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Chapter 1: Introduction to the Studies

1.1. Introduction
The central topic of this dissertation and the three underlying academic
empirical studies is Interorganizational Relations (IOR). IOR is defined as the
“relatively enduring transactions, flows, and linkages that occur among or between
an organization and one or more organizations in its environment” (Oliver, 1990;
p. 241). These forms of relationship between organizations play an important role
in the current and future organizational landscape. There are several factors that
have diminished organizations’ general ability to “go at it alone,” including the
increasing complexity of products and processes, the rising costs of research and
development, environmental dynamism, the dispersion of resources and
knowledge, and the growing importance of time-to-market. These factors have
resulted in an inability on the part of organizations to obtain all the elements they
need (like resources) through their own efforts, and accordingly they turn to others
to obtain the necessary additional elements (Levine and White, 1961). This has led
to a tendency for organizations to collaborate.
In the past decade or so, scholars have recognized this and developed concepts
and frameworks to study these collaborations. One of these frameworks is open
innovation (Chesbrough, 2003), which focuses on collaborations between
organizations for the purpose of innovation. Under this framework, firms
collaborate with others to complement and supplement their internal innovation
efforts (Deeds & Rothaermel, 2003; Poot, Faems, & Vanhaverbeke, 2009). The
above factors and the development of frameworks such as open innovation have
spurred academic research on IOR, and numerous academic studies have shown
that IOR such as alliances or mergers and acquisitions have become widespread in
the last few decades (e.g., De Man & Duysters, 2005).
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In other words, IOR is an everyday phenomenon that has attracted great
academic research interest and continues to do so. This research has shown that
IOR has numerous advantages, including supply chain integration (Metters, 1997),
which leads to better organizational performance (Rosenzweig, Roth, & Dean,
2003), process innovation, cost reductions, input quality improvements
(Hagedoorn, 1993), product and service improvements (Lee & Wong, 2009),
knowledge transfer (Mowery, Oxley, & Silverman, 1996), new product ideas (Von
Hippel, 2007), the development of new products (Belderbos, Carree, & Lokshin,
2004), market expansion (Tether, 2002), and the ability to deal with uncertainty
(Beckman, Haunschild, & Phillips, 2004). However, negative effects to IOR have
also been found, such as the dependency created between collaborating firms
(Singh & Mitchell, 1996), conflict, unintended spillovers (of knowledge or other
resources), competition (Park & Russo, 1996), and risks (Das & Teng, 1996). More
specifically, these negative effects point to a need for investigating and managing
all of a firm’s IOR.
This dissertation, then, uses a portfolio level as the level of analysis of IOR.
The portfolio level (also called the egocentric level) incorporates all of the IOR of
a focal firm, such as all direct alliances, but also corporate venture investments,
joint ventures, and mergers and acquisitions. There are two related arguments for
focusing on the portfolio level. First, the portfolio level enables scholars and
practitioners to simultaneously incorporate multiple IOR at one point in time
(Wassmer, 2010). The large number of IOR overall coincides with a large number
of direct IOR per focal firm. The literature shows that firms frequently maintain
multiple IOR, such as alliances, at any given point in time. A study by De Man,
Duysters, Krijnen, and Luvison (2011) across multiple sectors indicated that over
60% of the firms maintained 15 or more alliances at once and over 20% had more
than 40 alliances simultaneously. Findings like these clearly illustrate the added
value of investigating all of the IOR a focal firm maintains.
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In addition to incorporating multiple IOR at one point in time (the first
argument), the portfolio level incorporates possible synergistic and antagonistic
effects into the focal firm’s IOR (Wassmer & Dussauge, 2011). An example of a
possible synergistic effect would be simultaneous IOR with: a research institute to
develop a new product; a supplier to dovetail the new production process for that
product with the new supplies that will be needed; and a customer in a specific
market to reduce uncertainty about the product launch. An example of an
antagonistic effect would be two separate IOR with partners who are each working
on a competing new technology, only one of which will become the dominant
design in the market, meaning that only that relationship has potential long-term
added value. The recent literature (e.g., Wassmer & Dussauge, 2012; Belderbos,
Carree, & Lokshin, 2006) shows that synergies between IOR such as alliances do
indeed have an effect on the value derived from those IOR.
In other words, the portfolio level allows us to examine all of the IOR between
a focal firm and its partners of a direct nature (i.e., the ties/relations), as well as
study the different partners themselves (i.e., the partners). Furthermore, the
portfolio level allows for the incorporation of possible synergistic and antagonistic
effects between these IOR or the partners. Figure 1 illustrates a portfolio for a focal
firm, with IOR with eight partners. As is illustrated by the figure, a focal firm’s
IOR portfolio consists of two elements: the IOR (i.e., the ties/relations) and the
partners with whom IOR are maintained.
Research on this relatively new level of analysis started by focusing on
aspects such as the diversity of the IOR portfolio (Wassmer, 2010). This diversity
aspect allows for the investigation of all the different modes of IOR (e.g., alliances,
corporate venture investments, joint ventures, and mergers and acquisitions) and
the possible synergistic and antagonistic effects between these modes or of the
diversity of all the different types of partners (e.g., buyers, suppliers, research
institutes, etc.) and the possible synergistic and antagonistic effects between them.
Before I started on this dissertation, not much was known about the relationship
between the diversity in a firm’s IOR portfolio and that firm’s performance, despite
19
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that fact that this is highly relevant from both a theoretical (due to the incorporation
of all the partners and possible synergistic and antagonistic effects) and practical
point of view. Faems, Looy, and Debackere (2005), for example, showed that the
diversity of the alliance portfolio – defined in their study, from the perspective of a
focal organization, as the amount of different types of direct formal alliance
partners – can impact the focal organization’s performance beyond and above the
individual alliances. Furthermore, no studies to date have focused on how the
diversity of IOR portfolios changes due to the influence of antecedents, although
firms might use the diversity of their IOR portfolio to respond to external changes.

Figure 1: A Focal Firm and Its IOR Portfolio
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This dissertation aims to fill these gaps by investigating both the performance
implications and the antecedents of diversity in IOR portfolios. Furthermore, a
dynamic perspective to IOR portfolio diversity is incorporated to accommodate the
changes in the environment of organizations and in the organizations themselves.

The investigation into this multipart research question has produced a number
of contributions. First, this dissertation contributes to the body of literature on IOR
and IOR portfolios, specifically. The investigation of the performance effects of
diversity in the IOR portfolio considers the relevance of this new level of analysis.
Second, in addition to incorporating both multiple IOR at one point in time and the
synergistic and antagonistic effects between these IOR, this research question
investigates whether the diversity in the IOR portfolio influences the performance
of new IOR. Third, this research question aims to investigate the implications for
firm performance. Because firms frequently have multiple goals, this entails
investigating multiple performance dimensions. By doing so, this dissertation also
explores whether the relationship between diversity in the IOR portfolio and
various performance dimensions is uniform. Additionally, the investigation of the
research question will indicate whether increasing levels of diversity in the IOR
portfolio are beneficial or not. Fourth, and finally, due to the additional focus on
antecedents, this multipart research question will investigate whether firms use the
diversity of their IOR portfolio to respond to external developments.
To achieve these contributions and provide answers to the multipart research
question, three empirical studies were conducted. The research question essentially
consists of two elements: performance implications and antecedents. These two
elements are used to divide it into sub-questions, which are answered in the three
studies. The first two investigate the performance implications of diversity in the
IOR portfolio. More specifically, these two studies focus on the diversity of
different types of alliance partners (e.g., buyers, suppliers, and research institutes)
and the impact on multiple performance dimensions. The third study investigates
an important antecedent of diversity in the IOR portfolio by exploring if and how
21
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firms respond to an antecedent with regard to the diversity of the different modes
of IOR used in their IOR portfolio (e.g., alliances, joint ventures, and mergers and
acquisitions). This multi-pronged approach allows us to incorporate diversity on
both parts of the portfolio (i.e., the partners and the IOR), with Studies 1 and 2
incorporating the diversity of partners and Study 3 incorporating the diversity of
the IOR modes. The following sections elaborate on each of these three studies,
which together contribute answers to the multipart research question.

1.2. Study 1: Returns to Alliance Portfolio Diversity: The Relative Effects of
Partner Diversity on Firms’ Innovative Performance and Productivity
To incorporate both aspects of the portfolio level (i.e., multiple IOR and
synergies/dis-synergies) scholars focus on diversity aspects within a focal firm’s
portfolio. One of the main lines of inquiry in the portfolio diversity literature
focuses on the diversity aspects of the various partners (e.g., Duysters & Lokshin,
2011; Faems, Van Looy, & Debackere, 2005; Laursen & Salter, 2006; Oerlemans,
Knoben, & Pretorius, 2013). These studies usually focus on the diversity aspects of
partners within a single mode of IOR, which is frequently that of alliances. This
focus on alliances as one mode of IOR is justifiable given that for more than 10
years, scholars have agreed that voluntary arrangements among independent
organizations that exchange or share resources and/or engage in the codevelopment or provision of products, services, processes, or technologies – also
known as alliances (Gulati & Singh, 1998) – are an ubiquitous phenomenon
(Contractor & Lorange, 2002). Alliances are thus one of the IOR modes frequently
used by firms and studied by scholars.
With regard to the focus on the diversity aspects of the partners, the literature
shows that similarities and differences among alliance partners (such as variance in
the partners’ resources, capabilities, competencies, and backgrounds) are important
key network attributes that can have a significant impact on organizational
performance (e.g., Beckman & Haunschild, 2002). To capture these variances in
22
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resources, the literature has attributed different resources to different partner types
(e.g., buyers, suppliers, and research institutes). Numerous studies have shown that
different types of alliance partners can provide a focal firm with different resources,
such as knowledge and expertise, which can be used to improve innovative
performance and for other benefits (e.g., Belderbos, Carree, & Lokshin, 2006;
Belderbos, Gilsing, & Lokshin, 2012; Faems, Van Looy, & Debackere, 2005).
Alliances with suppliers, for example, are beneficial for improving
exploitation-related performance, such as input quality improvements, process
innovations, and cost reductions, because suppliers may possess knowledge related
to the actual production processes (Sobrero & Roberts, 2002). Alliances with
competitors can provide the focal organization with possibilities for sharing
research and other facilities (Kim & Higgins, 2007) and costs (Miotti & Sachwald,
2003). And alliances with customers can provide the focal firm with product and
service feedback that could be used for product, process, and service improvements
or to develop altogether new products (Lee & Wong, 2009; Von Hippel, 2007).
Customer connections can also reduce the uncertainty associated with new market
introductions.
This line of research has studied the relationship between Alliance Portfolio
Diversity (APD), through the alliances with different partner types, and various
dimensions of organizational performance, such as financial performance (Faems,
De Visser, Andries, & Van Looy, 2010; Lavie & Miller, 2008; Mouri, Sarkar, &
Frye, 2012; Wassmer & Dussauge, 2011), innovative performance (Srivastava &
Gnyawali, 2011; Duysters & Lokshin, 2011; Wuyts, & Dutta, 2012), or firms’ exit
strategies through sell-offs and shutdowns (Bruyaka & Durand, 2012). Although
these previous studies have shown the significance of the relationship between APD
and organizational performance, most of them focused on only one dimension of
organizational performance at a time. In practice, of course, organizations pursue
multiple performance objectives simultaneously, such as productivity and radical
and incremental innovation.
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The main argument of this study is that the relationship between APD and the
various performance dimensions is not uniform. Additionally, little is known from
the literature about the differences in the optimum level of APD. In other words,
what level of APD is optimum for which performance dimension? Surprisingly,
little research has gone into understanding the significance of APD for firms’
productivity and radical and incremental innovative performance. Yet, this is
important, since it contributes to an understanding of the performance implications
of the balancing act a firm must perform as it strives to maximize its radical and
incremental innovative performance, for instance. By considering several
performance dimensions within a single framework, this first study establishes the
relative performance effects of APD and thereby uncovers its different impacts on
multiple performance dimensions.
Following the literature (e.g., Duysters and Lokshin, 2011), this first study
defines APD in terms of the diversity in partner types in the direct alliances a focal
organization engages in. This study thus reports on the theorization and
investigation of the relationships between a portfolio of different types of alliance
partners (e.g., buyers, suppliers, research institutes, etc.) and three firm
performance measures: productivity and radical and incremental innovative
performance. Using a large panel dataset of innovative firms in the Netherlands
and Tobit random effects panel data estimations, it shows that the partner diversity
in a firm’s alliance portfolio has an inverted U-shaped relationship to both
productivity and radical innovative performance. A positive relationship is found
between diversity in the alliance portfolio and incremental innovative performance.
Moreover, the theorizing and findings suggest that a lower level of diversity is
needed to achieve an optimum level of productivity with regard to radical
innovative performance than for incremental innovative performance, in which a
higher level of portfolio diversity appears to give the best performance.
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1.3. Study 2: Constraints Are Your Friends: Resource Constraints as a
Contingency Effect on the Relationship between Alliance Portfolio Diversity
and Innovative Performance
The second study builds on and extends the first, while focusing on the
diversity of types of alliance partners in the IOR portfolios of focal firms. The
results of the first study were divided with regard to the relationship between APD
and innovative performance: The findings revealed an inverted U-shaped
relationship between APD and radical innovative performance and a positive
relationship between APD and incremental innovative performance. A review of
the literature on the relationship between APD and innovative performance also
reveals primarily two groups of results. Most studies report an inverted U-shaped
relationship between APD and innovative performance (e.g., De Leeuw, Lokshin,
& Duysters, 2014; Duysters & Lokshin, 2011; Laursen & Salter, 2006; Oerlemans
et al., 2013; Sampson, 2007; Vasudeva & Anand, 2011). However, positive
relationships between APD and innovative performance are also frequently
reported (e.g., Baum, Calabrese, & Silverman, 2000; Faems, Van Looy, &
Debackere, 2005; Nieto & Santamaria, 2007; Phelps, 2010; Srivastava &
Gnyawali, 2011; Wuyts, Dutta, & Stremersch, 2004).
These previous studies show that APD has an important impact on a firm’s
innovative performance, but that the APD literature is inconclusive about this
impact. Although one might argue that these different effects could be due to the
different dimensions of innovative performance (radical and incremental), as
appears to be the case based on the results of the first study, the review of the APD
literature also finds inconclusive results within the individual innovative
performance dimensions.
These differences within the individual performance dimensions might be due
to contingency effects that influence the relationship between APD and the
performance dimensions. For this reason, coupled with a recognition that not all
firms benefit equally from APD, management scholars (e.g., Schilke & Goerzen,
2010; Schilling & Phelps, 2007; Wassmer, 2010) have recently called for
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investigating the effects of contingencies on the relationship between APD and
innovative performance. Two studies so far have done so (Oerlemans et al., 2013;
Wuyts & Dutta, 2012), and the results show that incorporating contingency effects,
like technology management tools, significantly influenced the relationship
between APD and, in this case, innovative performance (Oerlemans et al., 2013).
Despite these two recent studies, which demonstrate the relevance of incorporating
contingency effects into the relationship between APD and innovative
performance, much remains to be learned about the influence of contingency
effects.
To address the lack of conclusiveness in the literature regarding the
relationship between APD and innovative performance, and follow up on the call
for incorporating contingency effects, this second study incorporates resource
constraints as a contingency affecting the relationship between APD and
innovative performance. The main reason for this focus on resource constraints has
to do with how they are theoretically and empirically related to APD. The alliance
literature has demonstrated this relatedness, and more specifically, it has been
observed that firms can use alliances with different partner types, such as
customers, suppliers, and research institutes, to partially resolve resource
constraints. Firms can use alliances to gain access to resources not available within
the firm (Oliver, 1990), thereby circumventing the resource constraints. These
resources obtained through alliances can be used to supplement and complement
the firms’ internal innovation base (e.g., Poot, Faems, & Vanhaverbeke, 2009) and
achieve cost reductions and improve quality (e.g., Hagedoorn, 1993). In other
words, the value and benefits of APD in relation to innovative performance might
be influenced by the level of resource constraints experienced.
To contribute to the multipart research question, the second study combines
two streams of research that delivered mixed results on the role of two key
phenomena: alliance portfolio diversity (diversity in the total set of partner types in
the direct alliances a focal firm maintains, as in Study 1) and resource constraints.
The results and theorization of this second study shows that there are inverted U26
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shaped relationships for both APD with innovative performance, as well as
resource constraints with innovative performance. Furthermore, resource
constraints have a partial positive moderating effect on the relationship between
APD and innovative performance.
Contributing to the notion that APD and resource constraints can have
different effects on different dimensions of performance (as shown, for instance, in
Study 1), this study shows that the positive moderating effect differs for the
relationships between APD and two dimensions of innovative performance:
incremental and radical. No significant effect of resource constraints on the
relationship between APD and radical innovative performance was found. But
resource constraints were found to significantly positively influence the
relationship between APD and incremental innovative performance, turning the
original inverted U-shaped relationship into a positive relationship. As was done in
the first study, the hypotheses are tested on a panel dataset, in this case from five
consecutive Community Innovation Surveys in the Netherlands, with Tobit random
effects panel data estimations.

1.4. Study 3: Fight or Flight: The Influence of Industry and Firm-specific
Technological Turbulence on the Portfolio Dynamics of Interorganizational
Relationships
In addition to investigating the performance implications of IOR portfolio
diversity, the multipart research question calls for investigating antecedents. To
investigate an antecedent of IOR portfolio diversity, this third study focuses, in
contrast to the first two studies, on the diversity of the IOR (i.e., the ties) in the
portfolio of a focal firm (e.g., alliances, joint ventures, mergers and acquisitions)
instead of the diversity of the partner types in the portfolio. Moreover, the focus is
thus on the antecedents of IOR portfolio diversity instead of on performance
implications (as was the case in the first two studies). Although previous studies
(including Studies 1 and 2 of this dissertation) have established relationships
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between the diversity of IOR portfolios and firm performance, and thereby
empirically confirmed the relevance of this level of analysis, no studies so far have
assessed how diversity in IOR portfolios changes over time and what causes these
changes.
Because many firms experience uncertainty of a technological and other
nature, specifically in high-tech industries, uncertainty is the antecedent under
investigation in this third study. The failure to respond (optimally) to uncertainty
and technological changes can lead to major organizational challenges and even
firm failure (e.g., Henderson & Clark, 1990). The literature has shown that firms
use interorganizational relations (IOR), among other things, to deal with
uncertainty (e.g., Koka, Madhavan, & Prescott, 2006; Oliver, 1990). Firms often
maintain a combination of modes of IOR simultaneously, such as alliances, joint
ventures, and mergers and acquisitions (Keil, Maula, Schildt, & Zahra, 2008). The
different modes of IOR have different levels of flexibility, which the firms can use
to their advantage during uncertain situations, since these different levels of
flexibility offer varying degrees of adaptability. In other words, firms maintain a
combination of IOR modes in their portfolio because they can utilize their total set
of modes to diversify risk and gain access to resources and information in multiple
ways. Hence, firms can use their different modes of IOR to cope with technological
uncertainty (operationalized as technological turbulence). This third study therefore
investigates how firms respond to increasing levels of technological turbulence
with regard to the diversity of modes (e.g., alliances, joint ventures, etc.) in their
IOR portfolio.
In this third study, the focus is thus on the different modes of IOR a firm uses
in their portfolio. It assesses how firms respond to two types of technological
uncertainty: that is, industry versus firm-specific technological turbulence. The
study also investigates how firms change the diversity of their IOR portfolio by
initiating different modes of IOR, such as alliances, joint ventures, and mergers and
acquisitions, in response to the two types of technological turbulence. In general,
firms might decide between two opposing responses: either increase or decrease
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their IOR portfolio diversity. These two responses relate to a broader
organizational debate about how firms respond to uncertainty: Do they innovate or
revert to their core business? The theorization and results show that the two distinct
types of technological turbulence trigger two opposing responses from firms.
Extending these findings to theory, this study additionally shows that real
options theory appears more valid with regard to industry technological turbulence,
whereas threat-rigidity theory appears to be more valid for firm-specific
technological turbulence. Besides answering the question as to how firms respond
to the two types of technological turbulence, this study focuses on how firms enact
these responses. This involved delving deeper into the portfolio level and
investigating how firms respond to the two types of technological turbulence with
regard to the different IOR modes they have in their IOR portfolio. Random effect
and negative binominal panel data estimations were used to test the hypotheses on
a newly developed panel dataset of the 282 largest U.S. pharmaceutical
biotechnology firms for the period from 1990 to 2007.

1.5. Structure of this Dissertation
Although the literature has recently started to explore the portfolio level of
analysis, much remains unknown about the performance implications and
antecedents of diversity in IOR portfolios. These three empirical studies, together,
aim to provide answers to the multipart research question. Chapter 2 will report on
the investigations of the first study, and Chapter 3 on those of the second study.
Both of those studies focus on the performance implications of diversity in the IOR
portfolio. The investigations of the third study are reported on in Chapter 4. That
study explores an antecedent of IOR portfolio diversity. Chapter 5 provides an
elaboration on the general conclusions and discussion of the results of these three
studies and this multipart research question.
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1.6. Overall Contribution
This dissertation aims to investigate the performance implications and
antecedents of IOR portfolios from a dynamic perspective. Because the portfolio
level is a relatively new level of analysis, research on IOR portfolios is also
relatively new, though it is starting to grow. These studies contribute to a growing
body of literature in a number of ways.
First, they show that studying IOR portfolio dynamics is a highly relevant
level of analysis, from both a scientific and a practical perspective. In addition to
the two concrete benefits of this level of analysis (i.e., the ability to incorporate
both multiple IOR at one point in time and synergistic and antagonistic effects
between these IOR), the theorizing and results of these studies show that APD has
an effect on firm performance, as well, and that the performance effects of a new
form of IOR might depend on the current diversity in the IOR portfolio.
Specifically, the inverted U-shaped relationships found between APD and both
productivity and innovative performance show that the performance benefits of an
additional alliance with another partner type might depend on the current level of
portfolio diversity. When a new type of partner alliance is added to the portfolio
before the optimum level of diversity is reached, the inverted U-shaped
relationship indicates that the additional partner type could increase the
performance benefits derived from the IOR portfolio. However, when a new type
of alliance partner is added to the portfolio after the optimum level of diversity has
been reached, the first two studies show that this might lead to a negative effect on
performance. In practice, firms could therefore benefit from not only assessing the
fit with the focal firm itself, but also assessing the fit with the overall IOR
portfolio.
Second, the studies revealed that different performance-maximizing levels of
APD are required for radical and incremental innovation, as well as for
productivity. As such, these studies contribute to the knowledge on the relationship
between APD and performance. Additionally, the studies showed that contextual

30

Introduction

factors, such as various dimensions of firm performance and resource constraints,
might also influence the APD–performance relationship.
Third, this dissertation shows that firms use their IOR and IOR portfolio
diversity to respond to environmental challenges, such as technological
uncertainty. Because multiple theoretical frameworks are used in Study 3, it
provides a more fine-grained view of the applicability of both real options theory
and threat-rigidity theory, as well as firms’ responses to two types of technological
uncertainty.
In general, the three studies contribute to the extended resource-based view of
the firm as an overarching theoretical framework. This theoretical framework
assumes that resources are distributed between different organizations and that
firms need to collaborate to gain access to these needed resources. Due to the
additional focus on innovative performance in two of the three studies, those two
studies also contribute to the knowledge on open innovation. Specifically, this
dissertation not only focuses on the possible positive effects of IOR, but also
incorporates possible negative effects and the synergies/dis-synergies between
IOR. The studies contribute to the knowledge about open innovation in relation to
different performance dimensions by simultaneously integrating these positive and
negative effects of APD into multiple dimensions of organizational performance.
With regard to the multipart research question, the three studies show that: a
more diverse IOR portfolio is not always better; the performance effects of APD
differ for different performance dimensions, and contextual factors influence these
relationships; and firms use the diversity of their IOR portfolio to respond to
environmental challenges.
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Chapter 2
Returns to Alliance Portfolio Diversity:
The Relative Effects of Partner Diversity on
Firm’s Innovative Performance and
Productivity 1,2
ABSTRACT
This study considers the impact of diversification in types of technological alliances,
resulting in alliance portfolio diversity, on various dimensions of a firm’s performance, as
they relate to exploration and exploitation. Using a large panel of innovative firms in the
Netherlands, this study shows that partner type diversity in a firm’s alliance portfolio has an
inverted U-shaped relationship with productivity and radical innovative performance and a
positive relationship with incremental innovative performance. Moreover, the results
suggest that a lower level of diversity is needed to achieve an optimal level of productivity
compared to radical innovative performance, whereas for incremental innovative
performance a higher level of portfolio diversity appears to give the best performance.
Key words: R&D Collaboration; Radical Innovation; Incremental Innovation;
Technological Alliances; Alliance Portfolio Diversity.
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2.1. INTRODUCTION
Both practitioners and scholars agree that technological alliances, aimed at a
purposeful exchange of technological resources or joint R&D is a ubiquitous
phenomenon (Contractor & Lorange, 2002). Several factors such as product
complexity, growing importance of time-to-market, increasingly geographically
dispersed technological knowledge, as well as the rising costs of R&D, have led to
a strong increase in the number of alliances between firms (De Man & Duysters,
2005; Li, Qian, & Qian, 2013). This overall growth in alliance formation coincides
with an increase in the number of technology alliances that a single firm maintains
(e.g., De Man, Duysters, Krijnen, & Luvison, 2011).
Due to the increased speed and sophistication of technological change a single
alliance or partner type is unlikely to provide all the necessary solutions. Extant
research has argued that that firms increasingly adopt alliance portfolio practices,
by augmenting the number and types of actors with which they interact, e.g.,
customers, suppliers, and research institutions and, with that, the level of
diversification in their alliance portfolio. When firms maintain multiple alliances at
the same time, a focus on the egocentric network of the firm or the so-called
alliance portfolio is called for (Wassmer, 2010). In the alliance portfolio context,
diversification (APD for short) and its implication for firm performance has
recently attracted attention in the literature on alliances (e.g., Baum, Calabrese, &
Silverman, 2000; George, Zahra, Wheatley, & Khan, 2001; Jiang, Tao, & Santoro,
2010; Lee, 2007; Goerzen & Beamish, 2005; Sarkar, Aulakh, & Madhok, 2009;
Terjesen, Patel, & Covin, 2011; Wassmer & Dussauge, 2011). This line of
research, central to this study, looks outside the boundaries of the firm and
considers the diversification of external partners as a vehicle to access externalparty resources that are not otherwise available (Das & Teng, 2000; Lavie, 2006).
Previous studies usually focused on the relationship between APD and one
performance dimension at a time, e.g., financial performance (Faems, De Visser,
Andries, & Van Looy, 2010; Lavie & Miller, 2008; Mouri, Sarkar, & Frye, 2012;
Wassmer & Dussauge, 2011), innovative performance (Srivastava & Gnyawali,
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2011, Duysters & Lokshin, 2011; Wuyts & Dutta, 2012), or firms’ exit via sell-off
and shutdown (Bruyaka & Durand, 2012).
In practice, firms simultaneously pursue multiple performance objectives,
such as productivity, and radical and incremental innovation. Often this requires
balancing between strategies aimed at maximizing exploration and exploitation
(e.g., Cao, Gedajlovic, & Zhang, 2009; Venkatraman, Lee, & Iyer, 2007).
Configuring an alliance portfolio in such a way to maximize firm performance is
important in this context. Although previous studies have shown the significant
relationship between APD and firm performance, most of these studies have
focused on only one performance measure. This study puts forth that the
relationship between APD and varying performance indicators is not uniform. In
particular, from the previous APD literature little is known about the differences in
the optimal level of APD for different performance outcomes. In other words,
which level of APD is optimal for which performance dimension? Specifically,
surprisingly little research has gone into understanding the significance of a diverse
alliance portfolio for firms’ radical and incremental innovative performance. Yet,
this is important as this contributes to the understanding of the performance
implications of the balancing act as a firm strives to maximize explorative and
exploitative performance.
Investigation of this research question via a comparative analysis, such as a
meta- analysis of the existing studies (see Parmigiani & Rivera-Santos, 2011 for
one such attempt), is complicated due to differences in APD operationalization,
industry coverage and time periods, which may preclude meaningful conclusions.
In contrast, considering several performance dimensions within the framework of
one study enables establishing the relative performance effects of APD and
uncovering the differences in its impact on multiple performance indicators, as they
relate to firm’s exploration and exploitation.
The aim of this paper is to fill this gap in the extant APD literature by
examining the relative performance effects of diversity in a firm’s technological
alliance portfolio by considering three performance measures: radical innovation,
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incremental innovation and productivity. Following previous literature (e.g.,
Duysters & Lokshin, 2011), this study defines APD in terms of direct alliance
partner types a focal organization is engaged with. Second, we put forth that
benefits of APD are subject to decreasing returns, indicating a point where
additional diversification in the types of actors with which a firm interacts becomes
unproductive. Finally, this study advances that different performance-maximizing
levels of APD are required for radical and incremental innovation as well as for
productivity. The paper proceeds as follows. The next section provides a literature
background. The subsequent section develops a set of hypotheses that propose a
relationship between APD and each of the performance measures, followed by the
data and methods section, which explains the empirical approach. The paper
concludes with the discussion and the practical implications of the results.

