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ARTICLE

How many to be different? The role of number and the 
partner type on innovation performance
Muhammad Ismail , Alejandro Bello-Pintado and Teresa García-Marco

INARBE – Institute for Advanced Research in Business and Economics, Public University of Navarre, 
Pamplona, Spain

ABSTRACT
Collaboration with external partners for innovation is seen as 
a major driver of novel ideas. Previous studies have revealed the 
importance of collaboration with different partners on innovation 
performance; however, many questions regarding this association 
remain unresolved. This study aims to analyse the effects of colla-
boration with different types of partners on the innovation perfor-
mance and how the cognitive distance affects this relationship. This 
study also distinguishes between incremental and radical innova-
tions as outcomes of cooperation, and provides differing implica-
tions for the two innovations types. Based on empirical analyses 
performed on a sample of 12,000 Spanish firms, we found suppor-
tive evidence that both radical and incremental innovation require 
a distinct number of collaboration partners to optimise innovation 
performance. Further, relationship between the number of partners 
and innovation performance is moderated by the cognitive dis-
tance between the focal firm and the respective partner: positively 
for radical innovation and negatively for incremental innovation 
performance.

ARTICLE HISTORY 
Received 03 April 2021  
Accepted 27 May 2022 

KEYWORDS 
Open innovation; 
collaboration breadth; 
cognitive distance; radical 
and incremental innovation

Introduction

The concept of open innovation has become central to the field of innovation during the 
last decade. Open innovation is a means through which firms are able to gather the 
knowledge required to carry out innovation from external sources (Chesbrough, 2003), 
allowing them to maintain their competitive advantage (Laursen & Salter, 2006; Porter, 
1990). Firms create novel ideas by using knowledge from a wide variety of sources, adopting 
formal and informal relationships (Laursen & Salter, 2014).

Researchers in the field have paid considerable attention to study how collaborating with 
different number of partner types (collaboration breath) can impact innovation (Laursen & 
Salter, 2014). The association between collaboration breadth and innovation performance 
has been demonstrated to be in the form of an inverted U-shape (e.g., Duysters & Lokshin, 
2011; Hottenrott & Lopes-Bento, 2016; Oerlemans et al., 2013). However, this inverted 
U starts to take different shapes when the innovation is further distinguished between 
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radical and incremental (Kobarg et al., 2019). The basic premise behind this relationship 
states that, when collaboration breadth becomes too large, the costs attached to managing 
a large number of partners start to cannibalise the gains.

Given the relevance of ‘collaboration’ as a means of deriving innovation performance, 
we find a portion of literature dedicated on analysing the reasons behind this U-shaped 
association, and factors that could possibly reform this relationship. For example, Carree 
et al. (2019) through their work re-enforce the existence of U-shape, and further 
demonstrate how this relationship is moderated by firm’s absorptive capacity. 
Similarly, Hagedoorn et al. (2018) reveal how knowledge sharing mechanisms and 
characteristics of external knowledge environment can impact the effectiveness of colla-
boration breadth and modify the inverted U-shape. More recently, the work of Mathisen 
and Jørgensen (2021) shows how knowledge readiness can facilitate knowledge exchange 
and enhance innovation through collaboration. In this line, another important aspect 
that can affect the link between collaboration and innovation performance is cognitive 
difference amongst partners. Cognitive distance is broadly defined as the difference in 
resources and shared knowledge held by each firm. Because collaborating partners 
operate in different industries with different resources, these differences yield hetero-
geneous cognitive distances between a firm and its partners (Gavetti & Levinthal, 2000; 
Nooteboom et al., 2007), and these may affect the effectiveness of collaboration. Recent 
research in the field has called for further work on this issue (Mathisen & Jørgensen, 
2021; Ovuakporie et al., 2021). In view of this discussion, this paper aims to answer the 
question of how difference or similarity in cognitive distance can alter the effectiveness of 
‘formal collaboration breadth’ on radical and incremental innovation performance.

