. In
the Mango case, the opportunity to build the fastest and most comfortable bike
(and make a living out of it) was the main motivation. The organizational settings
in each case were new, yet they were different. One was a start-up while the other
was a coalition of heterogeneous actors. The cases are compared in their design
and development choices, the way the users’ feedback was employed and finally,
how technical and market knowledge was built up (see Table 7.8).

7.3.1 Design choices

There are key differences in the ways the two concepts were designed and
developed. Although the two project teams started with a similar complex
design problem, given their limited experience and similar product attributes,
they took two different approaches to finalize the concept. In the Mitka case, the
project team’s choices made the concept even more complex due to the number
of new attributes and interactions. Furthermore, the team did not compromise on
the original attributes and avoided trading off some attributes even in cases of
apparent conflict. Consider, for example, the choice to have the speed switch in
the Mitka: having no fixed speed limit (25km/h and 40km/h) could cause prob-
lems for street regulation (for the registration of the vehicle and the need for a
helmet) (see Figure 7.1). Moreover, they seemed to be locked into the search for
the perfect vehicle so that they went for the most impressive engineering solu-
tions. In contrast, Velomobiel’s designer decided to decrease the concept’s
degree of complexity, combining innovative technical solutions with well-
established practices. The design process was continuously adapted in the way
that some attributes were compromised at the expense of others in search of a
balance among the diverse requirements. Consider, for example, the tradeoff
between maneuverability and speed in the development of the Quest and the
Mango (see Figure 7.1 and Table 7.9). Furthermore, Table 7.9 illustrates a
qualitative comparison among velomobiles and Mitka concepts according to
some attributes, taking the Alleweder as a reference. To optimize the design, the
designer opted for simple, yet elegant solutions. This is visible in the smooth
price trend of Velomobiel’s vehicles’ development compared with that of the
Mitka, except for the C-Alleweder (see Figure 7.2).
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Another difference was the approach to the final concept. The Mitka team
chose to take a large step in the design scale-up without engaging in-between,
simpler prototypes but going for the best solution. Alternatively, Velomobiel’s
founders decided to take smaller steps in the design scale-up, and developed an
in-between innovative vehicle, the C-Alleweder, to build technical experience
and procure helpful feedback.
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The two innovation processes also differ with regard to the current infrastruc-
ture and regulation boundaries. In the case of Velomobiel, the design choices
were based on consumer’s daily use. Their vehicles were developed to function
within the boundaries of the current infrastructure. Consider, for example, that
the Quest’s width was deliberately designed to allow the Quest to fit through
doorways and make use of both roads and bicycle lanes. In contrast, choices for
the Mitka took the current infrastructure only partially into account. Potential
consumers’ concerns about the width of the Mitka were dismissed and the
annoying legal issue of the helmet was set aside.

The two projects also illustrate how the decision-making processes were
shaped by the organizational forms. In the Mitka case, the heterogeneous organi-
zational setting required consensus seeking, which resulted in a slow and some-
times cumbersome decision-making process. Alternatively, the two-person
company in the Mango case allowed for fast decision making. Moreover, their
proximity to velomobile customers permitted rapid information exchange.

Finally, engagement with external actors was also undertaken differently in
each case. The Mitka actors were seeking publicity and potential financial part-
ners rather than expertise and technical knowledge. In fact, they were reluctant
to engage in and be associated with existing networks of skilled workers and
practical technicians who had been developing similar vehicles. On the other
hand, Velomobiel’s founders were engaged in a small, yet resourceful, network
where technical problems were shared. These considerable interactions helped
the Velomobiel actors with limited resources strengthen their expertise and be
able to outsource part of the production to trustworthy partners.

7.3.2 Market research, test and feedback

Velomobiel’s founders and the Mitka coalition considered the role of potential
users very important during the innovation process. Potential users were asked
to give comments, express opinions and, in the case of the Mitka’s development,
they also had the opportunity to create and envision their own concept vehicle.
Despite the continuous quest for user involvement, the two development
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Table 7.9 Qualitative comparison among the vehicles based on some product attributes,
taking the Alleweder as the reference

Product attributes C-Alleweder Quest Mango Mitka Mitka Easy 
electric- human- Glider
powered powered 

only

Less effort + + + + ++ – – +/–
Weather protection + + + – – – –
Maneuverability +/– +/– + +/– – – + +
Luggage space2 + + + + + – – – – – –
Maintenance free + + + + + + +/– +/– +/–



processes differed with regard to the application of the user feedback in the
actual product development phase. In Velomobiel’s case, the actors paid a great
deal of attention to the feedback obtained through their extensive use of the
products and that of the lead users. The continuous interactions with the clients
of the Alleweder, the C-Alleweder and the Quest created the conditions to
exchange opinions and critical observations, which were coded as possible
improvements. Moreover, through competitions and recreational activities,
Velomobiel’s founders were able to grasp the perceptions and reactions of
potential users towards velomobiles. Consequently, these exchanges created
strong ties between the Velomobiel founders and the velomobiles’ users, which
increased the very legitimacy of Velomobiel’s action. They asked for feedback,
which was translated into product attributes for new concepts, happened during
the development of the Mango. In the Mitka case, more sophisticated market
research was conducted at several stages of the process through surveys, group
discussions, interviews and testing. Nevertheless, the users’ preference and per-
ceptions toward the Mitka did not entirely influence and shape its design and
development. The lock-in effect of the design choices and the team’s perception
of doing something unique created conditions whereby user preferences were
dismissed if they contrasted with the main development path, while favorable
user preferences were highlighted but, unfortunately, proven to be minority
views. Consider, for example, the moderate preference of Nike car drivers for
the Mitka concept, the choice of the three-wheeled configuration rather than the
two-wheeled one (see Table 6.3) or the emphasis put on the positive impressions
of only one test driver dismissing the negative perceptions of the other two
drivers. Moreover, the absence of testing prototypes in between development
stages also delayed user feedback. The coalition asked for feedback on several
occasions, which were generally not translated into product attributes.

7.3.3 Technical and market knowledge

The ability to build expertise and knowledge in the two cases also differed. The
Velomobiel founders were able to acquire technical skills and knowledge and
market experience through adaptiveness and user feedback. In contrast, the
Mitka project team, while coping with technicalities and slowly gaining the spe-
cific competences, was not able to build a market for the vehicle. Moreover, the
diverse motivations, the mixed commitments and the limited experience within
the coalition did not allow the management team to build the necessary organi-
zational functions to permit exploitation of the Mitka concept.

7.3.4 New proposition and conclusion

Table 7.8 illustrates the similarities and differences between the two innovation
journeys. From this comparison, it is evident that there is a striking difference in
the attitudes towards the innovation journey. Remarkably, the difference in atti-
tude recalls the conceptual framework of Garud and Karnoe (2003) concerning
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the approach to complex technological projects explained in Chapter 2, the
breakthrough vs the bricolage approach. It was explained that the very attitude
taken toward the radical undertaking influences its process and likely its
outcome (Garud et al., 2003). Applying this conceptual framework to the Mitka
and Velomobiel cases, the role of environmental ambition is revealed to have
played a crucial role in the innovation approach.

In the Mitka case, the search for the ultimate solution to mobility problems
and the high ambition targets combined with the dismissal of user preferences
and existing knowledge outside the team evoke a breakthrough approach (see
Chapter 2). In contrast, in the Mango case, the accumulation of knowledge
through a sequence of product innovations, the constant search for feedback and
the attitude to adaptation and tradeoff recalls a bricolage approach.

From the Mitka case analysis, the high level of environmental ambition has
emerged as a mechanism behind the search for the most impressive engineering
solutions to alleviate environmental problems. It seems that the high level of
environmental ambition may also have influenced the approach to the radical
undertaking. As a result, the iterative process between empirical data and the
conceptual framework is instrumental in formulating a new proposition.

P4 A development team with a high level of environmental ambition per-
forming a radical undertaking is likely to adopt a breakthrough rather than a
bricolage approach.

In the next chapter this proposition will be discussed together with the others.
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8 Discussions, conclusions and
recommendations

8.1 Introduction

This book examines the relationship between environmental ambition and the
innovation process. Environmental ambition has been defined as the specific
intention to design and develop new products and services that have a
significantly lower environmental impact than the products and services that
they aim to substitute. Therefore, how and to what extent environmental
ambition influences the way new products and services are developed is the
main research question of this thesis. The empirical domain has been the
mobility system, in particular the human-powered vehicle sector. This domain
is seen simultaneously as a source of environmental problems and as the locus
of innovative opportunities. The rationale for this explorative study is to better
understand and explain why efforts to develop environmental products do
not always translate into the effective implementation and adoption of these
products.

To be able to answer the main research, question both the environmental
product and innovation literature have been reviewed. This provides an
opportunity to develop a conceptual model of the role of environmental ambi-
tion on product performance (looking specifically at management support,
project team commitment and product attributes) by formulating a set of propo-
sitions. Consequently, an empirical examination has been performed where two
sequential case studies have been described, in Chapters 6 and 7, and analyzed,
first individually and then jointly.

This chapter has a number of purposes. First, it presents the main findings. It
then reformulates and discusses the implications of the emergent propositions
for the environmental and innovation literature. Afterwards, a fine-tuned con-
ceptual model is presented. Additionally, the results make room for further
implications beyond the propositions formulated. Second, it illustrates the scope
and limitations of this research study. Finally, it suggests recommendations for
scholars, practitioners and policy makers.



8.2 Main research findings

The research question formulated in Chapter 1 was:

How does the environmental ambition of managers and product developers
influence their decision making during the product innovation process?

This research shows that environmental ambition influences the innovation
process in various ways. Environmental ambition is one of the reasons why a
firm may engage in NPD and it is likely to have an impact when objectives are
established, resources mobilized and performance criteria evaluated. A high
level of environmental ambition increases the complexity of the product innova-
tion process. Concern for the natural environment encourages the search for
innovation opportunities; however, the actual exploitation of these opportunities
may be difficult because of the non-rational nature of environmental ambition.

Environmental ambition may reinforce beliefs that managers hold about
“what is feasible”, which leads them to pursue a radical path. Because of the
high degree of uncertainty involved, it may not be possible to evaluate fully the
outcome of any radical paths and their performance.

With unclear performance criteria, the individual evaluation of events may
represent the manifestation of one’s own beliefs. Data inconsistent with this
individual evaluation may either be ignored or appear as noise (as suggested by
Garud & Rappa, 1994). Data consistent with this individual evaluation may be
perceived as information and rearranged in a manner to reinforce an individual’s
beliefs. This perception occurs because individuals may be more interested in
confirming their beliefs than in actively trying to disprove them (Weick, 1979).

