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Abstract

Despite mounting evidence on the potential benefits of inbound open innovation, little is known about
how firms purposefully manage inflows of knowledge. We investigate the use of two knowledge gov-
ernance procedures—project management and knowledge matching—in collaborative inbound open
innovation. Our findings suggest that, in addition to “knowledge-precursors,” which the literature on
open innovation and absorptive capacity has shown to be important for the integration of external
knowledge, the firm’s choice of knowledge governance matters for innovation performance.

JEL classification: 031, 032, C21.

1. Introduction

Practices related to inbound open innovation can be advantageous for firms’ efforts to introduce process and product
innovations (Chesbrough, 2003; Laursen and Salter, 2006; Dahlander and Gann, 2010; West and Bogers, 2014).
Combining inflows of external knowledge with internally held knowledge is often an attractive alternative to reliance
solely on in-house research and development (R&D). Inflows of external knowledge allow firms to spread the risks
and costs inherent in R&D activities, and provide access to a larger pool of knowledge which substantially increases
the chances of successful knowledge recombination (Clausen ef al., 2012; Laursen, 2012; Leiponen, 2012).

The open innovation literature discusses how and why external knowledge is important for firms’ innovation
processes, and several studies show that contextual factors moderate the relationship between open innovation and
performance (e.g., Chesbrough, 2003; Laursen and Salter, 2006; Vega-Jurado et al., 2009; Berchicci, 2013; Garriga
et al., 2013; Love et al., 2014). Based on an overview of this large literature, West and Bogers (2014) identify three

©The Author 2016. Published by Oxford University Press on behalf of Associazione ICC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

910T ‘8T Y2IeA U0 3son3 £q /310" s[ewnolpIoyxo-o01//:d)y woij papeofumo


Deleted Text:  
http://www.oxfordjournals.org/
http://icc.oxfordjournals.org/

334 N. Lakemond et al.

major steps in the process of open innovation: obtaining knowledge (both the search for and acquisition of
knowledge), integrating knowledge, and commercializing knowledge. In this article, we focus on how external know-
ledge is integrated with the focal firms’ internal knowledge. Most work on the integration of external knowledge
adopts an absorptive capacity approach (West and Bogers, 2014). In their ground-breaking contribution, Cohen and
Levinthal (1990: 128) highlight absorptive capacity as a cornerstone of innovation performance and define it as the
“ability to identify, assimilate, and exploit knowledge from the environment.” However, in much of the subsequent
research drawing on the notion of absorptive capacity in relation to assimilation as knowledge integration, the focus
is on knowledge-related precursors to absorptive capacity reflected in the firm’s internal R&D activity (e.g., Grimpe
and Sofka, 2009; Rothaermel and Alexandre, 2009; Spithoven ef al., 2010; Volberda et al., 2010; Schildt ez al.,
2012; Berchicci, 2013; Bertrand and Mol, 2013). This stream of work includes research on open innovation and col-
laboration for innovation more generally. However, very few studies of open innovation and interfirm innovation
collaboration study the explicit organizational procedures that facilitate absorptive capacity and knowledge integra-
tion (however, see Badir et al., 2009; and Foss et al., 2011). Given the fairly general consensus on the potential bene-
fits of open innovation, this is surprising—not least since it has been observed that open innovation collaborations
are likely to fail in the absence of appropriate organizational procedures (see, for instance, Dahlander and Piezunka,
2014).

Drawing on knowledge integration and knowledge governance theories (Grant, 1996; Grandori, 2001; Postrel,
2002; Nickerson and Zenger, 2004; Foss et al., 2010; Tell, 2011), we contribute to filling this gap in the literature by
proposing an analysis of knowledge integration via inbound open innovation collaboration seen as a knowledge
governance problem—specifically pertaining to agents’ motivations to collaborate and coordination of knowledge
problems. We investigate the use and effects of two knowledge governance procedures—project management and
knowledge matching—in collaborative, inbound open innovation in manufacturing firms in Finland, Italy, and
Sweden.

By project management, we mean the firm’s overall use of project management techniques, such as formal plans
and milestones, formal evaluations of collaborative projects, and provision of incentives to increase collaborative
partners’ efforts, aimed at controlling and managing collaborative projects. Project management involves managerial
efforts to mitigate agency and cooperation problems in collaborative inbound open innovation. Knowledge matching
refers to the firm’s efforts to achieve a good match among collaborating partners’ technological competences, to ob-
tain access to partners’ knowledge resources, and to ensure complementarity and synergies among partners’ know-
ledge bases, which, in turn, allow informal and tacit coordination of the joint activity. We focus on the inflow of
external knowledge within an open innovation process involving R&D collaboration with important external
knowledge sources such as value chain partners, universities and research institutes, and firms in other industries. To
our knowledge, this is the first study showing that interfirm knowledge governance, in terms of organizational pro-
cedures, is an important determinant of innovation performance derived from (inbound open) innovation
collaboration.

In line with the mainstream open innovation literature (e.g., Chesbrough, 2003; Laursen and Salter, 2006; West and
Bogers, 2014), our unit of analysis is the focal firm which engages in collaborative inbound open innovation, and we
propose a model in which collaborative innovation projects are governed by firm-level organizational procedures rather
than one in which knowledge governance procedures are specific to each collaborative project. Our assumption is sup-
ported by empirical evidence suggesting that, due to organizational imprinting, firms’ organizational procedures are
persistent over time (see e.g., Hannan ef al., 1996; Baron et al., 1999), and that these organizational procedures are in-
grained in individuals operating across organizational boundaries (Higgins, 2005; McEvily et al., 2012).

Our econometric analysis supports the idea that both project management and knowledge matching are associ-
ated with performance gains in open innovation involving different types of partners. We find empirical support also
for the idea that knowledge matching is important regardless of the collaboration partner breadth of the focal firm,
and that project management matters relatively more for open innovation involving numerous different types of col-
laboration partners. However, contrary to our theoretical expectations, we find that knowledge matching matters for
open innovation-related gains across all stages of the open innovation process, while project management has a sig-
nificant influence only in the idea stage of the process. In other words, our results do not support the idea that the
relative importance of project management procedures compared to knowledge-matching procedures increases in the
later stages of the innovation process.
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2. Theoretical background and prior literature