Formal collaboration is seen as an important element in the literature since it enables 
firms to derive improved innovation results (e.g., Belderbos et al., 2004; Bogers, 2011; 
Faems et al., 2005). Collaboration help firms to overcome the factors that can hamper the 
exchange of knowledge (Bogers, 2011) and also aids in development of absorptive 
capacity. Further, being formally connected helps in forming trustable relationships, 
which increases complementarities and reduces uncertainty with regard to partners’ 
performance (Bogers, 2011; Powell et al., 1996). On the contrary, it adds complexity to 
the establishment and management of the communication and coordination with dif-
ferent partners, leading to a possible surge in transaction costs (Bogers, 2011; Duysters & 
Lokshin, 2011; Nieto & Santamaría, 2007). Further, it gives rise to the paradox of 
involuntary spillover or leakage of critical information, requiring the firm to put expen-
sive appropriability strategies in place (Laursen & Salter, 2014).

Regarding the cognitive distance of partners, it is widely acknowledged that collaborat-
ing with distant partners benefit creativity and leads to higher innovation performance. For 
example, collaboration with a university is said to be associated with innovative originality 
and improved production; however, this distance can also be very challenging as distant 
firms share contrasting sets of logic, which are not what the firm is used to, and can unduly 
test a firm’s absorptive capacity (Østergaard & Drejer, 2021). Collaboration with a distant 
partner can also hinder knowledge sharing, because it creates uncertainty and difficultly in 
coordination, as the internal structures of the firms might be very different (Boschma, 2005; 
Criscuolo et al., 2017; Østergaard & Drejer, 2021). As cognitive distance is responsible for 
both; gains in the form of novel ideas and costs of communication due to the gap in 
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knowledge. We assert that it is highly significant for effecting the inverted U-shape, which is 
founded on amalgamation of the benefits from new knowledge and the costs attached to 
acquiring it (Hottenrott & Lopes-Bento, 2016).

Similar to collaboration breadth, firms that are seeking radical or incremental innova-
tion should collaborate with firms that have contrasting cognitive distances. That is, firms 
that are looking for exploitative innovation (incremental innovation) rely more on 
partners that are cognitively closer, since their aim is to make improvements to existing 
technologies. However, firms that are aiming for exploratory innovation (radical innova-
tion) are more concerned with introducing something very new and thus require 
partnership with firms that have a very different knowledge or resource base (Gilsing 
& Nooteboom, 2006; Nooteboom, 2000).

By analysing collaboration breadth and cognitive distance in concurrence, the study makes 
some important contributions. First, it advances the theoretical knowledge by responding to 
the existing gap regarding how cognitive differences amongst collaborating partners can 
modify the effectiveness of a collaboration outcome. This is important as factors influencing 
the effectiveness of knowledge sharing through collaboration are not fully understood 
(Bogers, 2014). Although the paradox of collaboration and knowledge heterogeneity has 
been examined and tested in several studies (Criscuolo et al., 2017; Haus-Reve et al., 2019; 
Noni De et al., 2018), the matter remains inconclusive and offers inconsistent empirical 
evidence. As this is central to the field of innovation, this issue has resurfaced in recent 
studies, but these remain limited and focused on testing the impact of cognitive distance on 
a single partner type (e.g., Lauvås & Steinmo, 2019; Mathisen & Jørgensen, 2021).

Secondly, this paper introduces the debate on how different collaborative strategies 
regarding collaborator type may enhance different types of innovation performance 
(radical vs. incremental). Finally, it provides relevant recommendations to managers 
regarding the collaborative innovation strategies that a firm may adopt to achieve radical 
or incremental innovation outcomes. Finally, it provides relevant recommendations to 
managers regarding the collaborative innovation strategies that a firm may adopt to 
achieve radical or incremental innovation outcomes.

Based on the findings through empirical analysis, this study confirms that cognitive 
distance exerts a significant moderation effect on the relationship between collaboration 
breadth and innovation performance since the moderation effect emerges as positive and 
quadratic for radical innovation performance and negative but linear for incremental 
innovation performance. This implies that firms that are seeking radical innovation can 
collaborate with partners that are cognitively distant since the gains associated with the new 
ideas that they bring in will be larger than the costs associated with them. However, at some 
point, as the number of partners increases, firms will be required to make investments in 
the form of the resources needed to capture new ideas from a large number of partners. 
Meanwhile, incremental innovation, which does not require so much novelty, would start 
to make losses instead of gains since the high cognitive distance starts to substitute the gains 
with losses as the increased knowledge gap amplifies the existing costs of collaboration.