Therefore, environmental ambition may be a non-rational factor that justifies
and reinforces the belief that one is “doing the right thing” for the natural
environment, which results in psychological rewards, and the belief one holds
about “what is feasible or what is worth attempting”.

The influence of environmental ambition as a non-rational factor in complex
projects may result in:

• support for projects regardless of how well the project unfolds over time;
• an escalation of commitments; and
• a difficult tradeoff among product attributes.

The results from the Mitka case highlight the complexity of performing and
supporting radical projects that are strongly driven by environmental ambition.
The high level of environmental ambition was a strong motivation to start the
project, yet it was not restricted to this mission. It also manifested itself in
the making of key decisions during the development of the Mitka, for example,
the choice between the three-wheeled and two-wheeled versions. Environmental
ambition also influenced the way general, yet different, needs were addressed. In
the Mitka case, a tension emerged between addressing social needs and market
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needs simultaneously, which do not necessary coincide or overlap with one
another because of the difference in goals and in the time horizon.

It seems that a dichotomy existed between short-term and long-term goals,
which was not fully understood by the management and the project team. The
team saw a number of new product attributes in a single concept, the changes
required in infrastructure and the prospect of making the Mitka a blockbuster in
the market as possible short-term goals rather than long-term ones. The short-
term goal to introduce the Mitka to the market clashed with the time required to
develop the Mitka product service system in light of the infrastructure changes.
Environmental ambition seems to have made the distinction between long-term
and short-term goals unclear. Radical projects driven by environmental concerns
may imply higher risks due to a higher degree of complexity, given the ill-
defined nature of the concept of greening. In the next section, the main findings
are explained through a reformulation of the propositions and discussions.

8.2.1 Reformulating and discussing the propositions

After describing the Mitka case in Chapter 6 and analyzing it in Chapter 7, this
section goes a step further and sharpens the propositions put forward in Chapter
5. In this section, the propositions are recapped, reformulated and discussed.

The first proposition

This proposition addresses the implications for the management team in support-
ing radical projects that carry a high level of environmental ambition. The tenta-
tive proposition was:

P1 Decision makers with a high level of environmental ambition will
support environmental projects and thus lower the performance-judgment
threshold.

The management team supported the Mitka project, investing time, human and
financial resources, despite the mixed commitments. The psychological rewards
of doing something positive for the natural environment influenced decisions to
prolong support for the Mitka project on various occasions, even when faced
with poor or unclear performance. Environmental ambition is confirmed to be a
non-rational component in the advocacy process. Nevertheless, environmental
ambition alone may not be sufficient to lessen performance-judgment thresholds.
The network members were willing to support such a project despite the moder-
ate risk involved for each of them, especially at the start of the project. On the
other hand, there was a great deal of uncertainty within the management team
regarding the uniqueness of the project. The high level of environmental ambi-
tion, in combination with the individually perceived moderate risk and unclear
performance indicators, reduce the performance-judgment threshold. Therefore,
this proposition is partially confirmed. The first proposition is rearticulated here:
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RP1 A high level of environmental ambition is likely to influence the man-
agers’ support process, which will result in a lower performance-judgment
threshold when the individual risk is low and unclear performance indic-
ators exist.

The results from the Mitka case highlight the complexity of performing and sup-
porting radical projects that involve shared responsibility and are strongly driven
by environmental ambition. Consequently, this study finds that supporting
radical projects that address societal needs may increase, rather than decrease,
the uncertainty of the innovation journey. Moreover, addressing society’s needs
may not be sufficient for meeting market needs and reaping profits. In situations
with a high level of uncertainty and unclear performance indicators, environ-
mental ambition may influence the go/no-go decision. A radical project with
high potential environmental gains may be enthusiastically supported by the
management team, which implies that the threshold for the performance indic-
ators may be lowered. This results in a greater degree of management support,
regardless of how well the project performs. Similarly, radical and environmen-
tally driven projects may also garner support from management because of regu-
latory or social pressure and publicity. This support involves lowering
unobserved performance thresholds. As a result, managers may support an envi-
ronmentally driven project regardless of its performance. This is in line with
Abrahamson’s model in which companies may adopt tools and pursue the
innovation in an inefficient way, especially when the level of uncertainty regard-
ing the innovation is high (Abrahamson, 1991).

This proposition is also consistent with a small, yet increasing, body of
environmental literature, which outlines the difficulties management faces in
clearly defining environmental issues and measuring environmental performance
(Banerjee et al., 2003; Chen, 2001; Walley et al., 1994). The Mitka manage-
ment’s difficulty in checking performance judgments is inconsistent with the
assumption of many scholars that radical innovations driven by environmental
concern lead to better economic performance (Hall & Vredenburg, 2003b; Hart
et al., 1999; Senge et al., 2001). For example, Hart and Milstein state that
“Future economic growth will be driven by those firms that are able to develop
innovations that leapfrog standard routines and knowledge, and address
society’s needs.” (Hart et al., 2003: 63). However, they do not seem to be con-
cerned with the higher degree of uncertainty involved in adopting a radical
approach to NPD projects and the difficulty in dealing with environmental
performance.

With regard to the innovation literature, this proposition is consistent with
studies on support for projects persisting despite poor performance (Gimeno et
al., 1997; Green et al., 2003; Schmidt et al., 1998). This research extends the
literature on NPD proposing that environmental ambition is a non-rational
component of the support process for innovative projects. Furthermore, it is in
line with studies that illustrate technology evolution as a socio-cognitive process
(Garud et al., 1994).
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The second proposition

This proposition addresses the implications for the project team’s commitments
when dealing with radical projects driven by a high level of environmental
ambition. The tentative proposition was:

P2 In a radical undertaking, decision takers with a high level of environ-
mental ambition are likely to escalate their commitments.

The high level of environmental ambition of the team emphasized the search for
the ideal means of transport for a more sustainable mobility system. The high
level of environmental ambition and the radicality of the project locked the
project team into a course of action. This course of action entailed a limited
reassessment of design choices, which occasionally challenged the current infra-
structure system, avoiding trading off and dismissing signals from potential
users. The high level of environmental ambition and the radicality of the project
reinforced each other in a positive feedback loop. Moreover, the supportive
management team, which was waiting for the concept to materialize, did not
moderate the escalation of commitments by the project team. The second
proposition is rearticulated here:

RP2 In a radical undertaking a high level of environmental ambition is
likely to influence the commitments of project team members, as decision
takers, resulting in an escalation of commitments.

In the Mitka case, the combination of a high level of environmental ambition
and the radical undertaking facilitated the escalation of commitments by the
project team. This proposition is strongly related to the previous one. It emphas-
izes how the commitment of the project team, which is actually responsible for
the design and development of the innovative and environmentally friendly
concept, is likely to escalate when the management is supportive.

The environmental literature does not specifically address the effect of
environmental ambition on project team commitment during project develop-
ment, although it gives some clues to the way that coordination and communica-
tion within the team may be affected when undertaking environmental projects
(Handfield et al., 2001; Lenox et al., 1997). For example, Handfield et al. (2001)
found a difference in expectations and perceptions within the team between the
supporters of environmentally responsible manufacturing tools and the users of
those tools, the designers. Given the lack of empirical data and conceptual
frameworks within the environmental literature, the results from the Mitka case
should be considered a welcome, yet small, step towards understanding how a
project team’s environmental ambition can affect the innovation process.

This contribution also has implications for the innovation literature. Previous
studies found that the escalation of commitments was likely to occur when the
project team was performing radical undertakings (Green et al., 2003; Schmidt
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et al., 1998). The findings from the Mitka case confirm these from previous
works, yet suggest that environmental ambition is an important factor in the
escalation of commitments. The high level of environmental ambition not only
triggered the search for radical solutions to mobility problems, but also rein-
forced the lock-in effect in the decision-making process. The explanation may
lie in the psychological rewards of doing something new and beneficial for the
natural environment. These findings are consistent with the work on entrepre-
neurial firms, where, despite poor financial performance, many businesses were
kept alive due to psychological rewards (Gimeno et al., 1997).

Consequently, this study finds that supporting radical projects that address
societal needs may increase rather than decrease the uncertainty of the innova-
tion journey. This means that some projects have been continued despite their
poor performance, which may explain why some green products have performed
poorly.

The third proposition

This proposition addresses the implications of a team’s environmental ambition
for the product concept. The tentative preposition was:

P3 A high level of environmental ambition will likely increase product
complexity.

The high level of environmental ambition led environmental entrepreneurs to
assume that only through the search and development of radical solutions is it
possible to decrease the burden on the natural environment. The search for
radical solutions and the integration of new attributes increased the complexity
of the Mitka concept. Another effect of the high level of environmental ambition
on the product concept emerged: the dilemma of trading off different product
attributes while taking into consideration the environmental dimension. The
team occasionally decided to avoid tradeoffs. The third proposition is here
rearticulated:

RP3 A high level of environmental ambition will likely result in a higher
degree of product complexity.

The previous propositions suggest that, when the search for radical solutions is
driven by a high level of environmental ambition and psychological rewards are
obtained from doing something good for the natural environment, the uncertain-
ties in undertaking innovative projects increase. Consequently, the complexity
of the product concept is increased. On the other hand, incorporating environ-
mental attributes that are ill defined (Chen, 2001) may intensify this complexity
even more, which may in turn negatively affect product performance.

This proposition is consistent with the innovation and product design liter-
ature. It is argued that successful products are the result of product advantage,
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unique benefits and meeting market demands (Brown et al., 1995; Cooper et al.,
1987, 1995a; Montoya-Weiss et al., 1994). In other words, commercial success
depends on how well a product meets consumer requirements (Freeman, 1982;
Rothwell et al., 1974). A successful product comprises a set of attributes that are
by definition balanced. Incorporating new attributes into a product, such as
environmental ones, should be carefully balanced with more traditional attrib-
utes. Thus, the integration of environmental attributes should not conflict with
traditional product attributes or performances, such as safety and convenience.
Giving a higher priority to environmental attributes at the expense of other para-
meters (like customer requirements) may affect product performance. Thus the
tradeoff described above should reflect consumer requirements. Market informa-
tion and market analysis are considered crucial stages in the development
process when it comes to addressing existing needs. This is especially true when
people’s attitudes towards the environment are not translated into their purchas-
ing behavior. It is argued that it is only by focusing on market information that
the tradeoff between these two types of attributes may lead to superior perform-
ance by green products.