2.2. THEORATICAL BACKGROUND AND HYPOTHESES
2.2.1. Alliance Portfolio Diversity and Alliance Types
The APD concept, which has recently received much scholarly attention,
consists of two elements. The first is the alliance portfolio, which in line with
previous research is defined as the set of focal firm’s active formal alliances (e.g.,
Baum et al., 2000; Ozcan & Eisenhardt, 2009). The alliance portfolio approach to
studying alliances enables scholars and practitioners to investigate the
(dis)synergetic effects between multiple alliances maintained by a firm at one point
in time (Wassmer & Dussauge, 2011; 2012). This feature of the alliance portfolio
is highly relevant because of the growing evidence that firms frequently maintain
multiple alliances at one point in time (e.g., De Man et al., 2011) and that alliance
synergies indeed have an effect on the value derived from the alliances (Wassmer
& Dussauge, 2012; Belderbos, Carree, Lokshin, 2006).
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The second element of APD is diversity, which in general refers to the
distribution of differences in relation to an attribute “X” (Harrison & Klein, 2007).
Prior literature has considered such attributes as, organizational size, age,
geographical location or partner type (e.g., Isobe, Makino, & Montgomery, 2000;
Wuyts & Dutta, 2012). These contributions have established, for instance, that
larger firms have more abundant resources and may handle more easily the
management of multiple technology alliances with firms of different size (e.g.,
Belderbos et al., 2006; Duysters, Lokshin, Heimeriks, Meijer, & Sabidussi, 2012).
The concept of diversity of firm age is related to firm experience and learning.
Wuyts and Dutta (2012) show that a firm’s past strategies for internal knowledge
creation can be a source of experience that increases the firm’s capability to
leverage extramural knowledge. Diversity with respect to geographical locations of
partners can provide the focal firm with highly sophisticated, specialized, and
partially tacit knowledge from local sources (Meyer-Krahmer & Reger, 1999).
This paper refers to APD as the diversity of firms’ alliances types (different
categories of firms, universities, and other research or technology institutions) that
represent different channels that firms rely upon in order to improve their
innovative and productive performance. The focus is on different types of (national
and foreign) alliance partners because different partner types can serve different
purposes such as providing the focal firm with different resources, knowledge, and
expertise useful for improving innovative performance and productivity (e.g.,
Aschhof & Schmidt; 2008; Belderbos, Carree, Diederen, Lokshin, & Veugelers,
2004; Teece, 1980).
The importance of collaborative strategies is demonstrated in various studies.
These studies investigate the extent to which different alliance types lead to
improvement in firm’s performance outcomes (e.g., Belderbos, Carree, & Lokshin,
2004; Laursen & Salter, 2006; Salge, Farchi, Barrett, & Dopson, 2013; Köhler,
Sofka, and Grimpe, 2012). Cooperation with suppliers, for instance, has been
shown to help improve exploitation-related performance, such as input quality
improvements, process innovations, and cost reductions because suppliers may
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possess knowledge related to the actual production processes (Sobrero & Roberts,
2002). Customers, on the other hand, can provide the focal firm with product and
service feedback that could be used for product, process, and service improvements
or development of altogether new products (Lee & Wong, 2009; Von Hippel,
2007). Customers can reduce the uncertainty that is associated with new market
introductions. Their input may be essential for market expansions and for
adaptations in products and services (Tether, 2002). Competitors can provide the
focal organization with access to industry-specific knowledge and could share
(research) facilities (Kim & Higgins, 2007) and (research) costs (Miotti &
Sachwald, 2003). Alliances with competitors could also be used to deal with
industry standards and regulations (Nakamura, 2003). However, collaboration with
competitors can have a downside due to an increased risk of outgoing knowledge
spillovers because competitors (compared to other partner types) are better able to
use unintended knowledge spillovers (Park & Russo, 1996). Cooperation with
universities and public research institutions can be an important source of new
scientific and technological knowledge. Prior research has demonstrated that
university collaboration can, for instance, lead to development of new (radical)
applications of already existing technology (Archibugi & Coco, 2004; Arvanitis,
Kubli, & Woerter, 2008; Drejer & Jorgensen, 2005). Universities and research
centers can be attractive for industry partners providing low-cost access to generic
R&D (Arranz & Arroyabe, 2008; Beers, Berghall, & Poot, 2008; Mototashi, 2005).
Taken together, the alliance types described above make up a focal firm’s
alliance portfolio. This is in line with for instance Faems, Van Looy, & Debackere,
(2005) and Oerlemans, Knoben and Pretorius (2013). In sum, the alliance partner
diversity concept assumes diversity between alliance partner types because
different partner types can differ in their categorical attributes, i.e., their resources,
capabilities, competences, and industrial backgrounds. Due to possible
(dis)synergies between the alliance partner types, APD can impact the focal firm’s
performance above and beyond the effect of individual alliances.
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2.2.2. APD and Firm Performance
Prior research on the diversity of alliance partners suggests that having
heterogeneous partners can lead to performance benefits, because different types of
organizations provide access to more diverse information and resources (e.g.,
Beckman & Haunschild, 2002; Wuyts, Dutta, & Stremersch, 2004). Other research
shows that alliance partner diversity can have negative effects on firm performance
(e.g., Faems et al., 2010; Goerzen & Beamish, 2005). Notwithstanding that
diversity can lead to more information and resources, too much diversity and the
corresponding (cognitive) distance between the focal firm and their partners
hinders the exchange and integration of information and resources. Other studies
found an inverted U-shaped relationship between the diversity of alliance partners
and various performance dimensions, suggesting that diversity is beneficial to a
certain point, after which further increasing diversity has a negative effect on
performance (e.g., Duysters & Lokshin, 2011; Koka & Prescott, 2002). In the
section below, drawing on resource based view (RBV), transaction cost economics
and the attention-based view, we develop hypotheses concerning the performance
consequences of alliance partner diversity and derive predictions on the optimal
level of APD for each performance outcome.

2.2.3. APD and Innovative Performance
From the RBV perspective, firms collaborate with external partners to
complement their internal innovation efforts (Deeds & Rothaermel, 2003; Poot,
Faems, & Vanhaverbeke, 2009). Since resources and capabilities, as argued above,
are likely to vary between different partner types, different relationships lead to
diverse and non-redundant resources and information (Burt, 1980, 1992). Superior
innovation performance thus can be achieved by combining the resources of
partners in the alliance portfolio and exploiting possible complementarities and
synergies (Belderbos et al., 2006; Nieto & Santamaria, 2007). An illustration of
this is an alliance with a research institute to develop a new product idea, and
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simultaneous alliances with consultants, suppliers, and customers to develop a new
production process and to find a market for the new product. Hence, increasing the
level of APD provides more resources and more information for the focal firm.
However, according to Burt (1992, p. 49) the optimal network nonredundancy is determined by a “budget equation…[that] has an upper limit set by
the [focal firm’s] time and energy.” The focal firm thus makes a trade-off between
the benefits obtained from diverse partner types and the resources required to
maintain productive relationships. Alliances require substantial monitoring and
control (e.g., Faems, Janssens, Madhok, & Van Looy, 2008; Gulati & Singh, 1998)
and as a consequence the focal firm may not be able to deal with high levels of
APD (Hoffmann, 2005). Moreover, attention based view suggests that high levels
of APD could lead to information overflow. Related, Koput (1997) provides three
reasons for the negative effect of information overflow on firm performance.
Firstly, at high levels of APD too many different ideas could reach the focal firm
and hence managers may have difficulty to manage and choose from these ideas
(the absorptive capacity problem). Secondly, resources and ideas could reach the
firm at the wrong time or place to be fully exploited (the timing problem). Thirdly,
when too many different ideas reach the firm, few are taken seriously and receive
the attention necessary for successful development and implementation (the
attention allocation problem). With increased APD, the ability to take optimal
advantage of learning opportunities may thus decrease. Firms may furthermore not
only forego such learning opportunities but may additionally fail to guard against
leakage or knowledge spillovers to its multiple partner types (Jiang et al., 2010).
Combining the various positive and negative effects we argue that APD has a
positive effect on firm innovation performance up to an optimum point, after which
further increasing APD has a detrimental effect. Beyond the optimum the resource
limitations of the focal firm and the possible other negative effects outweigh the
benefits gained from having higher levels of APD, hence:
Hypothesis 1: APD has an inverted U-shaped relationship with innovative
performance.
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2.2.4. APD and Productivity
A firm can increase productivity when it combines, invests in, or exchanges
skills, assets, and knowledge with different alliance partner types (Dyer, 1996;
Nooteboom, 1999). When the focal firm transacts with complementary partner
types such as customers-suppliers, these benefits can become larger. The focal firm
could for instance use knowledge obtained from the customers about a forecasted
demand to inform the supplier of the needed supplies and thereby reducing supply
deviations and thus costs. Rosenzweig, Roth, and Dean (2003) provide empirical
evidence that collaboration with partner types in the supply chain leads directly to
improved productive performance.
The expansion in number of different partner types, on the other hand, may
increase the risk of opportunistic behavior (Combs & Ketchen, 1999; Teece, 2002).
Transaction-cost economics suggests that firm’s investment in the partner-specific
relationship and development of partner-specific assets and skills makes extraction
from an unproductive alliance expensive and time-consuming (Aharoni, 1966).
Moreover, investments in partners’ assets increase the level of bilateral dependence
between the alliance partners (Teece, 1986). Such “liabilities of collective action”
(Barnett, 1994) or over-embeddedness can lead to negative effects on firm
performance (Uzzi, 1997). If unforeseen events occur (such as an unforeseen exit)
the embeddedness and corresponding dependency can hamper the focal firm’s
performance (Singh & Mitchell, 1996; Lokshin, Hagedoorn, & Letterie, 2011).
In addition, high levels of APD may increase the likelihood of inefficient
resource allocation. For example, matching the focal firm’s (production) activities
with the activities of all kinds of partner types may be difficult (Goerzen &
Beamish, 2005). Taken together, the arguments suggest that collaboration with
different partner types has a positive effect on productivity up to a certain point
after which the negative effects related to risks and partner type dependency
outweigh the benefits. Hence:
Hypothesis 2: APD has an inverted U-shaped relationship with productivity.
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2.2.5. Different Optima per Performance Dimension: Productivity
This section presents arguments which claim that different levels of APD are
beneficial for different performance dimensions. With regard to productivity, Dyer
and Singh (1998, p. 662) argue that firms can gain “a supernormal profit [that is]
jointly generated in an exchange relationship that cannot be generated by either
firm in isolation and can only be contributed by joint idiosyncratic contributions of
the specific alliance partners.” This profit and productivity improvement is possible
when partners combine, invest in, or exchange skills, assets, and knowledge
(Nooteboom, 1999). Investments in specialized skills and assets in conjunction
with the skills and assets of the partners are thus potential sources of improved
productivity or financial performance (Amit & Schoemaker, 1993; Carney, 1998).
Productivity can be improved for both alliance partners by increasing
relationship-specific assets, i.e., investments in site assets, physical assets, and
human assets (Williamson, 1985; Rosenzweig et al., 2003). Site specificity ensures
that the partners’ (production) facilities are co-located to economize on
transportation, and inventory costs or to take advantages of processing efficiency
(Dyer, 1996). Site specificity may also improve coordination and knowledge
sharing (Nobel & Birkinshaw, 1998). Physical asset specificity such as investments
in production processes and technology may increase the productivity of the
partners. For instance, Holm, Eriksson and Johanson (1999) provide evidence that
systems of workflow interdependence have positive effects on organizational
performance. Human asset specificity involves the development of know-how
through interaction between the partners. Repeated interaction with alliance
partners improves knowledge sharing, communication, and the absorptive capacity
which is beneficial for the utilization of process innovation and product
development (Lane & Lubatkin, 1998; Mowery, Oxley, & Silverman, 1996).
Human asset specificity can thus lead to cost reductions and improved productivity
for the alliance partners. Extending this dyadic argument to APD, we posit that
synergies can emerge when the focal firm collaborates with complementary types
of actors (e.g., Belderbos et al., 2006).
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In sum, from a transaction-cost economics perspective, the investments in
relationship-specific assets can lead to higher levels of productivity. Often, such
investments in production stages and the production process call for partner types
who are active mainly within the supply chain such as customers and suppliers.
The positive impact on firm’s productivity could therefore be achieved by
collaboration with a limited number of partner types within the value chain 3.
Adding more partner types outside the supply chain, is expected to have a limited
added value, although the costs of these kinds of investments are high. Hence,
relatively low levels of APD could be sufficient to maximize productivity.
Another argument in favor of a relatively low optimal level of APD for
productivity, i.e., alliances with limited partner types, comes from the role of
uncertainty about product demand. Prior studies have shown that firms use
alliances to jointly forecast the production level: Metters (1997) provides evidence
that a “bullwhip effect”, i.e., deviations between the forecast and the actual
demand, can have a serious negative effect on productivity. A large deviation can
lead to over- or under-production. The former can lead to large inventory costs and
the latter can result in lower levels of sales that would have been possible.
Preventing or limiting these demand distortions could, according to Metters (1997),
increase product profitability by 10–30% 4. Firms therefore form alliances with
partner types in the supply chain to improve demand forecasting and to limit
demand distortions. A limited number of partner types like customers could
provide the focal organization with information about the demand. Collaborating
additionally with suppliers to match the demand with supply might be sufficient.
3

Examples given in the literature of such alliances with limited partner types are alliances aimed at:
joint investments by alliance partners in supply chain integration and management; just-in-time
delivery; the development of co-specialized assets and collaborative routines, such as finding the
optimal fit between the (production) processes; economies of scale; and reductions in cost, waste,
downtime, and cost per client (Rosenzweig et al., 2003); joint forecasting, forestalling, absorbing
environmental uncertainty, stabilizing incoming resource flows and outgoing products and services,
sharing risks, providing access to new markets, providing economies of scope, and assembling
complex skills and resources (Baker, 1990; Burgers, Hill, & Kim, 1993).
4
The bullwhip effect has a larger negative influence on the performance of organizations earlier in
the value chain, so the earlier the organization in the supply chain the greater the possible
improvement.
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Adding more partner types does not add more information, but does bring
additional costs.
To summarize, firms enter alliances with partner types in the supply chain to
overcome uncertainty and reduce risk, ensure a stable inflow of resources and
outflow of products and this can directly lead to improved productivity especially
when relationship-specific investments are made. Thus, the positive impact on
productivity can be achieved by collaborating with a limited number of partner
types mainly in the supply chain, such as suppliers and customers, and as such
relatively low levels of APD could suffice.

2.2.6. Different Optima per Performance Dimension: Radical Innovative
Performance
In addition to distinguishing between productivity and innovative performance
as such, this study considers radical as well as incremental innovation performance.
The fundamental difference between radical and incremental innovation is the
degree of novelty of a product or service. While radical innovations are referred to
as revolutionary and technologically new products or services, incremental
innovations are based on evolutionary improvements in existing offerings. Firms
usually have to invest considerable resources to develop radical innovations. These
radical innovations have high levels of uncertainty (Garcia & Calantone, 2002) but
the potential gains of such innovations are high, and they thus offer “the carrot of
spectacular reward or the stick of destitution” (Schumpeter, 1942). For incremental
innovations the necessary investment and the risk are lower, but the potential gains
are also smaller (Marsili & Salter, 2005).
Radical innovations significantly extend the firm’s competences (Voss,
Sirdeshmukh, & Voss, 2008) and therefore the knowledge base of the focal firm
must usually be adapted (Cohen & Levinthal, 1990). If the innovation is developed
by or jointly with a partner, this partner has a lot of in-depth knowledge about the
innovation. This kind of in-depth knowledge, also known as tacit knowledge, may
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not be easily codified and transferred to the focal organization. The required
adaptation of the knowledge base of the focal organization therefore may be
difficult (Sampson, 2007). When the focal firm has to simultaneously manage other
alliances with different partner types, this may require considerable resources to
manage a high level of APD. The resources devoted to the management of different
partners cannot be used to integrate the knowledge base of the innovative firm with
that of the focal firm (Maurer & Ebers, 2006), and this can hamper the radical
innovative process. Maintaining alliances with a medium number of partner types
and focusing all attention on these alliances will hence benefit successful radical
innovations the most.
Empirical research has shown that early in the innovation life-cycle a limited
number of partner types (and hence a medium level of APD) is optimal because a
narrow range of partner types, usually lead users and research institutes, is
sufficient to provide the focal firm with ideas for radical innovations (e.g.,
Belderbos et al., 2006; Riggs & Von Hippel, 1994; Zucker, Darby, & Brewer,
1998). Alliances with other partner types albeit overall important are less relevant
for radical innovations, and require firm’s resources to maintain these alliances.
This is in contrast with the lower optimal level of APD for productivity: the
optimization of productivity is in part based on improving the supply chain by
forming alliances with partners in the chain, such as customers and suppliers. The
process of radical innovation involves these partner types and adds others, such as
research institutes and universities. Therefore, we expect the optimal APD point
where additional diversity becomes unproductive to be reached quicker for
productivity than for radical innovative performance.
A further argument for a higher optimal level of APD in case of radical
innovation performance compared to productivity could be made based on the
recombination idea of Schumpeter. This suggests that different partner types could
provide the focal organization with ideas and resources that can be combined into a
radical innovation. According to Laursen and Salter (2006), the search for such an
innovation involves scanning a wider range of sources, but the development of the
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innovation involves drawing deeply from a narrower range of sources. In practice
this will result in alliances with fewer partner types.
Furthermore, since radical innovations have unpredictable returns, firms may
experience difficulty adapting their management processes to such projects. The
attention-based theory of the firm (Simon, 1947; Ocasio, 1997) suggests that
managerial attention is one of a firm’s most important resources. To optimize
radical innovative performance and to achieve sustained performance, decisionmakers need to “concentrate their energy, effort and mindfulness on a limited
number of issues” (Ocasio, 1997, p. 203).
In a similar vein, from perspective of maximum span of control (see Simon,
1957; March, 1978) the focal firm has a limited ability to effectively manage the
alliance portfolio. For high levels of APD, the firm’s limits are quickly reached
(Duysters et al., 2012). Therefore, too high a level of APD is expected to have a
negative effect on radical innovative performance, resulting in a medium tipping
point.
Further extending the level of APD will also increase the risk of unobserved
and unintended knowledge spillovers (Combs & Ketchen, 1999; Jiang et al., 2010;
Teece, 2002). Learning races can occur between different partner types when a
firm attempts to extract as much information as possible from its partner while
divulging as little as possible (Hamel, 1991; Larsson, Bengtsson, Henriksson, &
Sparks, 1998). These negative effects are particularly relevant for radical
innovation because when a partner copies an innovation the potential competitive
advantage is greatly reduced. Based on the above arguments we propose:
Hypothesis 3: The benefits of alliance portfolio diversity are subject to
decreasing returns for both radical innovation and productivity. For radical
innovative performance the optimum will be at a higher level of APD compared to
productivity.
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2.2.7. Different Optima per Performance Dimension: Incremental Innovative
Performance
To improve incremental innovative performance firms rely on broader
information search (Garriga, von Krogh, & Spaeth, 2013; Feller, Parhankagas, &
Smeds, 2007; Laursen & Salter, 2006). This can be best achieved by engaging in
alliances with multiple partner types. Since this form of innovation entails finetuning an existing product, process, or service for which a dominant design has
already emerged and the market for the innovation expands, the number of partner
types with relevant knowledge increases. Therefore, more partner types have
information that is valuable to the focal firm and the focal firm therefore does not
need to limit the collaboration to the few partner types.
Additionally, the negative effect of having alliances with many different
partner types, which we argued applied for radical innovative performance, does
not play a role for incremental innovative performance. For instance, there is no
need for knowledge base adaptation in case of incremental innovative performance.
The focal firm has a lot of experience and knowledge about their existing product,
process or service. Incremental innovative ideas of different partner types can thus
more easily be related to the focal firms’ knowledge base.
A higher optimal level of APD for incremental compared to radical
innovations is supported by prior work of Feller et al., (2007) and Laursen and
Salter (2006). The former provide evidence from the telecommunications industry
that radical innovators collaborate with fewer (types of) alliance partners compared
to incremental innovators; the latter emphasized that in-depth collaboration with a
limited number of partners is associated with radical innovation.
In contrast to radical innovative performance where a limited number of
specific partner types provide the key knowledge for innovation, in incremental
innovation partners may be substitutable and can provide similar information or
resources. Moreover, all partner types can provide the focal firm with ideas,
information, and resources for the innovation. In these knowledge-rich
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environments, it is important for the firm to work with and integrate information
from many different types of firms (Pavitt, 1998).
Taken together, all partner types represent different search channels that firms
rely upon in order to improve their innovative activities. Therefore, the optimal
APD point where additional diversity becomes unproductive is likely to be reached
quicker for radical innovative performance than for incremental innovation
performance. Hence we propose:
Hypothesis 4: The benefits of alliance portfolio diversity are subject to
decreasing returns for both radical and incremental innovation. For incremental
innovation performance the optimum will be at a higher level of APD compared to
radical innovative performance.

Jointly, the arguments presented for Hypothesis 3 (radical innovation and
productivity) and Hypothesis 4 (radical and incremental innovation) lead us to the
following final proposition:
Hypothesis 5: The benefits of alliance portfolio diversity are subject to
decreasing returns for both productivity and incremental innovation. For
incremental innovation performance the optimum will be at a higher level of APD
compared to productivity.

2.3. DATA AND METHODS
2.3.1. Context and Data
The hypotheses are tested on a panel data set constructed from five
consecutive Community Innovation Surveys (CIS) conducted in 1996, 1998, 2000,
2004, and 2006 by the Central Bureau of Statistics (CBS) in the Netherlands. The
2002 survey is excluded because of differences in formulation of some questions
compared to other years. The sampling methodology and the harmonized
questionnaire are described in the OECD Oslo Manual (OECD, 1997). Before
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implementation, extensive piloting and pre-testing established the interpretability,
reliability and validity of the surveys. Laursen and Salter (2006) report that the CIS
data have been used in over 60 academic articles on innovation. The CIS contain
data concerning firms’ innovation activities and engagement in collaborative
technology development distinguished by partner type. The technology alliances in
the survey relate to joint development efforts and collaboration on R&D.
Since the interest is on the effect of partner diversity in a portfolio of
technology alliances, the analysis is confined to firms engaging in this type of
alliances. One advantage of the data used is the diversity of firms included in the
sample, i.e., large R&D intensive firms as well as small and medium enterprises
are included from a wide spectrum of industries. The unbalanced sample includes
13,909 observations on 11,279 innovating firms from a wide range of industries
(we distinguish 26 industries at the 2-digit level). There are fewer observations in
the innovation performance models, due to missing values in the innovative output
variables.

2.3.2. Measures
Productivity Performance is measured as the logarithm of sales per employee.
This measure is widely used in prior research (e.g., Chowdhury & Lang, 1996; Mol
& Birkinshaw, 2009) and captures improvements in efficiency either by increasing
turnover with the same workforce or realizing the same amount of sales with a
smaller workforce.
To measure firm’s innovative performance the CIS question that asks firms to
indicate (in percentages) the shares of unchanged, new-to-the-firm, and new-to-themarket products, processes and services in their total sales is used. The two latter
categories are mutually exclusive and together with the share of unchanged
products—add up to 100% 5.
5

To make sure respondents interpret these categories the same way and to improve construct validity,
definitions of incremental and radical innovation were included with the CIS.
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Radical Innovative Performance. Radical innovations are defined as really
new, i.e., technologically new products, services, or processes and operationalized
based on the percentage of turnover due to new or significantly improved products
and services, that were new-to-the-market.
Incremental Innovative Performance. Incremental innovations involve
adaptations and refinements in existing products, services, or processes largely
building on existing technological knowledge. Incremental innovative performance
is operationalized as the percentage of turnover due to products and services that
were new or improved, that were only new-to-the-firm. A similar approach was
used to analyze radical and incremental innovation in e.g., Faems et al., (2010),
Laursen and Salter (2006), and Oerlemans et al., (2013).
Alliance Portfolio Diversity. To construct this variable the CIS question that
asked if the focal firm had any cooperation arrangements for innovation activities
in the previous two years 6 is used. Cooperative agreements are distinguished by
means of the seven (national and international) partner type: customers, suppliers,
competitors, commercial laboratories, research institutes, universities, and
subsidiary firms. The focus is on alliance partner diversity7 and not portfolio size.
Using this question, the focal variable, APD, as in Oerlemans et al., (2013) is
created by taking the ratio of the number of partner types in the firm’s alliance
portfolio and the maximum possible number of partner types (7x2) and then
squaring the result 8.

6
The time lag between APD (year t-2 and the year of the survey) and innovation (year of the survey)
was introduced because it can take some time before the resources obtained through alliances find
their way into innovative products and/or services. This time lag therefore facilitates the causal
interpretation (reduces reverse causality) of the relation between APD and innovative performance,
and reduces problems of endogeneity and thereby improves the internal validity of this research.
7
The CIS does indicate one or more alliances per partner type, distinguishing whether the partners
were national or foreign but does not account for the total number of alliances per partner type.
8
The argument for squaring is that an increase at a higher level (e.g., from 10 to 11 types) is seen as
larger than an increase at low levels (e.g., from 2 to 3 types). Alternative specifications are I) a linear
increase, which means no expected differences between increases in the partner types and II) a root
squared specification, which corresponds to a larger increase at low levels and a smaller increase at
high levels. The results are comparable to the linear specification, which was analyzed as a robustness
check.

50

Returns to Alliance Portfolio Diversity

A number of control variables are included in the model. R&D Intensity (R&D
expenditure as share of sales) is included because R&D engagement increases a
firm’s capacity to recognize, value, and assimilate external knowledge from
partners (Cohen & Levinthal, 1990). R&D-intensive firms are also more likely to
engage in technological collaboration projects but with diminishing propensity
(Belderbos et al, 2004).
The literature indicates that the Firm Size plays a role in the propensity to be
engaged in collaboration. Larger firms have more abundant resources and may be
better able to handle multiple innovation objectives and the management of
multiple technology collaborations (e.g., Belderbos et al., 2006; Cohen & Klepper,
1996). To control for firm size the logarithm of the number of employees is
included. Firm Age, is included because older firms may have established more
capabilities to handle and benefit from more alliance partner types. Furthermore,
APD Experience is incorporated to account for the fact that when firms have
experience with APD this may influence the effectiveness and performance gained
from APD. A dummy variable with the value of one (zero otherwise) was created if
the focal firm had an APD larger than zero in the previous survey wave.
A firm’s innovative performance can be influenced by Resource Constraints
such as a shortage of qualified staff or lack of financial resources (Oerlemans et al.,
2013). A dummy with value of one if resource constraints were experienced and 0
otherwise is included.
Another control variable is The use of Codified External Information Sources,
because these sources can influence innovative performance and because they
provide firms with external information and/or knowledge (Oerlemans, Buys, &
Pretorios, 2006). The managers of the focal firm ranked on a scale of zero (not
used) to three (very important) the extent they use three external information
sources—patents, electronic information, and professional literature—for
technological innovations. This variable is calculated by taking the ratio of the total
score and the maximum possible score.
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A MNE dummy (MNE) takes the value of one (else zero) if a firm has
headquarters in another country. The international research facilities could provide
the focal firm with knowledge and information not available in the local market
(Isobe, Makino, & Montgomery, 2000). Other members of a domestic group can
have a similar influence on the innovativeness of the focal firm. Therefore a
dummy for firms that are part of a domestic group is also included. In line with
Mohnen, Mairesse, and Dagenais (2006) the following R&D dummies are also
included: Basic Research with a value of one (zero otherwise) when firms
indicated their main focus is on basic research, Performing R&D with a value of
one (zero otherwise) when firms indicated they performed any kind of
internal/external R&D, Continuous R&D with a value of one (zero otherwise)
when the firms indicated they worked continuously on R&D and
Outsourcing/Buying R&D with a value of one (zero otherwise) when firms
outsourced or bought R&D externally. Finally, 25 two-digit Industry Control
variables are included, because different industries have different propensities to
innovate.
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2.3.3. Methods
The goal of the empirical analyses is to determine whether returns to APD are
different for productivity and innovation performance (incremental and radical). To
examine this effect the analyses controls for the effect of own R&D efforts, and the
impact of incoming knowledge flows, as well as for other determinants of
innovation output. We estimate random effects panel data models and account for
unobserved heterogeneity by allowing for an individual effects. Random effects
rather than a fixed effects specification is used because random effects allow us to
retain firms with only one observation and retain time-invariant variables. Because
of censoring in the innovation output variable, measured as percentage, a type one
Tobit models is used for the innovation performance equations.