2.1 Open innovation and knowledge governance

How firms manage and organize knowledge flows in interorganizational relationships are central to collaborative in-
bound open innovation. As stated above, we adopt a knowledge governance approach to analyze this context. This
approach to open innovation is related closely to knowledge-based theories of the firm (Williamson and Winter,
1991; Kogut and Zander, 1992; Grant, 1996). Organizing innovation involves a choice among governance modes:
hierarchy, market, or hybrid. While Chesbrough (2003) refers to hierarchy as closed innovation, the market mode
refers to transactions in the markets for technology (cf. Arora et al., 2001), and examples of hybrid governance can
be found in collaborations among organizations (cf. Powell, 1987; Williamson, 1991). Felin and Zenger (2014) dis-
tinguish four open innovation knowledge governance settings: markets/contracts, partnerships/alliances, contests/
tournaments/platforms, and users/communities. We are interested primarily in the hybrid or partnerships and alli-
ances form of governance, which is concerned specifically with collaborative innovation. Note that in this study we
do not investigate other types of inbound open innovation efforts such as the markets for technology and ideas
(Arora and Gambardella, 2010; Gans and Stern, 2010), intellectual property rights strategies (Somaya, 2012;
Granstrand and Holgersson, 2013; Laursen and Salter, 2014; Zobel et al., 2016), or crowdsourcing (Afuah and
Tucci, 2012; Seidel and Langner, 2015). Our focus is on firms that have chosen an inbound open innovation strategy,
which implies relationships with one or more partners, to acquire and integrate knowledge (see e.g., Fey and
Birkinshaw, 2005). From the perspective of the knowledge-seeking firm, these relationships can be described as col-
laborative inbound open innovation.

It is often claimed that there are two fundamental organizational design problems in organizational economics:
those due to lack of motivation and those due to coordination failures. When an individual becomes part of an organ-
ization, he or she needs to be motivated to act since the full consequences of his or her actions are not borne by the in-
dividual, and also the individual’s activities need to be coordinated to be productive (see, for instance, Milgrom and
Roberts, 1992; Postrel, 2009). According to Heath and Staudenmayer (2000): 156: “In order to accomplish their
work, organizations must solve two problems: motivating individuals so that their goals are aligned (the agency prob-
lem), and organizing individuals so that their actions are aligned (the coordination problem). Almost all of the found-
ing texts in organizational economics emphasize the importance of both problems: agency and coordination...”

Agency problems create the need for safeguards and control mechanisms in order to assure alignment of incen-
tives (Roberts, 2004). Coordination problems stem from the trade-off between the benefits derived from specialized
knowledge, and the need for some shared knowledge in order to integrate specialized knowledge (Postrel, 2002;
Grant and Baden-Fuller, 2004; Tell, 2011). This calls for knowledge governance mechanisms to coordinate special-
ized knowledge efficiently, and to minimize the costs related to redundancy of complex knowledge (Grant, 1996;
Grandori, 2001; Johansson et al., 2011). Conceptually, collaborative inbound open innovation knowledge govern-
ance contexts are characterized by the use of bilateral and multilateral, and also socially embedded communication
channels, combined with both high-powered and cooperative incentives (Felin and Zenger, 2014). This implies a set-
ting that is complex and can lead to problems for knowledge-seeking firms trying to devise procedures to induce and
coordinate knowledge flows. Drawing on Grant (1996) and Srikanth and Puranam (2011, 2014), we can distinguish
between “formal and explicit” and “informal and implicit” coordination. The former mechanism relies on rules and
routines, while the latter relies on frequent communication and/or tacit awareness of the knowledge held by other in-
dividuals and partner firms (see Srikanth and Puranam, 2011).

Chesbrough and Bogers (2014: 17) describe open innovation as: “a distributed innovation process based on pur-
posively managed knowledge flows across organizational boundaries, using pecuniary and non-pecuniary mechan-
isms in line with the organization’s business model.” This definition emphasizes the purposive management of
knowledge flows across organizational boundaries. We would suggest that such purposive management is related to
the two central problems considered by organizational economics—agency and coordination. These problems are im-
portant for both the firm’s internal organization and hybrid organizational forms, such as collaborative inbound
open innovation, in which knowledge integration across organizational borders is critical.

Knowledge governance has direct links to contemporary research on open innovation, absorptive capacity, and
external knowledge acquisition. The integration of external knowledge with the firm’s internal R&D activities is an
important stage in open innovation (West and Bogers, 2014). It requires the capabilities to assimilate external know-
ledge. The integration of external knowledge is a central issue in the literature on absorptive capacity, which suggests
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that the firm’s innovation performance is related to its capacity to absorb external knowledge (Cohen and Levinthal,
1990; Lane and Lubatkin, 1998; Zahra and George, 2002; Lim, 2009; Berggren et al., 2016). Although absorptive
capacity refers fundamentally to multiple learning processes, it is conceived by Cohen and Levinthal (1990) and sev-
eral more recent studies as referring to internal R&D (see e.g., Hoang and Rothaermel, 2010; Bertrand and Mol,
2013). For instance, empirical studies conducted by Rothaermel and Alexandre (2009) and Berchicci (2013) demon-
strate the central role of internal R&D for balancing internal and external innovation activities to maximize innov-
ation output. Similarly, in a study of high-tech Taiwanese manufacturing firms, Hung and Chou (2013) find that
internal R&D positively moderates the relationship between the management of inbound open innovation and firm
performance. Absorptive capacity contributes to the integration of external knowledge through both firm-level (i.e.,
increased knowledge diversity increases the ability to absorb external knowledge) and relationship-level (i.e.,
increased similarity of knowledge bases among partners increases the ability to absorb that partner’s knowledge) ef-
fects (Lane and Lubatkin, 1998; Schildt ef al., 2012). Thus, the absorptive capacity of knowledge-seeking firms is
crucial for the integration of external knowledge through collaborative inbound open innovation. However, an ex-
tensive review of the absorptive capacity literature (Volberda et al., 2010: 941) highlights the relative neglect of the
organizational design antecedents to integrating external knowledge. To address this gap, we complement absorptive
capacity with knowledge governance theories to inform our study of knowledge integration in collaborative inbound
open innovation.

Firms that engage in inbound open innovation are likely to search for the competencies required for this strategy
to be effective (West and Bogers, 2014). Some of these competencies are related to the governance of knowledge in
open innovation to achieve the successful integration of external and internal knowledge. Governance, as a set of ex-
plicit organizational procedures, has been identified as important for open innovation (Vanhaverbeke and Cloodt,
2006; Dahlander et al., 2008; Huizingh, 2011), but there is little systematic evidence on the governance procedures
related to inbound open innovation and knowledge flows in the open innovation process. One exception is Foss et al.
(2011), which examines how external knowledge in the form of customer knowledge is incorporated in the focal
firm’s innovation process, and how the focal firm’s formal organization (organizational practices including what we
describe here as knowledge governance procedures) enables this process. However, Foss and coauthors focus on one
specific knowledge source, and consider only intraorganizational knowledge governance procedures. A related con-
tribution is Badir et al. (2009), which provides in-depth comparative case studies of three collaborative new product
development projects to investigate how intraorganizational design antecedents of “network lead companies” influ-
ence communication in the performance of such projects with strategic alliance partners. In the present article, we in-
vestigate a broader range of partners and focus on the interorganizational procedures used by focal firms to facilitate
collaborative inbound open innovation between partners.