Market information, for example, a solid understanding of consumer prefer-
ences, may be of little help when it comes to developing radical innovations
(Balachandra et al., 1997) because a radical product incorporates by definition
parts that are unknown and uncertain. Although some specifications may be
rational and based on objective decision making, others are more subjective.
Indeterminate attributes can be judgmental, subjective or ideological, and they
are difficult to translate into product attributes, as such a translation will be
inherently political in nature. When designers try to integrate indeterminate
attributes into the design of a product, the additional tradeoffs increase the com-
plexity of a project. Designers face a dramatic dilemma: How to incorporate
environmental attributes into the design when they will be perceived differently
by various stakeholders? How to incorporate specifications that are ideological
without increasing the risk of market rejection? This is a result of the complex-
ity of greening.

This complexity may make product developers more reluctant to address
environmental concerns. On the other hand, environmental concerns may be the
main rationale for developing a new product, in which case environmental
attributes may be overemphasized at the expense of market-driven product
specifications. Testing assumptions during the development process may help
identify and incorporate important market-driven requirements. Otherwise, the
product may turn out to have an added value in social, technological and
environmental terms, and respond to social needs and fundamental research
priorities, while failing to address market demand. Veryzer (1998a) found that
some aspects thought to be important by a development team are in fact occa-
sionally not at all important to consumers. The role of feedback in radical under-
takings needs more attentive investigation. With the discussion of the next
proposition this issue is examined more extensively.
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The fourth proposition

Another proposition emerged from the comparative analysis of the Mitka and
the Velomobiel cases that specifically addresses the way actors approached the
radical undertaking.

P4 A development team with a high level of environmental ambition per-
forming a radical undertaking is likely to adopt a breakthrough rather than a
bricolage approach.

A striking difference was found between the approaches that recalled the typolo-
gies Garud and Karnoe (2003) described as bricolage and breakthrough
approaches. They found that a bricolage approach rather than a breakthrough
one was more effective in resolving complex technological projects, such as
wind turbine development. The former denotes adaptiveness, trial-and-error
experimentation, fast development and sequences of innovations, while the latter
emphasizes the search for leap-frog achievement, for the best and superior
radical solution (see Table 8.1).

The findings are compatible with this interpretation. In the Mitka case the
avoidance of tradeoff, search for superior solutions, effects of locking-in and
dismissal of feedback and knowledge from outside the team denoted a break-
through approach. This implies that a causal relationship may exist between the
high level of environmental ambition and the approach chosen. As explained
earlier, the PSS philosophy and disruptive innovations supporters favor rapid
and radical changes in society through new radical technologies, moving from
products to services or redesigning existing infrastructures (e.g. Brezet et al.,
2001b; Hall et al., 2003b; Hart et al., 2003; Luiten et al., 2001a; Tischner et al.,
2002; Weaver et al., 2000). This approach, driven by a high level of environ-
mental ambition, reflects a breakthrough rather than a bricolage approach. From
the work of Garud and Karnoe (2003), the pursuit of a breakthrough approach
may have caused their supporters to fail in delivering the promised technology
because they may have stifled the learning process. Similarly, the Mitka actors
may have failed because of their pursuit of a breakthrough. The bricolage
approach, as emerged in the Mango case, emphasizes the role of feedback in
trading off product attributes, while the breakthrough approach underestimates
feedback, which is banished as an option to employ only in the later stage of the
development process.

Some theoretical implications emerge. In contrast to the arguments in most of
the environmental literature, a radical undertaking, while desirable, is beset with
a great number of uncertainties. To reduce this intrinsic complexity, the adop-
tion of a breakthrough approach with the search for dramatic outcomes to add
value in environmental and social terms in primis, may not be advantageous. On
the contrary, a bricolage approach, characterized by adaptiveness, continuous
feedback and a series of innovations, may be effective in reducing uncertainties
during a complex innovation process. An essential benefit of the bricolage
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approach lies in the importance of feedback in helping project developers trade
off product attributes. Moreover, it may help to balance what is economically
and ecologically sound. Another distinctive characteristic in the bricolage versus
breakthrough approach is the different learning process involved. Although any
radical undertaking is essentially explorative in nature (March, 1991), the brico-
lage approach seems to be related to a higher degree of organizational learning
compared with the breakthrough approach, given its intrinsic trial–error experi-
mentation, self-assessment and adaptive character.

There are also important implications for innovation studies. First, the find-
ings confirm that environmental ambition is likely one of the triggers to pursuing
a breakthrough approach. In the Garud and Karnoe works (2001, 2003) this spe-
cific construct has not been studied. Therefore, it is a significant contribution to
their conceptual framework, which does not fully explain why one kind of
approach is chosen at the expense of another one. The Mitka case may demon-
strate how a high level of environmental ambition may be one of the mechan-
isms influencing the choice of a breakthrough approach. Second, adapting this
framework from the macro-level of the technological domain to the micro-level
of radical product development may strengthen the conceptual framework and
enrich its intrinsic value. In the Mitka case, despite requesting potential users’
feedback, not all of it was translated into definite requirements for the concept.
In the Mango case, the opposite is true. The extensive testing and user feedback
shaped the Velomobiel products. Therefore, the extent to which feedback is
incorporated into the actual concept’s development seems to play an important
role in the project team’s learning process, in user acceptance and the overall
performance of the innovative product. This is consistent with the social con-
struction of technology theory, where the technology is shaped by relevant
social groups (Bijker, 1995).

This reasoning, however, does not prevent the emergence of crucial counter-
arguments and reflection upon such arguments. The radical innovation literature
also suggests that new radical projects or technologies often emphasize perform-
ance criteria, the value of which is poorly understood. Existing customers and
established organizations may not understand these new criteria and thus misun-
derstand the value of the new products. Therefore market information may be of
little help with regard to the development of radical products and feedback based
on this misunderstanding may even harm the radical development process.
Incorporating this negative feedback may jeopardize the project by divesting it
of the potential added value yielded by its radicality. As a result, negative feed-
back may increase the performance-judgment thresholds. In the assessment of
value based on expected returns or negative feedback, it is likely that such pro-
jects would be assessed as unfavorable.118

For example, it took 3M’s Post it® Notes development team 12 years to
realize that “the glue which doesn’t glue” was a unique product rather than a
wrong chemical reaction (for an abstract of the story, see Garud et al., 2001;
Nayak & Ketteringham, 1986). With a less committed inventor, this distinctive
product would probably not be one of 3M’s major successes. On the other hand,
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as discussed previously, actors willing to explore new radical concepts who have
a strong commitment to reap future profits may get emotionally involved and
dismiss feedback a priori while becoming get locked into a course of action that
may result in a failure.

What emerges from this discussion is an innovators’ dilemma: to what extent do
actors need to diverge from the market and technology environment to be able to
create successful new radical products in a new domain, when performance criteria
are unclear? This involves a tension between commitments with future expectations
and flexibility with current paradigms (Ghemawat, 1991). A helpful approach may
be represented by the bricolage strategy. Innovative actors may undertake a radical
step that pushes their innovative idea forward and only afterwards might they con-
sider getting and accommodating feedback. It is an ongoing negotiating process
with divergent, radical steps followed by adaptive, reflective phases, where a con-
tinuous tension between learning and creation exists. The adoption of a bricolage,
rather than a breakthrough, approach provides the means for learning about the
hurdles of innovation and reduces market uncertainty. Back to the previous famous
example, the Post it® Note’s inventor mindfully undertook a radical path, but only
through negotiation with other colleagues and feedback accommodation was it pos-
sible to shape his invention into an innovative superior product.

In environmental radical undertakings, it appears even more complicated
because environmental ambition implies a tension between social needs and
market needs when they do not overlap with one another. The tension between
commitments with future expectations and flexibility with the current paradigm
may be resolved in favor of the former when they imply product development
concepts for a more sustainable society. Creating demand for environmental
new products requires balancing not only commitments with feedback, but also
what is sound environmentally with what is sound economically. Again, the
bricolage approach appears to be the valuable and suitable strategy for environ-
mental radical undertakings.

Redefining radical innovation

It is interesting to observe that in the bricolage approach the series of innova-
tions are incremental rather than radical from the organizational perspective.
Looking back to the case of the Mango’s development, we can say that only the
C-Alleweder can be considered a radical step for the Velomobiel founders,
while the development of the Quest and especially the Mango involved only
minor changes. However, Velomobiel’s end-products are still considered radical
from a market perspective. As a result, the bricolage approach entails an innova-
tion process that is incremental internally, from the firm’s perspective. The
outcome of this innovation process, however, may have radical characteristics
externally, that is, it is new to the market. The ambition of developing a new
radical concept is translated into careful procedures where experiments and con-
tinuous incremental improvements are the norm. The Mango case confirms how
a bricolage strategy may result in superior products rather than “just good
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enough” products. Rephrasing the 3M director, the motto for bricolage may be
“aiming high, starting small”.

In contrast, the breakthrough approach has radical characteristics both inter-
nally and externally. The ambition of developing a new radical concept is trans-
lated into radical procedures to achieve a radical and dramatic outcome. The
high level of ambition and the choices made during the Mitka project demon-
strate the high degree of innovativeness in the process where the development of
the Mitka was perceived to be radical by the coalition and by the market. In con-
trast with the bricolage motto, the motto for the breakthrough approach may be
“aiming high, starting big”.

Given these differences, is the definition of a radical innovation articulated in
this book still valid? The discussion of the breakthrough and the bricolage
approaches suggests that we should reconsider the definition of a radical innova-
tion given in Chapter 2. The radical innovation process from a firm’s perspective
was defined as “a process in which the organization copes with a new and unfa-
miliar domain, where different technical and business skills are required.” It
seems, however, that this definition only applies completely to the breakthrough
approach, as demonstrated by the Mitka case. Then to what extent does this defi-
nition fit with the bricolage concept? With regard to initial ambition, this defini-
tion is consistent with the bricolage approach when one focuses on the
beginning of the process or the initiation period. Fast, incremental cycles of
development and implementation reduce uncertainty in the technological and
organizational learning due to the accumulation of knowledge and expertise and
the accommodation of feedback. Building up experience seems to be crucial for
entering and surviving in market niches (King & Tucci, 2002b). The final
outcome of this process is incremental from the organizational perspective while
it may be radical for the market. In light of this, the bricolage approach features
elements of radical innovation in the initiation period, which gradually turn into
characteristics typical of incremental innovation through experimentation, flexi-
bility and the accumulation of knowledge.