2.4. RESULTS
Table 1 presents the descriptive statistics. This table shows that APD has a
mean of 0.04 and given the nonlinear specification this indicates about three
partner types 9. Further, Table 1 shows relatively low bivariate correlations between
the variables; these are not a cause for concern.
The first column of Table 2 presents results from pooled OLS regression of
APD and productivity, without controlling for individual effects. Column 2 of
Table 2 presents the results from the random-effect GLS regression. The individual
effects are jointly statistically significant. The results show that overall the model is
significant (p<0.001) and has an explanatory power above 17%. The linear APD
term has a positive and significant coefficient, while APD squared has a negative
and significant coefficient. Together, they indicate an inverted U-shaped
relationship between APD and productivity, in support of Hypothesis 2.

9

Because of the nonlinear relationship between the number of partner types and APD, APD was
calculated as the sum of the 14 possible partner types divided by 14 and then squared. Given the
APD, to calculate the number of partner types one take the square root of the value and multiply this
by the maximum number of partners (14).
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Columns 3 and 4 of Table 2 show the results of the Tobit model of APD and
radical innovation performance. Column 3 presents the results from a pooled Tobit
analysis, while column 4 presets the results from the panel estimator, controlling
for unobserved heterogeneity. Overall, the model is significant (p< 0.001). The
results show a significant positive coefficient for the linear APD term and a
significant negative coefficient for APD squared. These results support Hypothesis
1, indicating and inverted U-shaped relationship between APD and radical
innovative performance 10.
Columns 5 and 6 of Table 2 show the results from the Tobit model for
incremental innovation performance. Column 5 presents the results from a pooled
Tobit analysis, while column 6 presets the results from the panel estimator,
controlling for unobserved heterogeneity.
The coefficient signs of the linear APD and APD squared are positive and
negative, respectively. However, the negative APD squared coefficient is not
significant, indicating a positive relationship between APD and incremental
innovative performance. Among the control variables resource constraints is
positive and significant in the radical and incremental innovative performance
equations. This, at first seemingly unexpected result is in line with some recent
findings in the APD literature (Oerlemans et al., 2013) and resource constraint
literature (e.g., Hoegl, Gibbert, & Mazursky, 2008; Mosakowski, 2002) that
suggests that resource constraints can unleash creativity and innovative behavior.
The results show a marginally significant positive relationship between R&D
intensity and incremental innovative performance, whereas for radical innovative
performance no significant impact is found. This difference might indicate that the
internal knowledge base of the focal firm plays a more important role in
incremental innovation and supports the earlier claim on the adaptation of the
knowledge base necessary for radical innovation.
10
As a robustness check all models were also analyzed with a cubic term included, but the cubic term
was not significant.
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2.4.1. Different Optima of the Three Performance Dimensions
The combined coefficients of the APD linear and APD squared terms in Table
2 indicate tipping points in the relationships between APD and both productivity
and radical innovative performance but no significant tipping point in the
relationship between APD and incremental innovative performance. After
calculating the tipping points the corresponding optimal number of partner types 11
is obtained.
Table 2 includes the differences in tipping points for the two significant
performance dimensions; interesting is whether or not these differences are
statistically significant. Because the square APD term is not statistically significant
in the relationship between APD and incremental innovative performance, no
meaningful comparison can be made between this tipping point and the others.
However, the tipping point for productivity can be compared with that for radical
innovative performance. To test whether these tipping points differ significantly a
Hausman-type test as described in (Weesie, 1999) is used.
The results show a difference of 3.39 (11.45 − 8.07) between radical
innovative performance and productivity, with a corresponding standard error of
1.14. This difference is significant (p=0.003) providing support for Hypothesis 3.
This hypothesis stated that the tipping point for radical innovative performance will
be at a higher level of APD than that for productivity. The results suggest no
negative returns to APD for incremental innovative performance, while for radical
innovative performance returns to APD become negative at higher levels of APD.
Therefore, Hypothesis 4 is partly confirmed. Hypothesis 4 stated that the tipping
point for incremental innovative performance will be reached at a higher number of
partner types than that for radical innovative performance. Combining these results,
the significant difference between the optimum of productivity and radical
11

The tipping points can be calculated by dividing minus the APD linear coefficient by 2x the APD
squared coefficient. This can be derived for the following quadratic formula: f(x)=ax2+bx+c. The
intercept with the x-axis occurs at f '(x)=2ax+b=0, so XTop=-b/2a, where b corresponds to the APD
linear coefficient and a to the APD squared coefficient. To calculate the number of types one reverses
the calculation of the APD (the square root of the APD tipping point is multiplied by the maximum
number of partner types, N=14).
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innovative performance, thus also partly confirm Hypothesis 5, arguing that the
tipping point for incremental innovative performance will be reached at a higher
number of partner types than that for productivity.
The magnitudes of the APD effects on the different performance dimensions
are illustrated in Figure 2. This figure depicts the predicted innovative performance
(y-axis on the left) and productivity (y-axis on the right) for different levels of
APD. The plots confirm the positive effect of APD up to a certain point 12. The
figure reveals for instance that an increase from 0 to 8 partner types leads to a
growth of 0.15 (0.63 – 0.48) of productivity. For radical innovative performance
this increase leads to a growth in the share of turnover from 10.60% till 19.97 %.
An increase of 7.49% (24.45 – 16.96) is achieved for incremental innovative
performance. The figure additionally shows that increasing APD beyond the
tipping point is not beneficial for the radical innovative and productivity
dimensions, but for productivity this results in a performance level even lower than
the performance at minimum levels of APD. Furthermore this figure shows that
increasing APD results in the largest performance increase for incremental
innovative performance.

2.5. DISCUSSION AND CONCLUSIONS
This paper has explored the relationship between APD and three firm
performance measures: productivity, and radical and incremental innovation.
Despite a growing alliance portfolio diversity literature, with a few exceptions
(e.g., Bowers, Pharmer, & Salas, 2000; De Leeuw, 2010) most relevant
contributions studied the effect of APD on performance measures in isolation. The
results of random-effects panel data analyses suggest that the relationship between

12

To reverse the log transformation of productivity, these values were raised to the power of 10.The
numbers on the horizontal axis of Figure 2 and the coefficients presented in all the Tobit analyses
cannot be fully interpreted as effect sizes. The coefficients of Tobit analysis capture the conditional
mean in the non-censored domain (McDonald, 2009) as well as the likelihood that an observation is
not censored at all. The relative effects of the coefficients are, however, equally affected by these dual
effects, and therefore the shapes of the curves in this figure are reliable and interpretable.
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APD and both productivity and radical innovative performance is concave.
However, the results reveal a positive relationship between APD and incremental
innovative performance. Given that the fine-tuning of existing innovations is less
complex than the development of radical innovations the findings suggest that a
much broader portfolio, including all partner types helps to improve incremental
innovative performance. Explorative activity, such as radical innovation, on the
other hand, requires a focus on the knowledge base adaptation and therefore
benefits from a limited number of partner types. This focus, which could lead to a
negative influence of higher levels of APD, is much less important for exploitation.
With respect to the tipping point, a significant difference is found between
productivity and radical innovative performance. Depending on the performance
dimension, different resources and thus different partner types necessitate different
levels of APD. This does suggest that productivity, radical innovative, and
incremental innovative performance benefit differently from alliance portfolio
diversity and this may explain why previous research found mixed results between
different performance dimensions when studying the effect of APD on firm
performance.
Overall the findings of this study are in line with previous studies (e.g., De
Leeuw, 2010; Duysters & Lokshin, 2011; Oerlemans et al., 2013). These studies
found an inverted u-shaped relationship between APD and radical innovative
performance. In line with the results of this study De Leeuw (2010) found an
positive relationship between APD and incremental innovative performance.
However, in contrast to this study these previous studies investigated firms in one
industry (e.g., De Leeuw, 2010; Oerlemans et al., 2013) or focused on one
performance dimension (e.g., Duysters & Lokshin, 2011). As such, the findings of
this study contribute to a better understanding of how firms should configure their
alliance portfolio when prioritizing their objectives with respect to performance.
The results of this study demonstrate that to realize exploitative performance
objectives, such as improvement in productivity a firm needs a much narrower
scope of alliance portfolio compared to explorative objectives, such as radical
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innovation. When comparing radical to incremental performance, this study shows
that to maximize incremental innovation a broader set of actors with which a focal
firm interacts is needed. The differences that are found between the three
performance dimensions make this study a first step toward a more integrated view
of the relationship between APD and different dimensions of organizational
performance.
This study also has some practical implications and should be of interest to
alliance and innovation managers, especially because the results show that different
levels of APD are optimal for different outcomes and process stages. Managers can
benefit from continuously assessing their portfolio in a holistic way. Because
different levels of APD are beneficial for different outcomes, the authors suggest
that when the desired performance outcome changes, the alliance portfolio should
be redesigned, a demanding but potentially rewarding task.
These findings have also implications for future research. First, these findings
have implications for the exploration/exploitation research. The simultaneous
pursuit of exploration and exploitation is an inherently complex task because that
which drives the former is profoundly different from that which drives the latter
and the resulting tensions may ultimately undermine performance (Tushman &
O’Reilly, 1996; O’Reilly & Tushman, 2008; Raish, Birkinshaw, Probst, &
Tushman, 2009). The results of this study demonstrate that an alliance portfolio has
to be configured differently depending on the firm’s priority with respect to
exploration and exploitation activities.
Second, the results provide implications for alliance portfolio research. This
study clearly shows a need to study APD as a more dynamic construct, in part
because the effectiveness of a new partner type depends on the current level of
APD. In other words, the existing level of APD can influence the performance of
future alliances. The results thus have implications for the process of partner
selection. A firm should not only assess the match with a potential partner,
although this remains important, but could be better off when also assesses the
potential partner’s contribution to, and (dis)synergies with, the alliance portfolio. In
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line with Hoffmann (2005), firms benefit from developing and implementing an
alliance portfolio strategy.
Despite the interesting findings, a number of limitations in the analysis merit a
further mention. No distinction could be made between alliance portfolio size and
APD (cf. e.g., Duysters & Lokshin, 2011; Laursen & Salter, 2006; Oerlemans et
al., 2013). Due to the anonymous nature of CIS no additional sources for alliances
information could be added to the database, which could have been used to
supplement the data. Previous studies based on other datasets have shown a relative
moderate to high correlation between APD and alliance portfolio size, for example
0.64 in the case of Wuyts and Dutta (2012). This correlation indicates some
overlap between these two constructs.
Second, this research focuses specifically on one dimension of APD.
However, as argued by Wassmer (2010), APD is multidimensional, stemming from
combining the partner types with the governance modes. Jiang et al., (2010) were
among the first to operationalize APD as a multidimensional construct. Their
results showed that different dimensions of APD such as governance diversity and
functional diversity have different effects on firm performance. A study of the
influence of these dimensions on multiple performance dimensions would be a
valuable extension of this research.
However, despite the need for further research and some of the shortcomings
of this study, the current analysis does provide a number of interesting new insights
into the alliance portfolio diversity of innovating firms and its effect of three
different performance indicators. The perspective that is introduced in this paper by
considering these dimensions in one framework provides an interesting outlook for
further work on alliance portfolios that remains to be done.
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Chapter 3: Constraints Are Your Friends:
Resource Constraints as a Contingency Effect
on the Relationship between Alliance Portfolio
Diversity and Innovative Performance 13, 14
ABSTRACT
Firms can use alliances with different partner types (i.e., Alliance Portfolio Diversity)
to resolve resource constraints, such as a lack of knowledge or resources, to various extents.
Because of this interrelatedness and calls to examine contingency effects in the relationship
between APD and innovative performance, this study investigates how resource constraints
influence this relationship. This contributes to the literature on APD, which contains mixed
findings on its influence on innovative performance. The theorization and empirical results
reveal inverted U-shaped relationships between both resource constraints and innovative
performance and APD and innovative performance. In addition, they show that resource
constraints have a positive moderating effect on the relationship between APD and
innovative performance. Contributing to the fields of APD and resource constraints – more
specifically, to the observations that the relationship between APD and different
dimensions of innovative performance can vary and that resource constraints can have
different effects under different circumstances – the theorization and results show that the
positive moderating effect of resource constraints differs for the relationships between APD
and two dimensions of innovative performance (i.e., incremental and radical). No
significant effect of resource constraints on the relationship between APD and radical
innovative performance was found, but resource constraints significantly, positively
influence the relationship between APD and incremental innovative performance. For the
latter, the original inverted U-shaped relationship evolves into a positive relationship when
the level of resource constraints increases. The hypotheses are tested on an unbalanced
panel dataset of 12,636 observations of 7,733 firms, from five consecutive Community
Innovation Surveys in the Netherlands.
Key words: Alliance Portfolio Diversity; Resource Constraints; Slack Resources;
Innovative Performance; Contingency Effect

13
This Chapter is based on: De Leeuw, T., Podoynitsyna, K., & Lokshin, B. (2014). Constraints Are
Your Friends: Resource Constraints as a Contingency Effect on the Relationship between Alliance
Portfolio Diversity and Innovative Performance. Working paper. Presented at the Academy of
Management conference (2013), Orlando, USA. I would like to thank the anonymous reviewers and
the participants of AOM meeting for their feedback.
14
The empirical analysis for this chapter was performed using the remote access facility at Statistics
Netherlands. The views expressed in this chapter are those of the author and do not necessarily reflect
the policies of Statistics Netherlands.
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3.1. INTRODUCTION
Innovation has been a topic of interest in academic research and practice for
years, because it is so critical to organizational renewal and adaptation, both of
which are needed for long-term success (e.g., Utterback, 1994). This study focuses
on two related concepts that also have an impact on a firm’s innovative
performance. The first is that of resource constraints, which impact innovative
performance through a scarcity of resources (e.g., Nohria & Gulati, 1996). The
second is the alliances formed with different types of partners who can provide
access to resources (e.g., De Leeuw, Lokshin, & Duysters, 2014). When general
macroeconomic downturns such as the recent credit crunch occur, firms have fewer
and limited resources available. This restriction in resource availability for any
particular firm can also be caused by firm-specific crises, changes in strategy, or
business cycles. Whatever the causes, it is clear that most firms eventually
experience resource constraints to a certain degree, and new firms are per
definition thus constrained owing to the liabilities of newness (e.g., Baker &
Nelson, 2005).
Whether an abundance or scarcity of resources is more beneficial to a firm’s
innovative performance has attracted much attention but remains a topic of debate
(e.g., Bradley, Wiklund, & Shepherd, 2011; Vanacker, Collewaert, & Paeleman,
2013). The literature on the abundance or scarcity of resources relies on two related
strains of thought: resource slack and resource constraints. In order to incorporate
relevant studies and arguments, the literature relating to both these notions is
incorporated in this study. Slack resources are defined as “potentially utilizable
resources that can be diverted or redeployed for the achievement of organizational
goals” (George, 2005, p. 611), while resource constraints are defined as “a lack of
potentially utilizable resources that can be diverted or redeployed for the
achievement of organizational goals.” Recent empirical results reveal both positive
(e.g., Baker & Nelson, 2005; Baker, 2007; Bradley et al., 2011a; Gibbert &
Scranton, 2009) and negative (e.g., Garriga, Von Krogh, Spaeth, 2013; Li,
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Maggitti, Smith, Tesluk, Katila, 2013) 15 relationships between resource constraints
and innovative performance. The literature generally combines these positive and
negative influences and argues for an inverted U-shaped relationship between the
level of available resources (slack) and a firm’s innovative performance (e.g.,
George, 2005; Nohria & Gulati, 1996; Tan & Peng, 2003; Yang, Wang, & Cheng,
2009). Previous studies show that resource constraints have an impact on
innovative performance and that the literature has not been conclusive about this
impact.
One concept that is both theoretically and practically related to resource
constraints is that of alliances. This relatedness is indicated by the observation that
firms can use alliances with different types of partner (e.g., customers, suppliers,
and research institutes) to resolve these resource constraints to some degree. Firms
can use alliances to gain access to resources not available within the firm (Oliver,
1990). The resources thus obtained can be used to supplement and complement the
firms’ internal innovation base (e.g., Harrison, Hitt, Hoskisson, Ireland, 2001; Poot,
Faems, & Vanhaverbeke, 2009) and to thereby achieve cost reductions and
improve quality (e.g., Hagedoorn, 1993). With regard to alliances, this study
focuses on alliances with different partner types because that variety can provide
different resources, competencies, and capabilities for the focal firm (Belderbos,
Carree, & Lokshin, 2006; Belderbos, Gilsing, & Lokshin, 2012; Faems, Van Looy,
& Debackere, 2005). The total set of all direct alliances with different partner types
per focal firm is incorporated into this study; it is called the portfolio level
(Wassmer, 2010). The different types of alliance partners are then combined within
this portfolio level to arrive at the concept of Alliance Portfolio Diversity (APD:
i.e., the diversity of alliances with different partner types).
A review of the literature on the relationship between APD and innovative
performance reveals both inverted U-shaped (e.g., De Leeuw et al., 2014; Duysters
15
Mixed relationships between resource constraints and innovative performance (e.g., Burg,
Podoynitsyna, Beck, Lommelen, 2012; Garriga et al., 2013; Weiss, Hoegl, Gibbert, 2011) and nonsignificant relationships are also found (e.g., Greve, 2003; Weiss et al., 2011).
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& Lokshin, 2011) and positive (e.g., Faems et al., 2005; Srivastava & Gnyawali,
2011) relationships. These results indicate that the literature is inconclusive on this
matter (Wuyts & Dutta, 2012). Moreover, scholars now recognize that not all firms
benefit equally from APD and have started to argue that contingency effects should
be incorporated into the relationship between APD and innovative performance
(e.g., Schilke & Goerzen, 2010; Schilling & Phelps, 2007; Wassmer, 2010). In
view of how important resource constraints are to performance, this paper
incorporates them as a contingency effect on the relationship between APD and
innovative performance, in a bid to address the lack of conclusiveness regarding
the relationship between APD and innovative performance and follow up on the
call for the incorporation of contingency effects.
There are two reasons for the focus on resource constraints as a contingency
effect. The first is the extent to which resource constraints are related to APD:
since firms can gain access to resources not available to them through alliances
(Oliver, 1990), they can use their APD to resolve resource constraints to varying
degrees. In other words, the value of APD might be influenced by resource
constraints. Second, simply having the resources (obtained through APD) is not
sufficient for creating value out of them, especially since resources do not exploit
themselves (Sirmon, Hitt, and Ireland, 2007) and firms must use their APD to
exploit them. Despite the apparent obviousness of the interrelatedness of APD and
resource constraints, the role of resource constraints in creating value through APD
has been largely overlooked. By studying the two theoretically and empirically
related concepts of APD and resource constraints in isolation, previous studies
have removed their investigations from the empirical context, to varying degrees,
which may have resulted in the inconclusiveness in the APD literature.
By jointly considering APD and resource constraints as related concepts, this
paper provides a number of contributions. The main contribution is the
incorporation of resource constraints as a contingency effect on the relationship
between APD and innovative performance, by which this study contributes to the
APD literature and follows up on the call for incorporating contingency effects
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(e.g., Schilke & Goerzen, 2010; Schilling & Phelps, 2007; Wassmer, 2010). The
results of this study indicate that incorporating resource constraints into the APD
models might resolve some of the inconclusive findings with regard to the
relationship between APD and innovative performance (both the inverted U-shaped
and positive effects). Incorporation of resource constraints as a moderator in the
relationship between APD and innovative performance changes an inverted Ushaped relationship into a positive one. This confirms the importance of
investigating the role of APD and resource constraints together and shows that the
determination as to whether the inverted U-shaped or positive effects of APD
dominate might depend on contingency effects like resource constraints.
Additionally, the results indicate that including resource constraints as a
contingency effect significantly improves the explained variation of innovative
performance.
The second contribution involves the incorporation of a second contingency
effect: the degree of novelty of innovative performance (i.e., radical or
incremental). Recent studies have indicated that the effect of APD on innovative
performance might be different for each of these dimensions (e.g., De Leeuw et al.,
2014). The distinction between radical and incremental innovative performance is
further based on Burg et al. (2012) and Voss, Sirdeshmukh, Voss (2008), who
found that resource constraints can have different effects on different types of
innovation-related outcomes. Therefore, it is important to make this additional
distinction between radical and incremental innovative performance (i.e., the two
dimensions) and theorize and test the difference in terms of the contingency effect
of resource constraints on the relationship between APD and these two dimensions
of innovative performance.
The combination of the APD with the resource constraints literature leads to a
more complete, practical, and realistic picture of the role of APD and resource
constraints on innovative performance. Firms can use alliances with different types
of alliance partners to compensate for resource constraints, which determines the
effectiveness of APD. Whether the inverted U-shaped or positive effect of APD
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dominates might depend on the contingency effect. In other words, this study
parses out the contingency effect of resource constraints and incorporates the two
dimensions of innovative performance as yet another contingency effect that
influences the relationship between APD and innovative performance.
The third contribution this study makes to the resource constraints literature is
its investigation of the inconclusive relationship between resource constraints and
innovative performance, by sampling a large number of firms in a multi-industry
setting. Although the literature on resource slack has theorized and validated the
inverted U-shaped relationship with regard to innovative performance (e.g.,
George, 2005; Nohria and Gulati, 1996; Tan and Peng, 2003; Yang, Wang, and
Cheng, 2009), there is still an ongoing debate about the influence of resource
constraints on innovation (Burg et al., 2012; Hoegl, Gibbert, & Mazursky, 2008;
Voss et al., 2008), and recent empirical results reveal inconclusive relationships
between resource constraints and innovative performance.
To realize these contributions to the literature, this paper follows on from the
theorization of an inverted U-shaped relationship between resource constraints and
innovative performance. The theorization of this relationship produces insights into
resource constraints, which are then used as a basis for theorizing the moderating
role of resource constraints on the relationship between APD and innovative
performance. The theoretical section closes with a hypothesis about the different
moderating influences of resource constraints on the relationship between APD and
the two dimensions of innovative performance (radical and incremental). This is
followed by the data and methods section and the results. The paper closes with the
conclusion and discussion of the results.
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3.2. THEORATICAL BACKGROUND AND HYPOTHESES
3.2.1. Resource Constraints and Innovative Performance
The relevance of resource constraints is underscored by the numerous studies
that have investigated the relationship between them and various important drivers
of firm survival and growth, such as innovative performance. In summary, the
literature as a whole suggests an inverted U-shaped relationship between the level
of resources available to a firm (slack) and innovative performance (e.g.,
Bourgeois, 1981; George, 2005; Nohria & Gulati, 1996; Tan & Peng, 2003; Yang,
Wang, & Cheng, 2009). This inverted U-shape is the result of two countervailing
dynamics (positive and negative) that should be considered simultaneously.
Increasing the levels of resource constraints can cause a positive effect
(resource slack a negative one) by prompting organizational efficiency and
discipline. When firms experience growing levels of slack in terms of their
resources, their discipline in terms of finishing, providing ongoing support to, and
even initiating projects becomes more inefficient and lax (Nohria & Gulati, 1996).
Under such conditions, firms become less strict at evaluating the quality of
innovation projects (e.g., Cyert & March, 1963). Consequently, useless innovation
projects may not be terminated and instead receive prolonged ongoing support, and
new useless or pet projects may be started. Spending resources on pet or useless
innovation projects has a negative effect on innovative performance. Thus, growing
levels of slack resources can result in inefficient use of and even a waste of these
resources (Yang et al., 2009).
Furthermore, growing levels of slack resources (the opposite of resource
constraints) can be used as a buffer to environmental changes (O’Brien, 2003),
which reduces the need for firms to immediately adapt to changes through
innovation. As a result of this lack of urgency and need, valuable innovation
projects might simply be abandoned when someone runs into a problem, runs out
of energy, or simply loses interest (Nohria & Gulati, 1996). The failure to complete
valuable innovation projects has a negative effect on innovative performance. This
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lack of focus on efficiency and innovation, as caused by greater resource slack, is
reversed when firms experience resource constraints. Under the latter condition,
firms are forced to pay increasing attention to efficiency and thereby more strictly
evaluate internal processes, such as their innovation projects or alliances. In line
with the above argumentation, Bradley, Shepherd, Wiklund (2011) showed that
firms with higher levels of slack resources were less likely to innovate by
recombining existing resources in unique ways compared to firms with lower
levels of slack resources. Thus, resource constraints might help firms innovate.
Indeed, Katila and Shane (2005) found that new firms, although possessing fewer
resources, are more innovative than their established peers (specifically in
industries with high competition and in small markets). This is due to the fact that
firms with fewer resources are more likely to explore creative options, which in
turn is beneficial for innovative performance.
There are numerous studies that theorize and demonstrate that increasing
levels of resource constraints have a positive effect on innovative performance
(e.g., Baker & Nelson, 2005; Baker, 2007; Bradley et al., 2011a; Gibbert &
Scranton, 2009). This literature additionally argues that necessity is the mother of
innovation and that people are more productive and efficient when some
constraints are experienced. The increased productivity results in not only more
ideas being identified, but also more diverse and creative ideas (Finke, Ward, &
Smith, 1992; Goldenberg, Lehmann, & Mazursky, 2001; Moreau & Dahl, 2005),
creating a positive effect on innovative performance. Prior studies demonstrated
that “thinking inside the box” (i.e., working within constraints) can also be
beneficial for generating creative ideas. Thus, resource constraints drive creativity
and innovative behavior (Hoegl et al., 2008; Mosakowski, 2002).
Although growing levels of resource constraints can be expected to sharpen a
firm’s focus on efficiency and innovativeness, both of which are beneficial for
innovative performance, they can also at the same time lead firms to over-focus on
efficiency and thereby reduce their R&D budgets, which reduces innovative
performance. This argumentation is illustrated in the slack resource literature,
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which argues that resource slack (the opposite of resource constraints) promotes
expenditure on R&D budgets (Yang et al., 2009). In a similar vein, higher levels of
resource constraints are likely to have a negative effect on firms’ R&D budgets.
The innovation literature has shown that R&D budgets usually have a positive
impact on innovative performance through a firm’s capacity to recognize, value,
and assimilate external knowledge from partners (Cohen & Levinthal, 1990).
Therefore, higher levels of resource constraints thus simultaneously result in and
amplify the negative effects of resource constraints.
Even though increasing levels of resource constraints result in more, more
diverse, and more creative ideas, they also at the same time result in a lack of
sufficient resources for experimenting with these different ideas. With regard to a
lack of experimentation due to higher levels of resource constraints, scholars have
shown that this has a negative effect on innovative performance (e.g., Garriga et
al., 2013; Li et al., 2013). This negative effect is due to the fact that firms
experiencing growing levels of resource constraints cannot afford to develop
technologies or experiment with multiple options or new ideas (De Carolis, Yang,
Deeds, & Nelling, 2009; Nohria & Gulati, 1996; Voss et al., 2008). In line with
this, Nohria and Gulati (1996) theorize that the opposite condition (i.e., resource
slack) promotes experimentation and the pursuit of new innovation projects. In
addition to fostering innovation, slack resources can also be used as a source of
additional needed resources for innovation projects as these projects successfully
progress over time, which is not true when firms experience resource constraints.
Another impediment from higher levels of resource constraints that also reduces
innovativeness is the absence of specific capabilities (e.g., a lack of knowledge or
qualified employees) (Díaz-Díaz, Aguiar-Díaz, & De Saá-Pérez, 2008).
The positive effects of increasing levels of resource constraints described
previously (i.e., increased efficiency, more creative ideas, and a more efficient use
of available resources) should be considered simultaneously with the negative
effects (i.e., less experimentation and lower R&D budgets). Although higher levels
of resource constraints result in a focus on efficiency, they also at the same time
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result in fewer possibilities for experimentation. The result of these two
countervailing dynamics, which occur simultaneously, is an inverted U-shaped
relationship between resource constraints and innovative performance. Adequate
levels of both dynamics are beneficial for improving innovative performance.
Hence, the positive effects of resource constraints dominate until a moderate level
of resource constraints is reached. After that, the negative effects outweigh the
positive ones, and the resource constraints become too large to work around.
Although increasing levels of resource constraints result in the identification of
more, and more creative, ideas (which has a positive effect on innovative
performance), the firm also loses its power to experiment with these ideas (which
has a negative effect on innovative performance). Consequently, the relationship
between resource constraints and innovative performance becomes negative past
the moderate level. This results in the following hypothesis:
Hypothesis 6: Resource constraints have an inverted U-shaped
relationship to innovative performance.