2.2 Project management and knowledge matching

We distinguish between two types of empirically observable knowledge governance procedures in collaborative in-
bound open innovation: project management and knowledge matching. Project management includes motivation
and coordination of partner activities through the setting of goals and formulation of plans, combined with monitor-
ing, evaluation, and incentives (Du Chatenier et al., 2010). Knowledge matching involves the coordination of know-
ledge assets and the establishment of learning processes among partners in order to benefit from knowledge
complementarities and to create synergies (Cassiman and Veugelers, 2006). Project management includes mechan-
isms for motivation and formal, explicit coordination, while knowledge matching involves both informal (i.e., via on-
going communication) and tacit coordination (i.e., which does not require ongoing communication). Project
management procedures include goal setting, performance assessment, and provision of incentives, aimed at motivat-
ing the individuals participating in the collaborative activity and at aligning the incentives among participating firms
to mitigate opportunistic behavior and moral hazard in the interests of the common activity (Williamson, 1985;
Grandori, 2001; Roberts, 2004). At the same time, project management is aimed also at coordinating the collabora-
tive activity through formal rules and routines (Cyert and March, 1963; Grant, 1996).

Knowledge matching is related to achieving a good match among the collaborating partners’ technological com-
petencies, obtaining access to the partners’ knowledge resources, and ensuring synergies among partners’ knowledge
bases. As noted above, it involves informal and tacit coordination of activities. Tacit coordination mechanisms have
been defined as “mechanisms that enable the formation and leverage of common ground without the need for direct,
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ongoing communication” (Srikanth and Puranam, 2011: 850). Central to our argument is that knowledge matching
provides the basis for this common ground, which, in turn, may also promote informal as well as tacit coordination
mechanisms that involve the formation of common identities and shared representations (Brown and Duguid, 1991;
Kogut and Zander, 1996), group problem-solving processes (Grant, 1996), and related clan control (Ouchi, 1980;
Turner and Makhija, 2006). Despite being distinct procedures, project management and knowledge matching are not
mutually exclusive.

3. Hypotheses

3.1 Project management in collaborative inbound open innovation

As argued above, project management procedures are aimed at coordinating collaborative activities through formal
rules and routines, and at motivating individuals and aligning the interests of collaborating partners. We would argue
that these aspects of collaborative innovation management are crucial. Project management endows the focal firm
with the capacity to identify and specify the order of events (Nickerson and Zenger, 2004), which, given the strong
explorative element of open collaborative innovation, is especially important. Project management can be used to
mitigate the challenges that arise in open innovation related to high levels of uncertainty and constraints on resource
availability. All innovation activities tend to be complex and uncertain (Dosi, 1988; Holmstrom, 1989; Aghion and
Tirole, 1994). Inbound collaborative open innovation is especially complex and uncertain (Laursen ez al., 2012) and
benefits from the structure and coordination provided by formal plans and milestones and formal evaluations of the
collaborative activity, which are part of project management. In addition, since open innovation collaborations are
often resource constrained, formal coordination through project management procedures can help to ensure that lim-
ited resources are not overstretched.

Given the complexity and uncertainty of innovation there is also a need to motivate the participating parties. In
the absence of plans, milestones, or incentives, open innovation collaborations can be vulnerable to shirking behavior
by the participating individuals and organizations. At the same time, open innovation collaborations are also vulner-
able to the collaborators’ opportunistic behaviors, and to moral hazard (Pisano, 1990). Project management proced-
ures render the participating parties explicitly accountable, and help to align incentives in order to avoid these
problems. Thus, we hypothesize that:

Hla The use of project management contributes positively to the performance of collaborative inbound open innovation.

3.2 Knowledge matching in collaborative inbound open innovation

While project management procedures set the conditions for knowledge governance by setting formal objectives,
milestones, and incentives, mechanisms to achieve complementarities and synergies are also required for knowledge
integration and subsequent innovation, through procedures for knowledge matching. Close collaboration among the
partner companies is required to create “the necessary complementary technology inputs enabling these companies
to capitalize on economies of scope through joint efforts” (Hagedoorn, 1993: 372). Given the complexity and level
of unpredictability of joint innovation activities, they require informal as well as implicit/tacit coordination. As
Grant (1996): 115 argues, in general, efficiency in organizations tends to be associated with the enforcement of rules,
routines, and other mechanisms that economize on communication and knowledge transfer, with (costly) informal
and tacit coordination reserved for “unusual, complex, and important tasks.” We would argue that collaborative in-
bound open innovation activities are unusual, complex, and important. Informal coordination can involve ongoing
communication between the involved parties, and is expensive, but helps to minimize transfer of redundant know-
ledge. Tacit coordination involves awareness (without the need for ongoing communication) of a collaboration part-
ner’s technological knowledge, which, again, reduces knowledge redundancy and costly knowledge transfer.
Knowledge matching promotes efficient knowledge transfer and integration since it enables the coordination of mu-
tual learning and collaboration activities (Demsetz, 1988; Brown and Duguid, 1991; Kogut and Zander, 1996;
Carlile, 2002, 2004; Bechky, 2003). As already mentioned, knowledge matching is based on building a common
ground that enables different specialists to communicate with each other, facilitates tacit understanding, allows as-
sessment of each other’s domain specific knowledge, and enables problem solving (Bechky, 2003; Enberg et al.,
2006; Badir et al., 2009). Knowledge integration is achieved by identifying complementary knowledge assets and
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technologies in order to achieve cross-fertilization of scientific disciplines and fields of technology (see e.g.,
Grant and Baden-Fuller, 2004; Lin and Chen, 2006; Parmigiani and Rivera-Santos, 2011). Consequently, in collab-
orative inbound open innovation, knowledge governance based on knowledge-matching procedures is expected to
have a positive impact on performance derived from collaborative open innovation activities. Thus, we hypothesize
that:

H1b The use of knowledge matching contributes positively to the performance of collaborative inbound open innovation.

3.3 Project management and knowledge matching in the stages of the innovation process

The innovation problem requiring a solution may vary through the stages of the product development process
(Cooper, 2008; Gronlund ef al., 2010); some firms may be more active in the early stages, and some may be more ac-
tive in the later stages of the collaborative activity. Here, we consider the idea, implementation, and commercializa-
tion stages, and we expect the relative importance of project management and knowledge matching in inbound
collaborative innovation to vary according to the stages of the innovation process in which the focal firm is engaged.
This is based on three main reasons.