8.2.2 The revised model

Three of the four propositions were derived from the conceptual model illus-
trated in Chapter 5. The conclusions of the discussion on the propositions also
have implications for the model. The propositions address a causal relationship
between environmental ambition and product performance in radical develop-
ment projects. The Mitka and the Mango cases show that a high level of
environmental ambition may increase management support for a radical under-
taking despite mixed or poor performance and the project team’s escalation of
commitments. Moreover, it was found that management support and the team’s
commitments increase product complexity due to limited experience and the
great deal of uncertainty in dealing with radical undertakings driven by environ-
mental ambition. In addition to that, the ill-formulated nature of the concept of
greening, intrinsic difficulties in measuring environmental performance and the

180 Discussions, conclusions and recommendations



challenge of maintaining the intricate balance between environmental and tradi-
tional attributes increase product complexity even further. These factors together
may jeopardize product performance. Through the cross-analysis a new proposi-
tion was derived. In light of this, one new construct is introduced in two discrete
forms: the breakthrough and the bricolage approach. Based on the empirical
data, a high level of environmental ambition is likely to influence the adoption
of the breakthrough approach, which reinforces the relationships of the previ-
ously mentioned constructs. This implies that adopting a bricolage approach
may moderate the effect of a high level of environmental ambition and reduce
the overall complexity of the product (see Figure 8.1). The qualitative nature of
this research and the limited number of cases studied do not allow one to deduce
a relationship, if any, between the type of organizational form, the type of
approach to radical innovation and environmental ambition. Here it is suggested,
however, that the interaction between environmental ambition and organi-
zational forms influences that strategy choice.

This model illustrates how, among other factors, the environmental ambition
may play an important role in influencing the new product development. It sug-
gests that a high level of environmental ambition may dictate the innovation
process, elevating greening to design imperative status. This may cause new
projects to be managed suboptimally, emphasizing objectives that may conflict
with market-oriented objectives. Summarizing, this research study proposes a
new theoretical statement that attempts to explain and predict how environ-
mental ambition influences new product development. This claim provides a
theoretical contribution to existing NPD and ENPD research.

8.2.3 Beyond the propositions

Case study research offers the advantage of examining in depth the context of
the phenomenon under study. In light of this, this section is reserved for
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discussing emerging and relevant issues that go beyond the selected proposi-
tions. This includes the organizational setting, expenditure rate, spin-offs
exploitation, use of tools and the PSS concept.

Organizational setting: network vs. entrepreneurial start-ups

Chapter 3 discussed the advantages and disadvantages of different organi-
zational settings in the struggle toward innovation. In light of the cases exam-
ined, the formal network setting was compared with the entrepreneurial start-up
setting. It was argued that, although in theory the network may provide the best
locus for product innovation and overcoming the liabilities of newness and
smallness that start-ups face, in practice managing networks successfully is
extremely difficult, due to divergent opinions, hidden agendas, lack of trust, and
intellectual property issues (e.g. Van de Ven et al., 1999). The findings from the
Mitka case are consistent with this assertion. The mixed commitments, different
interests, divergent opinions, low risk involved and serious discussions regard-
ing the intellectual property did not create a conducive environment for product
innovation. On the other hand, the Velomobiel start-up managed to overcome
the liabilities typical of new companies. These findings are consistent with pre-
vious works on successful start-ups, which are characterized as having func-
tional expertise, making decisions quickly, being flexible, adaptive and
allocating resources through an external network (Schoonhoven et al., 1990;
Van de Ven et al., 1984). Remarkably, these characteristics recall the bricolage
approach.

Expenditure rate for large and small projects

Another interesting issue is the relationship between expenditure, defined as the
amount of cash that is invested during the development period and product
implementation. In the Mitka case around C1 million was invested over the
course of three years, which resulted in a working prototype. One explanation
may be that greater expenditures signal more technically ambitious projects,
which require more development time. Another interpretation is that great
expenditures may be necessary but do not guarantee success. Therefore, just
pouring money into a new highly ambitious project is not always a practical
approach to getting a product into the market in the short term. This interpreta-
tion is consistent with prior research. For example, Greiner (1970) found that a
common feature of unsuccessful innovation implementation attempts is that they
started highly ambitiously and on a large scale.

On the other hand, Velomobiel managed to develop, produce and sell their
vehicles at a much lower expenditure rate than the Mitka consortium. The Velo-
mobiel’s expenditure was less than a tenth that of the Mitka consortium.119

These findings are consistent with prior research on start-ups. For example,
Schoonhoven et al. (1990) examined the product shipment of start-ups and
found that, the greater the rate of spending, the longer it took to ship the first
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product. On the contrary, firms that spent less money got their product out faster.
Similarly, Van de Ven et al. (1984) observed that new firms that reached a late
stage of development were also able to spend much less than firms that were
slower to develop.

As result, it seems that the greater the rate of spending, the higher the degree
of project innovativeness and the longer it takes to develop.

Spin-off exploitation

Examining the Mitka case, one may state that at least a spin-off was developed
and later introduced by one coalition member. In light of this, a question may be
addressed: Why did Gazelle first choose the trike configuration only to later
abandon it and develop a bike?

A possible lens of analysis to explain Gazelle’s behavior is the absorptive
capacity theoretical framework. Absorptive capacity is defined here as the firm’s
ability to acquire, assimilate, transform and apply new knowledge (Cohen et al.,
1990; Zahra & George, 2002). The four organizational capabilities of knowledge
acquisition, assimilation, transformation and exploitation are distinct, but
complementary, and compose a firm’s absorptive capacity. Acquisition is the
capacity to identify and acquire externally generated knowledge, while assimila-
tion refers to the firm’s routines and processes that allow it to analyze, interpret
and understand information obtained from external sources (Cohen et al., 1990).
Discoveries and ideas that go beyond the firm’s search area are neglected
because the firm cannot easily comprehend and assimilate them. Transformation
constitutes the firm’s capability to refine routines that facilitate combining exist-
ing knowledge and newly acquired and assimilated knowledge (Cohen et al.,
1990). Finally, exploitation represents the firm’s ability to reap and incorporate
knowledge into its operations (Van den Bosch, Volberda, & de Boer, 1999).
Basically, the absorptive capacity helps us understanding both the search for
new knowledge and its partial assimilation. The Mitka trike represented a great
opportunity to acquire new knowledge, comprehend radically new concepts such
as the three-wheel configuration, electric assistance and weather protection, and
to share innovative ideas within a heterogeneous coalition. Due to the poor
quality of the trike and, in general, the firm’s difficulty comprehending the PSS
philosophy, the firm did not have the ability to assimilate and further transform
the new knowledge entirely. For example, the options of the three-wheeled con-
figuration and the electric engine were abandoned. Then again, the company was
able to assimilate part of the new knowledge and to codify this in its own rou-
tines. The new knowledge concerning the design and the sitting position was
associated and exploited with the well-known frame of reference of the bike.
Therefore, Gazelle was able to “absorb” the most familiar features of the Mitka
leaving out those that were too radical and unfamiliar.

Discussions, conclusions and recommendations 183



The use of tools

Another implication may be derived from the findings with regard to the cre-
ation and utility of tools and methods for developing new products and environ-
mentally innovative concepts in particular. The Kathalys method was developed
during the Mitka project “for developing Sustainable Product Service Systems”
(Luiten et al., 2001a). Nevertheless, it apparently did not achieve its goal. One
possible explanation lies in the nature of the method. It is too ambitious and too
general to be effective. On the one hand, the unfinished method tried not only to
design and develop the product according to a fixed sequence of activities, but
also to set up services and the appropriate organizational setting, constantly
measuring the environmental performance. This method aspires to achieve too
many objectives without formally prioritizing them.

On the other hand, the method narrowly focused on the product track, where
the effective product design takes place, and the sustainability track. This is
understandable if most of the PSS methods are developed by people with a
background in design and a concern for the natural environment (Beerepoot,
2004). Consequently, limited experience in organization, business and innova-
tion itself, beyond the product design, might have diminished the effectiveness
of the method.

Another subsequent explanation may lie in the degree of innovativeness
underlined in the method. The change from basically designing products to pro-
viding functionalities increased the level of conceptualization and consequently
the degree of complexity. This implies that, the greater the degree of innovative-
ness, the lower the effectiveness of any method aimed at innovation (e.g. Schon,
1967; Van de Ven et al., 1999). Moreover, the users of the new method, such as
managers in established companies or in new coalitions, may perceive it as too
unfamiliar, posing the risk that it will not be used.

PSS: products and services?

Although the Mitka started as a product service system concept, the services
never materialized, they were only conceptualized. One simple explanation is
that the services, meticulously studied, would have evolved if the product was
ready to be introduced. Product development took priority over service develop-
ment. This is confirmed by the “wait-and-see” attitude expressed by the Mitka
management team. However, the idea of distributing new human-powered vehi-
cles not only through regular retailers but also directly to companies for their
employees’ commuting needs represent a valuable business model (Horst,
Luiten, Brezet, & Silvester, 2005).

One should also consider that PSS is still a young discipline that needs to be
“nurtured”, where trial and error is a crucial part of the learning process. Some
scholars are contributing significantly to this research field. For example, Mont
(2004: 69) proposed defining PSS in four elements: products, services, infra-
structure and network, “which should be designed concurrently and need to be
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continuously adjusted to each other aiming at system innovation”. Although
guidelines have been formulated to develop PSS, it seems that the intrinsic com-
plexity in simultaneously designing the four elements (or even just one of them)
has been overlooked. This is explained in the innovation literature and it is illus-
trated by the Mitka case. A clear example of this strategy is developing a new
product with original services for a new infrastructure within a new network.
Given the degree of uncertainty involved when any company innovates or
changes just one of these four elements, it is desirable for the company’s objec-
tive to have clear priorities. One may argue whether a radical product innovation
is necessary for a new radical PSS. As explained earlier, a service innovation
can be radical even with regard to existing products.

8.3 Scope and limitations

This study examines how the intention to develop radical environmental prod-
ucts and services influences the new product development process. The field
research focuses on radical new product development processes in two different
organizational settings in the human-powered mobility sector. They are similar
in their design requirements expect for one element, the environmental dimen-
sion. Although both are considered sustainable concepts, in the Mitka case the
“greening” attribute was afforded the highest priority while in the Velomobiel
case it was not one of the product requirements. Thus the scope of this study
concerns the development of human-powered mobility concepts whose relation-
ship with environmental ambition was the phenomenon under study. The Mitka
case presents evidence of an increasing phenomenon in which environmental
ambition is one of the main motivations for starting a new business venture
(Larson, 2000) or creating a complex technological project. Thus, to what extent
can the model and the findings be generalized?