3.2.2. The Moderating Influence of Resource Constraints on the APDInnovation Relationship
Given that there is theoretical and practical relatedness between resource
constraints and alliances with different partner types (partners who can be used to
obtain resources not available due to constraints), this section provides a
conceptual background and theorization for the moderating role of resource
constraints on the relationship between the various types of alliance partners and
innovative performance. There are strong theoretical justifications for this focus on
different alliance partners (e.g., buyers, suppliers, research institutes, etc.).
Numerous studies have shown that different types of alliance partner can provide a
focal firm with different resources, such as knowledge and expertise, useful for
improving innovative performance (Belderbos et al., 2006; Belderbos et al., 2012,
Faems et al, 2005) or dealing with constraints.
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In line with recent developments in the field of alliances, this study
incorporates an Alliance Portfolio Diversity (APD) concept (i.e., all of the direct
alliances with different types of partners a focal firm has; e.g., De Leeuw, et al.,
2014; Faems et al., 2005, Oerlemans, Knoben, & Pretorius, 2013). The APD
concept incorporates both all of the direct alliances themselves and the synergistic
and antagonistic effects between those alliances (Wassmer & Dussauge, 2011).
Wassmer and Dussauge (2012) and Belderbos et al. (2006) have shown that
synergies between alliances do indeed impact the value derived from those
alliances. Incorporating the multiple alliances with different partner types and
possible synergistic and antagonistic effects between them into the APD is thus
highly relevant.
Although an inverted U-shaped relationship between APD and innovative
performance is generally assumed, and theoretically and empirically substantiated
(e.g., De Leeuw et al., 2014; Duysters & Lokshin, 2011; Laursen & Salter, 2006;
Oerlemans et al., 2013; Sampson, 2007; Vasudeva & Anand, 2011), previous
studies have also frequently found positive relationships between APD and
innovative performance (e.g., Baum, Calabrese, & Silverman, 2000; Faems et al.,
2005; Nieto & Santamaria, 2007; Phelps, 2010; Srivastava & Gnyawali, 2011;
Wuyts, Dutta, & Stremersch, 2004). Table 3 provides an overview of recent studies
that have investigated the relationship between APD and innovative performance.
Because studies have shown that this relationship might differ per innovative
performance dimension (e.g., De Leeuw et al., 2014), the studies in Table 3 are
ordered first according to the dimension of innovative performance and second
according to the relationship found. The table illustrates two groups of findings
(i.e., inverted U-shaped and positive), irrespective of the dimensions of innovative
performance.
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* The dependent variable is lagged 2 years.

Table 3: Overview of Empirical Results for Focal Firm APD and Innovative Performance
IP = Innovative Performance; RIP = Radical Innovative Performance; IIP = Incremental Innovative Performance
Innovative
Impact of
Time
Sample and Industry
Authors
Performance
APD
Frame
IP
∩
N=2077, Multiple Sectors, The Netherlands
1998*
Duysters & Lokshin (2011)
IP
∩
N=1005, Telecom Equipment, U.S.
1991–1993
Sampson (2007)
IP
∩
N=627, Fuel Cell Technology Development, 11 Countries
1981-2001
Vasudeva & Anand (2011)
IP
+
N=369, Biotech Start-ups, Canada
1991–1996
Baum, Calabrese, & Silverman (2000)
IP
+
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These previous studies show that APD has a significant impact on firms’
innovative performance, but the APD literature is not conclusive about this impact.
The two groups of results (i.e., inverted U-shape and positive) indicate that
contingency effects might be influencing the relationship between APD and
innovative performance. Scholars (e.g., Schilke & Goerzen, 2010; Schilling &
Phelps, 2007; Wassmer, 2010) have called for incorporating contingency effects
into such analyses due to the observation that not all firms benefit equally from
APD. Indeed, recent work (e.g., Oerlemans et al., 2013; Wuyts & Dutta, 2012)
shows that contingency effects might influence the relationship between APD and
innovative performance. Despite this recent work, though, which shows the
relevance of this approach, much remains to be learned about the impact of
contingency effects.
Because of the theoretical and empirical relatedness of APD and resource
constraints (i.e., firms can use alliances with different partner types to partially
compensate for resource constraints), the focus here is on resource constraints. This
study thus includes them as a contingency effect that is likely to influence the
effectiveness of the relationship between APD and innovative performance. There
are two main mechanisms that explain how the relationship between APD and
innovative performance can be improved by resource constraints. First of all,
resource constraints allow firms to get more out of their alliance portfolio because
firms experiencing constraints are forced out of their normal way of thinking and
tendency to take “the path of least resistance” (Hoegl et al., 2008). Different types
of alliance partners can provide input for generating creative ideas, and the more
diverse their set, the more diverse and creative the resulting ideas for innovation
are. Thus, resource constraints will compel firms to better utilize the creative
potential of their alliance partner network. This means that the focal firms
experiencing constraints will be able to generate better ideas for their innovations,
eventually resulting in greater innovative performance.
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The second mechanism is that a diverse set of alliance partners is likely to
provide a focal firm with a more diverse set of potentially missing resources. It has
been established that collaborations with suppliers can be beneficial for realizing
process innovations (Hagedoorn, 1993), collaborations with buyers can be helpful
for getting access to a broader market base (Tether, 2002), and collaborations with
competitors can be helpful for sharing R&D costs and facilities (Kim & Higgins,
2007; Miotti & Sachwald, 2003). Gaining access to these assorted resources is
likely to improve the chances of successfully developing and commercializing any
innovation. In other words, the benefits of APD with regard to innovative
performance are increased by resource constraints.
Moreover, one of the positive effects of resource constraints, as elaborated on
in Section 3.2.1, is that firms increase their productivity and efficiency (which
concomitantly decrease when firms have slack resources; e.g., Yang et al., 2009).
A firm’s focus on efficiency and productivity when it experiences resource
constraints also increases the value derived from alliances with different types of
alliance partners. This rationale is in line with the increased focus on, for example,
the quality of innovation projects, as discussed in Section 3.2.1 (Nohria & Gulati,
1996). When an alliance with a specific type of alliance partner is less productive
or creates limited added value, firms experiencing resource constraints are more
likely to either improve or terminate it due to their focus on efficiency and
productivity. Improving alliances with different types of partners from the specific
perspective of innovation goals 16 is likely to increase the performance of APD in
relation to innovative performance. In addition, when inefficient alliances are
terminated, more resources become available for improving the alliances with other
partner types in the portfolio. Firms can thus increase the value derived from their
overall APD.
As the above arguments indicate, resource constraints have a positive
influence on the relationship between APD and innovative performance. A focal
16

The alliances with the different types of partners used in the analyses were all R&D alliances for
the purpose of improving innovative performance.
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firm that has alliances with different types of partners and experiences resource
constraints will be able to derive greater benefits from the resources obtained
through their APD and generate better ideas for their innovations, resulting in
greater innovative performance. Thus, the benefits of APD are expected to be
bigger when a firm experiences resource constraints. Hence:
Hypothesis 7: Resource constraints will positively moderate the
relationship between Alliance Portfolio Diversity and innovative
performance.

A counterargument to Hypothesis 7 could be made that higher levels of
resource constraints have a negative effect on the relationship between APD and
innovative performance. As described in Section 3.2.1, one of the negative effects
of firms experiencing resource constraints is that they have limited options for
experimenting with new ideas (De Carolis et al., 2009; Nohria & Gulati, 1996;
Voss et al., 2008) and might lower their R&D budgets (as opposed to increasing
these when they have slack resources; e.g., Yang et al., 2009), both of which
adversely affect innovative performance. Moreover, a lack of specific capabilities,
such as a particular kind of knowledge or qualified employees, further reduces
innovativeness (Díaz-Díaz et al., 2008). However, these possible negative effects
of resource constraints are solvable by APD. In addition to enabling firms to
generate more, and more creative, ideas (Von Hippel, 2007; Tether & Tajar, 2008)
by working with partners and providing access to needed resources in the face of
constraints, APD can be used for experimentation efforts and sharing R&D
facilities (Kim & Higgins, 2007) and costs (Miotti & Sachwald, 2003). Therefore,
the possible negative effects of resource constraints on the relationship between
APD and innovative performance are expected to be minimal.
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3.2.3. Different Moderating Influences on Different Dimensions of Innovative
Performance
Although, as argued above, firms can increase the benefits of APD when they
are experiencing resource constraints, this relationship is likely to differ depending
on which dimension of innovative performance is being focused on, radical or
incremental. A fundamental difference between radical and incremental innovation
is the degree of novelty (e.g., Laursen & Salter, 2006). Radical innovations are
defined as revolutionary, and technologically new, products or services, whereas
incremental innovations are defined as evolutionary improvements in existing
products or services. Firms usually have to invest considerable resources to
develop radical innovations, and these innovations carry high levels of uncertainty
(Garcia & Calantone, 2002). Nonetheless, the potential gains of such innovations
are high, and they thus offer “the carrot of spectacular reward or the stick of
destitution” (Schumpeter, 1942). For incremental innovations, the investment and
risk required are lower, but the potential gains are also smaller (Marsili & Salter,
2005).
The main argument for the positive effect of resource constraints on the
relationship between APD and innovative performance is that the value derived
from APD increases when the level of resource constraints increases. However,
there are two elements that lead to a difference in this moderating effect for radical
versus incremental innovative performance, deriving from the difference between
these two kinds of innovative performance: 1) the level of knowledge base
adaptation required on the part of the focal firm when working on innovative
performance; and 2) the availability of resources that can be allocated to improving
innovative performance.
With regard to the knowledge base and focusing on radical innovations, such
innovations usually significantly extend a firm’s existing and current competencies
(Voss et al., 2008). As a result, a firm’s knowledge base frequently needs to be
adapted when it is working on a radical innovation (Cohen & Levinthal, 1990). In
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many situations, firms must collaborate with other firms to develop such an
innovation, and when this involves innovations developed by or jointly with an
alliance partner (e.g., a research institute or university), the alliance partner will
often have specific, in-depth knowledge relating to the innovation. This in-depth or
tacit knowledge is not easily transferrable to the focal firm, because it cannot
simply be written down and handed over (cannot be easily codified). Consequently,
the adaptation in knowledge base required of the focal firm in cases of radical
innovation is a difficult process (Sampson, 2007).
Moreover, the process of developing radical innovations and the related
organizational changes that might be needed are unpredictable, making it difficult
for the focal firm to adapt their management processes to these innovation projects.
As a result, the radical innovation projects might not receive sufficient managerial
attention. According to the attention-based theory of the firm (e.g., Simon, 1947),
managerial attention is one of a firm’s most important resources. And according to
Ocasio (1997, p. 203), decision-makers need to “concentrate their energy, effort,
and mindfulness on a limited number of issues” to facilitate the needed knowledge
base adaptation and improve radical innovative performance, thereby achieving
sustained radical innovative performance. A firm’s limits, therefore, specifically
with regard to APD (Duysters & Lokshin, 2011), can be quickly reached in terms
of the knowledge base adaptation and concentration of energy and effort required
on this front.
Accordingly, the focal firm has limited capacity and resources available for
effectively managing the APD needed for radical innovative performance. The
difficult process of such development might be hindered by the resource
constraints experienced. Although the focal firm might be able to collaborate more
efficiently due to these constraints, other factors such as the constraints in terms of
sufficient qualified personnel or financial resources are likely to hamper the
performance of the alliances, specifically with regard to radical innovative
performance.
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Second, with regard to the availability of resources related to the innovative
process, previous studies have shown that a limited number of certain partner types
(i.e., lead users and research institutes) is usually sufficient for providing focal
firms with the resources they need for radical innovations (e.g., Belderbos et al.,
2006; Riggs & Von Hippel, 1994; Zucker, Darby, & Brewer, 1998). Alliances with
other partner types, albeit important overall, are less relevant for radical
innovations, and yet maintaining those alliances still consumes a firm’s resources.
As Laursen and Salter (2006) argue with regard to radical innovative performance:
“Innovative firms need to draw deeply from a small number of key sources of
innovation, such as lead users, component suppliers, or universities. In these early
stages, only a few actors may have knowledge of the key technologies underlying
the evolution of the product” (p. 146). This indicates that a lack of resources
stemming from resource constraints cannot always be solved by the fact that the
focal firm only needs to collaborate with a limited number of certain types of
partners when developing radical innovations (i.e., limited resources available
through the alliances). Moreover, the above discussion shows that the different
types of alliance partners are not interchangeable when it comes to radical
innovative performance.
The moderating role of resource constraints on the relationship between APD
and radical innovative performance is expected to be minimal due to the limitations
in resources available and lack of interchangeableness between the different types
of alliance partners. Although resource constraints can help a focal firm reevaluate
its current types of partners, in an effort to increase its focus on efficiency and
productivity, not all less-efficient and productive alliances for developing radical
innovations can be changed. That is to say, not all partner types are equally
beneficial when it comes to such innovation, which limits the possibilities for
switching to more efficient and productive alliance partners.
As outlined above, the negative effects of resource constraints – in terms of
the difficulties of knowledge base adaptation, the limited resources available, and
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the limitations in switching to other types of alliance partners – can counteract the
positive moderating influence of resource constraints on the relationship between
APD and radical innovative performance. Consequently, the positive influence of
resource constraints on the relationship between APD and innovative performance,
as argued in Hypotheses 7, is expected to be diminished by the above
characteristics of radical innovative performance.
Contrary to radical innovative performance, improving incremental innovative
performance entails refining existing products or services. Therefore, the focal firm
does not need to drastically change its knowledge base. It already possesses a great
deal of knowledge and experience with regard to its existing products and services.
Incremental innovative ideas and resources from various partner types can thus be
more easily integrated into the focal firm’s knowledge base. As such, the intensive
level of knowledge base adaptation required for radical innovative performance
does not apply for incremental innovative performance. Accordingly, in terms of
resource constraints as a moderating force on the relationship between APD and
incremental innovative performance, the minimal effect attributable to knowledge
base adaptation is not expected to come into play.
Unlike with radical innovative performance, firms benefit from broader
information searches in improving incremental innovative performance (Laursen
and Salter, 2006). In the case of incremental innovation, a dominant design is in
place and the market will have already expanded, producing a greater number of
partner types with relevant knowledge. That means more types of partners have
information that is valuable to the focal firm, and therefore the focal firm does not
need to limit collaboration to only a few certain types. Whereas with radical
innovation there are a limited number of specific partner types who can provide
useful information, in incremental innovation partners are sometimes
interchangeable, with different ones providing similar information or resources.
Moreover, all partner types can provide the focal firm with ideas, information, and
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resources for the innovation, because more knowledge is available in the market
about the product or service. This is illustrated by Laursen and Salter (2006):
“As the technology and market mature and the network supporting innovation
expands, more and more actors inside the innovation system retain specialist
knowledge. In order to access the variety of knowledge sources in these networks,
innovative firms need to scan across a wide number of search channels. In doing
so, they seek to find new combinations of existing technologies to enable them to
make significant improvements in their existing products” (p. 146).
With regard to resource constraints, the focal firm can more easily switch
between different partner types and gain resources from multiple types of alliance
partners. Therefore, resource constraints are beneficial for improving the
effectiveness of APD with regard to incremental innovative performance. In other
words, resource constraints with regard to incremental innovative performance are
solvable, improving the effectiveness and value derived from APD.
The differences in terms of knowledge base adaption and available resources
between radical and incremental innovative performance combined produce
varying influences for resource constraints on the relationship between APD and
these two dimensions of innovative performance:
Hypothesis 8: The positive moderating effect of resource constraints on
the relationship between Alliance Portfolio Diversity and innovative
performance is stronger for incremental innovative performance than it is
for radical innovative performance.

3.3. DATA AND METHODS
In line with recent studies on the roles of both resource constraints (e.g.,
Garriga et al., 2013; Keupp & Gassmann, 2013) and APD (e.g., De Leeuw et al.,
2014; Duysters & Lokshin, 2011; Laursen & Salter, 2006; Oerlemans et al., 2013),
this study uses Community Innovation Surveys (CISs) performed in the
Netherlands to construct a panel dataset from the following survey waves: 1996,
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1998, 2000, 2004, and 2006. 17 The CIS is a biannual survey that is distributed to all
companies in the Netherlands by the national Central Bureau of Statistics
(Statistics Netherlands). Laursen and Salter (2006) observed that CIS data has been
used in over 60 recent academic articles. The interpretability, reliability, and
validity of the surveys were established through extensive piloting and pre-testing
before implementation. For a full description of the sampling methodology and the
harmonized questionnaires, see the OECD Oslo Manual (OECD, 1997). The CIS
includes questions about the companies’ resource constraints, innovative
performance, and engagement in collaborative technology developments (i.e.,
alliances), categorized by type of alliance partner.
Many studies that have assessed the relationship between the level of
resources available to a firm and its performance have sampled public firms (e.g.,
Danneels, 2008; Kim, Kim, Lee, 2008; Mishina, Pollock, Porac, 2004) or small
young entrepreneurial firms (Bradley et al., 2011a, 2011b; Patzelt, Shepherd,
Deeds, & Bradley, 2008; Vanacker et al., 2013). This study incorporates both small
and large firms, leading to a more complete sample.
It is also worth noting that the CIS avoids oversampling large firms, which has
hampered prior research that used secondary data on alliances (Schilling, 2009).
Furthermore, 26 industries classified at the two-digit level based on the NACE
Statistical Classification of Economic Activities are incorporated to prevent
industry-specific effects. However, this extensive longitudinal dataset does not
reveal the identities of individual partners or the number of alliances of each
partner type. The unbalanced sample includes 12,636 observations on 7,733
incremental innovating firms. 18

17

The 2002 and 2008 surveys are excluded because questions relating to key variables, such as
radical innovative performance, significantly differed in these editions.
18
The number of observations with regard to radical innovating firms is slightly lower (9,407
observations) due to missing values on this performance dimension.
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3.3.1. Measures
Radical Innovative Performance. Radical innovative performance was
operationalized as the share of innovative sales from new-to-the-market products
and services for the year that the CIS was conducted. A similar approach has been
used to analyze radical and incremental innovation in other studies, including De
Leeuw et al. (2014), Faems, Van Looy, & Debackere (2010), Laursen and Salter
(2006), and Oerlemans et al. (2013). Incremental Innovative Performance.
Incremental innovative performance was operationalized as the share of innovative
sales from new-to-the-enterprise or significantly improved products and services
for the year that the CIS was conducted.
Resource Constraints. The CIS dataset provides unique opportunities for
studying the effects of resources on innovation, since it directly measures the
hampering factors encountered by firms, rather than the less-preferable slack or
constraint proxy (Nohria and Gulati, 1996). The general question formulated was
“During the last two years, how important were the following factors for
hampering your innovation activities or projects or influencing a decision not to
innovate?” The following five answer choices were used consistently throughout
the different survey waves: lack of internal funds/external financing, innovation
costs too high, lack of qualified personnel, lack of information on technology, or
lack of information on markets. The respondents were asked to indicate the
importance of each item by assigning a non- (score of 0), low (score of 1), medium
(score of 2) or high (score of 3) level of importance. The resource constraints
construct is operationalized as the ratio of the sum of the focal firm’s importance
scores on the five constraints items and the maximum possible score.
Because different types of constraints can have different effects on innovation
(e.g., Burg et al., 2012; Mellahi & Wilkinson 2010; Mishina et al. 2004; Voss et al.
2008), factor analyses were conducted for every wave of the CIS. The factor
analyses for each panel wave consistently demonstrated that there was only one
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resource constraint factor in the CIS data used. Therefore, different types of
resource constraints could not be included as a third contingency effect.
APD. The CIS surveys asked if the focal firm had had any cooperation
arrangements for innovation activities in the previous two years. Cooperation
agreements were grouped into the following seven classes of partners: customers,
suppliers, competitors, commercial laboratories, research institutes, universities,
and subsidiary firms. Because foreign firms usually have different resources and
knowledge bases that accelerate APD (see e.g., Lavie & Miller, 2008), the manager
of the focal firm was asked to indicate whether the partners were national or
foreign. The answers to this question were used to create the APD variable, as in
De Leeuw et al. (2014) and Oerlemans et al. (2013), for example, by taking the
square of the ratio of the number of partner types in the firm’s alliance portfolio
and the maximum possible number of partner types (7x2). This operationalization
corresponds to Blau’s index of heterogeneity, 19 which has also been used in
alliance literature to measure portfolio diversity (e.g., Duysters & Lokshin, 2011).
The analyses controlled for a number of variables such as Firm Age, because
when firms age they may develop more capabilities for handling and benefiting
from both APD and resource constraints with regard to innovative performance.
Firm Size is also controlled for, which is operationalized as the logarithm of the
number of employees. Larger firms have more resources and as a consequence
might be better able to manage multiple alliances with different types of partners,
overcome resource constraints, and manage multiple innovation projects (e.g.,
Belderbos et al., 2006; Cohen & Klepper, 1996).
R&D Intensity (operationalized as R&D expenditure per employee) is
additionally controlled for because R&D engagement increases a firm’s capacity to
recognize, value, and assimilate external knowledge from partners (Cohen &
Levinthal, 1990). R&D-intensive firms are also more likely to engage in
19
The CIS does indicate one or more alliances per partner type but does not account for the total
number of alliances per partner type. Due to this, Blau’s index of heterogeneity could not be used.
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technological collaboration projects, but with diminishing propensity (Belderbos,
Carree, Diederen, Lokshin, & Veugelers, 2004). Additionally, firms that
experience resource constraints might decrease their R&D budgets and projects,
which might influence the results of the analyses.
Furthermore, the analyses controlled for the use of Codified External
Information Sources. These sources might influence innovative performance, since
they provide the focal firm with external information and/or knowledge
(Oerlemans, Buys, & Pretorios, 2006). The CIS includes questions on the extent to
which focal firms used the following three external information sources for
technological innovations: patents, electronic information, and professional
literature (from 0 = “not used” to 3 = “very important”). This control variable is
operationalized by taking the ratio of the sum of the total score divided by the
maximum score.
A MNE (multinational enterprise) dummy was also included, with a value of
one (zero, if not applicable) for firms with a headquarters in another country.
International research facilities can provide a focal firm with knowledge and
information not available in the local market (Isobe, Makino, & Montgomery,
2000). This knowledge and information could influence the focal firm’s
innovativeness and diminish the value of APD. Other members of a domestic
group in which the focal firm is situated can have a similar influence on the
innovativeness of the focal firm. Therefore, a dummy for firms that are Part of a
Domestic Group was also incorporated in the analyses. Furthermore, the analyses
controlled for 26 industries using two-digit industry code control variables, because
different industries have different propensities for innovation and may have
different levels of consistent resource constraints. Finally, the models controlled
for the CIS years.
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3.3.2. Methods
The dependent variables were operationalized as the share of sales as a
percentage, meaning that these variables are censored (0-100%). Hence, Tobit
models, Type 1, were used (e.g., Greene, 2000, pp. 905-926). Random effects
models were also used to accommodate the panel structure of the data. The
estimated Tobit random-effects panel data models allow for individual effects and,
thus, the analyses control for unobserved heterogeneity. Random effect estimation
rather than a fixed effect specification is used for three reasons: 1) it allows for the
inclusion of firms with only one observation; 2) it does not suffer from the
incidental-parameter problem; and 3) it retains time-invariant variables. In
addition, to prevent biases due to heteroskedasticity (a Breusch-Pagan/CookWeisberg test for heteroskedasticity was significant, at p<0.000), the Huber/White
robust specification of standard errors was used. Previous studies also used Tobit
random effects panel data models (e.g., De Leeuw et al., 2014) with robust
standard errors (e.g., Oerlemans et al., 2013) for these reasons.
To prevent possible issues due to multicollinearity of the APD and resource
constraints interaction variables, the APD, the resource constraints, and the
interaction variables were mean-centered (as was done by e.g., Wuyts & Dutta,
2012, and Oerlemans et al., 2013, in their APD interaction models). All variance
inflation factors (VIF) are well below the threshold of 10, indicating that the results
are not driven by multicollinearity.
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3.4. RESULTS
Table 4 shows the means, standard deviations, and bivariate correlations
between the variables used. These descriptives are in line with the expectations,
and the low bivariate correlations present no cause for concern. The slightly higher
negative bivariate correlation of -0.76 between firms that are part of a domestic
group and firms that have a headquarters in another country (MNE) is expected.
Firms can be either part of a domestic group or have their headquarters in another
country. Additionally, firms that work alone are not part of a domestic group and
do not have a headquarters in another country. Consequently, there is a negative
bivariate correlation between these two variables.
Table 5 20 presents the results of the different analyses conducted. All
estimated models are significant (p<0.001). The first three columns present the
coefficients of the models with radical innovative performance as the dependent
variable, while the other three correspond to incremental innovative performance.
Models 1 and 4 include the control variables, including the APD and the quadratic
APD variables. The positive, and significant, linear APD coefficient and the
negative, and significant, APD quadratic coefficient combined show a baseline
inverted U-shaped relationship between APD and both dimensions of innovative
performance.
In the Models 2 and 5, the linear and quadratic resource constraints variables
were added. The significant positive value of the linear resource constraints
coefficients and the significant negative value of the quadratic resource constraints
coefficients indicate an inverted U-shaped relationship between resource
constraints and both dimensions of innovative performance, as was hypothesized in
Hypothesis 6. 21
20

To prevent biases due to heteroskedasticity (and limitations in the use of robust standard errors with
random effects Tobit panel data analyses) the coefficients in this table are based on pooled Tobit
analyses with robust standard errors. These results, however, are in line with the random effects Tobit
panel data analyses without robust standard errors.
21
In the CIS dataset used, the questions on resource constraints were formulated as “hampering
factors of innovation.” This formulation limits possible concerns about potential common method
bias.
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12636
3409
9026
201
27.34 (0.31) ***
-45623 ***

12636
3409
9026
201
27.34 (0.31) ***
-45673 ***

-31.81 (4.82) ***

-30.92 (7.56) ***

-37.20 (4.82) ***

-37.47 (9.77) ***
-19.56 (2.22) ***
-25.76 (5.24) ***
-37.13 (18.48) *
-70.97 (32.03) *
12636
3409
9026
201
27.33 (0.31) ***
-45621 ***

-37.24 (5.60) ***

Incremental Innovative Performance
Model 4
Model 5
Model 6
Controls and
+ Resource
+ Moderation
APD
Constraints
-0.16 (0.02) ***
-0.15 (0.02) ***
-0.15 (0.02) ***
-1.39 (0.96)
- 1.41 (0.96)
-1.40 (0.96)
-12.88 (1.21) ***
-11.49 (1.22) ***
-11.47 (1.22) ***
-1.61 (0.95) †
- 1.54 (0.95)
-1.52 (0.95)
-0.433 (0.22) **
-0.58 (0.21) **
-0.59 (0.22) **
-6.54 (2.97) **
- 6.14 (2.86) *
- 6.14 (2.86) *
-18.33 (2.15) ***
-20.99 (2.18) ***
-21.16 (2.18) ***

Table 5: Analyses of RC and APD, Radical and Incremental Innovative Performance Moderated by Resource Constraints
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Hypothesis 7, which states that resource constraints will positively moderate
the relationship between APD and innovative performance, was tested by including
two interaction terms (i.e., resource constraints*APD and resource
constraints*APD^2). Because the relationship between APD and innovative
performance is an inverted U-shape, both these interaction terms are included, as
had been done by previous studies that tested moderating effects on the inverted Ushaped relationship (e.g., Oerlemans et al., 2013). These two interaction terms
between APD and resource constraints were added in Models 3 and 6.
The results of Model 3 show a non-significant influence of the interaction
terms on radical innovative performance, where as those of Model 6 show a
significant influence on incremental innovative performance. The overall model
improvement of Model 6 compared to Model 5 is significant, at p<0.05. The results
thus show no significant moderation influence of resource constraints on the
relationship between APD and radical innovative performance, but there is a
significant positive moderating influence of resource constraints on the relationship
between APD and incremental innovative performance. Therefore, it seems that the
moderating effect of resource constraints on the relationship between APD and
innovative performance is stronger for incremental innovative performance than
for radical innovative performance, thereby confirming Hypothesis 8.
The moderating influence of resource constraints on the inverted U-shaped
relationship between APD and innovative performance is not directly observable
due to the incorporation of the two interaction terms. 22 However, the positive value
of the resource constraints*APD^2 coefficient is much larger than the negative
value of the resource constraints*APD coefficient. Therefore, the positive
22

Although the study only theorized that the moderating influence of resource constraints on the
relationship between APD and innovative performance would be positive, 4-way interaction models
were analyzed as a robustness check. These additional models included resource constraints^2*APD
and resource constraints^2*APD^2. These added interaction terms were non-significant, and the other
results remained largely unaffected. The overall models were not improved by the inclusion of these
additional variables. Because only a positive moderation of resource constraints was expected and the
models with these additional variables did not yield any improvements (i.e., in terms of the objective
of keeping the models parsimonious with the same explanatory power), these 4-way interactions were
not incorporated into the study.
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moderating effects of resource constraints outweigh the negative ones when the
level of resource constraints and/or APD increases. This indicates a positive
moderating effect of resource constraints on the relationship between APD and
incremental innovative performance, thus partly confirming Hypothesis 7 (only for
incremental innovative performance).
To visualize the relationship of resource constraints and APD to innovative
performance, the coefficients of Models 3 and 6 are plotted in Figure 3 (radical
innovative performance) and Figure 4 (incremental innovative performance),
respectively. Both Figures 3 and 4 show an inverted U-shaped relationship between
APD and innovative performance. Figure 3 shows that, although there is no
significant moderation of resource constraints on the relationship between APD
and radical innovative performance, the combination of APD and resource
constraints has a more positive effect on radical innovative performance than either
one of these variables individually.
Figure 4 23 shows that when the level of APD and resource constraints
increases, the inverted U-shaped relationship between APD and incremental
innovative performance gradually changes into a positive relationship, due to the
interaction terms. Resource constraints have a positive effect on the relationship
between APD and incremental innovative performance over the entire range of
APD. This positive effect appears to be greatest at high levels of both APD and
resource constraints, indicated by the spike in the right upper corner. Specifically,
at higher levels of APD, resource constraints are highly beneficial for a focal firm’s
incremental innovative performance. The negative effect of high levels of APD
(the inverted U-shaped baseline relationship) is not only dampened, but even turns
into a strong positive effect.