First, knowledge matching is an organizational procedure aimed at matching the partners’ technological
competencies, obtaining access to the partners’ knowledge resources, and ensuring synergies with partners’
knowledge bases. This allows access to specialized knowledge and the results of the collaborating partners’ in-
novation efforts. The pooling of this knowledge can produce economies of scale in R&D (Ahuja, 2000).
Accordingly, knowledge matching should facilitate knowledge recombination directly and, since the idea-gener-
ation stage involves knowledge recombination very intensely (Kogut and Zander, 1992; Fleming and Sorenson,
2004), knowledge matching should promote innovation outcomes for firms that collaborate in this particular
stage of the process. At the same time, project management involves formalization, which can restrict the num-
ber of organizational members with access to the external partners’ knowledge (Jansen et al., 2005). This can
restrict the opportunities for knowledge recombination, which is crucial in the early stages of innovation. This
“exploration disadvantage” related to formal project management is likely to be less of a problem in the later,
more exploitative stages, which are focused more on solving concrete problems and finalizing the collaborative
innovation activity.

Second, knowledge-matching procedures can provide common ground for both ongoing communication and tacit
information (through awareness) about the knowledge possessed by collaboration partners. Ongoing communication
provides informal coordination of these complex activities, while awareness enables tacit coordination (Srikanth and
Puranam, 2011) of the relevant innovation activities and reduces knowledge redundancy and costly knowledge trans-
fer. Given that the early stage of open innovation activities depends on what Srikanth and Puranam (2011) term
“complex interdependence” among the participants, tacit coordination may be particularly beneficial since the later
implementation and commercialization stages rely less on knowledge recombination. In other words, firms that en-
gage in open innovation collaboration in the early stages should derive more benefit from knowledge-matching pro-
cedures than from project management. The later stages of innovation also require a level of complex
interdependence, but this is arguably less crucial than in the early stage.

Third, the early stage of the open innovation process tends to be precompetitive, while the later implementation
and commercialization stages involve some level of competition, which can result in the emergence of opportunistic
behavior. Knowledge matching per se does not protect against opportunistic behavior, but project management pro-
cedures can include formal safeguards such as hostage exchanges of assets, and third-party mediation to resolve con-
flicts (Pisano, 1990). Given that opportunistic behavior is more likely in the later stages, formal project management
should be relatively more important to successful collaborative activity for firms that collaborate in the later stages,
compared to knowledge governance controlled by knowledge matching. These arguments lead to the following two
hypotheses:

H2a The use of project management, compared to knowledge matching, contributes more to open innovation-related per-
formance for firms that collaborate in the later implementation and commercialization stages of open innovation.
H2b The use of knowledge matching, compared to project management, contributes more to open innovation-related per-

formance for firms that collaborate in the early, idea-generation stage of open innovation.
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3.4 The relative importance of project management and knowledge matching for high and low partner
breadth

Collaborating in open innovation with a large set of diverse partners with different functions, i.e., partner breadth,
can improve innovation outcomes because the cooperation provides greater scope for knowledge recombination due
to the variety of skills, relationships, and other assets held by collaborators (Baum et al., 2000; Faems et al., 2005;
Laursen and Salter, 2006; van Beers and Zand, 2014). However, each partner type (e.g., customers, suppliers, com-
petitors, external R&D suppliers, universities, etc.) requires specific managerial attention if it is to be utilized effect-
ively in the context of innovation (Laursen and Salter, 2006; Bengtsson et al., 2015). Also, the need for coordination
of activities and the mechanisms for motivation increase with the range of collaboration partner types. Due to the
cognitive limitations of managers and the complexity of the interactions among a set of different partners, a large
number of different types of partners (i.e., high partner breadth) is inherently more difficult to manage.
Collaboration related to open innovation can result in lack of knowledge recombination or recombination of the
wrong type of knowledge to the detriment of innovation novelty. Thus, the need for coordination through formal
project management procedures increases with the number of collaboration partner types. In addition, since com-
plexity increases with the number and range of collaboration partner types, the possibility of opportunistic behavior
and the risk of moral hazard also increase since, under these circumstances, such behavior is less likely to be recorded
and eventually sanctioned.

Knowledge matching directly facilitates knowledge recombination and provides coordination since it provides a
basis for ongoing communication and awareness of the partners’ distinctive specialized knowledge bases. We contend
that both these effects are important in the context of innovation, regardless of the number and type of the focal
firm’s collaborators. Firms engaged in collaborations with a few (i.e., low partner breadth) or many and more dis-
similar partners (i.e., high partner breadth) need to invest in knowledge-matching procedures to achieve the benefits
of open innovation activities; knowledge recombination requires explicit managerial attention. In other words, a ne-
cessary condition for successful knowledge matching is the establishment of appropriate organizational procedures.
Coordination among a few similar partners using knowledge matching may be sufficient to achieve a successful out-
come. However, in the case of collaboration among multiple and different partners, governance via knowledge
matching is not enough to manage the complexities involved. In these circumstances, formal coordination, monitor-
ing, and incentives are required for successful knowledge governance. In other words, project management becomes
essential to secure reasonably effective knowledge integration. In sum, and based on these arguments, we posit that:

H3a The use of project management contributes more to open innovation-related performance in situations where open in-
novation collaboration involves high partner breadth rather than low partner breadth.

H3b The use of knowledge matching contributes to open innovation-related performance independent of whether open in-
novation collaboration is characterized by high or low partner breadth.

4. Methodology and data

Our analysis is based on a firm-level survey of open innovation in Finland, Italy, and Sweden. The population con-
sists of manufacturing firms (NACE Rev.2 codes 10-32 and 98) with more than 10 employees. In each country, data
collection was based on a randomized stratified (defined by number of employees) sample of 1000 manufacturing
firms representing the target population. The surveys used common guidelines and common data collection processes
in order to ensure comparability of the results across countries (Forza, 2002). In order to improve the quality of the
instrument, pilot tests were conducted with expert academic colleagues and target respondents in selected firms.

The data were collected in late autumn 2012 and early spring 2013, via questionnaires distributed by email to
firm respondents’ knowledgeable about open innovation—mainly R&D managers. The data were collected in the
three countries in parallel. We obtained 415 completed questionnaires from firms stating that they had had open in-
novation processes in place during the previous 5 years. The 415 responses refer to 87 firms in Finland, 152 firms in
Italy, and 176 firms in Sweden. The number of employees varies between 10 and 56,000, with a mean value of 867
employees (standard deviation 4239 and median 50 employees).

Since the distribution among industries is skewed, and some industry classes are represented by a very few firms,
we split the firms into four clusters for low-tech, medium low-tech, medium high-tech, and high-tech firms. This clas-
sification follows an approach used by Eurostat and Statistics Sweden (SCB, 2014), which uses technological
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intensity (reflecting differences in R&D intensity) in different sectors as one selection parameter. Firms belonging to
industry codes 10-18 and 31-32 are classified as low-tech (e.g., food, furniture), firms belonging to codes 19 and
22-25 are regarded as medium low-tech (e.g., coke, petroleum, rubber, plastics), firms in codes 20 and 27-30 are
classified as medium high-tech (e.g., chemicals, electric products, automotive), and firms belonging to codes 21 and
26 are regarded as high-tech (e.g., pharmaceutical products, computer, electronic and optical products). Among the
415 firms, 68 did not provide an industry class and were put into a fifth group.