Yin (1994) affirms that a common criticism of case studies relates to the diffi-
culty in generalizing from one case to another, no matter how large the set of
cases concerned. In fact the findings need to be generalized to the theory rather
than to other cases. This explorative study contributes to theories such as the
escalation of commitments where non-rational factors may dictate innovation
processes. By introducing environmental ambition as a new construct, this study
demonstrates how a high level of environmental ambition affects the innovation
process. In general, this research extends the work on radical undertakings, com-
bining environmental issues with innovation theories. The conceptual frame-
work and the relationships between environmental ambition and product
performance in radical undertakings are proposed for theory building. The
exploratory character of the case study enables us to understand under which
conditions these relationships come to exist. Therefore the conceptual frame-
work and the new relationships should be generalized and applied to the study of
other cases. However, this research can only be generalized to the extent that the
theoretical dimensions are captured in this study, that is, the relationship
between environmental ambition and decisions taken in radical undertakings.
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The results of this study are also likely to hold outside the human-powered
mobility sectors. When environmental ambition is one of the key motivations for
undertaking radical product development, there is the risk that its influence
could increase the complexity of the project itself.

Nevertheless, the generalization is not automatic due to a number of limitations.
First, these findings are based on a limited number of cases from one specific
context. The main theoretical contributions result from an in-depth case (the Mitka)
and a polar-type case (the Mango) where theoretical replication logic has been
applied. The weakness is that building theory from cases may result in a narrow
theory because the theory may describe an idiosyncratic phenomenon. Therefore,
study of other cases with a high level of environmental ambition in different organi-
zational settings would be welcomed to strengthen the results. Because of time
limitations, literal replication to other similar cases was not possible.

Second, this research entailed an iterative design process between the empiri-
cal data and the theory. The strength of this approach is that it allows new rela-
tionships to emerge. The weakness is that the findings could not be tested
because the new relationships were induced from the cases. Further research can
improve the generalization of the results by translating the propositions into
testable hypotheses based on a large sample of ENPD projects.

Third, this research study mainly made use of the organizational innovation
literature. However, what has emerged from the cases is the important role of
cognitive processes and social structures in undertaking new product develop-
ment projects. Future research on product innovation may focus more explicitly
on literature concerning behavioral and psychological theories in explaining
managers’ decisions under uncertain conditions.120

Fourth, the research was itself a learning process. The participation in the
Mitka project helped to build and accumulate experience in conducting inter-
views and juggling empirical data and theoretical frameworks. As the study pro-
ceeded, procedures became more rigorous, increasing its reliability.

8.4 Rival explanations

This research attempts to explain how environmental ambition influences
decisions in ENPD projects by theorizing based mainly on one case study.
Therefore, one may propose other explanations as to why the project, for
example, became too complex or too costly. For instance, limited or inadequate
skills and expertise within the team or simply mismanagement may have caused
the Mitka project to mismatch the desirable, yet too ambitious, objectives. Or
the Mitka coalition may have represented a unique organizational setting where
low shared risks and great publicity was expected. In a few words, the radicality
of the project and environmental ambition might have had nothing to do with the
project.

These rival explanations require an attentive discussion.
First, the project did not achieve the expected outcome because of misman-

agement. In the innovation literature, as illustrated in Chapter 2 (see Table 2.3)
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lack of managerial skills (e.g. Cooper, 1975) and poor planning (e.g. Crawford,
1977), for example, are well-known factors resulting in project failure. Identify-
ing mismanagement as the cause of failure may explain the phenomenon under
study, although this explanation may appear too reductive. We should ask our-
selves why a group of capable people, from well-known companies, made inef-
fective decisions or evaluated project performances poorly. What caused the
mismanagement? As previously discussed, the radicality of the project may at
least explain why the evaluation of performance criteria was overlooked or
unrecognized, leaving room for additional explanatory non-rational factors like
the environmental ambition. The latter may also explain why the project was
extremely ambitious.

Second, the project team did not have the necessary technical skills to under-
take such a project. As already explained in Chapter 2, the innovation literature
may point to deficient resources and/or activities (Cooper, 1975) as the main
cause resulting in a project’s failure. Furthermore, by definition, in radical
undertakings existing technical skills may not be adequate and only through a
process of learning and unlearning is it possible to build the necessary skills.
Therefore, it is not surprising that the lack of skills and resources in a radical
undertaking may have created problems for the project’s development. Again,
we should go beyond a simple answer to better understanding the phenomenon
under study. The question is why, during a two-year project, was the team not
able to develop the appropriate skills? Why did the technical development
become more, rather than less, complex? The search for the ideal and superior
environmental vehicle in a product development process with few learning and
evaluation phases, typical of the breakthrough approach, may explain why the
team’s expertise was never developed.

Third, another rival explanation may be very rational. The real motivation of
some coalition members was free promotion with low risks involved. For some
the project was just a means to commercially promote their brand, for others it
was just an environmental showcase for policy makers and a means to get
money for another project. If this is the case, two options emerge: (1) everyone
had this double agenda; or (2) all but a few did not have it. This implies a
dichotomy between, on the one hand, formalized and codified goals upon which
everyone had agreed and, on the other hand, unofficial, obscure and surreptitious
goals. Basically, some team members might have lied to the others. In this case,
despite the triangulation of different sources of information, it may be difficult
for a researcher to fully understand the “deep structure” of social behaviour,
given the socially constructed “reality”.

8.5 Recommendations

The findings, discussion of the propositions and the research’s limitations allow
some important points to emerge and to be reflected upon. These points are
translated here into recommendations addressed to a heterogeneous audience,
encompassing scholars, practitioners and policy makers.
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8.5.1 To ENPD scholars

ENPD is a young and fast-growing research field aiming to address and foster
innovation in new products, services and infrastructures within different organi-
zational settings, which incorporates environmental issues. By enlarging the
boundaries of the phenomenon under study some important implications
emerge.

First, moving from redesigning products to designing whole systems entails
exploration, knowledge and the use of different conceptual and theoretical
frameworks due to the multidisciplinary nature of the research and the added
level of uncertainty and complexity in understanding the phenomenon. Stronger
integration with NPD literature will help us understand the risks and uncertain-
ties involved in trying to introduce environmental concerns into product devel-
opment. Furthermore, rather than trying to design new ENPD tools, it may be
worthwhile turning to the existing NPD literature to see how environmental con-
cerns, as a subset of market preferences, can be translated into product speci-
fications. This book takes a small step in this direction by bridging existing
theoretical frameworks for studying unexplored phenomena in ENPD with the
results of introducing new relationships. In particular, stronger integration with
the NPD literature is beneficial to ENPD for understanding the risks and uncer-
tainties involved in incorporating environmental issues into product develop-
ment. Adapting NPD theoretical models to the growing need to develop
environmentally conscious products may help practitioners by giving them
better research-based models.

Second, to advance ENPD theory and practice, explanatory studies seem, at
least for the foreseeable future, to be needed as much as normative and prescrip-
tive studies of ENPD. The focus of much research should give less emphasis to
prescriptive questions such as “how does one successfully design ENPD’s” and
more prominence to understanding the ENPD phenomenon. For example, the
main research findings of this study necessarily raise other questions regarding
new product performance. Such questions include: How do you evaluate new
performance that is poorly understood by the market and which criteria are suit-
able for evaluating performance, especially environmental performance?

Moreover, due to the level of uncertainty implicit in dealing with environ-
mental issues, better definitions, constructs and variables of environmental
issues are needed if we want to understand and communicate the assumed value
of environmental concerns as market opportunities. The advocates for environ-
mental issues have a new interpretative structure that is likely to increase the dif-
ficulties of communication. The differences in interpretation between the
designers, marketers and people in favor of environmental issues may hamper
communication. Different perceptions of environmental opportunities and possi-
bilities within a multifunctional team, combined with organizational routines,
may hinder the development of ENPD and explain the relatively modest
performance of green products. Lenox et al. (1997) argue that merely improving
communication channels is not enough if one wants to build capabilities for cre-
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ating environmental products. It is only when one manages to bridge existing
knowledge resources with interpretative structures through effective communi-
cation that one is able to create genuinely new environmental products. More-
over, the problem of communication between supporters of environmentally
friendly products and designers may be caused by the hazy definition of green-
ing. Although a common understanding of environmental information may exist,
a team will still have to answer questions such as how environmental attributes
contribute to product performance.

Third, scholars engaged in the constant race to feature better environmental
innovation in products and processes seem to support the breakthrough strategy
in radical undertakings. Here it is suggested that a bricolage, rather than a break-
through, approach seems to be a better strategy for dealing with the intrinsic
uncertainty of radical environmental undertakings, as it results in more learning
and a better understanding of this phenomenon.

Fourth, occasionally in the environmental field there is the tendency to divide
business companies into good guys and bad guys in accordance with their will-
ingness to undertake more or less environmentally ambitious projects. The role
of scholars is to investigate under which conditions companies are more or less
inclined to respond to environmental opportunities and to help them search for
or identify those opportunities, not to morally judge them. Finally, integrating
the ENPD literature with the regular NPD literature would strengthen the legiti-
macy of the field because it would allow researchers to build on a wealth of
valuable insights.

8.5.2 To innovation scholars

Drucker states that new opportunities for innovation stem from changes
(Drucker, 1998). Changes are required by the public and government authorities
who perceive an increase in the negative environmental effects of industrial
processes. Consequently, businesses are pushed to search, develop, adopt and
adapt solutions to respond to environmental problems and to address emerging
markets. Here it is suggested that the way companies respond to the call of
incorporating environmental concerns into product development may give NPD
scholars an interesting research agenda. In particular, radical ENPD projects
may allow researchers to study the way NPD teams in general balance paradoxi-
cal ambitions and demands. Moreover, assuming that resources will become
scarcer and regulation more stringent, green entrepreneurs may create new niche
markets and green entrepreneurship may evolve into an interesting research
field. Therefore, a better integration of the environmental and innovation fields
seems plausible and desirable.

8.5.3 To managers/practitioners

A number of recommendations are made for managers dealing with environ-
mental issues. First, environmental ambition may be considered a non-rational
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component of decision making and it may influence the support process. If an
organization is to develop products that address environmental concerns, its
managers need a better understanding of both the support process and environ-
mental ambition.

Second, in managers’ struggle between commitment and flexibility and in
their effort to balance environmental issues and market demands, it is suggested
that they adopt a bricolage strategy. Such a strategy seems to be suitable to
complex radical undertakings. This is particularly true when new performances
in emerging markets are easily misunderstood.