23

Note that compared to Figure 3, the scale of innovative performance is increased in Figure 4 to
accommodate larger values.
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Radical Innovative Perf. (f) APD and
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Figure 3: The Relationship of APD and Resource Constraints to Radical Innovative Performance

93

Chapter 3

Incremental Innovative Perf. (f) APD
and Resource Constraints
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Figure 4: The Relationship of APD and Resource Constraints to Incremental Innovative Performance
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3.5. DISCUSSION AND CONCLUSION
The aim of this study was to simultaneously investigate two theoretically and
practically related concepts in relation to innovative performance: namely, resource
constraints and APD. This study thus brings together the literature on resource
constraints and on APD, resulting in a more complete picture of the dynamics of
APD, resource constraints, and innovative performance. With regard to the
influence of APD on innovative performance, the results show an inverted Ushaped relationship between APD and both radical and incremental innovative
performance. An inverted U-shaped relationship was also found in previous studies
(e.g., De Leeuw et al., 2014; Duysters & Lokshin, 2011; Laursen & Salter, 2006;
Oerlemans et al., 2013; Sampson, 2007; Vasudeva & Anand, 2011). However,
positive relationships between APD and innovative performance have also
frequently been reported (e.g., Baum et al., 2000; Faems et al, 2005; Nieto &
Santamaria, 2007; Phelps, 2010; Srivastava & Gnyawali, 2011; Wuyts et al., 2004).
When the results of this study are considered in relation to the positive
relationships between APD and innovative performance found it previous studies,
it might indicate that an inverted U-shaped relationship between APD and
innovative performance becomes positive when the firms experience resource
constraints (the positive moderating role of resource constraints). The previous
studies that found this positive effect usually focused on a single industry, which
could have produced a certain level of consistency in terms of the resource
constraints, resulting in turn in a positive relationship between APD and innovative
performance (of the incremental kind). Firms benefit more from APD when they
experience resource constraints, because alliances with different types of alliance
partners can be used to compensate for the resource constraints (hence, increasing
the benefits of those alliances). The results of this study show that the inverted Ushaped relationship between APD and incremental innovative performance
becomes a positive relationship when the levels of APD and the resource
constraints being experienced increase.
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With this, the study helps to address both the lack of conclusiveness in the
APD literature and the calls to incorporate contingency effects (e.g., Schilke &
Goerzen, 2010; Schilling & Phelps, 2007; Wassmer, 2010) into the relationship
between APD and innovative performance. This study is related to other recent
work (e.g., Oerlemans et al., 2013; Wuyts & Dutta, 2012) that has also
incorporated contingency effects into this equation. It shows that incorporating
resource constraints as a contingency effect significantly improves the explained
variation of incremental innovative performance.
With regard to the moderating influence of resource constraints on the
relationship between APD and the two innovative performance dimensions, no
significant influence on the relationship between APD and radical innovative
performance was found, whereas the inverted U-shaped relationship between APD
and incremental innovative performance turns into a positive relationship when the
level of resource constraints increases. Thus, similar to Burg et al. (2012) and Voss
et al. (2008), this study finds that resource constraints can have varying
implications for different dimensions of innovative performance.
Previous studies have not generally controlled for resource constraints. The
fact that resource constraints were neglected as a variable in the models analyzing
the relationship between APD and performance could thus account for the positive
relationship between APD and innovative performance found by previous studies.
Moreover, this study incorporated 14 types of alliance partners, which had not been
done in previous studies. The optimum for a study of this nature is around 10-12
partner types. The fact that the number of types generally incorporated in previous
studies was lower than this optimum might also help explain the positive
relationships found previously. Future studies should therefore incorporate
resource constraints into their models as a control variable and distinguish between
at least six types of alliance partners (both national and international, resulting in
12 partner types total).

96

Resource Constraints Are Your Friends

Furthermore, this study has implications for the ambidexterity literature (for a
review, see Raisch & Birkinshaw, 2008; Lavie, Stettner, & Tushman, 2010). In
order to achieve ambidexterity and retain it through both prosperous and difficult
years, firms could benefit from fine-tuning their APD, using the optimum for
radical innovative performance as a basis (i.e., APD of 0.6, implying around 10
different types of partners, on average, in this study). Going below this optimum
level of APD would, on average, be detrimental for both radical and incremental
innovative performance. At the same time, going above it can also be dangerous,
on average, since firms with very high levels of APD run the risk of shifting the
balance toward exploitation during economic downturns (experiencing resource
constraints). Exploitation – which is innovation oriented toward a focal firm’s
current knowledge and expertise – is argued to enhance short-term performance at
the expense of long-term performance, because firms may not be able to respond
adequately to environmental changes, ending up in a “competency trap” (Ahuja &
Lampert, 2001; March, 1991; Raisch & Birkinshaw, 2008). Thus, having high
levels of APD during an economic crisis can potentially backfire and result in
substantial innovative performance losses in the long term, after the crisis ends.
Regarding the relationship between resource constraints and both dimensions
of innovative performance, the theorizing and results of this study argue and show
that the relationship is inverted U-shaped. This study incorporates a direct measure
of resource constraints and is the first study that has shown an inverted U-shaped
relationship between resource constraints and innovative performance. Within the
resource constraints literature, there is an ongoing debate about the influence of
resource constraints on innovation (e.g., Burg et al., 2012; Hoegl et al., 2008; Voss
et al., 2008). Recent empirical results on this influence run the gamut, revealing
mixed relationships (e.g., Burg et al., 2012; Garriga et al., 2013; Weiss et al.,
2011), positive relationships (e.g., Baker & Nelson, 2005; Baker, 2007; Bradley et
al., 2011a; Gibbert & Scranton, 2009) and negative relationships (e.g., Garriga et
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al., 2013; Li et al., 2013) 24 between resource constraints and innovative
performance. Intriguingly, prior studies focusing on the slack side of resources
have argued and found an inverted U-shaped relationship between slack resources
and innovative performance (e.g., George, 2005; Nohria & Gulati, 1996; Tan &
Peng, 2003; Yang, Wang, & Cheng, 2009). This study contributes to this debate by
investigating the relationship between resource constraints and two dimensions of
innovative performance in a panel dataset with many observations across 26
different industries in the Netherlands. However, considering the diversity of the
findings in both resource slack and resource constraints research literature, a metaanalysis investigating the effects of resource constraints and slack resources on
innovative performance would be recommended for future research.

3.5.1. Managerial Implications
The results of this study have a number of additional managerial implications.
With regard to the inverted U-shaped relationship between APD and both
dimensions of innovative performance, the results show that when a firm has an
APD below the optimum of the inverted U-shapes, adding an additional partner
type could be beneficial. When the focal firm’s APD is at or above the optimum,
adding more partner types could hamper innovative performance. In other words,
the consequences of adding a new partner type depend on the current level of APD.
Therefore, firms might benefit from not only assessing the fit of a new type of
alliance partner in terms of organization and strategy, but also assessing the fit with
the overall diversity in the APD portfolio.
Furthermore, firms are likely to experience resource constraints at some point
in time due to either the cyclic nature of the economy or resource changes at the
individual firm level. They would therefore benefit from being mindful of the fact
that the relationship between APD and innovative performance changes drastically
when they become constrained in their resources. Particularly interesting is the
24

Non-significant relationships are also found (e.g., Greve, 2003; Weiss et al., 2011).
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basic inverted-U shape between APD and incremental innovative performance,
which has a clear optimum. This relationship, however, changes into a positive
function when resource constraints are incorporated into the model. When firms
become more and more constrained, the benefits they gain from each additional
type of alliance partner start to outweigh the costs associated with maintaining a
diverse alliance portfolio. This indicates that resource-constrained firms are better
off when they collaborate with more types of alliance partners to achieve higher
incremental innovative performance. However, for radical innovative performance,
the inverted-U shape of the relationship between APD and innovative performance
only improves marginally at average levels of resource constraints. This implies
that greater APD is less beneficial for firms that become constrained while
pursuing radical innovation.
The results, furthermore, highlight the fact that in order to remain competitive,
firms would benefit from continuing to invest in and supporting the diversity of
their alliance portfolio, even though they may become tempted to focus on only a
few types of alliance partners in times of downturn, when they become constrained
in their resources.

3.5.2. Limitations and Future Research
Notwithstanding the evident contributions, there are a few limitations to this
study. First, the focus is on a single diversity element: that is, partner diversity as
an element in the alliance portfolio. Although this is a valid dimension of the
alliance portfolio, it could be interesting to research the alliance portfolio in a more
comprehensive way (as was also argued by Wassmer, 2010) by, for instance, also
integrating different governance modes, like joint ventures and corporate venturing
investments. With regard to different modes of governance, the meta-analysis of
Parmigiani and Rivera-Santos (2011) showed that although these differ
substantially, there is also some overlap. Jiang, Tao, & Santoro (2010) were among
the first to operationalize the alliance portfolio as a multidimensional construct.
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Their results revealed that different dimensions of the alliance portfolio, such as
governance diversity and functional diversity, have different effects on firm
performance. Extending this study with more dimensions of the alliance portfolio
might thus be an interesting avenue for future studies.
Second, resource constraints literature sometimes distinguishes between
different types of constraints (e.g., Burg et al., 2012; Mishina et al., 2004; Voss et
al., 2008). In this study, the factor analyses for each panel data wave revealed only
one factor of the resource constraint items that was used consistently throughout
the waves of the dataset. Incorporating different types of resource constraints in
future studies could result in a more refined understanding of the role of resource
constraints, in general, and their effect on the relationship between APD and
innovative performance.
Altogether this study combines resource constraints, APD, and innovative
performance and shows that resource constraints are your friends when it comes to
benefitting more from APD in relation to incremental innovative performance. This
study is one of the first (together with Oerlemans et al., 2013; Wuyts & Dutta,
2012) to assess contingency effects that influence the relationship between APD
and innovative performance, and it contributes to both APD and resource
constraints literature. However, much interesting work on the topic of contingency
effects with regard to APD and innovative performance remains, as well as on
resource constraints, in general.
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Chapter 4: Fight or Flight: The Influence of
Industry and Firm-specific Technological
Turbulence on the Portfolio Dynamics of
Inter-Organizational Relationships 25

ABSTRACT
This study investigates the influence of technological uncertainty (i.e., technological
turbulence) on changes in a focal firm’s Interorganizational Relations (IOR) portfolio.
More specifically, the focus is on what firms’ responses are in terms of the diversity of
modes used in their IOR portfolio (e.g., alliances, joint ventures and M&As). Firms can use
the diversity of their IOR portfolio to deal with technological turbulence. At the most
general level, firms might choose between two opposing responses: to increase or decrease
portfolio diversity. These two responses relate to a broader organizational debate about
firms’ responses to uncertainty: Do firms adapt (fight) or revert to their core business
(flight)? The influence of two distinct types of technological turbulence (i.e., industry and
firm-specific) on the diversity of modes used in an IOR portfolio is investigated.
Arguments from both real options theory and threat-rigidity theory are used in this
examination. Both the theory and the results show that the two distinct types of
technological turbulence trigger two opposing responses from firms. Additionally, the
results show that real options theory appears to be more valid with regard to industry
technological turbulence, while threat-rigidity theory appears to be more valid for firmspecific technological turbulence. In addition to answering the question as to what firms’
responses are to the two types of technological turbulence, this study investigates how
firms enact these responses. This involves delving more deeply into the portfolio level and
investigating how firms respond to the two types of technological turbulence with regard to
initiating different modes of IOR in their IOR portfolio (resulting in changes in diversity).
This was investigated by developing a panel dataset of the 282 largest U.S. pharmaceutical
biotechnology firms from 1990-2007.
Key words: Interorganizational Relations; Technological Turbulence; Uncertainty; Real
Options Theory; Threat-Rigidity Theory.
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This chapter is based on: De Leeuw, T., Duysters, G. M., & Gilsing, V. (2014). Fight or Flight: The
Influence of Industry and Firm-specific Technological Turbulence on the Portfolio Dynamics of
Inter-Organizational Relationships. Working paper. Submitted to the Academy of Management
Conference (2014).
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4.1. INTRODUCTION
Current disruptive technological changes, such as the development of tablet
PCs and smartphones, illustrate the impact technological developments and their
corresponding uncertainty can have on firms. Every industry and firm experiences
varying degrees of these environmentally turbulent conditions of evolution and
change at some point. As the literature has demonstrated, failure to respond
optimally to uncertainty and technological change, of a disruptive or other nature,
can lead to major organizational challenges and even failure (e.g., Henderson &
Clark, 1990; Christensen, 1997). Specifically, in high-tech industries, turbulence
caused by technological changes forms a major kind of uncertainty. This study
therefore explores in greater depth the impact of technological turbulence, defined
as the degree of technological change in a focal firm’s environment (Song, Droge,
Hanvanich, & Calantone, 2005).
Previous studies have shown that firms use interorganizational relations
(IOR) 26 to deal with uncertainty (e.g., Koka, Madhavan, & Prescott, 2006; Oliver,
1990). Firms frequently employ a combination of IOR modes simultaneously, such
as alliances, joint ventures (JVs), and mergers and acquisitions (M&As) (Keil,
Maula, Schildt, & Zahra, 2008). These different modes of IOR provide different
levels of flexibility, from which the firms can benefit in uncertain situations
because they offer various degrees of adaptability. In other words, firms maintain a
combination of different modes of IOR because the total set allows them to
diversify risk and gain access to resources and information in multiple ways:
hence, firms can use their various IOR modes to cope with technological
turbulence.
The variety of IOR modes a firm maintains is captured in the concept of a
focal firm’s IOR portfolio. Research into interorganizational relations has recently
started focusing on this notion of a portfolio: that is, the total set of all direct
alliances (Wassmer, 2010) and other modes of IOR, such as JVs and M&As, a
26

'IOR' also stands for 'interorganizational relationship(s)' and, as such, occasionally the plural form
is used in the text, written as 'IORs'
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focal firm has. The definition of a portfolio level has two important features: 1) it
enables scholars and practitioners to incorporate multiple modes of IOR into a
single point in time; and 2) it allows them to examine the synergistic and
antagonistic effects between IOR modes (Wassmer & Dussauge, 2011). These two
features of the portfolio level are relevant because recent studies have showed that
firms frequently maintain multiple IOR modes at any given point (e.g., De Man,
Duysters, Krijnen, & Luvison, 2011) and that synergies between IOR modes have
an effect on IOR performance (Wassmer & Dussauge, 2012). Other recent studies
have looked at the effects of portfolio diversity on focal firms’ innovation and
performance (e.g., De Leeuw, Lokshin, & Duysters, 2014; Goerzen & Beamish,
2005; Jiang, Tao, & Santoro, 2010; Lavie & Miller, 2008; Sampson, 2007;
Srivastava & Gnyawali, 2011; Van de Vrande, 2013; Vasudeva & Anand, 2011).
Overall, these studies indicate that there appears to be an inverted U-shaped
relationship between portfolio diversity and firms’ performance.
Although these studies have established relationships between the diversity of
IOR portfolios and firm performance, and thereby empirically confirm the
relevance of studying this level of analysis, no studies so far have assessed how the
diversity in the IOR portfolio changes over time and what causes these changes.
Because firms often use their IOR portfolio diversity to deal with technological
turbulence, an interesting question arises: How do firms respond to increasing
levels of technological turbulence with regard to the diversity of modes (e.g.,
alliances, JVs) in their IOR portfolio? Using the diversity of the modes in the
portfolio to respond to technological turbulence is increasingly critical for many
firms, due to both the frequency and speed of change of their environment. Thus, to
understand how firms respond to technological turbulence, this study investigates
technological turbulence as an antecedent of IOR portfolio diversity. Previous
studies have not yet looked at the relationship between technological turbulence
and the diversity of modes used in an IOR portfolio.
In general, firms can choose between two opposing responses to technological
turbulence: increase or decrease their IOR portfolio diversity. These responses
103

Chapter 4

relate to a broader debate in organizational theory: namely, whether firms respond
to uncertainty through adaptation or by becoming more rigid (Staw, Sanderlands,
& Dutton, 1981). In the physiological and behavioral realms, these two responses
have been characterized as “fight or flight” (Cannon, 1932). A similar conundrum
exists in the field of IOR. One view suggests that when uncertainty increases, firms
might opt for flexibility and access to options, thus expanding their array of
choices (e.g., Kogut, 1991; McGrath, 1997). On the other hand, network
researchers have proposed that firms strengthen their IOR in response to
uncertainty, because strong ties are likely to be of greater assistance (e.g.,
Granovetter, 1982; Krackhard, 1992; Williamson, 1981).
There are two useful theories with regard to firms’ responses to technological
turbulence: the real options theory and the threat-rigidity theory. Real options
theory argues that firms will opt to increase their IOR portfolio diversity by
increasing the number of IOR modes, while threat-rigidity theory argues that firms
will opt to decrease their IOR portfolio diversity. By incorporating these two
theories, this study seeks to address the issue of how firms respond to technological
turbulence through adaptations in their IOR portfolio. To help unravel the
theoretical paradox, this study uses a more refined approach to the concept of
technological turbulence by making a distinction between two types of
technological turbulence. In other words, the aim of this study is not to prove
which theory is correct, but to theorize and investigate which theory is more
appropriate under which type of technological turbulence.
The two types of technological turbulence incorporated are industry
technological turbulence (i.e., the degree of change associated with technologies
for a group of firms in an industry) and firm-specific technological turbulence (i.e.,
the degree of change associated with technologies for one specific firm). This
distinction is based on similar distinctions made with regard to uncertainty,
specifically between an entire industry’s uncertainty (market level) or a firm’s
individual uncertainty (project level) (e.g., Beckman, Haunschild, & Phillips, 2004;
Cuypers & Martin, 2010; Li, 2008).
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The main aims of this study are to show that each theory is well suited for one
of the two types of technological turbulence, while being less suited for the other,
and that each type of technological turbulence results in one of the two distinct
responses. By combining these two theories with the two distinct types of
technological turbulence, this study provides a more precise view of the
applicability of each theory, as well as firms’ responses to the two types of
turbulence.
To accomplish this, a number of contributions to the literature are made, as
listed below. First, technological turbulence is theorized and operationalized in two
dimensions, industry and firm-specific, leading to a more refined specification.
Opposing results for each dimension reveal how important this distinction is.
Second, by connecting the two dimensions of technological turbulence to the
two theories, it becomes possible to compare threat-rigidity theory to real options
theory and theorize about their differences and use limitations. The examination of
the two theories provides arguments for the differences per type of technological
turbulence.
Third, since firms use their IOR portfolio diversity to respond to technological
turbulence, the focus here is on the multiple modes of IOR used and thereby
corresponds strongly to the firms’ strategic and empirical context. Previous studies
have tended to focus on only one mode of IOR, such as alliances, even though
firms generally utilize different modes simultaneously. As such, the research in
those previous studies is removed from the strategic and empirical context (Keil et
al., 2008).
Fourth, the firms’ IORs are studied at the portfolio level, with both the
simultaneous modes of IOR and the synergistic and antagonistic effects between
them incorporated. Previous studies focusing on the dyadic level do not incorporate
the synergies between the IORs, yet these synergies can significantly impact IOR
performance (Wassmer & Dussauge, 2012). Fifth, besides investigating what
firms’ responses are to the two types of technological turbulence in terms of the
diversity of their IOR portfolio, this study investigates how they put those
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responses into action. This is accomplished by delving deeper into the portfolio
level and proposing additional hypotheses about the individual modes of IOR.
On a more practical note, managers would benefit from understanding how
their portfolios evolve and change over time (Koka, Madhavan, & Prescott, 2006).
An understanding of how firms respond to the two types of technological
turbulence and enact those responses leads to a better understanding of IOR
portfolio dynamics and can help firms assess which response to use in which
situation, resulting in a better grasp of their choices with regard to IOR portfolio
strategy.
This paper will now delineate the concepts of technological turbulence and
IOR portfolios. In the following section, real options theory and threat-rigidity
theory are used to develop hypotheses about the relationships between industry and
firm-specific technological turbulence and the diversity of IOR portfolios, as well
as the individual modes of IOR in those portfolios that cause the changes in
diversity.

4.2. THEORATICAL BACKGROUND AND HYPOTHESES
4.2.1. Technological Turbulence and IOR Portfolio
In high-tech industries, particularly, dealing with technological turbulence is
vital for firms. Technological turbulence in this context is defined as the
technological change in a focal firm’s environment (Song et al., 2005). From the
perspective of environment, then, a distinction can be made between two different
types of technological turbulence: industry and firm-specific. With regard to this
distinction, industry technological turbulence refers to the degree of change
associated with technologies for a group of firms in an industry. An example of
industry technological turbulence is the uncertainty firms face when a new
technology from outside the market is introduced.
Firm-specific technological turbulence refers to the degree of change
associated with technologies used by one specific firm. An example of firm106
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specific technological turbulence is the uncertainty a firm faces when developing
an invention in, or initially focusing on, a new technological domain. The
distinction between industry and firm-specific technological turbulence is in line
with previous studies that focused on uncertainty and drew distinctions between
uncertainty faced by an entire industry (market level) or specific firms (project
level) (e.g., Beckman et al., 2004; Cuypers & Martin, 2010; Li, 2008).
One of the tactics firms use to deal with either form of technological
turbulence is to employ different modes of IOR from their portfolio (e.g., licensing,
alliances, JVs), as illustrated by the fact that the existence of IOR is particularly
strong in highly turbulent environments (Chesbrough, 2006; Keil et al., 2008).
While the underlying strategy for all IOR is the same – i.e., to gain access to
resources and knowledge that can be used to deal with technological turbulence –
the specific mechanisms and characteristics of the modes used for this differ. There
is a difference, for instance, in terms of flexibility and level of investment, as
demonstrated by studies that have shown that different modes are more likely to be
used in particular circumstances (e.g., Keil et al., 2008; Van de Vrande,
Vanhaverbeke, & Duysters, 2009).
Previous studies, although greatly enriching our understanding of IOR
portfolio dynamics and with some notable exceptions (e.g., Van de Vrande, 2013),
commonly analyzed only one or two modes of IOR (e.g., Duysters & Lokshin,
2011; Lavie & Miller, 2008; Sampson, 2007; Srivastava & Gnyawali, 2011;
Wassmer & Dussauge, 2011), thereby separating these modes from their empirical
and strategic context (Keil et al., 2008). All modes of IOR tend to be part of larger
strategic programs that involve complex choices among the various options (Keil et
al., 2008). According to Koza and Lewin (1998), the use of different IOR modes
might even co-evolve with a firm’s strategic programs. Van de Vrande,
Vanhaverbeke, and Duysters (2009) have furthermore shown that all of the modes
of IOR are represented in the pharmaceutical biotechnology industry (which is our
research setting).
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Consequently, previous studies might be incomplete, because most large firms
do not limit themselves to a single mode of IOR. Hence, this study analyzes the
total set of different IOR modes and then focuses more specifically on the diversity
of modes used in firms’ overall portfolios. Firms can use their IOR portfolio
diversity to respond to technological turbulence and, as argued, generally respond
by increasing (adapting/fight response) or decreasing (reverting to core business
activities/flight response) it.
An IOR portfolio can include licensing agreements, non-equity alliances,
corporate venture capital investments (CVC investments), minority investments,
joint ventures (JVs), and mergers and acquisitions (M&As). When two firms have
a one-way licensing agreement, one firm purchases the rights to another’s
technological know-how. Non-equity alliances are defined as cooperative efforts
between two or more individual firms that join forces to share reciprocal inputs,
while maintaining their own corporate identities (Vanhaverbeke, Duysters, &
Noorderhaven, 2002). CVC investments take the form of funding from a –
typically large – firm in an entrepreneurial firm in return for a small equity stake
(Dushnitsky & Lenox, 2005b). A minority investment is a mode of IOR in which a
firm has a share of less than 50% in another firm. JVs entail the creation of a
jointly owned separate entity (Keil et al., 2008). M&As are cases of joint activities
in which two once separate firms are combined into one (Vanhaverbeke et al.,
2002).
Although each mode of IOR has specific advantages and characteristics, such
as its level of flexibility, Hagedoorn (1990) has defined interdependence between
the two partnering firms as a key factor of differentiation. According to Steensma
and Corley (2000), interdependence refers to the tightness of coupling (Orton &
Weick, 1990) and the level of commitment (Leonard-Barton,1995) between the
partnering firms. Similar frameworks used in IOR research include levels of
ownership, commitment, intensity, control, reversibility, and flexibility (Van de
Vrande et al., 2009). Based on the levels of interdependence and above definitions,
the IOR modes can be listed hierarchically from licensing agreements, non-equity
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alliances, CVC investments, minority investments 27, and JVs up to M&As, which
have the highest level of interdependence. This categorization runs parallel to those
of other scholars (e.g., Gulati & Singh, 1998; Powell, 1990; Santoro & McGill,
2005; Villalonga & McGahan, 2005; Williamson, 1975) that range from arm’slength transactions (market-based) to fully integrated modes (hierarchical).
As previously discussed, a distinction is made between two types of
technological turbulence: industry and firm-specific. Reference was also made to
the fact that there are two useful theories for focusing on firms’ responses to these
phenomena: that is, real options theory and threat-rigidity theory. These two
theories have been incorporated because both focus on how firms respond to
technological turbulence and uncertainty, in general, which is the main research
question of this paper. These two theories are also interesting because they each
contribute evidence for contradictory responses in terms of a firm’s IOR portfolio
diversity. By combining the two types of technological turbulence with these two
theories, this study aims to resolve the contradiction between them.
Although both theories focus, in essence, on technological turbulence (or
uncertainty, in general) and might therefore be used for both kinds, the literature
provides theoretical evidence suggesting which theory works best for which type of
technological turbulence (i.e., industry or firm-specific) – and which does not. At
one end of the spectrum, the logic of real options theory might break down when
firms experience firm-specific technological turbulence. This is because the
discrete investment logic of real options theory could erode (e.g., Adner &
Levinthal, 2004a; Cuypers & Martin, 2010) in the face of the fact that firms in such

27
Although CVC investments and minority investments both involve a minority equity share, these
two modes of external collaboration are not the same. CVC investments are usually one-directional
financial investments by a firm in an entrepreneurial firm/start-up. Firms that initiate CVC
investments usually have a separate organizational unit with its own budgets that handles the
interactions (Schildt, Maula, & Keil, 2005). Thus, there is limited direct communication between the
funding firm and the entrepreneurial firm. In contrast, a minority holding can be initiated by either
one of the two partners, and the two partners interact directly with one another. Hence, there is a
difference in terms of the level of interdependence between these two modes of IOR; because of the
direct interaction, the level of interdependence is higher in minority investments than in CVC
investments.
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a situation can experiment with different known solutions. In other words, the
options could partly evolve as a consequence of prior actions, and when choice sets
evolve as a consequence of prior actions, the real option theory framework is less
applicable (Adner & Levinthal, 2004a). For more background on the applicability
of real options theory, see the discussion in AMR (i.e., Adner & Levinthal, 2004a,
2004b; Kogut & Kulatilaka, 2004; McGrath, Ferrier, & Mendelow, 2004;
Zardkoohi, 2004).
Meanwhile, one of the central arguments of threat-rigidity theory is the
advantage of experimenting with known solutions. This argument holds true under
the condition that “the level of known variables has changed.” However, in the
case of industry technological turbulence “basic causal relationships have been
altered.” As a result, the logic of threat-rigidity theory might not be applicable in
cases of industry technological turbulence (see e.g., Staw et al., 1981). Real options
theory is therefore used to theorize the relationship between industry technological
turbulence and the diversity of modes used in an IOR portfolio, while threatrigidity theory is used to theorize that relationship for firm-specific technological
turbulence. Given the contradictory results of this study, the discussion section at
the end includes a reflection and elaboration on the limits of applicability for each
theory.
In the following sections, the two theories are connected to the two types of
technological turbulence. The theorization shows what firms’ responses are with
regard to the two types of technological turbulence. And while investigating these
responses is highly relevant, it is also interesting to investigate how firms realize
these changes in the diversity of modes used. Changes in IOR portfolio diversity
are caused by changes in the individual modes of IOR that together constitute the
portfolio. It is therefore interesting to additionally theorize and investigate which
individual IOR modes are causing the changes in IOR portfolio diversity and
which modes are preferred under which type of technological turbulence.
Investigating this involved delving deeper into the IOR portfolio level to examine
how firms respond to each of the two types of turbulence in terms of the IOR
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modes employed. Accordingly, in addition to the hypotheses about the
relationships between the two types of technological turbulence and the diversity of
modes used in IOR portfolios, hypotheses about the influence of the two types of
technological turbulence on the individual modes of IOR are developed.
This study thus investigates what firms’ responses are to the two types of
technological turbulence by incorporating both real options theory and threatrigidity theory. The investigation shows, theoretically, that each theory is more
applicable for one of the two types of turbulence. With regard to managerial
significance, the investigation outlines firms’ responses to technological turbulence
and demonstrates how they differ, depending on whether the focus is on industry or
firm-specific developments. Moreover, the investigation shows how firms enact
these responses, providing insight into not only the overall results of managerial
actions, but also how those results are achieved.
In the following section, real options theory is used to hypothesize the
relationship between industry technological turbulence and the diversity of modes
used in an IOR portfolio, as well as the individual modes themselves. This is
followed by Section 4.2.4, in which the same thing is done for threat-rigidity
theory in relationship to firm-specific technological turbulence. Please note that the
hypotheses H9-H11 and H12-H14 presented below are not competing hypotheses
but cover the two different types of technological turbulence.