The dependent variable is innovation performance, which we measure based on responses to the question: “Please
indicate how well collaboration with external partners in innovation activities has performed against the following
objectives over the last 3 years” (see also Appendix). Innovation performance is the result of a factor analysis based
on three items that draw on Lazzarotti et al. (2011) and reflect open innovation-related performance aligned to the
firm’s objectives, in terms of new or improved products/services, new or improved processes, or new markets
(Cronbach’s alpha 0.81; 7-point Likert scale with 1 = not at all and 7 = to a great extent, see Table Al in
Appendix).

The main independent variables capture the use of project management and knowledge matching in collaborative
inbound open innovation. Project management is a factor based on three items, each measured on a 7-point Likert
scale, ranging from 1 = strongly disagree to 7 = strongly agree (Cronbach’s alpha 0.68). The items reflect the use of
project management techniques in collaboration with open innovation partners, performance assessment of collab-
orative activities, and reward and incentive systems, based on Dekker (2004). The factor representing knowledge
matching is measured according to three items adapted from Lin and Chen (2006): matching of partners’ techno-
logical competences, access to partners’ knowledge resources, and synergy created by combining knowledge among
firms (Cronbach’s alpha 0.82; Likert scale, ranging from 1 = strongly disagree to 7 = strongly agree). Note that our
analysis assumes that if firms collaborate for innovation, they need to share knowledge to integrate it.

Openness during different innovation stages was captured by asking to what extent (scale 1-7) the focal firm had
collaborated with external partners during the previous 5 years, in the following innovation stages: idea generation,
experimentation, design, manufacturing, and commercialization. This follows the approach in Lazzarotti et al.
(2011), building on Gassmann and Enkel (2004) and Lazzarotti and Manzini (2009). To simplify our analysis, we
applied an exploratory factor analysis to reduce the number of stages (since they are correlated). The first two were
combined into the early stage, the third and fourth stages represent the implementation stage, while commercializa-
tion is our third stage. In order to analyze potential differences related to knowledge governance in our three stages,
we compare firms with higher involvement of external partners in their collaborative innovation processes than the
average of all firms in each of the three stages analyzed.

To capture the character and control for the type of collaborative inbound open innovation cases studied, we
apply the notion of collaboration openness, which we define as level of collaboration with a specific type of partner,
and number of partner types (i.e., partner depth and breadth, cf. Laursen and Salter, 2006). To define these control
variables, respondents were asked to rate the intensity of collaboration in open innovation during the previous §
years, with 8 suggested partner types: universities and R&D centers, innovation intermediaries, government agencies,
customers, suppliers, consumers, competitors, and companies in other industries. This approach is adapted from
Laursen and Salter (2006), but uses a finer-grained, 7-point scale to measure the intensity of each external knowledge
source. The responses represent the depth of collaboration with each partner type. Partner breadth is defined as the
number of different partner types (not the number of partners) that engaged in open innovation with the focal firm.
We found that some firms (14.5%) had collaborated with a wide variety (all eight suggested types) of partners in
their open innovation activities during the previous 5 years. Among the remaining firms, 9.2% had collaborated with
only one or two suggested partner types. The median of partner breadth is 5, mean value 5.26, and standard devi-
ation 1.95. In our analysis, firms” openness to external collaboration is a control variable. However, we use this vari-
able as the basis for computing an important moderating variable for whether partner breadth can be considered
high or low (for details, see Section 5 below).

We include additional control variables for the participating countries Finland, Italy, and Sweden (dummies).
Sweden is the baseline country. We also include industry (as described above) as control variables, with the low-tech
industry as the baseline. Other control variables are firm size (natural logarithm of number of employees), subsidiary
(1 indicates that the firm is a division or plant that is part of a bigger group), and the extent to which R&D is out-
sourced to an external partner (scale 1-7). We include control variables for the extent to which the firm prioritizes
radical as opposed to incremental innovation (scale 1-7), and whether R&D and marketing are core competencies of
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Table 2. Regression analyses explaining innovation performance derived from open innovation collaboration

Variable Model 1 Model 2 Model 3 Model 4 Model 5

Coefficient S.E. Coefficient S.E. Coefficient S.E Coefficient  S.E. Coefficient S.E.

Sweden vs Italy 0.812*** (0.138) 0.847*** (0.149) 0.666*** (0.141) 0.473**  (0.147) 0.609** (0.147)
Sweden vs Finland —0.017 (0.159) 0.034 (0.170) 0.018 (0.160 —0.038 (0.158) 0.144 (0.160)
Low tech vs med low tech -0.122 (0.162) —0.230 (0.145) —0.244» (0.142) —0.227 (0.139)
Low tech vs med high tech 0.061 (0.206) —0.002 (0.180) —0.031 (0.177) —0.059 (0.173)
Low tech vs High tech —0.180 (0.205) —0.157 (0.181) —0.121 (0.177) —0.130 (0.173)
Low tech vs NolndData —0.044 (0.188) 0.075 (0.166) 0.101 (0.163) 0.123 (0.159)
Partner breadth —0.041 (0.048) —0.046 (0.047) —0.028 (0.046)
Universities and research 0.096** (0.034) 0.086* (0.034) 0.067%  (0.033)
Innovation intermediaries 0.012 (0.036) —0.004 (0.036) 0.000 (0.035)
Government agencies —0.026 (0.045) —0.046 (0.044) —0.049 (0.043)
Customers 0.033 (0.035) 0.027 (0.035) 0.023 (0.034)
Suppliers 0.065 (0.039) 0.058 (0.039) 0.052 (0.038)
Consumers —0.045 (0.037) —0.057 (0.037) —0.047 (0.036)
Competitors 0.109 (0.057) 0.1047 (0.055) 0.084 (0.054)
Firms in other industries 0.115%* (0.041) 0.107**  (0.040) 0.105** (0.039)
Size (log) —0.044 (0.035) —0.053 (0.034) —0.047 (0.034)
External R&D 0.155%** (0.042) 0.146** (0.042) 0.132** (0.041)
Subsidiary —0.152 (0.131) —0.150 (0.129) —0.118 (0.126)
Radical innovation 0.189*** (0.040) 0.171*** (0.039) 0.160*** (0.038)
Internal competencies 0.020 (0.034) 0.003 (0.034) —0.018 (0.033)
Knowledge gov. procedures

Project management 0.262*%b** (0.066) 0.207** (0.066)

Knowledge matching 0.252**% (0.058)
N 396 396 396 396 396
F 20.538%** 7.058%** 10.076%** 10.734%** 11.605%**
Adj R2 0.090 0.084 0.315 0.341 0.371
R2 0.095 0.098 0.350 0.376 0.406

Note: "P < 0.1, *P <0.05, **P < 0.01, ***P < 0.001.

the focal company (scale 1-7). The latter two variables provide information on firm-level skills and capabilities.
Table 1 presents the descriptive statistics, and correlations among the variables, most of which are quite high, sug-
gesting possible multicollinearity problems (see Section 5 for further analysis of this issue).