8.5.4 To project team/designers

Designers should be aware of the danger in being too involved with their own
creations and getting locked into a course of action. By strongly believing in
their concept, designers can run the risk of escalating their commitments while
dismissing feedback, especially when radical projects are concerned. Highly
ambitious design projects entail greater complexity, longer development time,
more resources and unclear performance criteria, where non-rational factors, like
environmental ambition, may be influencing the decision-making process.
Therefore, due to the uncertainties involved in radical developments, many
assumptions are made concerning the benefits of new products. However, these
assumptions need to be tested as soon as possible in the design process, espe-
cially with regard to market requirements. This would also apply to market
requirements that refer to societal concerns as well as to the environmental
impact of products. Such environmental requirements may be poorly formulated
when they are based on ideology, in which case the level of complexity of the
design process increases without there being a clear consensus with regard to the
environmental goals. In light of this, as previously discussed, designers may
adopt a bricolage strategy in complex technical projects, balancing their own
ambitions with valuable feedback. The concept should be “flexible”, where tech-
nical attributes are continuously balanced with market attributes in a co-
evolution dynamic process. Designers need to carefully select new attributes that
may be misunderstood, while environmental attributes need to be aligned with
the market demand (see Box 2.2).

Second, besides design attributes and functionalities, designers should care-
fully envision to what extent the context will be affected. For example, in the
mobility sector, the production system, the infrastructure, consumer behavior
and regulation heavily influence and occasionally hamper the development of
new vehicles. Any new concept will create its own market niche. Changing
more than one element at a time is bound to increase the degree of uncertainty
and jeopardize the project. On the contrary, by adopting a bricolage approach,
designers envision their concept in a context whose elements do not need dra-
matic changes. One may argue that, in an era of continuous technological
change, it is difficult to decrease the technological complexity of new products
that also affect the system all around. The complexity of a product should lie
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within the product itself, not in the interface. Consider the evolution of the
propulsion system in the car. The adoption of the “green” electric car in the
mass market requires too many changes: new infrastructure for recharging,
smaller kilometer range and users learning new skills. Similarly, the introduction
and diffusion of fuel-cell cars requires costly infrastructure, new production
systems and new safety regulations, which make it unlikely that we will see any
of these cars in the near future (van den Hoed, 2004). On the other hand, the dif-
fusion of hybrid cars in the United States market does not require any change in
the infrastructure and user behavior because the complexity of this technology
lies inside the product.

Finally, another recommendation deals with design education. Designers and
design education institutions focus their efforts mainly on established organi-
zations. They seem to overlook new business ventures as a source of inspiration
and locus of design and business opportunities. Therefore, PSS entrepreneurship
courses like those held at Industrial Design Engineering, Delft University of
Technology are welcome steps in the right direction, because they aim to bridge
different complementary disciplines: traditional product design education and
service development integrated with entrepreneurship education, spiced with a
flavour of greening.

8.5.5 To mobility policy makers

Subsidy programs such as those involved in the Mitka project represent the
struggle policy makers face when attempting to promote sustainable innovative
concepts within the mobility system. How can policy makers promote such
innovative concepts more effectively? Although this study did not investigate
the role of policy makers or the effects of particular policies, it acknowledges
the importance of policy in stimulating technological changes in the mobility
system. Consequently, some general recommendations can be made based on
the findings.

First, this study shows that innovation is a dynamic process where the desir-
able outcome cannot be fully controlled by managers, designers or investors.
Although subsidy programs require focused objectives and detailed plans to
monitor innovative projects, they also need to lend innovators the flexibility to
cope with unexpected events and complex problems with the option of changing
the process. Fixed schedules and unchangeable objectives may even hamper the
process of innovation.

Second, the development of any innovative mobility concept is constrained
by a set of environmental conditions, such as fixed infrastructure and inflexible
regulations. Given the degree of innovativeness, many concepts require more
“room to maneuver” and they would benefit from more flexible regulations in
the short term while they prove themselves. The German Velotaxi concept rep-
resents an example in which local policy makers changed regulations to allow
the innovation to be tested, implemented and diffused first, followed by national
policy makers.

Discussions, conclusions and recommendations 191



Third, small entrepreneurial firms rather than established organizations seem
to develop, produce and implement more radical innovative concepts in the
mobility system. More focused and dedicated policy programs are necessary to
stimulate and “nurture” entrepreneurs.

The fourth and last recommendation regards the importance of promoting
bounded social-technical experiments in the mobility context to foster high-
order learning (Brown et al., 2003). Moreover, assessing new technologies in
large-scale programs and protected niches (Hoogma, 2000) seems to be neces-
sary for addressing national policy agenda items, which are increasingly con-
cerned with the concept of sustainability.

8.6 Lesson learned

8.6.1 Bricolage for green entrepreneurs: aim high, start and act
small or vice versa

Perceived opportunities, vision and strong ambition are preconditions for setting
up goals to create superior and environmental products; the question for practi-
tioners is how to achieve these goals. There are thousands of books on the shelf
describing strategies for superior performance for different organizations in dif-
ferent sectors. Nevertheless, there are no ready-to-use recipes nor one-for-all
solution. Moreover, creating environmental products and/or services may
increase the uncertainty of the innovation process. The bricolage approach is not
necessarily better than others, like the breakthrough one, but it is basically an
alternative approach that has demonstrated its validity in some cases such as the
Mango and the development of the Danish wind turbine.

Therefore, from the literature and the empirical analysis, some lessons and
practical suggestions may be drawn for bottom-up activities by green entre-
preneurs.

The bricolage approach may be expressed with the motto “aiming high,
acting small”, which means that an ambitious goal may be achieved through
small steps, spin-offs and continuous learning by doing. However, the opposite
is also true. The process of trial–error and experimenting may also lead the
entrepreneur to formulate ambitious goals. At this point, it is important to rede-
fine the concept of bricolage, extending the discussion in Chapter 3.

In Chapter 3, the original definition of bricolage (Lévi-Strauss, 1966) was
synonymous with tinkering, of making new forms from available tools and
materials. This interpretation seems to stress the lack of an ambitious goal,
missing the “aiming high” part of the above-mentioned motto and emphasizing
the “acting small”. However, the most recent definition of bricolage (Garud et
al., 2003) suggests the existence of an ambitious goal in the process of innova-
tion. These two perspectives of bricolage may complement one another. Both of
them emphasize the role of experimentation, learning by doing or, in the words
of Schrage the meaning of play (Schrage, 2000). It is through adapting, playing
with the material at hand, designing and executing simultaneously and creating
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prototypes that the innovator learns and unlearns more quickly, communicates
better and is increasingly confronted with tradeoffs. From an organizational
perspective, Ciborra refers to the “learning by surprise” (1994) managerial skills
of many firms, such as Olivetti, operating in a fast-changing industry, when the
strategy is compounded of a mixture of ready-made arrangements, not-yet-made
visions, subjective plans and interpretations, but is sufficiently responsive to the
new.

This first stage of the bricolage approach may be completed by a second stage
where new business ideas emerge, ambitious goals are formulated and new
opportunities discovered. Therefore, the goal setting or the “aiming high” may
emerge after a period of trial–error and play. The innovation of the mountain
bike is a striking example of the two phases of the bricolage approach. The pio-
neers of the mountain bikes first adapted their bike for cycling downhill on
unpaved mountain trails, with whatever suitable components were available
(such as hubs and drum brakes from tandems) and only later were some of them
able to create a market out of this recreational activity (Berto, 1999).

The different interpretations of the term bricolage121 may confuse some so
should it be called something else? Despite this apparent confusion, the term is
well known in the literature of innovation technology. However, in the rest of
the chapter the term “experimental approach” is used as synonymous with brico-
lage approach.

Green entrepreneurs are driven not only by profit but also by their environ-
mental ambition. Therefore, the “aiming high” often precedes and justifies
embarkation on the innovation journey. From this perspective, some distinctive
aspects emerge in the two-stage bricolage or experimental approach.

1 Flexible rather than ideological and fixed vision

Aiming high and having a strong vision and mission is important when starting
any innovative activity. However firm commitment and environmental ambition
should not lock the environmental entrepreneur’s vision into a fixed ideological
frame. Moreover, as discussed before, clear goals may also emerge after experi-
mentation. The environmental entrepreneurs should not constrain themselves
with plans at the very beginning, when ignorance is at its peak. Although the
greater the environmental gain the better, it may be rather naïve to afford the
highest priority to the environmental dimension. It is not suggested that the
entrepreneur should give away the environmental ambition; he/she should
realize how environmental ambition may increase the level of uncertainty in the
innovation process. Setting goals that are too ambitious, as environmental advo-
cates claim, may endanger the project. Given the ill-formulated nature of the
greening concept, flexibility and resourcefulness are necessary for the innova-
tion journey. In spite of flexible vision, the goal and the stake of each participant
in the project should be explicit. The detailed objectives of the project may
change slightly over time only through open consultation among the project
members.
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2 Build up your capabilities and create value through ready-to-use
experimentation

What resources do you need? What resources do you have? The best way to
build up capabilities and at the same time decrease uncertainty and ignorance is
by doing simple tests or pilots. Experimentation enables the entrepreneur to
understand the value of the concept. Testers’ and lead users’ feedback is crucial
for value creation. “Option thinking” may be useful here, where a map of
assumed values for all the actors is drawn to evaluate the opportunities and risks
of the venture and to illustrate different innovation paths (Janszen, 2000).

The Mango case and the development of the Danish wind turbine illustrate
how the actors involved adopted a low-risk approach to their complex processes.
The first important step in technological development was the experimentation
with moderate new technologies and materials to create the conditions in which
to acquire capabilities and skills. The second step was to convert the experiment
into a feasible application, a product ready to be implemented in the market. The
first users were able to understand the new concept and give feedback to
improve it. In this way, the producers were able to evaluate the first concepts,
which may be bulky and not highly efficient (as with the first wind turbines) or
too costly and difficult to produce (as the C-Alleweder) and make a profit out of
it. Therefore, the experimental product ends up in the market, creating value for
the customers and for the entrepreneur, who builds up capabilities, learns fast
and may sustain further developments.

3 Series of incremental innovations to create radical products

Creating something that is considered great and cool by designers may have no
added value to consumers. You often hear people say: “This product is so cool
that it must be valuable to someone.” But it may not be, because being valuable
to some vaguely defined someone is not good enough (Magretta & Stone, 2002).