The study is carried out using a large data panel that was built on information 
collected from more than 12,000 Spanish manufacturing and service firms from 2008 
to 2016. The source is the Technological Innovation Panel (PITEC – Panel de Innovación 
Tecnológica), which is the Spanish contribution to the Community Innovation Survey 
(CIS; Martinez et al., 2017).
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The paper is organised as follows: The next section outlines the conceptual framework 
and the hypothesis development. This is followed by a description of the data and the 
empirical model in section three. The fourth section consists of a discussion and the 
relevant implications.

Conceptual framework and hypothesis development

The underlying rationale of our study is built on the resource-based view (RBV) and the 
cognitive distance approach (Nooteboom, 2000), aiming to understand how the associa-
tion between collaboration breadth (Hagedoorn et al., 2018; Laursen & Salter, 2014) and 
innovation performance can be affected by the difference in cognitive distances between 
a firm and its collaborating partners under the openness strategy.

RBV emphasises that a firm is able to sustain its competitive advantage as a result of 
the unique bundle of resources that it holds that others cannot perfectly replicate 
(Barney, 1991; Grant, 1996; Penrose, 1959). According to this view, firms differ in their 
resource position, and this heterogeneity produces differences in performance across 
firms. In a normal business setting, it is possible that a firm is faced with resource 
constraints and desires to expand its resources. It can do this either by acquiring 
resources through the expensive market mechanism (Grant, 1996) or by collaborating 
with external partners (Grant & Baden-Fuller, 2004). When a firms enters into 
a collaboration, it can access its partner’s resources (i.e., assets, knowledge and capabil-
ities for innovation) and also share risks and cost (Eisenhardt & Schoonhoven, 1996).

In line with Nooteboom et al. (2007), in this paper we propose to interpret resource 
heterogeneity in terms of cognitive distance between firms that hold these different 
resources. The term ‘resources’ is used in literature to define the amalgamation of assets, 
knowledge and capabilities that are built on human skills (Barney, 1991; Combs & 
Ketchen, 1999). Here, cognition denotes a broad range of mental activity based on the 
different levels of ‘judgment, sense making and understanding of individuals’. Because 
each organisation has a different purpose, the shared focus, knowledge or shared inter-
pretations amongst individuals within each organisation generate resource heterogeneity 
(Gavetti & Levinthal, 2000; Nooteboom et al., 2007).

In this paper, we postulate that collaboration breadth may interact with cognitive 
distance and have opposite implications for innovation performance depending on 
whether the firm’s strategic objective is exploration or exploitation. This trade-off 
between different collaboration strategies (radical versus incremental) may limit the 
ambidextrous capacity of firms to achieve innovation performance.

Effects of collaboration breadth on radical and incremental innovation 
performance

Collaboration allows firms to partner up through alliances, cooperation or joint ventures 
for the joint development and commercialisation of an innovation (Enkel et al., 2009). 
Despite being an expensive form of engagement, collaboration has gained momentum as 
a channel of openness (Bogers, 2011). One of the possible explanations is that joint R&D 
increases the accessibility to and ease of carrying out innovative activities, leading to 
higher chances of engineering new products, because each partner brings in different 
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resources (Miotti & Sachwald, 2003). The process might carry a high set-up cost (Laursen 
& Salter, 2014) but this is compensated for by the increased access to knowledge and the 
greater opportunity to engage in the creation of unique ideas (Powell et al., 1996). While 
a firm can acquire ideas from external sources without getting into formal contracts, the 
latter practice differs in terms of its benefits and limitations. For example, having no 
requirement to be formally linked can ease the process of linking; however, at the same 
time, a firm may indulge in over-search and this might start to divide the firm’s attention, 
leading to reductions in knowledge gain (Ardito & Messeni Petruzzelli, 2017).