A normality test indicates that the variables and constructs used in the analysis are all normally distributed. The
test of internal consistency (see Table A1 in Appendix) shows Cronbach’s alpha for the factors well above the recom-
mended threshold value of 0.60 for new scales (Nunnally, 1978). The factor representing the implementation stage is
somewhat lower, which is a limitation, although inter-item correlation (value 0.41) is acceptable.

5. Regression analysis

In order to test Hypotheses 1a and 1b related to the importance of project management and knowledge-matching
procedures in collaborative inbound open innovation, we performed a regression for the complete data set (see
Table 2). Given that our dependent variable is continuous, we use ordinary least squares estimations. Models 1-3 in-
clude the control variables and firms’ openness to external collaboration. Model 4 includes the impact of project
management, and the Model 5 regression includes knowledge matching. This procedure compares the models with
respect to their ability to predict the outcome variable (Field, 2013).

We performed additional regressions to test Hypotheses 2a and 2b regarding the relative importance of know-
ledge governance along the innovation process. Table 3 presents the impact of project management and knowledge
matching during the three stages of the open innovation process, taking the different controls into account. We tested
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Table 3. Regression analyses explaining innovation performance derived from open innovation collaboration in the stages
of the innovation process

Variable Idea stage Implementation Commercialization
Coefficient S.E. Coefficient S.E. Coefficient S.E

Sweden vs Italy 0.365" (0.189) 0.636* (0.215) 0.522* (0.221)
Sweden vs Finland 0.172 (0.217) 0.5047 (0.267) —0.162 (0.244)
Low tech vs med low tech -0.077 (0.191) —0.283 (0.201) —0.089 (0.218)
Low tech vs med high tech -0.129 (0.241) —0.243 (0.235) —0.022 (0.260)
Low tech vs high tech —0.049 (0.247) —0.440 (0.280) —0.153 (0.281)
Low tech vs NolndData 0.185 (0.206) —0.054 (0.241) 0.197 (0.239)
Partner breadth 0.056 (0.064) —0.049 (0.070) —0.108 (0.074)
Universities and research centers 0.042 (0.039) 0.0857 (0.048) 0.076 (0.049)
Innovation intermediaries —0.002 (0.045) 0.011 (0.048) 0.007 (0.053)
Government agencies —0.065 (0.055) -0.071 (0.057) —0.066 (0.064)
Customers 0.024 (0.047) 0.080" (0.047) 0.084 (0.054)
Suppliers —0.003 (0.048) —0.003 (0.054) —0.021 (0.059)
Consumers —0.061 (0.045) —0.008 (0.046) —0.085"7 (0.049)
Competitors 0.044 (0.063) 0.120 (0.078) 0.203* (0.084)
Firms in other industries 0.108* (0.048) 0.116* (0.052) 0.097~ (0.058)
Size (log) —0.126* (0.043) —0.042 (0.048) 0.028 (0.047)
External R&D 0.112* (0.050) 0.128* (0.058) 0.085 (0.068)
Subsidiary 0.064 (0.181) 0.067 (0.191) -0.213 (0.195)
Radical innovation 0.133* (0.052) 0.235%** (0.055) 0.141* (0.060)
Internal competencies 0.024 (0.049) —0.065 (0.047) 0.013 (0.053)
Knowledge gov. procedures

Project management 0.284%* (0.080) 0.123 (0.095) 0.146 (0.093)

Knowledge matching 0.283** (0.083) 0.233%* (0.088) 0.268** (0.090)
N 188 189 162
F 5.710%** 6.241%** 4.743%**
Adj R2 0.357 0.380 0.338
R2 0.432 0.453 0.429

Note: "P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001

the effect of the independent variables on innovation performance for firms reporting involvement of external part-
ners in these stages, at above the mean for all firms (see Appendix for the question and items related to the stages).
This resulted in a total of three multiple regression models. In order to test Hypotheses 3a and 3b, we performed an
analysis to explore whether the number of different types of partners matters for how knowledge is governed in open
innovation. We compared firms with high partner breadth (defined by collaborating with more than the average
number of different types of partners) with firms with low partner breadth (i.e., below the average number of partner
types). The effects of project management and knowledge matching on innovation performance are tested in two
multiple regression models.

We used the variance inflation factor (VIF) to assess any potential multicollinearity problems. In the above mod-
els, the VIF factors are well below the typically recommended threshold of 10 (Belsey et al., 1980), and except for
partner breadth (with a value of 3.18) are well below 2. To investigate this further, we estimated a separate model
omitting partner breadth. The main results did not change.

Single respondent research designs, such as the online survey that was the data source for this study, can suffer
from common method variance. There might be a tendency for managers to overemphasize the success of the firm’s
collaborative efforts. However, there seems no strong reason why they would want to inflate the results of their open
innovation activities over internal activities (the possibility of a not invented here syndrome would go against this),
which could limit the problem. In addition, since the practices included in the survey are fairly objective (e.g.,
whether the firm formally assesses the performance and results of collaborative projects), there would seem to be no
reason for managers to overemphasize the use of our two knowledge governance procedures. If our dependent
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variable is inflated to a degree and the independent variables are accurately observed, our results are downward ra-
ther than upward biased.

Nevertheless, we conducted a Harman single-factor test using exploratory factor analysis. In the presence of sub-
stantial common method variance, we would expect either a single factor to emerge from the factor analysis or one
general factor to account for most of the covariance among the items (Podsakoff ez al., 2003). The exploratory factor
analysis results in six distinct factors, each with an eigenvalue greater than 1. Together, these factors account for
60% of the total variance. Also, the biggest factor does not account for a large amount of the variance (15%).
Therefore, it can be concluded that there is no single general factor present, and that the test does not indicate com-
mon method variance (Podsakoff et al., 2003).

To address the issue further, we included a marker variable in our analysis to check for any indication of the pres-
ence of common method variance. It has been argued that if a variable can be identified on theoretical grounds,
which should be unrelated to the other variables included in the study, then it can be used as a marker, since any
observed relationships between it and any of the other variables, can be assumed to be due to common method bias
(Lindell and Whitney, 2001; Podsakoff et al., 2003). We included a variable reflecting the use of Internet-based sys-
tems to facilitate the search for potential partners (measured on a 1-7 scale). Theoretically, this variable should not
be related to either our dependent variable or our central independent variables. When this variable is entered into
the regressions, it has no explanatory power, which further supports our results not being driven by common method
variance. Overall, our tests suggest that it is unlikely that common method variance is affecting the results to any
great extent. In order to check the robustness of the results, given that we have a few very large firms in our sample,
we performed an additional regression which excluded the largest firms (>1000 employees), but our main results did
not change.