First, fast development loops rather than one leap-frog development step;
second, the search for elegant solutions rather than superior solutions may act as
risk-reduction measures in the innovation process. Feedback from an initial
development loop may open up new innovative opportunities for a second and a
third loop. The fast development loops method is similar to a method developed
for software engineering, called eXtreme Programming (Beck, 2000). This
method is based on fast-engineered product release or prototype, which are
further improved and developed based on feedback from customers. This contin-
uous and evolving product development allows customers as well as developers
to identify important requirements for new product innovations. The short devel-
opment steps between one product-prototype and another create a highly effect-
ive learning cycle for the developers, entailing few risks.
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8.6.2 Liabilities of the bricolage/experimental approach

From the perspective of a high level of environmental ambition, this approach
may show some drawbacks. In spite of fast development loops and risk reduc-
tion, the total development time needed to reach the desirable goal may be pro-
tracted. Given the series of innovations, the experimental approach may entail a
longer development time than that required in the breakthrough approach.

Moreover, the experimental approach may not guarantee achievement of the
original goal. Given the degree of uncertainty in any innovation journey and
evaluating the feedback received, the entrepreneur may reconsider his/her ori-
ginal objective and change it. A change in objective is not necessarily a liability
when the goal may appear unattainable or too ambitious. However, it may seem
a liability for many advocates of the breakthrough approach when results do not
match the predefined objectives. Figure 8.2 attempts to illustrate graphically the
differences between the bricolage and breakthrough approaches. More generally,
the bricolage approach may not be able to protect effectively the innovative
concept, given the fast development loops and the high level of interaction with
actors in the market. In contrast, the breakthrough approach may prevent com-
petitors from duplicating the innovative concept, thus lending it a competitive
advantage.

8.6.3 Illustration: developing the Mitka on a shoestring

How do we develop new sustainable PSS? What if the Mitka project had
adopted an experimental approach? The “What if” method is hardly a scientific
exercise, but it is a useful illustration of an attempt “to do things otherwise”. The
“what if” method is used here to reconstruct the Mitka case in an alternative way
to breakthrough approach, this time adopting a bricolage approach. The “what
if” will encompass primarily the technical development and the business model.
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The first “what if” regards the decision on wheel configuration: two or three
wheels?

Choosing three-wheeled rather than the two-wheeled version meant innova-
tiveness and greater environmental benefit. However, choosing three wheels also
presented greater technical challenges, for the sitting position, the steering/tilting
mechanism, the roof and the electric engine. An alternative way would have
been to test both configurations: three and two wheels. The two-wheeled config-
uration might test the sitting position (the EZB) and the cover in a fast, cheap
development loop without compromising the sleek appearance of the vehicle. A
comprehensive test of the new vehicle (with or without the new cover) might
give some insight into the technical feasibility and customer acceptance. The
two-wheeled vehicles could be introduced into the market by Gazelle, with the
intellectual property shared by the coalition. Although the new vehicle might not
meet the original, environmentally ambitious goal, it might start an important
step in that direction. The revenue could be invested in the challenging three-
wheeled Mitka. Meanwhile, the three-wheeled configuration could be further
developed and its progress carefully communicated to a large public for public-
ity purposes. The combination of a high center of gravity and three-wheeled
configuration would need a fast technical test: the “experts” in the sector (the
velomobile and recumbent developers) highlighted the technical challenges.
With the knowledge accrued in developing the two-wheeled sitting position, a
“quick and dirty”, three-wheeled, light, human-powered vehicle (without elec-
tric engine, or cover) could have been realized and tested. Rather than searching
for superior solutions, the team could have faced a few technical challenges at a
time with a fast learning-by-doing process.

The added value of such development would stem from testing the technical
feasibility and getting the first customer feedback. Again, it may not represent
the “ideal” solution for the original goal but it might add just another step in the
PSS innovation ladder. Adopting the bricolage approach, the technical complex-
ity could have been reduced by prioritizing the technical challenges, by fast
development loops with testing and implementation and accommodation of
feedback. The development of a cluster of services for a newly materialized
product is an important aspect for the overall success of a PSS. In the Mitka
case, however, we found that, without a functioning artefact, the attached ser-
vices may be conceptually valid yet incomplete. If the core of the PSS is a
product, then it must be functioning and highly valued by potential customers.

From a business perspective, a clear idea of a business model should be in
place. As Drucker (1954) once said, three simple questions managers and
(environmental) entrepreneurs should ask themselves are: “What is our busi-
ness?”, “Who is the customer?” and “What does the customer value?”. As has
emerged from the description and analysis, these questions were clearly
addressed in the Mango case, much less clearly in the Mitka case. According to
Magretta and Stone (2002), a business model is a story of how an enterprise
works, relying on the basics of character, motivation and plot. For a business,
the plot describes how it will make money; for an environmental non-profit
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organization, the plot illustrates how it will change the world. Were the charac-
ters in the Mitka clearly delineated? Were their motivations plausible? Might the
plot turn on creating value? If yes, value for whom?

The Mitka plot seems to have revolved around both of the goals: changing
the world and making money. Using the “what if” method, a clearer idea of what
the Mitka actually meant to the coalition might have emerged with a bricolage
approach, because it forces adaptiveness, resourcefulness and accommodating
feedback.

8.6.4 Rethinking the system innovation thinking

System innovation is a powerful concept for creativity. It forces one to think
outside the box, destroying old concepts and relationships while reinventing new
ones. However, the system innovation paradigm often lacks clear boundaries in
both ambition and context. If we want to create a new sustainable mobility
system, to what extent do we need to change it? What are the boundaries for the
creative destruction process? In the Mitka case, the PSS concept of a new
vehicle with dedicated services soon became a system itself. The services
encompass not only maintenance service but also new infrastructures (such as a
high-speed bike highway, electric rechargers in several places in the city, special
shed etc.). In the literature on system innovation these aspects are barely dis-
cussed, especially from the business perspective. Moreover, given the poor defi-
nition of system innovation, how can we identify and evaluate a system
innovation? How do we balance short-term goals with long-term ones? A strin-
gent and clear definition of the boundaries of the system is needed.
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Notes

1 For ease of communication, unless otherwise specified, the terms “environment”,
“environmental”, “environmentally friendly” or “driven”, and “sustainable” refer to
the natural and physical environment.

2 An “issue” is a development, event, or trend perceived as potentially having an
impact on the organization (Dutton, Fahey, & Narayanan, 1983) or on society. An
environmental or ecological issue is related to the natural environment. Examples
are recycling, energy and waste management, product stewardship, pollution preven-
tion and sustainable development.

3 Individuals who pursue environmental policies and practices or address environ-
mental issues in organizations are rarely defined in a unique way in literature, e.g.
enviropreneurs (Menon & Menon, 1997), policy entrepreneurs (Drumwright, 1994),
issue sellers (Bansal, 2003) ecopreneurs (Isaak, 2002) or environmental champions
(Andersson & Bateman, 2000). Here the generic term “green entrepreneur” is used,
stressing the search for and exploitation of opportunities related to environmental
issues.

4 The term “product” is used as generically and stands for either a physical/manufac-
tured good or a service. Thus, NPD stands for either/both new goods and/or service
development (De Brentani, 2001).

5 The term “social” here refers to interaction between humanity and the natural
environment.

6 As they put it, there are lots of $10 bills lying around waiting to be picked up.
7 The term environmental ambition is not new, having been used by Klassen and

Angell (1998) to define the scope of environmental efforts by a firm’s management.
In this research study, this term refers specifically to the intention to design, develop
and implement new environmental products and services.

8 One may ask whether NPD literature is appropriate to the study of product innova-
tion within start-ups and network of organizations. Critics may argue that NPD liter-
ature focuses mainly on NPD processes, as a collection of activities that are
systematically performed within established firms. The counterargument lies on the
fact that new organizational forms generate new products with the adoption of
general NPD processes in combination with new, ad hoc procedures. Therefore NPD
literature encompasses, although only partially, product innovation in different
organizational settings. Furthermore, although entrepreneurship research is growing
at a fast rate, NPD literature is still extremely relevant to the study of product
innovation in new organizational forms.

9 For example, “strategy” is a military term, introduced in the late 1970s in manage-
ment and innovation literature.

10 Defined as a physically distinct portion of the product that embodies a core design
concept and performs a well-defined function. The component is a physical imple-
mentation of the design concept.
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11 For example, necessity, opportunity or dissatisfaction with existing conditions
trigger people to search for improved conditions.

12 The term “environment” is used here to indicate the context in which an organi-
zation operates.

13 This table illustrates the dichotomy between radical and incremental in their extreme
forms, attempting to explain the complexity of this definition of newness. The com-
plexity of the phenomenon under study should not prevent the researcher from
seeking simpler approximations of the reality with which to attempt to explain it.

14 Recently, environmentalists, ecology groups, consumer movements and a growing
number of organizational scholars questioned the priorities of certain organizational
decision makers regarding organizational objectives.

15 Values are defined, in this context, as the guidelines and beliefs that a person
engages when confronted with a situation in which a choice must be taken (Gibson
et al., 2003).

16 The term “non-rational factors” encompasses the social and psychological factors,
such as bias in information processing or psychological benefits, that can cause one
to misperceive and miscalculate losses and that induce errors in decision making.

17 How people think and act about innovation.
18 Although Dougherty does not explicitly refer to the radical products, the definition

of radical innovation in this research study also encompasses new products for new
markets due to similar levels of uncertainties during the innovation process.

19 Ritter and Weber introduced the “wicked problem” approach to overcome some
weaknesses of the linear model approach. The linear model does not take into
account, for example, the non-simple linearity of the design process.

20 For a review see Cohen, 1995.
21 “Organizational competence” refers to the capacity to generate innovation and

“environmental fit” refers to the match between organizational competence and the
state of the environment (Sorensen et al., 2000).

22 A product technology is an engineering diagram or prototype that demonstrates the
product’s functionality. To become a marketable product, it must undergo several
stages of refinement and verification involving product architecture, parts assembly,
aesthetics, and production feasibility (Wheelwright & Clark, 1992).

23 The term “environmental” is used here to indicate the context in which an organi-
zation operates.

24 In concentrated industries the marketing and manufacturing assets necessary to
exploit a technology lie in the hands of a few large, established firms, which tend to
acquire ownership of these assets (Teece, 1996). These firms also have a cost
advantage and market power allowing them to drive out new competitors (Nerkar et
al., 2003).

25 For a recent review of the organization and the natural environment literature see
Berchicci and King (Berchicci et al., 2007), where both the “pays to be green” liter-
ature and the “self-regulation” literature are discussed.

26 Institutional theory specifies that firms are embedded in an institutional environment
that constrains their action and drives organizational change (DiMaggio & Powell,
1983).