4.2.2. Fight: Real Options Theory as Applied to Industry Technological
Turbulence and IOR Diversity
Real options theory is appropriate for explaining firms’ responses to turbulent
technological environments in industries or what Bowman and Hurry (1993) called
“highly uncertain” environments. It emerged in the 1970s with a focus on financial
options, and scholars recently started using its arguments to study management and
strategy in companies. Using the real options lens in combination with
technological turbulence is useful because the assets and capabilities firms have at
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their disposal can be viewed as a bundle of options for future choices (Bowman &
Hurry, 1993). The idea that IORs represent real options has been recognized in the
management and strategy literature for some time (e.g., Folta & Miller, 2002;
Kogut, 1991).
Investments in IOR can be seen as real options that create economic value by
generating future decisions or property rights in collaboration with partners (Smit
& Trigeorgis, 2004). More specifically, IOR investments offer firms the flexibility
to act upon industry technological turbulence in such a way that the economic
upside potential of an IOR is retained, while potential downside losses are
contained (Trigeorgis, 1996). According to Kogut (1991), a firm can limit the
possible downside losses of an initial IOR investment through limited commitment
and investment, while preserving expansion possibilities to be exercised only if
future circumstances turn out favorably, thereby maintaining the opportunities for
upside gain. Central to the logic of real options theory is the concept of
diversification and flexibility.
The real options theory logic of diversification, in which a firm can spread its
risk by creating a diverse (IOR) portfolio, is related to the diversification
arguments for a portfolio of financial stocks. The concept of diversification in
finance focuses on reducing risk by simultaneously investing in a variety of asset
categories. The risk that all these various investments would become obsolete or
significantly reduced in value at the same time is smaller than for a single full-scale
investment. Moreover, by investing in different categories of stock that differ in
terms of their returns under different market conditions, the risk of losing resources
(money) is reduced. If one category of investments fails, diversification offers the
possibility of having those losses counteracted with better results in other
categories. Overall, the downside losses and fluctuations can be reduced without
sacrificing too much potential gain.
When industry technological turbulence is high, real options theory would
thus suggest that companies should keep their options open, diversify, and create
flexibility (e.g., Kogut & Kulatilaka, 1994). Reserving the option to invest can be
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more valuable in such a situation than an immediate, full-scale investment, because
that option gives firms the flexibility of deferring the full-scale investment decision
until additional information is obtained (Dixit & Pindyck, 1994; McDonald &
Siegel, 1986; Trigeorgis, 1996). Firms that use real options reasoning when they
experience industry technological turbulence can therefore analyze a wider and
more diverse range of options via IOR than would be possible with immediate,
full-scale investments, because the cost of an option is relatively small compared to
that of purchasing the asset (McGrath & Nerkar, 2004). Creating more, and
flexible, IORs thus offers firms access to a wider and more diverse range of
resources and information, which can be used to deal with industry technological
turbulence. Therefore:
Hypothesis 9: The degree of industry technological turbulence is positively
related to the diversity of IOR modes used in the focal firms’ IOR portfolio.

4.2.3. Industry Technological Turbulence: What Happens within the IOR
Portfolio?
With regard to the individual modes of IOR (i.e., how firms make changes in
IOR portfolio diversity), real options theory provides additional arguments for a
preference for diversification in the form of IOR modes with lower levels of
interdependence versus those with higher levels. The theory suggests that firms
will initiate more diverse and flexible modes of IOR (e.g., Kogut & Kulatilaka,
1994), because these provide them with opportunities for adapting to change in the
face of industry technological turbulence. Maintaining flexible modes of IOR has a
number of advantages. First, flexible IORs are easier to disband. Second, potential
losses are smaller compared to those related to less flexible IORs, which generally
require higher levels of investment. Third, they offer firms the possibility of
responding to changes more quickly.
As an example, consider firms that experience industry technological
turbulence due to two competing new technologies that are introduced onto the
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market. Additionally, assume that only one of these technologies will eventually
prevail, but the probability of success for each technology is unknown. In the
literature, this situation is referred to as an “era of ferment” (e.g., Anderson &
Tushman, 1990), characterized by increased technological variation. As a result,
managers face genuine uncertainty regarding the prospects of these two
technologies. Under such conditions, a focal firm could use flexible IOR modes to
gain access to both of the competing technologies. The focal firm might use these
flexible modes to explore each technology and gain access to the technological
know-how. When one of the two technologies eventually becomes a success, the
focal firm can disband the flexible IOR established for the “losing” technology
relatively easy and with little loss of capital (i.e., limited downside loss). This
would not be the case if the focal firm had used more interdependent modes of
IOR. Moreover, the firm has gained early access to, knowledge of, and experience
with the prevailing technology and successful company (i.e., upside gain).
As elaborated on in the theoretical background, the concept of flexibility in
real options theory relates to the level of interdependence between IOR partners:
the higher the level of flexibility, the lower the level of interdependence, and vice
versa. Based on this interrelatedness, firms are expected to initiate more individual
modes of IOR with lower levels of interdependence, such as licensing, non-equity
alliances, and CVCs, when they experience industry technological turbulence. The
results of previous studies support this theorizing. With regard to real options
theory and industry technological turbulence, this reasoning is in line with the
results of Van de Vrande, Vanhaverbeke, and Duysters (2009), for instance, who
found that environmental turbulence results in a preference toward non-equity
alliances, which is an IOR mode with a low level of interdependence. Additionally,
Li and Li (2010) found that under higher levels of market uncertainty,
multinationals chose more flexible ownership strategies in China. Hence:
Hypothesis 10: The degree of industry technological turbulence is positively
related to the focal firms’ number of IOR modes with lower levels of
interdependence: to wit, licensing, non-equity alliances and CVC investments.
114

Fight or Flight

Even though firms using a real options approach are able to maintain more
diverse and flexible IOR modes by choosing smaller investments, accompanied by
lower levels of commitment and costs, the firms’ resources and IOR management
capabilities are limited. Maintaining too many IORs, or an IOR portfolio that is too
diverse, diminishes the positive effects derived from the portfolio, as illustrated by
the inverted U-shaped relationship found between portfolio diversity and firm
performance (e.g., Duysters & Lokshin, 2011; Laursen & Salter, 2006; Vasudeva
& Anand, 2011). This relationship indicates that firms are limited in terms of the
diversity and number of IORs they can successfully maintain all at once. Due to
firms’ preferences for diversification and diversifying through IOR modes with
lower levels of interdependence (while maintaining important IORs with higher
levels of interdependence), increasing levels of industry technological turbulence
will thus result in a decrease in the IOR modes with higher levels of
interdependence.
Indeed, with regard to the real options theory and industry technological
turbulence, Lee (2004) has argued, in a theoretical model, that higher uncertainty
leads to lower ownership shares on the part of multinationals in their foreign
subsidiaries. In a similar vein, Cuypers and Martin (2010) found that exogenous
uncertainty, caused by macro-economic and institutional variables, leads foreign
organizations to take a lower equity share in joint ventures in China. Also
consistent with the above arguments are the results of a Santoro and McGill (2005)
study, which found that technological uncertainty decreased the likelihood of
hierarchical governance.
The logic of real options theory focuses on not only creating options, but also
exercising them. In the context of an IOR portfolio, exercising an option would
involve changing an IOR mode with a lower level of interdependence into one with
a higher level. Firms are expected to exercise options when they know these
options are valuable – that is, when the industry technological turbulence has
decreased. Thus, when firms experience industry technological turbulence, they are
less likely to exercise their options. In other words, the creation and exercising of
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IOR modes with higher levels of interdependence in the event of industry
technological turbulence can only be expected to a limited degree. Although firms
will keep initiating and expanding some key IORs even when these have higher
levels of interdependence (the “prevalent” relationships), overall, a decrease in
IOR modes with higher levels of interdependence can be expected when firms
experience industry technological turbulence. Therefore:
Hypothesis 11: The degree of industry technological turbulence is negatively
related to the focal firms’ number of IOR modes with higher levels of
interdependence: to wit, minority investments, JVs, and M&As.

4.2.4. Flight: Threat-Rigidity Theory as Applied to Firm-Specific
Technological Turbulence and IOR Diversity
This section focuses on firm-specific technological turbulence. An example of
this is the uncertainty a firm faces when developing an invention in, or starting to
focus on, a new technological domain. Previous studies have described these
turbulent conditions, which can create dynamic and volatile environments,
discontinuities in demand (Glazer & Weiss, 1993), unpredictability and uncertainty
(Bourgeois & Eisenhardt, 1988), changes in barriers to entry or exit, and changes
in the competitive structure of the industry (Chakravarthy, 1997). Firm-specific
technological turbulence is irregular, by definition, and can have serious
consequences for companies. Firms therefore perceive such turbulence as a threat,
at least to existing products, processes, and services.
Threat-rigidity theory, which has its provenance in biology, argues that a
threat to the interest of an entity (e.g., individual or firm) will lead to forms of
rigidity. Firm-specific technological turbulence usually results in a threat to a
firm’s existing products, processes, or services. The most influential work on how
firms respond to such threats is probably that of Staw et al., (1981). They provide a
summary of evidence pointing toward a rigidity response and a corresponding
stability in the existing social structure. Amongst other things, they argue that firms
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experiencing a threat will: a) restrict the number of alternatives considered; b)
consult fewer sources of information (Gladstein & Reilly, 1985), leading to fewer
available alternatives; c) restrict their responses to ones that are similar to what
they have always done; d) rely heavily on past experience and prior knowledge; e)
have a tendency to adopt a single approach to problem-solving; and f) simplify and
reduce alternatives (Staw et al., 1981).
Threat-rigidity theory additionally suggests that firm-specific technological
turbulence inhibits cognitive processes, restricts decision-making, and limits the
number of options considered (Staw et al., 1981). The threat-rigidity arguments
thus imply that firms will exhibit rigidity, or an inability to act and do something
new, in the face of a threat like firm-specific technological turbulence. Several
studies have empirically corroborated this threat-rigidity response (e.g.,
Chattopadhyay, Glick, & Huber, 2001; Gladstein & Reilly, 1985).
With regard to the use of threat-rigidity theory in combination with IOR,
Shimizu (2007) was one of the first to combine these (specifically for M&As). If
one applies the above argumentation about firms’ responses to firm-specific
technological turbulence to how they would handle their IOR portfolio diversity,
one would thus expect inertia on that front, as well. Firms would respond to such
turbulence by relying mostly on established IORs and thus only instigate a limited
number of new ones, if any. Therefore, a decrease in the overall diversity of the
IOR modes used in the portfolio can be expected.
Hypothesis 12: The degree of firm-specific technological turbulence is
negatively related to the diversity of the IOR modes used in the focal firms’ IOR
portfolio.

4.2.5. Firm-Specific Technological Turbulence: What Happens within the IOR
Portfolio?
With regard to individual IOR modes (i.e., how firms make changes in IOR
portfolio diversity), threat-rigidity theory seems to provide arguments for a
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decrease in modes with lower levels of interdependence as a response to firmspecific technological turbulence. According to threat-rigidity theory, firms
experiencing a threat revert to more stable, conservative behavior, thereby
eliminating the use of creative or novel strategies. As a result, the likelihood of
firms changing and adapting decreases (Ocasio, 1995).
Furthermore, firm-specific technological turbulence may force a control
response (Chattopadhyay et al., 2001) resulting in the reinforcement of IOR modes
with higher levels of interdependence and the dissolution of those with lower
levels, or the more flexible modes. As Staw et al. (1981) describe it: “A threat may
force a control response that results in the strengthening of tightly coupled links
within organizations and the dissolution of weak links” (p. 514). This tightness of
coupling within IORs relates positively to the level of interdependence. One would
thus expect a decrease in the number of IOR modes with lower levels of
interdependence compared to those with higher levels as a response to firmspecific technological turbulence:
Hypothesis 13: The degree of firm-specific technological turbulence is
negatively related to the focal firms’ number of IOR modes with lower levels of
interdependence: to wit, licensing, non-equity alliances, and CVC investments.

With regard to the threat-rigidity effect and firm-specific technological
turbulence, Cuypers and Martin (2010) found that endogenous uncertainty, as
caused by both uncertainty about development capabilities and scope-related
uncertainty, prevents foreign organizations from taking a lower equity share in
joint ventures in China. A Li (2008) study on the durations of venture capital
investments suggests that project-specific uncertainty prompts venture capital firms
to invest sooner, instead of opting for flexibility or lower levels of
interdependence. Also, Huchzermeier and Loch (2001) found that uncertainty
originating from product performance or schedule variability, for instance, reduces
the value of flexibility.
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Threat-rigidity theory also provides arguments for a decrease in the initiation
of new IOR modes with higher levels of interdependence, even though a possible
strengthening of existing IOR modes can be expected. According to threat-rigidity
theory, firms experiencing threats focus heavily on efficiency and therefore
increase their efforts to conserve resources (Staw et al., 1981). The IOR modes
with higher levels of interdependence, such as M&As and JVs, are frequently
costly and therefore considered resource-consuming activities. When a firm
experiences firm-specific technological turbulence, it can be expected to revert
back to more stable, conservative behavior with its existing IORs, leading to a
decrease in the pursuit of new IORs, specifically, modes with higher levels of
interdependence.
Hypothesis 14: The degree of firm-specific technological turbulence is
negatively related to the focal firms’ number of IOR modes with higher levels of
interdependence: to wit, minority investments, JVs, and M&As.

4.3. DATA AND METHOD
4.3.1. Context and Data
The hypotheses were tested on a unique, newly developed, panel database
taken from an annual ranking of the 100 largest U.S. public pharmaceutical
biotechnology firms. These firms were selected for the years 1990-2010 from
Compustat based on the number of employees they had and the following five
pharmaceutical biotechnology SIC codes: 2833 (medicinal chemicals and botanical
products), 2834 (pharmaceutical preparations), 2835 (in vitro and in vivo
diagnostic substances), 2836 (biological products), and 8731 (commercial physical
and biological research) (see also Guo, Lev, & Zhou, 2004; Joos & Zhdanov,
2008). This produced a list of 282 focal firms. Although the initial selection of the
100 largest firms in any given year might lead to a specific subset of large firms,
the final 282 focal firms have a relatively large standard deviation in terms of their
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firm size, indicating a more diverse sample. Moreover, focusing on the largest
firms has two advantages: first, it enables us to have a consistent set of firms over
time; and second, as opposed to small or privately-held firms, large firms must
maintain and disclose their IORs and other relevant information. For this reason,
earlier IOR research has also focused on the largest firms (e.g., Ahuja, 2000;
Beckman et al., 2004; Hitt, Hoskisson, Johnson, & Moesel, 1996; Keil et al.,
2008).
The pharmaceutical biotechnology industry is particularly useful for
researching the relationships between technological turbulence and IOR portfolios.
In terms of the former, the pharmaceutical biotechnology is a high-tech sector and
therefore, by definition, subject to technological turbulence. With regard to the
latter, this industry is characterized by a rapidly developing and widely dispersed
network of scientific leadership (Powell, White, Koput and Owen-Smith, 2005).
Additionally, the skills and resources needed to invent new medicines are broadly
distributed. These two factors combined have produced a situation in which firms
find it necessary to collaborate extensively with one another (see also Deeds &
Hill, 1996). Indeed, Van de Vrande et al. (2009) have shown that all the different
modes of IOR are represented in this industry.
Moreover, this industry plays an important role in shaping the social and
economic environment, resulting in a high availability of the recorded data needed
to investigate the hypotheses. Finally, “biotechnology techniques have applications
in a number of subfields, including therapeutic pharmaceuticals, diagnostic
pharmaceuticals, agriculture, and chemicals. In this sense, the biotechnology
industry can be seen as an alternative to a multi-industry study” (Folta, 1998, p.
1,015).
The 282 largest focal firms from Compustat were connected to other
secondary databases. Information on the IOR was gathered from multiple
secondary data sources and matched, including two Securities Data Corporation
(SDC) platinum databases by Thomson (i.e., the Alliances and Joint Ventures
database and the M&A database) and Thomson’s VentureXpert. Patent
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information, which was used to measure technological turbulence, was obtained
from the USPTO and the NBER.

4.3.2. Measures
Independent Variable: Technological Turbulence. Technological turbulence
refers to technological change over time and was operationalized based on U.S.
patent information from the 282 focal firms. U.S. patents in the pharmaceutical
biotechnology industry can be regarded as a reliable source of information, since
this is an industry with strong patent protection, making the propensity to patent
high (Deeds & Hill, 1996). In line with prior studies (e.g., Dushnitsky & Lenox,
2005a, 2005b; Hagedoorn & Cloodt, 2003; Ozmel, Reuer, & Gulati, 2013),
information from the US Patent and Trademark Office (USPTO) was used to
complement the patent data from the 282 focal firms. Because the USPTO grants
patents to both the parent firm and the firm’s subsidiary levels (Patel & Pavitt,
1997), the patent data needed to be consolidated at the parent firm level. The
NBER (2008) matching database between Compustat and the USPTO was used to
retrieve and consolidate the patents assigned to the focal firms (Hall, Jaffe, &
Trajtenberg, 2001). Because the delay between the patent application date and the
patent grant date can be a few years, on average, the NBER data used was up-toand-including 2006. The NBER information also enabled the re-allocation of
patents over time, reflecting M&As between the focal firms.
The patents were used to operationalize the technological turbulence. Our
technological turbulence operationalization demonstrates the consistency of
patenting behavior in the patent classes over time. If the patenting behavior is
consistent, technological turbulence is considered to be low. In this
operationalization, a correlation of year t and t-1 between the weighted number of
patents per subclass was used. A weight per subclass was used to incorporate
differences in relevance between the subclasses. Previous studies have limited the
patent subclasses to a certain percentage of all patent subclasses incorporated (e.g.,
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80% by Van de Vrande, Vanhaverbeke, & Duysters, 2009) for the same reason. To
prevent the omission of potentially relevant patent subclasses, as may have
happened in those previous studies, and yet still incorporate the difference in
relevance between patent subclasses, the number of patents per patent subclass was
multiplied by the share of the total number of patents in that patent subclass, for all
the focal firms over the total analysis period. This does not force or artificially
define the technological importance of patent subclasses, but rather derives that
importance directly from the focal firms’ patents per respective subclass.
Industry technological turbulence is the correlation between year t and t-1 of
all the patents of the 282 focal firms, per patent subclass, per year, multiplied first
by the technological importance of that patent subclass. In contrast, firm-specific
technological turbulence is the correlation between year t and t-1 of all the patents,
per focal firm, per patent subclass, per year, multiplied first by the technological
importance of that patent subclass.
Dependent Variables: IOR Portfolio Diversity and the Number of Individual
IOR Modes. To operationalize the IOR of the focal firms, the 282 focal firms from
Compustat were matched to other databases, through extensive name
standardization, name matching, and the matching of other firm identifiers. This
matching was done twice (by two PhD candidates independently) and the minor
differences resolved. CVC investments were pooled from Thomson’s
VentureXpert, which combines data from industry associations like the National
Venture Capital Association and the investment banking community. VentureXpert
has been used frequently in prior research (e.g., Dushnitsky & Lavie, 2010;
Dushnitsky & Lenox, 2005a, 2005b; Ozmel et al., 2013; Van de Vrande et al.,
2009).
Data on the licensing agreements, non-equity alliances, minority investments,
JVs, and M&As of the 282 focal firms were pooled from two well-known and
frequently used Securities Data Corporation (SDC) platinum databases from
Thomson (used by e.g., Anand & Khanna, 2000; Bergh & Lim, 2008; Hagedoorn
& Cloodt, 2003; Phelps, 2010; Sahaym, Steensma, & Schilling, 2007; Sampson,
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2007; Schilling & Phelps, 2007; Srivastava & Gnyawali, 2011). These databases
are among the most comprehensive sources of information on IOR and are one of
the only sources available for large-scale empirical studies in this field (see Anand
& Khanna, 2000).
The data stored in the SDC databases has been obtained from Securities and
Exchange Commission (SEC) filings and those of their international counterparts,
trade publications, news sources and wires, company annual reports, and other
sources. Although the two SDC databases are the most comprehensive and
frequently used databases, two limitations apply. First, SDC data is quite sparse
until 1990 (Anand & Khanna, 2000; Schilling, 2009). We therefore started our
analysis period in 1990. Second, a manual check of a subset of the SDC data
indicated that not all IORs could be double-checked and verified. Therefore, all of
the IORs for which the announcement date was estimated, rather than known, were
removed from the data, since these may never have materialized (in line with e.g.,
Sampson, 2007).
Based on the two SDC databases and Thomson’s VentureXpert, the number of
individual IOR modes was created as the sum of the count of each IOR mode, per
focal firm, per year. IOR portfolio diversity was operationalized using the most
commonly employed measure for diversity as variety (Harrison & Klein, 2007):
the Herfindahl-Hirschman Index (HHI), also known as Blau’s index of
heterogeneity, which was used, for example, by Duysters and Lokshin (2011) to
measure alliance partner diversity in an alliance portfolio. In accordance with the
HHI formula, the sum of the squared share of the number of IORs, per IOR mode,
per focal firm, per year is taken. Because the HHI is a concentration ratio, the IOR
portfolio diversity measure is 1-HHI.
Control Variables. To minimize alternative explanations, the analyses
controlled for the following relevant variables: firm size, firms’ R&D intensity,
firms’ experience with each IOR mode, firms’ primary SIC sector, and year
dummies. Firm size can influence the focal firm’s propensity to engage in IOR.
Firm size was operationalized as the number of employees per year. It was also
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important to control for R&D intensity, defined as the focal firm’s total R&D
expenditure per year, because it increases a focal firm’s capacity to recognize,
value, and work with external resources and knowledge through IOR. The focal
firm’s past experience with each IOR mode can lead to a build-up of specific
capabilities and preferences per IOR mode. IOR experience was therefore
controlled for and operationalized as the sum of the number of IORs per mode in
the 5 years before the period of analyses. Because the pharmaceutical
biotechnology industry could be considered a multi-industry (Folta, 1998), and
different industries have different propensities to patent, the focal firm’s primary
SIC industry dummy code is controlled for. Finally, the analyses controlled for the
years 1990 through 2007 by including year dummies.

4.3.3. Methods
A random effects panel data estimation, which allows for individual effects,
was used to assess the relationships between both industry and firm-specific
technological turbulence and the diversity of modes in an IOR portfolio. By
allowing for individual effects, this method controls for any unobserved
heterogeneity. Random effect estimation is used rather than fixed-effect
specification for two reasons: 1) it retains time-invariant variables; and 2) it does
not suffer from the incidental parameter problem (i.e., the coefficients of dummy
variables used in fixed-effects estimations are not consistent, since the number of
these parameters increases as the number of observations increases, and in these
analyses, there are 2,994 observations). To check robustness, however, the models
were also analyzed with fixed-effects estimations, and the results were consistent.
Negative binomial panel data estimations were used to assess the relationships
between both industry and firm-specific technological turbulence and the number
of separate IOR modes employed.

124

Fight or Flight

4.4. RESULTS
The number of separate IOR modes used by the 282 focal firms is presented in
Table 6. In total, the firms initiated 8,440 IORs. The descriptive statistics and
pairwise correlations can be found in Table 7. Industry technological turbulence
has a mean of 0.28, while the mean of firm-specific technological turbulence is
0.85. At 0.17, the correlation between these two measures is low, indicating
distinct measures. Moreover, the correlations do not suggest that collinearity might
be an issue. The diversity of modes in an IOR portfolio has a mean of 0.13,
indicating relatively low levels of diversity.

Table 6: Number of Separately Initiated IOR Modes
IOR Modes

#

Licensing Agreements

1,736

Non-equity Alliances

2,150

CVC Investments

1,290

Minority Investments

404

Joint Ventures (JVs)

600

Mergers & Acquisitions (M&As)

2,260

Total

8,440
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0.77

1.21

0.52

0.31

0.10

0.14

0.53

6. CVC Investments

7. Minority Investments

8. Joint Ventures (JVs)
9. Mergers & Acquisitions
(M&As)

11. Firm R&D Intensity
12. Licensing
Experience
13. Non-equity Alliance
Experience
14. CVC Investments
Experience
15. Minority Investments
Experience
16. JV
Experience
17. M&A
Experience

10. Firm Size

0.97

1.09

0.43

1.53

0.44

0.53

1.69

0.39

0.10

0.28

0.11

0.18

0.57

18.12

0.43

2.06

0.28

6.93

1.12

0.42

5. Non-equity Alliances

b

0.24

0.13

a

0.44

0.85

1.32

0.34

Std.
Dev.