6. Results

The results of the first regression analyses, reported in Table 2, support Hypotheses 1a and 1b. Models 4 and 5 show
that the effects of the two knowledge governance procedures are strongly significant for innovation performance
stemming from open innovation collaboration. Further, the models’ explanatory power improves when we add pro-
ject management and knowledge matching, respectively.

Contrary to our expectations, we did not find support for Hypotheses 2a and 2b (see Table 3). Project manage-
ment has a significant impact on performance in the early stages of the innovation process, but not in the later stages.
Also, knowledge-matching procedures are significantly and strongly related to performance in all the stages, not just
in the earlier stages. Consequently, our analysis does not display the expected differences in the relative importance
of knowledge matching in the front-end versus the back-end of the innovation process. Thus, Hypotheses 2a nor 2b
are not supported.

Table 4 displays the results when the sample is split into firms that collaborate with a few or with numerous dif-
ferent partner types. Hypotheses 3a and 3b are supported. The coefficient of project management is significant for
high partner breadth. For low partner breadth, the coefficient is nonsignificant and lower than the coefficient of high
partner breadth. This is in line with Hypothesis 3a. In relation to knowledge matching, the coefficients of both high
and low partner breadths are significant. These findings are in line with Hypothesis 3b.

Finally, we discuss the control variables. Starting with openness, collaboration with university/research centers,
customers, consumers, competitors, and firms in other industries positively influence innovation performance in the
later stages of the innovation process. Firms from other industries seem to be important for innovation performance
regardless of the stage of the innovation process. There are also some country differences. In addition, we find that
the outcome of open innovation is explained by the amount of R&D performed by external partners, and the extent
to which the firm prioritizes radical over incremental innovation. Firm size, industry, internal competencies, and
whether or not it is a subsidiary appear to have no effect on innovation performance.

7. Discussion and conclusion

The aim of this article was to contribute to emerging theories of open innovation by explaining how the phenomenon
of open innovation is related to organizational economics, knowledge-based theories of the firm, and knowledge gov-
ernance. Specifically, in a knowledge-based conceptualization of collaborative inbound open innovation, we
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Table 4. Regression analyses explaining innovation performance derived from open innovation collaboration—sample
split according to high and low partner breadth

Variable Low partner breadth High partner breadth
Coefficient S.E. Coefficient S.E.

Sweden vs Italy 0.672%* (0.229) 0.345 (0.215)
Sweden vs Finland 0.320 (0.272) 0.115 (0.193)
Low tech vs med low tech —0.461* (0.226) -0.113 (0.173)
Low tech vs med high tech -0.016 (0.289) —0.022 (0.217)
Low tech vs high tech -0.109 (0.259) —0.280 (0.240)
Low tech vs NolndData 0.210 (0.246) —0.023 (0.210)
Universities and research centers 0.074 (0.050) 0.071 (0.046)
Innovation intermediaries —-0.030 (0.053) 0.054 (0.045)
Government agencies —-0.024 (0.083) —0.048 (0.047)
Customers 0.048 (0.047) —0.015 (0.053)
Suppliers 0.1037 (0.054) -0.027 (0.055)
Consumers —-0.035 (0.067) —-0.035 (0.043)
Competitors —0.078 (0.103) 0.171** (0.057)
Firms in other industries 0.081 (0.059) 0.121* (0.051)
Size (log) ~0.054 (0.065) ~0.066" (0.040)
External R&D 0.189%* (0.069) 0.1037 (0.053)
Subsidiary —0.039 (0.188) —0.163 (0.169)
Radical innovation 0.194%** (0.058) 0.114* (0.050)
Internal competencies —0.0897 (0.050) 0.058 (0.045)
Knowledge gov. procedures

Project management 0.155 (0.107) 0.277%* (0.083)

Knowledge matching 0.245%** (0.089) 0.258** (0.080)
N 201 195
F 5.174%** 8.785***
Adj R2 0.305 0.457
R2 0.378 0.516

Note: Ap < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001

suggested that the choice of knowledge governance—in terms of interfirm organizational procedures—plays a pivotal
role in innovation performance. Our econometric analysis demonstrated that project management and knowledge-
matching procedures by focal firms have a positive influence on innovation performance derived by those focal firms
from collaborative inbound open innovation.

We also found distinct effects of project management and knowledge matching by relating them to partner
breadth in collaborative inbound open innovation. As discussed in the literature, partner breadth is a fundamental
issue in search and open innovation. Several studies show that increased breadth leads to increased innovation per-
formance (Laursen and Salter, 2006; Leiponen and Helfat, 2010; Love ez al., 2014). At the same time, several studies
(Laursen and Salter, 2006; Leiponen and Helfat, 2010) show that there is a curvilinear relationship between partner
breadth and innovation, suggesting that increased knowledge differentiation and diverse motivations (Grandori,
2001) associated with increased partner breadth create an integration challenge for firms pursuing collaborative in-
bound innovation. For instance, Bertrand and Mol (2013) show that while knowledge heterogeneity associated with
a broad range of partners promotes innovation through recombination, increased cognitive distance (Nooteboom,
2009) calls for some purposive activity. Our study sheds light on the procedures for bridging cognitive distance and
aligning incentives, which are required as partner breadth increases. While coordination through knowledge match-
ing is important regardless of the number of types of partners, we suggest that increased partner breadth results in
more divergent motivations to contribute, resulting in the need for project management to align and control the part-
ners. These relationships are confirmed by our empirical data. In line with Felin and Zenger (2014), we argue that
specific collaborative inbound open innovation conditions provide incentives to engage in problem solving, which, in
turn, warrants specific knowledge governance procedures.
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More generally, and in response to recent calls in the open innovation literature (West and Bogers, 2014), our
findings question the simple equating of knowledge search for innovation through recombination in open innovation,
with the procedures used by firms to govern knowledge flows to integrate knowledge effectively. Our study provides
empirical evidence of important and distinctive effects of the use of project management and knowledge matching
for innovation performance. Despite their different characteristics and contrary to our predictions, our empirical re-
sults suggest that project management has a positive effect on the performance of firms engaged primarily in collab-
oration in the early ideation stage of the innovation process, while knowledge integration seems beneficial for
performance in every stage—from idea generation, to implementation, to commercialization. We speculate that this
latter result might be because all the stages of innovation involve a high level of creativity and knowledge recombin-
ation, despite differences in the levels of exploration and exploitation. It could be that these creative and knowledge
recombination processes—across all stages—require knowledge matching in order to be effective (as our empirical
findings would suggest). Another, closely related, explanation for the significance of knowledge matching during all
stages may be the assumed linearity of the innovation process. Although it is common to depict open innovation as a
linear process, involving many partners, in an open and distributed activity to achieve innovation, it may also imply
a network-like structure of activities which are not always distinguishable in the sequential stages (see e.g., Dittrich
and Duysters, 2007).