Once the firm begins to collaborate with heterogeneous partner types, these partners 
collectively form a unique portfolio (Hagedoorn et al., 2018; Laursen & Salter, 2014). The 
effective learnings from this portfolio are subject to stable interactive conditions; in the 
absence of these conditions, the learning outcomes are hampered (Boschma, 2005). 
Having the right number of partner types in a portfolio is critical because too many 
heterogeneous partners can adversely affect the course of innovative outcomes (Leeuw 
De et al., 2014). The diversity in the nature and goals of each collaborating partner also 
influences the innovation outcomes as each partner is a source of different experiences, 
information and further ties (Powell et al., 1996).

As the collaboration breadth (i.e., the number of different partners) widens, firms gain 
access to a variety of resources and opportunities to innovate, which are necessary to 
maintain their competitive advantage under the RBV. Firms benefit from the resources 
and expertise of their wide number of partners, especially in situations in which the 
resources are specialised or considerably expensive to acquire (Leeuw De et al., 2014) or 
when the assets needed to pursue an opportunity are an integral part of a partner’s 
resources (Das & Teng, 2000). However, these gains do not last very long and soon reach 
an optimal point beyond which any increase in the number of partner types starts to 
affect innovative performance negatively (Deeds & Hill, 1996). This is because the firm 
faces the cost of coordination and organisation when managing R&D collaborations with 
a number of different partners. Additionally, increasing the collaboration breadth sti-
mulates the risk of unintended knowledge exposure between the partners (Hottenrott & 
Lopes-Bento, 2016). As a result, these costs may eventually become larger than the gains 
achieved, reducing the overall innovation performance and leading to an inverted 
U-shaped relationship between collaboration breadth and innovation performance 
(Duysters & Lokshin, 2011; Hottenrott & Lopes-Bento, 2016; Oerlemans et al., 2013).

Although the overall relationship between collaboration breadth and innovation 
performance is curvilinear, all ‘categories of innovation outcomes’ cannot be generalised 
as having the same performance. Our hypothesis is that, to implement different colla-
boration strategies to achieve the desired innovation outcomes, for example, exploration 
for radical innovation or exploitation for incremental innovation, the number of partner 
types should be different. In this sense, firms that are looking for radical innovations 
engage in the production or introduction of products/services that can generate a new 
market or be completely novel for it, while enabling the firm to earn significant returns 
(Levinthal & March, 1993; Tiberius et al., 2021). Innovation that focuses on mere 
improvement, or is limited to the refinement or reinforcement of existing products or 
concepts is known as incremental innovation (Forés & Camisón, 2016; Ovuakporie et al., 
2021). Additionally, the difference in outcome between radical and incremental innova-
tion is affected by the resource diversity that a firm maintains by having different 
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numbers of external partner types (Katila & Ahuja, 2002). Radical innovation, charac-
terised by the development of ground-breaking ideas, is said to be complex, requiring 
a larger proportion of ideas that are entirely new to the existing knowledge base (Dewar & 
Dutton, 1986). Radical innovation requires the amalgamation of heterogeneous points of 
view that are widely spread outside the firm’s boundaries across different organisations 
and the synthesis of these ideas to form something new and original (Rothaermel et al., 
2006). Consequently, having a higher number of partner types increase the chances for 
a firm to innovate radically.

On the other hand, incremental innovation is aimed at bringing about minor 
changes (Chandy & Tellis, 1998), thus requiring knowledge that is mostly present 
inside the firm (Robertson et al., 2012) and limiting the requirement for a large 
number of partners. Incremental innovation, unlike radical innovation, is less risky 
and involves lower uncertainties, thus also reducing the need to involve large number 
of partners (Kobarg et al., 2019). Whilst sharing risk is one aspect of collaboration, it 
is also possible that, amongst a large number of collaborative partners, some may 
provide very similar or complementary (i.e., redundant) knowledge. Because radical 
innovation is exploratory and brings in higher returns, a firm can afford the costs 
associated with the risk of redundancy to some extent, whereas, a firm pursuing only 
incremental innovation might not be able to afford redundant alliances as they can 
turn out to be very expensive (Faems et al., 2005).