0.28

Mean

1. Industry Tech.
Turbulence
2. Firm-Specific Tech.
Turbulence
3. IOR Portfolio Mode
Diversity
4. Licensing Agreements

Variable

Table 7: Descriptive Statistics and Correlations

-0.01

-0.01

-0.01

-0.01

-0.00

-0.01

-0.11

-0.04

-0.01

-0.03

-0.02

-0.05

-0.01

-0.08

-0.04

-0.17

1

1

-0.25

-0.26

-0.16

-0.19

-0.12

-0.29

-0.18

-0.30

-0.13

-0.15

-0.16

-0.08

-0.24

-0.28

-0.27

1

2

0.36

0.32

0.30

0.28

0.12

0.34

0.42

0.50

0.49

0.37

0.45

0.21

0.59

0.58

1

3

0.31

0.29

0.22

0.26

0.08

0.35

0.32

0.46

0.30

0.36

0.37

0.13

0.56

1

4

0.34

0.31

0.26

0.27

0.10

0.31

0.46

0.56

0.38

0.39

0.35

0.22

1

5

0.21

0.18

0.26

0.38

0.06

0.11

0.41

0.41

0.27

0.05

0.23

1

6

0.22

0.16

0.24

0.21

0.08

0.18

0.28

0.37

0.35

0.34

1

7

0.25

0.18

0.15

0.10

0.02

0.14

0.14

0.28

0.33

1

8

0.29

0.18

0.18

0.19

0.09

0.17

0.39

0.47

1

9

0.48

0.45

0.36

0.46

0.13

0.44

0.81

1

10

0.32

0.32

0.17

0.28

0.06

0.36

1

11

0.61

0.64

0.42

0.34

0.10

1

12

0.14

0.06

0.14

0.00

1

13

0.46

0.51

0.66

1

14

0.56

0.54

1

15

0.52

1

16

1

17
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Table 8 presents the results of the analyses of the impact of industry
technological turbulence on the diversity of IOR modes in a portfolio (Model 2;
i.e., What do firms do with regard to their IOR portfolio diversity?) and the
individual IOR modes (Models 3-8; i.e., How do firms change their IOR portfolio
diversity?). Model 1 is a baseline model with only the control variables.
The results of Model 2 indicate a positive and significant relationship between
industry technological turbulence and the diversity of IOR modes in a portfolio,
hence confirming Hypothesis 9. Models 3 and 4 show a positive and significant
relationship between industry technological turbulence and both licensing
agreements and non-equity alliances. Model 5, however, reveals a significant
negative relationship between industry technological turbulence and CVC
investments. Therefore, Hypothesis 10, which argued that industry technological
turbulence would be positively related to the focal firms’ number of IOR modes
with lower levels of interdependence (i.e., licensing, non-equity alliances, and
CVC investments) is partly confirmed.
Based on Models 6, 7, and 8, Hypothesis 11, arguing for a negative
relatedness between industry technological turbulence and the focal firms’ number
of IOR modes with higher levels of interdependence (i.e., minority investments,
JVs, and M&As) is also partly confirmed. It is partly confirmed because the
relationship between industry technological turbulence and both minority
investments and JVs is non-significant.
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-0.03 (0.02) †

-0.00 (0.01)

-0.04 (0.03)

-0.02 (0.02)

-0.01 (0.01) *

-0.05 (0.02) *

Non-equity Alliance Exp.

CVC Investments Exp.

Minority Investments Exp.

JV Investments Exp.

M&A Exp.

Constant

0.187

0.185

Sigma_u

Sigma_e

Rho

0.187

0.186

0.089

278

2,994

-0.04 (0.02) *

-0.01 (0.01) *

-0.01 (0.02)

-0.04 (0.03)

-0.00 (0.01)

-0.03 (0.02) †

*** p<0.001, ** p<0.001, * p<0.05, † p<0.10

Model 3

-2278

.

.

.

278

-2495

.

.

.

278

2,994

-0.45 (0.29)

2,994

-0.02 (0.06)

-2.28 (0.48) ***

-0.31 (0.18) †

-0.06 (0.23)

-0.02 (0.06)

-0.42 (0.17) *

-0.21 (0.09) *

-0.17 (0.04) ***

-0.02 (0.00) ***

-1.72 (0.21) ***

Non-equity
Alliances

Model 4

-0.06 (0.06)

-0.05 (0.19)

-0.14 (0.23)

-0.06 (0.06)

-0.36 (0.18) *

-0.18 (0.09) †

-0.16 (0.05) **

-0.01 (0.00) **

-0.88 (0.24) ***

Licensing
Agreements

Standard errors in parentheses; Controlled for the SIC industries and years.

Log Likelihood

278

0.089

Number of Firms

2,994

-0.02 (0.01) †

Licensing Exp.

Observations

-0.01 (0.01)

-0.01 (0.01)

Firm R&D Intensity

-0.02 (0.01) †

-0.01 (0.00) ***

-0.01 (0.00) ***

Firm Size

Portfolio

Model 2

-0.09 (0.03) **

Controls

Model 1

Industry Tech. Turbulence

Variables

Table 8: Industry Technological Turbulence Results

-673.1

.

.

.

278

2,994

-1.00 (0.86)

-0.01 (0.12)

-0.86 (0.45) †

-0.23 (0.41)

-0.22 (0.08) *

-0.06 (0.22)

-0.60 (0.30) *

-0.16 (0.06) **

-0.01 (0.01) *

-1.36 (0.55) *

CVC
Investments

Model 5

-827.2

.

.

.

278

2,994

-1.41 (0.47) **

-0.09 (0.08)

-0.11 (0.26)

-0.34 (0.27)

-0.05 (0.08)

-0.28 (0.23)

-0.09 (0.11)

-0.21 (0.08) **

-0.03 (0.01) ***

-0.81 (0.51)

Minority
Investments

Model 6

-1003

.

.

.

278

2,994

-1.78 (0.52) ***

-0.04 (0.07)

-0.34 (0.28)

-0.29 (0.40)

-0.05 (0.09)

-0.02 (0.30)

-0.31 (0.14) *

-0.66 (0.12) ***

-0.02 (0.01) ***

-0.22 (0.46)

Joint Ventures

Model 7

-2538

.

.

.

278

2,994

-0.53 (0.25) *

-0.07 (0.07)

-0.19 (0.17)

-0.13 (0.24)

-0.00 (0.07)

-0.04 (0.16)

-0.06 (0.10)

-0.02 (0.04)

-0.01 (0.00) ***

-0.66 (0.25) **

M&A

Model 8
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-0.00 (0.00) ***

-0.00 (0.01)

-0.04 (0.02) †

-0.00 (0.01)

-0.02 (0.01)

-0.03 (0.02)

-0.00 (0.01)

-0.04 (0.02)

-0.01 (0.02)

-0.01 (0.01) *

-0.05 (0.03) †

Firm R&D Intensity

Licensing Exp.

Non-equity Alliance Exp.

CVC Investments Exp.

Minority Investments Exp.

JV Investments Exp.

M&A Exp.

Constant

0.176

0.185

0.183

Sigma_e

0.087

Model 11

*** p<0.001, ** p<0.001, * p<0.05, † p<0.10

-2140

.

.

.

278

2,994

-1.47 (0.53) **

-0.09 (0.07)

-0.19 (0.21)

-0.43 (0.26)

-0.08 (0.07)

-0.24 (0.17)

-0.21 (0.11) *

-0.06 (0.05)

-0.01 (0.00) ***

-0.18 (0.08) *

Licensing
Agreements

Standard errors in parentheses; Controlled for the SIC industries and years.

Log Likelihood

Rho

0.185

0.088

Sigma_u

278

278

2,994

2,994

Observations

Number of Firms

-0.09 (0.03) **

-0.01 (0.01) *

-0.01 (0.02)

-0.02 (0.02)

-0.01 (0.01)

-0.00 (0.01)

-0.03 (0.01) ***

-0.01 (0.00) ***

Portfolio

Model 10

Firm Size

Controls

Model 9

Firm-Specific Tech. Turbulence

Variables

Table 9: Firm-Specific Technological Turbulence Results
Model 12

-2450

.

.

.

278

2,994

-0.49 (0.32)

-0.06 (0.07)

-0.33 (0.18) †

-0.02 (0.23)

-0.00 (0.06)

-0.30 (0.16) †

-0.12 (0.09)

-0.14 (0.04) ***

-0.02 (0.00) ***

-0.26 (0.08) **

Non-equity
Alliances

-655

.

.

.

278

2,994

-1.08 (0.97)

-0.02 (0.13)

-0.91 (0.48) †

-0.15 (0.46)

-0.22 (0.09) *

-0.05 (0.23)

-0.49 (0.31)

-0.03 (0.07)

-0.02 (0.01) **

-0.91 (0.28) **

CVC
Investments

Model 13

-796.1

.

.

.

278

2,994

-1.18 (0.64) †

-0.05 (0.07)

-0.12 (0.24)

-0.47 (0.26) †

-0.06 (0.07)

-0.10 (0.21)

-0.05 (0.11)

-0.07 (0.09)

-0.03 (0.01) ***

-0.85 (0.19) ***

Minority
Investments

Model 14

-937.5

.

.

.

278

2,994

-0.87 (0.59)

-0.07 (0.07)

-0.08 (0.27)

-0.30 (0.40)

-0.11 (0.11)

-0.20 (0.28)

-0.23 (0.14) †

-0.02 (0.13)

-0.01 (0.01) *

-0.37 (0.17) *

Joint Ventures

Model 15

-2528

.

.

.

278

2,994

-0.08 (0.33)

-0.06 (0.07)

-0.19 (0.17)

-0.11 (0.24)

-0.01 (0.07)

-0.02 (0.17)

-0.07 (0.10)

-0.00 (0.05)

-0.01 (0.00) ***

-0.09 (0.09)

M&A

Model 16
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Table 9 shows the results of the analyses of the impact of firm-specific
technological turbulence on the diversity of IOR modes in a portfolio (Model 10;
i.e., What do firms do with regard to their IOR portfolio diversity?) and the
separate IOR modes (Models 11-16; i.e., How do firms change their IOR portfolio
diversity?). Model 9 is a baseline model with only the control variables. Model 10
shows a significant negative relationship between firm-specific technological
turbulence and the diversity of IOR modes used in a portfolio, thereby confirming
Hypothesis 12.
Hypothesis 13, which argued for a negative relationship between firm-specific
technological turbulence and the focal firms’ number of IOR modes with lower
levels of interdependence (i.e., licensing, non-equity alliances, and CVC
investments), is confirmed based on Models 11, 12, and 13. Models 14 and 15
reveal a significant negative relationship between firm-specific technological
turbulence and both minority investments and JVs, while Model 16 reveals a
negative, but non-significant, relationship with M&As. Combined, these last three
models provide partial support for Hypothesis 14.

4.5. DISCUSSION AND CONCLUSION
This paper started with the paradox of firms’ responses to technological
turbulence or uncertainty, in general. Two types of technological turbulence were
connected with two distinct responses (fight or flight) by using real options theory
and threat-rigidity theory. The effects of both industry and firm-specific
technological turbulence on the diversity of IOR modes in focal firms’ portfolios
was investigated (i.e., How do firms respond?). In addition, the influence of the
two types of technological turbulence on the individual modes of IOR was
investigated (i.e., What kinds of changes do firms make in their IOR portfolio
diversity?). On the one hand, real options theory was used to theorize a positive
relationship between industry technological turbulence and the diversity of IOR
modes in a portfolio, with a preference for modes that have relatively lower levels
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of interdependence (i.e., licensing agreements, non-equity alliances, and CVC
investments). On the other hand, threat-rigidity theory was used to theorize a
negative relationship between firm-specific technological turbulence and the
diversity of IOR modes in a portfolio, with a decrease in modes with both
relatively lower and relatively higher levels of interdependence. The results largely
confirmed all corresponding six hypotheses.
This study redefines the broader debate with regard to firms’ responses to
uncertainty in the fields of IOR and organization theory, in general. In the field of
IOR, there are two contradictory views. One view suggests that when uncertainty
rises, firms might opt for flexibility and access to options, thus expanding their
array of choices (e.g., Kogut, 1991; McGrath, 1997). Network researchers, on the
other hand, have proposed that firms strengthen their IOR as a response to
uncertainty, because strong ties are likely to be of greater assistance (e.g.,
Granovetter, 1982; Krackhard, 1992). In a similar vein, organizational theory
argues that firms can respond to uncertainty either by adapting or becoming more
rigid (Staw et al., 1981). The results of this study indicate that firms might do both,
and it is thus not only the question of how firms respond to uncertainty that
matters, but also how this response differs for different types of uncertainty. The
opposing results for firms’ responses to industry versus firm-specific technological
turbulence indicate that the distinction between different types of technological
turbulence seems valid and important. Generalizing this for uncertainty as a whole,
in line with Beckman et al. (2004), Cuypers and Martin (2010), and Li (2008), for
instance, the distinction between industry (market) and firm-specific (project)
uncertainty seems valid. Failing to make this distinction in future research could
produce biased results.
Both real options theory and threat-rigidity theory were used to theoretically
differentiate between firms’ responses to industry or firm-specific technological
turbulence. The aim was not to prove which theory is correct, but to theorize and
investigate which theory is more appropriate under which environmental condition.
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Future studies would benefit from considering the limits of applicability for both
theories that were encountered and are described in detail below. Failing to
incorporate these considerations might lead to the inappropriate use of a theory.
This is specifically an issue because contradicting arguments for these two theories
were both expected and found.

4.5.1. Limits of Applicability of Real Options Theory to Firm-Specific
Technological Turbulence
Real options theory was used to hypothesize firms’ responses to industry
technological turbulence. Because opposing effects were found for industry
technological turbulence compared to firm-specific technological turbulence, the
results of this study thus simultaneously indicate that real options theory is less
applicable for firm-specific technological turbulence, if at all. In relating this
finding back to theory, it is worth noting that previous studies have indicated
several reasons why real options theory might not be applicable for firm-specific
technological turbulence, as outlined below.
First of all, and in line with our distinction between the two types of
technological turbulence, uncertainty that affects modes of IOR can be roughly
divided into two kinds: exogenous and endogenous (Folta, 1998) 28. Endogenous
uncertainty refers to uncertainty that “can be decreased by actions of the firm”
(Folta, 1998, p. 1,010). Real options theory, for its part, deals primarily with
exogenous uncertainty. Exogenous uncertainty is largely unaffected by a focal
firm’s actions and generally resolves over time (Folta, 1998). It can be caused by
such things as environmental turbulence (technological or otherwise) or a radical
technological innovation. According to real options theory, firms make small,
flexible investments when exogenous uncertainty is high. Once this uncertainty is
28

Another distinction that could be made relates to Knightian uncertainty (Knight, 1921), i.e.,
unknown unknowns (risk) versus known unknowns (real uncertainty). Our concept of industry
technological turbulence relates more to the unknown unknowns.
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resolved, firms can use their “right” options to progress in the “right” direction, and
the downside losses of the “less-right” investments made in the meantime will be
minor.
In contrast, endogenous uncertainty can be caused by firm- or relationshipspecific uncertainty, among other things. In this type of uncertainty, a firm’s
standard routines, strategies, and so forth might help reduce the uncertainty. The
focal firm could, for instance, revert back to its own processes, routines, and
existing IORs, trying out different known solutions, as is argued by threat-rigidity
theory. However, Adner and Levinthal (2004a) argue that when uncertainty is
endogenous, the discrete investment logic of real options theory becomes eroded
and firms’ activities should be characterized as more generic path-dependent
processes. The actions firms take to reduce endogenous uncertainty by relying on
their own processes, routines, and existing IORs and trying out different (albeit
limited) solutions often lead to new discoveries, paths, and opportunities. These
actions thus not only reduce the endogenous uncertainty, but also lead to new
information and the formulation of new goals. “As a consequence of the openended nature of this discovery process, the discrete nature of real options
investment is eroded, which creates serious organizational challenges to preserve
the specific form of flexibility that made a real options investment attractive in the
first place” (Cuypers & Martin, 2010, p. 51).
Additionally, the above illustrates that focal firms can thus influence the
resolution of firm-specific technological turbulence, or endogenous uncertainty, in
general, through their actions. With this, focal firms thus also influence the value
of the underlying assets of the real option, which violates a fundamental
assumption of the option pricing models (e.g., Black & Scholes, 1973; Merton,
1973) on which real options theory is based. All in all, the arguments above
indicate that real options theory is not applicable to firm-specific technological
turbulence or endogenous uncertainty, in general.
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4.5.2. Limits of Applicability of Threat-Rigidity Theory to Industry
Technological Turbulence
Threat-rigidity theory was used to hypothesize firms’ responses to firmspecific technological turbulence. Because opposing effects were found for firmspecific technological turbulence versus industry technological turbulence, the
results of this study indicate that threat-rigidity theory is less, or perhaps not at all,
applicable for industry technological turbulence or exogenous uncertainty, in
general. Indeed, the literature provides arguments for why threat-rigidity theory
might not work as an explanation for how firms respond to high levels of
environmental uncertainty or, in our case, industry technological turbulence.
Staw et al. (1981) describe that the key to whether threat-rigidity theory is
applicable or not depends on the nature of the threat a firm experiences. Firms
distinguish between situations in which “the level of known variables has changed”
(firm-specific technological turbulence) and those in which “basic causal
relationships have been altered” (industry technological turbulence or unknown
unknowns). Firms prefer not to respond with rigidity (e.g., increasing efficiency
and control and relying on existing routines; i.e., a flight response) in the latter
situation, because simply doing better at what one already knows and relying on
existing routines might not be the best idea in that case.
In response to industry technological turbulence, firms do indeed “go out
there” (fight response) by using flexible IOR to assess what is happening. Vital
questions – such as what new technology might become the dominant design, how
that technology works, and how firms can benefit from it – are answered by
forming flexible IORs with other firms that can provide this information or other
needed resources. Going back to the core business activities (flight response)
would, in the case of industry technological turbulence, therefore not be the best
option.
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4.5.3. How the Results Deviate from Our Theorizing
Contrary to the theorizing, the results show a negative relationship between
industry technological turbulence and CVC investments, based on the category of
IOR to which CVCs were assigned. Although the literature argues that firms use
multiple types of IOR as an integrated strategy (e.g., Keil et al., 2008), studies have
indicated that CVC investments might be a distinct and isolated form of IOR,
because firms that initiate CVC investments usually have a separate organizational
unit, with its own budgets, handling the interactions (Schildt, Maula, & Keil,
2005). Therefore, there is limited direct communication between the funding firm
and the firm that receives the CVC investment. Consequently, CVCs might not be
considered part of the firms’ strategic options for dealing with uncertainty. This, in
turn, might explain the deviation between what was expected and the empirical
results. For future studies, this might additionally argue for taking CVC
investments out of the categorization of IOR modes based on their level of
interdependence or at least being aware of their possibly distinct status.
The analyses of industry technological turbulence on minority investments
and JVs are non-significant, thus partly confirming Hypothesis 11 (M&As are
significant). These non-significant relations can be explained by real options
theory. The flexibility and adaptability principles of real options theory argue for
an increase in IORs with lower levels of interdependence (Hypothesis 10).
Additionally, and first and foremost, real options theory argues that firms should
keep their options open and diversify (Hypothesis 9). In other words, the focal firm
is expected to pursue diversity in terms of its IOR modes with lower levels of
interdependence. Due to the resource constraints created in such a situation, firms
are thus forced at the same time to decrease the number of IOR modes with higher
levels of interdependence (Hypothesis 11). At the same time, it makes sense for the
focal firm to still maintain and initiate some of the more stable modes of IOR, such
as JVs, which could be beneficial for upscaling and producing new technology.
Although real options theory argues for an increase in diversity (Hypothesis 9),
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with a preference toward flexible IOR and diversification (Hypothesis 10), in
practice, firms might at the same time also maintain and initiate some of the
important, more stable and interdependent, IOR modes. All together, the
diversification in IOR modes with lower levels of interdependence (Hypothesis 10)
is larger than the decrease in IOR modes with higher levels of interdependence
(Hypothesis 11), which is in line with an overall increase in diversity (Hypothesis
9).

4.5.4. Limitations and Future Research
In the following paragraphs, the limitations of this study are described,
followed by suggestions for future research. First, the goal of this paper was to
contribute to the debate on firms’ responses to uncertainty or technological
turbulence. Although this study contributes to this debate by focusing on two
distinct types of technological turbulence in combination with two theories, one
interesting question for future study remains: Are the responses used by the firms
functional for firm performance? In other words, what are the performance
implications of the two distinct strategies (fight of flight) that firms use in response
to technological turbulence? In future studies, the effects of these portfolio changes
on, for instance, innovative and financial performance might be investigated.
Second, in this study, uncertainty is defined by technological turbulence.
There are, of course, other operationalizations of uncertainty that could be used. It
would, for instance, be interesting to research how financial uncertainty, as
operationalized by, say, stock price volatility, impacts the choice of individual IOR
modes, as well as the diversity of the portfolio. Based on stock price volatility, in
line with Beckman et al. (2004), for example, one could also make the distinction
between industry and firm-specific financial uncertainty.
Third, the effect of industry and firm-specific technological turbulence on the
diversity of IOR portfolios and the corresponding separate IOR modes was
investigated in a U.S. high-tech sector. Although the pharmaceutical biotechnology
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industry can be considered a multi-industry, based on its many sectors (Folta,
1998), it would be interesting to see if the results could be extended to other
industries and countries.
Fourth, in this study, a dynamic perspective is taken with regard to the
diversity of the portfolio of IOR modes used. Applying this dynamic perspective to
the separate modes of IOR, it might be interesting to study transitions from one
mode of IOR to another by a single actor. The reasoning for these transitions, from
more flexible modes of IOR to more interdependent modes, for instance, should be
in line with real options theory. A few studies have started to look at this, but these
have been limited so far to looking at changes in the percentage of ownership in a
JV (e.g., Cuypers & Martin, 2010) or at transitions from one mode to another, such
as from JVs to M&As (e.g., Kogut, 1991), and did not research transitions among
all the categories of different IOR modes.
Previous studies have argued that firms can benefit from effective IOR
portfolio management. Managing the IOR portfolio effectively presupposes that
firms are aware of and understand how IOR portfolios evolve (Koka, Madhavan, &
Prescott, 2006). This study contributes by increasing our understanding of IOR
portfolio evolution in response to two types of technological turbulence. This paper
contributes to the discussion of firms’ responses to technological turbulence and
uncertainty, in general. The theorizing and results show that the two types of
technological turbulence, industry and firm-specific, trigger distinct, contradictory
responses with regard to the diversity of IOR modes used in the portfolio and their
separate modes of IOR. Furthermore, by combining real options theory and threatrigidity theory with these two different types of technological turbulence, this study
provides a more refined view of the applicability of each of these theories.
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Chapter 5: Conclusions and Discussion

5.1. Introduction
In today’s complex and dynamic organizational landscape, it has become
nearly impossible for organizations to achieve sustained long-term performance in
isolation. As a result, they frequently collaborate with not one but multiple other
types of organizations through a variety of modes. These collaborations are the
topic of interest in this dissertation. The multipart research question under
investigation was divided into three empirical studies. All three studies incorporate
a relatively new level of analysis (i.e., the portfolio level) in studying the
collaborations, also called Interorganizational Relations, or IOR for short. This
portfolio level incorporates all (direct) IOR a focal firm has, which has two distinct
advantages: 1) multiple IOR can be incorporated at one time; and 2) the synergistic
and antagonistic effects between these IOR can also be studied. The growing body
of literature in this field, in its efforts to gain similar advantages, has generally
focused on the diversity aspects of the IOR portfolio, and although this body of
literature has grown significantly over the past few years, many interesting
questions remain.
The three studies presented in the previous chapters investigated both the
performance implications (Studies 1 and 2) and the antecedents (Study 3) of
diversity in portfolios of Interorganizational Relations (IOR). Combined, these
three studies aim to provide answers to the multipart research question at hand:
namely, what are the performance implications and antecedents of diversity in IOR
portfolios from a dynamic perspective? All three studies produced a number of
main conclusions that provide answers to this research question.
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5.2. Main Conclusions: Study 1
Despite the growing literature on Alliance Portfolio Diversity (APD), most
contributions have studied the effect of APD (through alliances with different
partner types) on a single measure of performance in isolation from other
performance dimensions, with a few exceptions (e.g., Bowers, Pharmer, & Salas
2000). Because firms frequently like to improve multiple performance dimensions
simultaneously, and in order to contribute to the performance aspect of the
multipart research question, the first study explored the relationship between APD
and three firm performance measures: productivity and radical and incremental
innovation. The results showed an inverted U-shaped relationship between APD
and both productivity and radical innovative performance but a positive
relationship between APD and incremental innovative performance.
With regard to these performance implications, the inverted U-shaped
relationships between APD and both productivity and radical innovative
performance show that when the focal firm has an APD below the tipping point of
the inverted U-shape, adding an additional partner type could be beneficial. When
the focal firm’s APD is at or beyond the tipping point, adding more partner types
could hamper innovative performance. In other words, the performance
implications of adding a new partner type might depend on the current level of
APD.
Furthermore, this first study theorized and showed that higher levels of APD
are more beneficial for radical innovative performance compared to productivity,
and even higher levels of APD are more beneficial for incremental innovative
performance than either of the other two measures of performance. These results
lead to the conclusion that productivity, radical innovative performance, and
incremental innovative performance benefit differently from APD; in other words,
the relationship between APD and varying performance dimensions is not uniform.
This shows that depending on the dimension, the level of benefit derived from the
different resources obtained through different types of alliance partners, and thus
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the different levels of APD, can vary. The differences established between the
three performance dimensions make this study a first step toward a more integrated
view of the various organizational performance implications of APD.

5.3. Main Conclusions: Study 2
After reaching a more integrated view on the relationship between APD and
different performance dimensions in Study 1, a number of questions with regard to
performance implications remained unanswered. These included questions about
two groups of relationships between APD and innovative performance that have
been reported in the literature: on the one hand, an inverted U-shaped relationship
(Duysters & Lokshin, 2011; Laursen & Salter, 2006; Oerlemans, Knoben, &
Pretorius, 2013; Sampson, 2007; Vasudeva & Anand, 2011), and on the other, a
positive relationship (e.g., Baum, Calabrese, & Silverman, 2000; Faems, Van
Looy, & Debackere, 2005; Nieto & Santamaria, 2007; Phelps, 2010; Srivastava &
Gnyawali, 2011; Wuyts, Dutta, & Stremersch, 2004). The first study of this
dissertation showed that the dimension of innovative performance under
investigation (i.e., radical versus incremental) might have influenced the results on
the relationship between APD and innovative performance. However, these two
groups of results (inverted U-shaped and positive relationships) were also reported
for a single dimension of innovative performance. Thus, there would appear to be
other factors influencing this relationship.
The second study sought to help resolve this lack of conclusiveness on the
relationship between APD and innovative performance. At the same time, it was
responding to the calls made in the literature (e.g., Schilke & Goerzen, 2010;
Schilling & Phelps, 2007; Wassmer, 2010) for taking the effects of contingencies
on the relationship between APD and innovative performance into consideration.
This was accomplished by incorporating resource constraints as a contingency
effect into the relationship between ADP and innovative performance. By
simultaneously investigating two theoretically and practically related concepts (i.e.,
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APD and resource constraints in relation to innovative performance), the results of
this study showed that contingency effects (e.g., resource constraints and different
dimensions of innovative performance) influence the effectiveness of the APD–
innovation relationship.
With regard to the relationship between APD and innovative performance, the
results of Study 2 build on previous studies, including Study 1 of this dissertation,
and show an inverted U-shaped relationships between APD and both radical and
incremental innovative performance. This is interesting, because it appears to
conflict with the results of Study 1. In that study, along with other previous studies,
a positive relationship was found between APD and incremental innovative
performance. The results of Study 2, however, indicated that an inverted U-shaped
relationship between APD and incremental innovative performance might become
positive when the firms experience resource constraints (the moderating role of
resource constraints). The other previous studies that found a positive relationship
between APD and innovative performance usually focused on a single industry,
which could have resulted in a certain level of consistent resource constraints,
thereby contributing to a positive relationship between APD and innovative
performance. Firms benefit more from APD when they experience resource
constraints, because alliances with different types of partners are used to
compensate for those constraints (hence, increasing benefits). With regard to the
moderating influence of resource constraints on the relationship between APD and
the two innovative performance dimensions, no significant influence on the
relationship between APD and radical innovative performance was found in this
study.
This second study investigated the combined interactions between APD,
resource constraints, and innovative performance and showed that resource
constraints can influence the APD–innovative performance relationship. It is one of
the first (together with Oerlemans et al., 2013; Wuyts & Dutta, 2012) to assess
contingency effects that influence this relationship and contributes to both the APD
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and resource constraints literature. In conclusion, this study enriches the
knowledge and understanding of the APD–innovative performance relationship.