Our findings indicate that previous research (e.g., Cooper, 2008; Gronlund et al., 2010), emphasizing the distinct-
iveness of the challenges that arise in different stages of the innovation process, may underestimate the need for a de-
gree of structure imposed by project management procedures in the early stages of the innovation process. Certainly,
the results obtained for project management contrast with our assumptions, suggesting rather that these kinds of for-
malized procedures might open the way to broader collaboration between internal and external actors and enhance
the possibilities for knowledge recombination in the early stages. Another explanation might be that the need for pro-
ject management to guard against opportunistic behavior is not limited to the later stages of the innovation process,
and is particularly important in the early stages involving the selection of partners. Further research is needed to
examine how collaborative inbound open innovation is organized in time and space, and to identify novel ways of
partitioning sets of activities, including the effects on innovation performance.

From a managerial viewpoint, we recognize that previous research on open innovation makes it clear that differ-
ent contingencies affect the decision to “go open” and the conditions that make open innovation more likely to be
successful. However, the present study sheds new light on the procedures used by firms to ensure that the potential
benefits accruing from open innovation can be captured by managerial interventions. In particular, the study demon-
strates that while both project management and knowledge matching are appropriate and important devices for man-
aging collaborative inbound open innovation, the magnitude of role of project management increases with increasing
partner variety. This calls for some rethinking by managers about the use and appropriateness of the different project
management tools available in such situations.

This study has some limitations. Our analysis involves discussion of knowledge governance only in collaborative
inbound open innovation and does not examine governance of outbound innovation. Future research could adopt a
practice-based approach and consider the influence of knowledge governance mechanisms in a range of open innov-
ation practices, such as those suggested by Alexy et al. (2016). Also, we do not discuss open innovation in relation to
the markets for technology and intellectual property strategies.

That collaborative innovation projects are governed by firm-level organizational procedures is a strong assump-
tion. There may be circumstances that might give rise to heterogeneity across the firm’s various collaborative pro-
jects—for instance, related to the level of incremental/radical innovation the particular collaboration involves.
However, based on previous research, we argue that due to organizational imprinting, firms’ organizational proced-
ures are persistent over time, and the same organizational procedures are deep-rooted in the individuals who work in
collaborative settings. Also, although our sample included a few very large firms, the median number of employees
for the firms in the study is 50. Among small and medium-sized firms, it is likely that the use of organizational pro-
cedures to manage open innovation collaboration is relatively homogeneous. However, the assumption that collab-
orative innovation projects are governed by firm-level organizational procedures remains a fundamental limitation of
the current study. Another limitation is that we were unable to factor in that some multi-partner collaborations might
involve an independent central authority. In line with Badir ef al. (2009), future research should conduct multilevel
analyses that factor in the firm and project levels simultaneously. Moreover, although we consider a 5-year time win-
dow to observe collaboration is sufficient in most cases, it does not cover all the stages of collaboration in all cases.
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Although the study relies on a rich and detailed cross-section of innovative firms in three different countries, the
data make it difficult to draw strong causal inferences about the relationship between decisions pertaining to the ap-
plication of governance procedures and open innovation outcomes. It would be useful to have panel data or experi-
mental data, especially at the level of innovation projects, in order to draw definite conclusions concerning the
direction of the relationship. In addition, we focus on only two types of knowledge governance procedures and
downplay the role of the market; future research could consider a broader set of governance procedures (see also,
Rothwell, 1994; Felin and Zenger, 2014).

How open innovation in general could best be governed over the stages of the innovation process, and in the case
of the involvement of a few or many partners, would appear to be an exciting area for future research. In addition,
how the benefits of open innovation are appropriated (Laursen and Salter, 2014), combined with the choice of gov-
ernance, have yet to be explored. We suggest that future research could benefit from integrating our approach with
that of Zobel et al. (2016) and Alexy et al. (2016). This could imply further investigation of the interaction between
specific intellectual property rights (e.g., patents) and human capital investments, with the knowledge governance
types discussed here. The insights gained from research integrating these constructs could be informative for man-
agers engaging in open innovation processes.
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Appendix

Table A1. Factor loadings

Factors Innovation Project Knowledge Ideation Implementation Commercialization

performance management matching

Performance
New or improved product/services 0.816
New or improved processes 0.841
New markets 0.751
Project management
Project management techniques 0.736
Assessment of performance results 0.872
Rewards and incentive systems 0.728
Knowledge matching
Matching of partners’ technological competences 0.856
Access to partners’ knowledge resources 0.852
Synergy by combining knowledge among firms 0.861
Innovation stages
Idea 0.837
Experimentation 0.856
Engineering 0.749
Manufacturing 0.873
Commercialization 0.950
Variance explained 64.6% 61.1% 73.3%  33.9% 27.2% 20.8%
Cronbach’s alpha 0.719 0.675 0.817 0.691 0.584
N 415 415 415 415 415 415

Appendix—Survey questions and items

Innovation performance: 1 (not at all)-7 (toa
Please indicate how well collaboration with external partners in innovation activities has performed great extent)
against the following objectives over the last 3 years:

- Introduce new or significantly improved products or services

- Introduce new or significantly improved process of producing our products or services

- Opening of new markets

Project management: 1 (strongly disagree)—
Please indicate your agreement with each of the following statements with respect to your firm’s 7 (strongly agree)
organisational and managerial actions regarding collaboration with external partners in innovation
activities:

- We use project management techniques to manage the collaborations

- We formally asses the performance and results of collaborative projects

- We have a reward and incentive system to recognise the benefits of collaborative innovation

Knowledge matching: 1 (strongly disagree)—
Please indicate your agreement with each of the following statements with respect to your firm’s 7 (strongly agree)
experience in collaboration in innovation with external partners:

- Partners’ technological competences match up

- Access to partners’ knowledge resources

- Synergy created by combining knowledge among participating firms
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Partner depth:
Please indicate the extent to which your firm has collaborated with the following stakeholders in
innovation activities over the last 5 years:

- Universities and research centres

- Innovation intermediaries

- Government agencies

- Customers

- Suppliers

- Consumers

- Competitors

- Companies operating in other industries

External R&D:
Please estimate how much of the total R&D activities in your development project that is done by
external partners

Radical strategy:
Please indicate your agreement with each of the following statements with respect to your firm’s
strategy:

- We focus on radical rather than incremental innovation

Internal competencies:
Please indicate your agreement with each of the following statements with respect to your firm’s
strategy:

- R&D and marketing are our core competencies

Stages:
Please indicate the extent to which your firm has collaborated with external partners in the following
stages of the innovation process over the last 5 years:

- Idea generation/exploratory research

- Experimentation

- Engineering

- Manufacturing

- Commercialisation

1 (not at all)-7 (to
great extent)

1 (not at all)-7 (to
great extent)

1 (strongly disagree)—
7 (strongly agree)

1 (strongly disagree)—
7 (strongly agree)

1 (not at all)-7 (to
great extent)
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