Entering into a collaboration is merely part of the open innovation process, but 
maintaining the relationship and coordinating with partners is equally important. 
The problems associated with coordination start to escalate as a firm increases its 
collaboration breadth, as it is required to filter out useful knowledge from a larger 
number of sources. To successfully achieve this, firms must invest a higher quantity 
of resources, without which it could fall victim to the problem of over-collaboration 
(Greco et al., 2016). Firms that are looking to achieve radical innovation can afford 
to make such investments and benefit from larger collaboration breadth 
(Ovuakporie et al., 2021).

The distinction in radical and incremental innovation do not end here, as some-
times firm is required to adopt different strategies or make different structural 
changes in order to support radical or incremental output (Ettlie et al., 1984). 
Firms that follow a radical innovation strategy are usually required to back their 
decision by enhancing their ability to support new business development, by open-
ing new markets to sell the novel products (Henderson & Clark, 1990; Roberts & 
Berry, 1985). Collaborating with a larger number of different partner types allows 
firms to achieve ‘market power, entry deterrence, and economies of scale and scope 
in such areas as R&D activities, production, and marketing’ (Das & Teng, 2000, 
p. 49), which can help with and support the implementation and further selling of 
novel ideas or products in the market.

This leads us to hypothesise the following: 

Hypothesis 1: Collaboration breadth has a curvilinear (inverted U-shaped) relationship 
with innovation performance. The optimal breadth is lower for incremental innovation 
than for radical innovation performance.
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Moderating effect of cognitive distance on the relationship between collaboration 
breadth and innovation performance

Cognitive distance is based on resource heterogeneity and differences in firms’ shared 
meanings, perceptions, interpretations and understandings (Nooteboom et al., 2007), 
making each one naturally distant from the others. The literature in the field has 
interpreted cognitive distance as knowledge heterogeneity among firms (Boschma, 
2005; Criscuolo et al., 2017; Nooteboom, 2000).

According to March’s (1991) study, a firm can alter its innovation performance outcome 
by engaging with various resources. Accordingly, a firm can adjust its innovation perfor-
mance outcome by employing partners placed at different cognitive distances (Lavie & 
Rosenkopf, 2006). Because exploratory alliances are generally created to derive radical 
innovation (Jepsen et al., 2014), the effect of cognitive distance and collaboration breadth 
on radical innovation is in line with exploration. The literature has suggested that explora-
tion is related to finding novel alternatives (Nooteboom et al., 2007). This requires firms to 
collaborate with a larger network of firms (Gilsing & Nooteboom, 2006), which are placed at 
a higher cognitive distance (Nooteboom, 2000), because radical innovation is characterised 
as a means of developing novelty, requiring new knowledge input (Dewar & Dutton, 1986). 
This necessary knowledge can be acquired from a broad number of interfaces existing 
outside the firm, allowing the firm to recombine and create ground-breaking ideas (Katila & 
Ahuja, 2002). Collaboration with partners that are cognitively too close would fail to deliver 
the novel input necessary to create any radical changes (Nooteboom, 2000).

The decision to collaborate with firms with dissimilar resources and capabilities leads 
to contrasting outcomes (March, 1991). For instance, alliances with cognitively prox-
imate firms lead to the exploitation of existing knowledge, as opposed to cooperation 
with a cognitively distant firm, which can result in the exploration of novel opportunities 
(Lavie & Rosenkopf, 2006). This notion is based on the idea that collaboration with 
cognitively distant partners (like consultants, universities and research centres) brings in 
ideas and knowledge that are very different from those that the firm currently possesses 
or is developing. This allows the firm to combine the novel knowledge with its existing 
base and form something that is entirely new. However, collaboration with a firm that is 
cognitively closer (like firms within the same group, suppliers, customers and competi-
tors) would not produce radical innovations but only lead to incremental improvements.