5.4. Main Conclusions: Study 3
To investigate the antecedents of diversity in IOR portfolios, this third study
focused specifically on those antecedents, in contrast to the first two studies, where
the focus was on the performance implications. For the purposes of the study, the
conceptualization of diversity in IOR portfolios focused on the different modes of
IOR (e.g., alliances, joint ventures, mergers and acquisitions). With regard to the
antecedents, the focus was on technological uncertainty (technological turbulence),
since the literature indicates that uncertainty influences an organization’s IOR
portfolio (e.g., Beckman, Haunschild, & Phillips, 2004). The third paper started
with the paradox of firms’ responses to technological turbulence, or uncertainty in
general. It is known from the literature that, in general, they might choose between
two opposing responses with regard to the diversity of modes in their IOR portfolio
(i.e., increasing or decreasing their portfolio diversity). These two responses relate
to a broader organizational debate about firms’ responses to uncertainty: Do they
tend to innovate (e.g., Kogut, 1991; McGrath, 1997) or revert back to their core
business (e.g., Staw, Sanderlands, & Dutton, 1981)?
To help address this paradox, two types of technological turbulence were
associated with two distinct responses by using two different theoretical
frameworks (i.e., real options theory and threat-rigidity theory). In addition to
investigating how firms respond to uncertainty, this third study investigated how
firms enact those responses. This was accomplished by further investigating the
responses of firms to the two types of technological turbulence in terms of the
individual modes of IOR they engage in. Real options theory was used to theorize a
positive relationship between industry technological turbulence and the diversity of
IOR modes in a portfolio, with a preference for modes that have relatively lower
levels of interdependence (i.e., licensing agreements, non-equity alliances, and
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corporate venture capital investments). Threat-rigidity theory was used to theorize
a negative relationship between firm-specific technological turbulence and the
diversity of IOR modes in a portfolio, with a decrease in modes that have both
relatively lower and relatively higher levels of interdependence (the latter being
such forms as minority investments, joint ventures, and mergers and acquisitions).
The results of this study largely confirmed these expectations.
With regard to how firms react to technological turbulence in terms of their
IOR portfolio diversity, indications are that they might engage in both of the
possible responses to a certain extent and that their responses might differ
depending on the type of technological turbulence (i.e., industry versus firmspecific). The opposing results in terms of firms’ responses to industry and firmspecific technological turbulence furthermore indicate that threat-rigidity theory
might be more applicable in cases of firm-specific technological turbulence, or
endogenous uncertainty in general, while real options theory might be more
applicable in cases of industry technological turbulence, or exogenous uncertainty
in general.
In conclusion, the results of this third study contribute to the focus on
antecedents in the multipart research question. They showed that firms seem to use
the diversity in their IOR portfolio to respond to technological turbulence.
Additionally, the results indicated that this response is not uniform with regard to
the two types of technological turbulence (industry and firm-specific).

5.5. Main Conclusions and Answers to the Multipart Research Question
This dissertation takes a broad perspective on the conceptualization of
diversity in an IOR portfolio, and all three studies contribute to answering the
multipart research question. It should, however, be noted that different
conceptualizations of IOR portfolio diversity were used in the first two studies and
the third study. In the former, portfolio diversity was conceptualized as the variety
in types of alliance partners (e.g., buyers, suppliers, research institutes, etc.) within
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a single mode of IOR (i.e., alliances, leaving other modes of IOR outside the
scope). In the latter, it was conceptualized as the diversity in the different modes of
IOR (e.g., licensing agreements, alliances, joint ventures, mergers and acquisitions,
etc.), regardless of the type of alliance partner (leaving potential differences
between partner types outside the scope).
The three empirical studies combined provide a number of interesting
viewpoints for answering the multipart research question, with their investigations
of both the performance implications of and antecedents of diversity in IOR
portfolios from a dynamic perspective. With regard to the performance
implications, these studies produce a number of viewpoints. First, they show that
there is usually an inverted U-shaped relationship between diversity in the firms’
IOR portfolios (through alliances with different types of partners) and firm
performance. Second, the results show that this relationship might differ for
different dimensions of organizational performance (e.g., productivity and radical
and incremental innovative performance). Third, the studies show that the
relationship between diversity in an IOR portfolio and performance might further
be influenced by contingency effects, such as those of resource constraints.
Furthermore, the combined results of Studies 1 and 2 show that the influence of
contingencies such as resource constraints might differ per performance dimension.
With regard to the antecedents, this dissertation reveals that firms seem to use
the diversity of IOR modes in their IOR portfolio to respond to and deal with
external factors such as technological turbulence. In other words, technological
turbulence, or uncertainty in general, seems to be an antecedent of the diversity of
modes used in the IOR portfolio. Study 3, moreover, shows that the effects of
different types of technological turbulence (i.e., industry and firm-specific) might
be contradictory with regard to their relationship to both the diversity of and
underlying individual IOR modes in the IOR portfolio.
Overall, these three studies contribute to the IOR literature by increasing the
overall understanding of IOR portfolio evolution and the performance implications
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of these IOR portfolios. First of all, the results show that firms use the diversity of
modes in their IOR portfolio to respond to external influences (e.g., technological
turbulence). In addition, the performance implications of diversity that were found
for multiple dimensions of performance indicate how relevant IOR portfolios are.
Meanwhile, the inverted U-shaped relationships found indicate that the impact on
performance of adding an additional type of alliance partner might depend on the
previous level of APD and that more diversity is not by definition better. This, in
turn, illustrates that the IOR portfolio can have an impact beyond that of the
individual IOR modes. Furthermore, the combined results of these studies show
that the performance implications of diversity in IOR portfolios differ per
performance dimension. In addition to the impact of differences in the structures of
the relationships, different levels of APD are beneficial for different dimensions of
performance and their relative impact on performance also differs for each
dimension. Combined, these results show that the relationship between diversity in
the IOR portfolio and multiple performance dimensions is not uniform and that
these relationships can be significantly influenced by contingency effects such as
resource constraints.
Due to the focus on innovative performance in two of the three studies, the
findings additionally contribute to the open innovation framework (Chesbrough,
2003) and the extended resource-based view of the firm. Central to both
frameworks is the notion that organizations collaborate with other organizations to
gain access to resources not available within the firm (Levine and White, 1961). In
turn, these externally obtained resources can be used to supplement and
complement an organization’s internal innovation efforts (e.g., Deeds &
Rothaermel, 2003; Poot, Faems, & Vanhaverbeke, 2009). The results of this
dissertation show that these external collaborations are not always beneficial and
might even hamper a firm’s innovative performance. This finding is somewhat in
contrast to the generalization in the open innovation literature that more external
collaboration is better. That stream of literature tends to focus primarily on the
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advantages of external collaborations and is relatively silent on their costs and
downsides. The results of this dissertation could therefore be considered a warning:
more, and more diverse, IOR in a portfolio are not always beneficial to innovation.
This dissertation thus contributes to the open innovation framework and the
extended resource-based view by simultaneously incorporating both the positive
and negative effects of diversity in IOR portfolios into multiple dimensions of
innovative performance. Additionally, the conclusions with regard to the
antecedents and performance implications contribute to the knowledge on these
two foci and IOR portfolio diversity, in general.
However, much interesting work remains on not only the topic of contingency
effects, but that of the dynamics of IOR portfolios. The perspectives introduced in
these three studies provide an interesting outlook for further work on IOR
portfolios. This dissertation also has a number of managerial implications and
limitations, as well as offering suggestions for future research, all of which are
discussed below.

5.6. Managerial Implications
Research on IOR consists of four levels of analysis: the dyadic level, the
triad/group level, the whole network level, and the portfolio level. The dyadic level
mainly pertains to two collaborating organizations and their relationship. This line
of research has focused, for instance, on aspects of the relationship between the
organizations (i.e., the tie) or of the partnering firm (i.e., the partner), sometimes in
relation to the focal firm (e.g., issues like trust and control, Das & Teng, 1998).
The triad/group level incorporates the relationships (or lack hereof) between three
or more firms and focuses primarily on structural elements, such as brokerage (e.g.,
Ahuja, 2000; Burt, 2005). The whole network level incorporates all organizations
and their interrelationships in a network setting, such as a specific industry.
Research on the whole network level has investigated the development and
management of these networks (see Proven, Fish, & Sydow, 2007).
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As opposed to the analysis of the dyadic and triad/group levels, analysis of the
portfolio level acknowledges and incorporates the fact that organizations often
maintain multiple relationships simultaneously. Additionally, this approach allows
both synergistic and antagonistic effects in the IOR to be taken into account.
Furthermore, and in contrast to research at the whole network level, where a focal
firm has limited influence on its partners’ partners, it recognizes that organizations
have the ability to influence and manage their own IOR portfolio. Investigating the
portfolio level is therefore especially valuable from a managerial perspective. The
studies in this dissertation provide managers of collaborating organizations with
information about portfolio dynamics.
The observation that the results of these studies showed that different levels of
APD are optimum for different outcomes and process stages, such as exploration
(radical innovative performance) and exploitation (productivity and incremental
innovative performance), should be of interest to alliance and innovation managers.
Because different levels of APD are beneficial for different performance outcomes,
it is suggested that when the desired performance outcome changes, the portfolio
be redesigned. This is a demanding, but potentially rewarding, managerial task.
This also means that managers can benefit from continuously assessing their IOR
portfolio holistically. When managers regard their IOR from the perspective of a
portfolio, they can derive benefits from exploiting possible synergistic effects. One
example of the kinds of synergies that might exist would be an alliance with a
research institute to develop a new product, along with simultaneous alliances with
a supplier to dovetail the new production process with the requisite new supplies
and a customer in a specific market to reduce uncertainty about the new product
launch. The outcome of these three alliances combined is greater than that of the
three alliances separately, which indicates the existence of synergies between the
different types of alliance partners.
Furthermore, the results have implications for the process of partner selection.
A firm could benefit from assessing a match with a potential partner not only from
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its own organizational perspective (always important), but also in terms of the
potential partner’s contribution to, and synergies or dis-synergies with, the IOR
portfolio. When managers want to improve their firm’s productivity or radical
innovative performance, for instance, they should be careful about adding alliance
partners to the portfolio, because at some point the management costs outweigh the
benefits (inverted U-shaped relationships). Managers could thus benefit from
asking themselves, “Does this additional IOR add something to our goals and
current set of IOR, and do we have the resources to successfully manage it?” In
line with Hoffmann (2005), firms could thus benefit from developing and
implementing an IOR portfolio strategy.
Moreover, this dissertation shows that different partner types (as a dimension
of IOR portfolio diversity) have different benefits, on average, for a firm. Alliances
with suppliers can be useful for input on quality improvement and for process
innovations and cost reductions (Hagedoorn, 1993). Alliances with buyers can be
useful for product and service feedback, which can be used to reduce the
uncertainty of new product introductions (Von Hippel, 2007) or for product and
service improvements (Lee & Wong, 2009). Both of these kinds of alliances can
help when developing new product ideas (Von Hippel, 2007) or expanding markets
(Tether, 2002). However, alliances with suppliers and buyers can also lead to
increased dependency on the partner (Singh & Mitchell, 1996). Alliances with
competitors can be useful for gaining industry-specific knowledge, as well as
opening up possibilities for sharing research facilities (Kim & Higgins, 2007) and
costs (Miotti & Sachwald, 2003). In addition, they can be used to deal with
industry standards and regulations Nakamura (2003). However, alliances with
competitors can also lead to relational conflict, unintended spillovers, and
competition for the same clients (Park & Russo, 1996). Alliances with consultants
have been shown to be a source of process and content knowledge, as well as being
helpful for commercializing innovations (Toedtling, Lehner, & Kaufmann, 2009)
and brokering or transferring ideas from one context to another (Hargadon &
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Sutton, 1997). Alliances with research institutes or universities can provide a firm
with fundamental knowledge and ideas (Tether & Tajar, 2008), enable high-quality
research (Laursen & Salter, 2006), and aid in the creation of new products and
radical innovations (Belderbos, Carree, & Lokshin, 2004). However, these new
ideas and products might be difficult to absorb, and thus the knowledge obtained
via alliances with research institutes or universities might be hard to use (Ledwith
& Coughlan, 2005). Keeping these general advantages and disadvantages of each
type of alliance partner in mind when adding partners to a portfolio could help
managers improve their APD efficiency.
Most firms are likely to experience resource constraints at some point in time
due to the cyclic nature of the economy or resource changes at the individual firm
level. It might help managers to be aware that resource constraints (and other
contextual factors) influence the relationship between APD and firm performance.
For example, the results indicated that resource constraints have a positive effect
on the relationship between APD and innovative performance. The basic inverted
U-shaped relationship between ADP and incremental innovative performance
became a positive relationship when resource constraints were experienced.
Consequently, firms would benefit from continuously investing in and supporting
the diversity of their alliance portfolio (depending, of course, on the firm’s
strategies and goals). The relationship between APD and radical innovative
performance, however, remained an inverted U-shape.
This difference between the moderating effect of resource constraints on the
relationships between APD and the two dimensions of innovative performance has
a number of practical implications. First, when firms want to improve their
incremental innovative performance, the results indicate that having more different
types of alliance partners is likely to be beneficial. That is a situation, it seems, in
which more is indeed better, specifically when a firm experiences resource
constraints. This is not the case, however, when a firm wants to improve their
productivity or radical innovative performance. Under those situations, adding
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additional types of alliance partners may or may not be beneficial. It depends on
the current level of diversity in the firm’s portfolio and the firm’s capabilities in
terms of managing the additional partner. Being aware of this difference might help
firms gain insight into the benefits to be derived from an additional partner, as well
as the costs of maintaining and managing it.
The situation becomes more complicated when firms want to simultaneously
improve both radical and incremental innovative performance (i.e., pursue
ambidexterity). In this case, a balance needs to be found in terms of the level of
APD (which also depends on the level of resource constraints experienced). Based
on the results of this dissertation, it seems that firms in such situations benefit
most, on average, from alliances with 10 types of partners. This number is derived
from the optimum level of APD (0.6) at the optimum point in the relationship
between APD and radical innovative performance. An APD value lower than this
optimum would leave potential innovative performance unutilized, but a higher
APD value would have negative effects on radical innovative performance.
Overall, the studies show that strong management of the IOR portfolio is
likely to boost the benefits obtained from IOR. Management of a firm’s IOR
portfolio can thus eventually increase performance. For managers, it helps to stay
informed and be aware of the ways IOR portfolios evolve. The results of Study 3,
in particular, indicate that managers use two distinct strategies with regard to the
diversity of modes in their IOR portfolio in response to technological turbulence.
On average, firms will increase diversity when industry technological turbulence is
experienced and decrease it when firm-specific technological turbulence is
experienced. The increase in the diversity of modes in the IOR portfolio is
accomplished by increasing the number of less interdependent IOR modes, such as
licensing agreements and non-equity alliances, and decreasing more interdependent
IOR modes, such as minority investments and mergers and acquisitions. The
decrease in the diversity of the IOR modes used in an IOR portfolio is achieved
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through an overall decrease in all of the IOR modes. This shows that managers use
the characteristics of the different modes to react to environmental changes.
Managers can therefore benefit from evaluating their overall portfolio and
assessing the different modes of IOR that can be used for new collaborations.
These modes include licensing agreements, non-equity alliances, corporate venture
capital investments, minority investments, joint ventures, and mergers and
acquisitions. They differ in a variety of aspects, some of the most important of
which are the level of flexibility, the level of reversibility, the tightness of
coupling, the level of commitment, the levels of ownership, the level of intensity,
and the level of control. Higher levels of flexibility are positively related to higher
levels of reversibility. These two aspects are negatively related to the tightness of
coupling, the level of commitment, the levels of ownership, the level of intensity,
and the level of control.
In this dissertation, these different aspects are treated collectively as the level
of interdependence between two partnering organizations. Managers might benefit
from evaluating the individual modes of IOR in terms of each of these aspects,
since various advantages and disadvantages can be derived from them – all
depending, of course, on the focal firm’s particular situation and current IOR
portfolio. When a firm experiences a lot of uncertainty with regard to a new
technology, for instance, the results of these studies indicate that, on average, it
will choose flexible modes of IOR, such as alliances, to learn more about the new
technology. When the uncertainty is reduced, firms might move toward more
integrated modes of IOR, such as joint ventures or mergers and acquisitions, to
capitalize on the advantages provided in the form of greater commitment, intensity
of collaboration, control, and the like.
Moreover, the results of the three studies can be used by policy-makers to
improve and set up subsidies to stimulate optimum external collaboration. One
example of this is a current subsidy from the Dutch Ministry of Economic Affairs
called IPC (Innovatie Prestatie Contracten) that provides partial funding for open
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innovation clusters with a minimum of 10 organizations. Under its terms, these 10
or more organizations must consist of a collection of public, privately owned, and
government-supported organizations, such as research institutes. Accordingly, in
addition to having a group of both public and private organizations, the innovation
cluster would probably consist of different partner types. Furthermore, it is highly
likely that these collaborating organizations use different modes of IOR between
them. The open innovation clusters are highly complex due to the subsidy
requirements. In such complex environments, firms could benefit from strong
management of their partner types and modes of IOR. To facilitate the
management of these IOR and stimulate synergistic effects between them, policymakers might, for instance, opt to designate a lead organization to facilitate and
coordinate the innovation cluster. The results of this research could, furthermore,
yield useful information, in terms of the optimum levels of APD, for instance, and
be used in similar subsidy or other government initiatives.
Policy-makers might prefer certain settings and levels of complexity with
regard to IOR portfolio diversity, depending on the situation and the setting. As a
final remark, these studies show that greater diversity in partner types (like more
IOR, in general) is not always more beneficial.

5.7. Limitations and Suggestions for Future Research
Although the foci (APD and IOR mode diversity) of the three studies in this
dissertation contribute to the literature on IOR portfolios, some limitations and
suggestions for future research remain. One of the limitations relates to the third
study, in which firms’ responses to technological turbulence were assessed with
regard to the diversity of the separate modes used in their IOR portfolios and the
individual modes themselves. Although this study produced some interesting
findings and showed how firms respond, it did not investigate the performance
implications of those responses. Therefore, it does not show whether those
responses are beneficial with regard to, for instance, innovative performance. An
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interesting research idea for a future study would therefore be to investigate the
performance implications of such responses.
The results of the first two studies, showing the performance implications of
diversity achieved through alliances with different partner types, are related to this.
There, it might be interesting to additionally investigate the antecedents of APD.
One interesting antecedent worth looking into is resource constraints, because the
conclusions indicate that these have a positive moderating influence on the
relationship between APD and incremental innovative performance. Firms realize
this in practice, of course, and use their APD to partially resolve resource
constraints. So, what would the relationship between resource constraints and APD
or other dimensions of diversity look like?
In all three studies, the focus was on a single diversity element: that is, partner
diversity or IOR mode diversity as an element in the IOR portfolio. Although these
are valid dimensions of the IOR portfolio, it could be interesting to research the
IOR portfolio in a more complex way (as argued, e.g., by Wassmer, 2010).
Extending these studies with more dimensions of the IOR portfolio might thus be
an interesting avenue for future studies.
The conclusions and results show that future studies might furthermore benefit
from incorporating resource constraints as a control variable when investigating the
role of APD. Additionally, the results indicate that the incorporation of 14 partner
types (7 types of partners, both national and international) would benefit future
investigations into the different partner types, especially since the optimum amount
seems to be around 10 partner types.
In the third study, the diversity of the modes used in the IOR portfolio was
delved more deeply into by investigating the underlying individual modes. This
might also be an interesting avenue of study for APD portfolios. By combining
these two aspects, scholars could investigate which composition (i.e., set) of
partner types and which modes of IOR might be the most beneficial for improving
different dimensions of firm performance.
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The conclusion provides additional implications for IOR portfolio research.
The studies reveal a need for studying APD as a dynamic construct, because the
effectiveness of a new partner type depends on the current level of APD. In other
words, the existing level of APD influences the performance of future alliances.
Additionally, firms use the diversity of the IOR modes in their portfolio to respond
to environmental changes such as technological turbulence. This also indicates that
the IOR portfolio changes. Therefore, future studies might benefit from
incorporating a dynamic perspective on IOR portfolios. It could, for instance, be
interesting to investigate transitions from one mode of IOR to another with the
same partner or a different partner type. The rationale behind such transitions, from
more flexible modes of IOR toward more interdependent modes for instance, is in
line with real options theory.
The first two studies used data on 26 industries in the Netherlands, whereas
the third study focused on the pharmaceutical biotechnology industry in the U.S.
Although the pharmaceutical biotechnology industry can be seen as a multiindustry due to its many sectors (Folta, 1998), it would be interesting to see if the
results of the three studies could be extended to other industries and countries.
In the third study of this dissertation, a significant amount of time was spent
making connections between multiple secondary data sources to build the dataset
used. Although these kinds of connections have been made in previous studies,
those studies do not usually elaborate extensively on how the connections were
made. Because one of the fundamental purposes of science is to accumulate
knowledge, knowledge on the best ways of making such connections should be
shared with the academic community. A good example of this is the publicly
available NBER database, which connects two secondary databases (i.e.,
Compustat U.S. with the USPTO database) and describes in detail how the
connections were made.
The conclusions of this dissertation could inspire researchers in other
scientific disciplines, including the field of finance, where scholars also work with
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both real and traditional options, but in another setting. Similarly, they could be
used to inspire research into other forms of diversity, such as that of research and
development teams both within and among organizations. One could, for instance,
think about operationalizing team diversity as a multi-dimensional concept and
investigating different modes of collaboration between organizations and
individuals, such as self-employed professionals, temporary staff, and long-term
contract and external employees, against different functional backgrounds, such as
marketing, production, and sales.
These kinds of investigations are highly relevant in the context of corporate
ventures and incubators, where the corporate venture has its own team, but also
access to experts from the funding organization. Organizations in incubators have
limited resources and need to choose between different modes of contracting and
different types of new employees to hire. Scholars could, for instance, research the
optimum composition of a research and development team for the development of
different kinds of innovation, such as improvements to existing products or
services or the development of new-to-the-firm/new-to-the-world products or
services, or the optimum organization composition in an incubator depending on
the phase of development.
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5.8. Final Statement
This dissertation and the three underlying empirical studies enrich our
understanding of both the performance implications of and antecedents of diversity
in firms’ IOR portfolios. Diversity in the IOR portfolio has a significant impact on
multiple dimensions of firm performance, and this impact is influenced by
contingency effects like resource constraints. Furthermore, firms seem to use the
diversity in an IOR portfolio to respond to/deal with external influences like
technological turbulence. Despite, or perhaps even due to, the findings in this
dissertation, much interesting work remains to be done.
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Collaboration and You: The Performance Implications and Antecedents
of Diversity in Interorganizational Relations Portfolios

Summary
The central topic of this dissertation and the three underlying academic
empirical studies is Interorganizational Relations (IOR). These IORs between
organizations play an important role in the current and future organizational
landscape. This dissertation analyzes the IOR at the portfolio level. The portfolio
level (also called the egocentric level) incorporates all of the IORs a focal firm may
have, such as all direct alliances, but also corporate venture investments, joint
ventures, and mergers and acquisitions (M&As). Research on this relatively new
level of analysis has started focusing on aspects such as the diversity of the IOR
portfolio (Wassmer, 2010). With regard to IOR portfolio diversity, two aspects are
studied in this dissertation: different partner types (i.e., alliance partner diversity, in
Studies 1 and 2) and different IOR modes (i.e., ties such as alliances, joint
ventures, etc., in Study 3). Overall, this dissertation aims to investigate both the
performance implications and the antecedents of diversity in IOR portfolios.

Following the literature (e.g., Duysters and Lokshin, 2011), the first study
defines IOR portfolio diversity as Alliance Partner Diversity (APD), which is the
diversity of partner types in the direct alliances a focal organization engages in.
This study reports on the theorization and investigation of the relationships
between portfolios with different types of alliance partners (e.g., buyers, suppliers,
research institutes, etc.) and three firm performance measures: productivity and
radical and incremental innovative performance. This focus on alliances as one
mode of IOR is justifiable, given that for more than 10 years, scholars have agreed
that voluntary arrangements among independent organizations that exchange or
share resources and/or engage in the co-development or provision of products,
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services, processes, or technologies – also known as alliances (Gulati & Singh,
1998) – are an ubiquitous phenomenon (Contractor & Lorange, 2002). Alliances
are thus one of the IOR modes frequently used by firms and studied by scholars.
With regard to the focus on the diversity aspects of the partners, the literature
shows that similarities and differences among alliance partners (such as variance in
the partners’ resources, capabilities, competencies, and backgrounds) are important
key network attributes that can have a significant impact on organizational
performance (e.g., Beckman & Haunschild, 2002). Using a large panel dataset of
innovative firms in the Netherlands and Tobit random effects panel data
estimations, this study shows that the partner diversity in a firm’s alliance portfolio
has an inverted U-shaped relationship to both productivity and radical innovative
performance. A positive relationship is found between diversity in the alliance
portfolio and incremental innovative performance. Moreover, the theorizing and
findings suggest that a lower level of diversity is needed to achieve an optimum
level of productivity with regard to radical innovative performance than for
incremental innovative performance, where a higher level of portfolio diversity
appears to give the best performance.
The second study builds on and extends the first, while focusing on the
diversity of types of alliance partners in the IOR portfolios of focal firms. Previous
studies (including Study 1) showed that APD has an important impact on a firm’s
innovative performance, but the APD literature is inconclusive about this impact.
The differences within the individual performance dimensions might be due to
contingency effects that influence the relationship between APD and the
performance dimensions. For this reason, coupled with a recognition that not all
firms benefit equally from APD, this second study incorporates resource
constraints as a contingency affecting the relationship between APD and
innovative performance. The main reason for this focus on resource constraints has
to do with how they are theoretically and empirically related to APD. The results
and theorization of this second study show that there are inverted U-shaped
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relationships between both APD and innovative performance and resource
constraints and innovative performance. Furthermore, resource constraints have a
partial positive moderating effect on the relationship between APD and innovative
performance. Contributing to the notion that APD and resource constraints can
have different effects on different dimensions of performance (as shown, for
instance, in Study 1), this study shows that the positive moderating effect differs
for the relationships between APD and two dimensions of innovative performance:
incremental and radical. No significant effect of resource constraints on the
relationship between APD and radical innovative performance was found. But
resource constraints were found to significantly positively influence the
relationship between APD and incremental innovative performance, turning the
original inverted U-shaped relationship into a positive relationship. As was done in
the first study, the hypotheses were tested on a panel dataset, in this case from five
consecutive Community Innovation Surveys in the Netherlands, with Tobit random
effects panel data estimations.
To investigate an antecedent of IOR portfolio diversity, the third study
focuses, in contrast to the first two, on the diversity of the IOR (i.e., the ties) in the
portfolio of a focal firm (e.g., alliances, joint ventures, M&As), instead of the
diversity of the partner types in that portfolio. The focus is thus on the antecedents
of IOR portfolio diversity, instead of on performance implications (as was the case
in the first two studies). The study examines the different modes of IORs firms use
in their portfolio and assesses how they respond to two types of technological
uncertainty (i.e., industry and firm-specific technological turbulence). It also
investigates how firms change the diversity of their IOR portfolio by initiating
different modes of IORs, such as alliances, joint ventures and M&As, in response
to the two types of technological turbulence. In general, firms might decide
between two opposing responses: increasing or decreasing the diversity of their
IORs. These responses relate to a broader organizational debate about firms’
responses to uncertainty: do they innovate or revert back to their core business?
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The theorization and results show that the two distinct types of technological
turbulence trigger two opposing responses in firms and, additionally, that real
options theory appears more valid with regard to industry technological turbulence,
while threat-rigidity theory appears to be more valid for firm-specific technological
turbulence. To test the hypotheses, random effect and negative binominal panel
data estimations were performed on a developed panel dataset of the 282 largest
US pharmaceutical biotechnology firms during the period 1990-2007.
This dissertation and the three underlying empirical studies enrich our
understanding of both the performance implications and antecedents of diversity in
firms’ IOR portfolios. Diversity in the IOR portfolio has a significant impact on
multiple dimensions of firm performance, and this impact is influenced by
contingency effects such as resource constraints. Furthermore, firms seem to use
the diversity in an IOR portfolio to respond to/deal with external influences such as
technological turbulence. Combined, the three studies show that: diversity in a
firm’s IOR portfolio has an impact on firm performance; the success of a new IOR
might depend on the previous level of IOR portfolio diversity; firms could thus
benefit from assessing the fit of a new IOR not only with the company itself, but
also within the IOR portfolio; and firms might use their IOR portfolio to deal with
technological turbulence and resource constraints. Despite, or perhaps even due to,
the findings in this dissertation, much interesting work remains to be done.
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