27 The two terms are synonymous; the former used mostly in Europe and the latter in
the US.

28 Examples of system innovation are a hydrogen economy, industrial ecology and cus-
tomized mobility (Kemp & Rotmans, 2004). For an extensive review of system
innovation literature, refer to the edited book System innovation and the transition to
sustainability (Elzen, Geels, & Green, 2004).

29 The term “tool” refers to a systematic means for dealing with environmental issues
in the product development process.

30 However, the new types of handset consume a lot of energy and are referred to as
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energy “eaters”. For example, due to a larger set of functions, UMTS phones require
more energy to operate than previous GSM handsets.

31 Environmental attributes do not necessarily have to be separate from traditional
attributes, and may, on the contrary, overlap or coexist. Problems may occur when
tradeoffs are required and environmental attributes are overemphasized at the
expense of traditional attributes, regardless of consumer preferences, technological
or financial risks.

32 It combines economic and environmental objectives. The concept of “eco-
efficiency” was coined by representatives of industry as a response to society to
show industry’s willingness to contribute to the goal of sustainable development.
The claim was to “produce more from less” by managing natural resources more
sensibly (Cramer et al., 2001).

33 However, a combination of products and services in a system does not necessarily
reduce negative environmental or social impacts.

34 Theory is defined here in the words of Bacharach: “a statement of relationships
between observed (variables) and approximated (constructs) units in the empirical
world” (Bacharach, 1989: 498).

35 Mitka is a Dutch abbreviation that, translated, stands for: “Mobility solution for indi-
vidual transportation over short distances.”

36 In his book, Bijker describes the evolution and development of bicycle technology as a
social process. Bijker is one of the proponents of the Social Construction of Technology
(SCOT) theory, which states that any technological development is shaped by “rele-
vant” social groups. The way in which these groups perceive and interpret the techno-
logical artifact’s meaning influences the artifact’s evolution. To know more about the
SCOT theory and how to identify relevant social groups see Bijker, 1995.

37 It is not surprising that the first car builders were indeed bicycle producers. For
example, the Humber company was the first to develop a bicycle with the diamond
frame (in 1990). This company was also one of the first pioneers to implement an
internal combustion engine in tricycles and quadricycles (in 1903 with the Hum-
berette), which are the archetypes of the modern car.

38 For example, in Amsterdam the percentage of bicycle use with respect to other
modes of transport, such as a car, motorcycle and public transport, decreased from
approximately 80% in the 1950s to around 30% in the 1970s (de la Bruhéze &
Veraart, 1999).

39 Check the website www.rijwiel.net to learn more about the history of the Dutch
bicycle industry.

40 Giant company, located in Taiwan, is one of the biggest bicycle manufacturers in the
world, producing more than four million bikes per year. Giant’s European head-
quarters and production facilities are based in the Netherlands.

41 At Delft University of Technology three complementary studies were conducted by
a team of master students to illustrate the innovativeness of the Dutch bicycle manu-
facturing sector, screening a broad range of innovations adopted and developed
between 1988 and 2003. Two methods were employed. The first entailed a database
of new bike concepts and parts introduced by the Dutch manufacturing companies.
To build the database, articles from the monthly magazine Tweewieler (translated
two-wheeler) between 1988 and 2003 were catalogued and categorized in digital
form. The database encompasses more than 800 entries.

The second method entailed a list of relevant innovations introduced in the same
period. Their relevance was established by 11 experts. Afterwards, managers from
the main bike manufacturers were asked to establish the time of adoption of those
innovations by their company and their relative market importance.

42 The term “niche” is defined here as a specialized market.
43 Although the first recumbent bikes were developed in the 1920s, it was not until the

1980s that they started to diffuse, especially in the Netherlands.
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44 For a review of different HPVs, see www.io.tudelft.nl/research/dfs/mobility/.
45 This description is based on two interviews with the Springtime designer, one inter-

view with the Mail company director and one interview with the GranturismoMobil-
ity founder. In addition, internet sources were employed (www.granturismomobility.
com and www.springtime.nl, last accessed on November 2005).

46 Monocoque (French for “single shell”) or unibody is a construction technique that uti-
lizes the external skinning of an object to form most of the structure. This is as opposed
to using an internal framework that is then covered with a non-structural skinning.
Monocoque construction was first widely used in aircraft, starting in the 1930s.

47 Not to be confused with the type of vehicle discussed in this section, Velomobiel is a
firm that produces velomobiles and one of the firm’s studied in this research project.

48 In the Netherlands, 1,200,000 bikes are sold every year. Some 5% of these fall in the
category of “races”, “electric bikes”, “folding bikes” and “recumbent bikes” (Bovag-
RAI, 2003). According to recumbent producers, 10,000 recumbent bikes are sold
every year.

49 The tour gets its name from “oliebol”, a fried cake traditionally eaten in Holland at
the end of the year (Eland, 2002b).

50 The father of a leading professor at the Design for Sustainability program at Delft
University of Technology, after seeing his son driving the Mitka.

51 During the Mitka project, two kinds of subsidy program had been submitted to
Novem: the EET (Economy, Ecology and Technology) and the MOVE. The require-
ments of the MOVE program differ from those of EET. The latter is based on devel-
oping new technologies, for example the EET-KIEM funds are earmarked for
front-end projects, while the former aims at stimulating chain mobility. In the
MOVE program technological innovation is not the primary goal.

52 Definition given by the former TNO project leader in 1999, interview on December
16, 2000.

53 VIP stands for “vision in product innovation”. This is a method designed for lead
users to generate ideas.

54 The project manager, interview on November 16, 2001.
55 The Nike manager, interview on January 28, 2002.
56 TNO-Kathalys report, July 1999–April 2000.
57 Based upon these percentages, two scenarios were created to calculate the environ-

mental gain in switching mode. The first scenario was called “real”, where 2.2% of
car drivers would switch from the car to the Mitka. The second scenario was called
“optimistic” where the sum of car drivers (2.2% and 35%) who considered the Mitka
a reasonable and good alternative, was used.

58 Vd Veer director, interview on February 12, 2004.
59 The Gazelle director’s preference for the three-wheeled concept was perceived by

some of the team members as Gazelle’s intention to develop, produce and imple-
ment such a concept.

60 Former project leader, interview on February 22, 2005.
61 In www.Kathalys.com, accessed on September 2000.
62 Ibid.
63 Interview on March 4, 2002.
64 In the Netherlands, bicycles are often stored inside houses whose frontdoors are

around 80 cm wide.
65 A business plan was distributed to the Mitka coalition by the consulting firm on May

2001.
66 Consumer research results in the MOVE I project, final report 2001.
67 The Move project manager, interview on May 7, 2002.
68 The business developer, interview on January 23, 2002.
69 The Nike facility manager, interview on January 24, 2002
70 In the email from the project leader to the TUDelft team on December 6, 2001.
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71 The organizational chart was presented at the meeting on February 1, 2002.
72 Interview on March 4, 2002.
73 Interview with one of the project team members.
74 Meeting report on July 3, 2002.
75 Nike facility manager, interview on January 28, 2002.
76 Interview by phone on October 24, 2002.
77 DfS director, on November 19, 2002.
78 Interview on January 9, 2003.
79 Extracted from his test diary report.
80 For example, De Telegraaf, national newspaper on January 18, 2003.
81 De Volkskrant, national newspaper on October 5, 2002.
82 As explained by Vd Veer director on February 11, 2004.
83 On www.gazelle.nl, last accessed October 2003.
84 The organization’s mission is to promote the economic growth of Texel through

tourism while protecting its main cultural and environmental assets.
85 Interview on February 12, 2004.
86 Email on February 15, 2005.
87 Discussion on February 22, 2005.
88 Interview on October 13, 2004.
89 For ease of communication the actor’s function is omitted. However, keep in mind

that this list refers to individuals rather than to institutions.
90 The Flevobike company is a small family-owned concern founded by Johan

Vrielink. Flevobike started to produce and sell recumbent bikes in 1986.
91 Interview with Johan Vrielink on October 20, 2004.
92 Interview with Allert Jacob on January 28, 2004.
93 Ibid.
94 Interview with Ymte Sijbrandij on October 20, 2004.
95 Interview with Allert Jacob on January 28, 2004.
96 Interview with Johan Vrielink on October 20, 2004.
97 Interview with Allert Jacob on January 28, 2004.
98 Ibid.
99 Ibid.

100 Alleweder newsletter January 1997 n.1, to be found on the Velomobiel’s website.
101 Interview on January 28, 2004.
102 Interview with Johan Vrielink on October 20, 2004.
103 Interview with Allert Jacob on January 28, 2004.
104 Available at www.velomobiel.nl last accessed October 13, 2004.
105 Ibid.
106 Ibid.
107 Interview with Allert Jacob on January 28, 2004.
108 Ibid.
109 A list of all Velomobiel’s customers and the series numbers of the products pur-

chased can be found on www.velomobiel.nl/nl/velomobielrijders.htm.
110 On www.velomobiel.nl, last accessed October 13, 2004.
111 interview with Ymte Sijbrandij on January 28, 2004.
112 On www.velomobiel.nl, last accessed October 13, 2004.
113 Also based on an energy efficiency test reported in the Dutch newspaper NRC Han-

delsblad on October 8, 2001.
114 IHPVA stands for International Human-Powered Vehicle Association.
115 Interview with Ymte Sijbrandij on January 28, 2004.
116 The definition of success is related to the survival of the product in the market and

not to financial performances.
117 The luggage unit in the Mitka vehicle was conceptualized (Heijnen, 2001) but not

developed.
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118 Yet, by following such rules, firms would never invest in radical projects and would
only focus on creating incremental innovations. In competitive markets, such a
“vicious cycle” could cause firms to fail because they were too cautious and relied
too much on scientific assessment systems.

119 A figure on the Velomobiel’s expenditure rate is unavailable but a rough estimation
can be done using the hourly compensation cost for production workers in manufac-
turing, which is equal to C22 (Bureau of Labor Statistics, 2004). Assuming that the
Velomobiel designer and producer worked for one year (40 hours per week) only on
the Quest, the labor cost would amount to C45,760 plus the costs of vehicle produc-
tion.

120 Researchers and economists are starting to abandon their assumption that humans
behave rationally (the homo economicus), and instead are increasingly borrowing
insights from psychologists to try to explain types of behavior that seem to defy
rationality. Over the past years, studies addressing behavior have demonstrated that
cognitive biases and mental shortcuts can lead managers into costly errors of judg-
ment, simplifying or, worse, oversimplifying decisions under uncertainty (e.g. Kah-
neman & Tversky, 1979).

121 It also has a negative connotation in different languages.
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