Distance in cognition exists due to the differences in industry-related contexts. For 
instance, most suppliers and direct competitors operate in similar industries and there-
fore have knowledge and expertise that is similar to what the focal firm already has (Lane 
& Lubatkin, 1998; Un & Asakawa, 2015), whereas partners like universities are said to be 
knowledge distant since the foundation of their basic operations is very different 
(Criscuolo et al., 2017; Muscio & Pozzali, 2013; Un & Asakawa, 2015). However, ideas 
from both cognitive streams (high and low) can only be profited from after they have 
been integrated with the existing knowledge base through ‘coordination and commu-
nication’ (Hoetker, 2005). This integration process carries costs, which are in the form of 
the tools necessary to transfer and absorb the knowledge from external sources. The cost 
of bridging or transferring knowledge from a cognitively distant partner can be relatively 
high compared with the investment required for bridging information from a cognitively 
proximate partner (Tzabbar et al., 2013).
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In some cases, firms might even need specific investment to absorb information that is 
completely novel or is placed at a high cognitive distance. This specific investment, 
however, can also limit a firm’s flexibility and could lead to increased dependence on 
a single source – resulting in a ‘hold-up’ problem (Nooteboom, 2000). Further, the 
prerequisite of a larger cognitive distance to achieve novel ideas leads to greater hetero-
geneity in the existing and accessed knowledge base, thus requiring higher absorptive 
capacity (Cohen & Levinthal, 1990) and increased effort to harmonise the distinction that 
prevails between the existing and the acquired knowledge (Lane & Lubatkin, 1998), 
amplifying the communication cost in return. Although collaborating with a partner at 
a lower cognitive distance increases the efficiency of communication, the ideas may lack 
the novelty that is needed for radical innovation.

Collaborating with a distant or proximate cognitive partner is also restricted by the 
fact that each firm holds a limited amount of information under the bounded ration-
ality theory originally presented by Herbert Simon (1955). Firms respond to this 
restraint by reducing uncertainty and limiting their scope of decision-making within 
the boundaries of their awareness (Boschma, 2005) – that is, by collaborating with 
firms that are cognitively closer and are not entirely new to partnering. These situations 
are confined by a ‘trade-off’ between high and low cognitive distance partners because 
the former may be imperative to explore novelty and the latter to exploit efficiency 
(March, 1991). To collaborate with cognitively distant partners, firms carry out 
a ‘distant search’, which could be expensive and time consuming but is likely to be 
compensated for by the higher gains from radical innovation (Bauer & Leker, 2013; 
Meulman et al., 2018). Further, it is imperative to choose the right type of partner 
because both strategies could fail if the information is cognitively too distant and too 
different to be interpreted for incremental innovation or too close to make any 
difference to the existing knowledge base for radical innovation (Nooteboom, 2000). 
Additionally, collaboration carries the risk of outgoing knowledge spillover, which 
increases with the number of collaboration partners. Thus, firms employ various 
appropriability mechanisms to protect their knowledge, consequently affecting the 
governance cost (Cassiman & Veugelers, 2002; Nooteboom, 2000). In the background, 
the overall gain in terms of the difference in new ideas from low cognitive distance 
partners and the spillover cost associated with each partner is small (Nooteboom, 
2000). Nevertheless, collaborating with cognitively distant partners brings in ideas 
that are very different and produces gains that are substantially larger than the spillover 
cost. This relative difference in gain and cost makes it feasible for firms to collaborate 
with more partner types that are cognitively distant for radical innovation perfor-
mance. Although firms try to limit their knowledge sharing or spillage, some 
uncontrollable factors can still lead to leakage across organisations (Boschma, 2005). 
As a result, partnering with a less distant firm is only beneficial up to the point at which 
the gain in the form of the knowledge exchange is larger than the added cost of spillage 
and communication.

In sum, combining the arguments of collaboration breadth and cognitive distance, we 
propose the following hypothesis: 

Hypothesis 2: The curvilinear (inverted U-shaped) relationship between collaboration 
breadth and radical innovation performance is positively moderated by cognitive distance.
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Incremental innovation, on the other hand, is characterised by minor changes or 
incremental improvements in technology, which earn lower benefits (Chandy & 
Tellis, 1998). The main distinction between radical and incremental innovation 
concerns the degree of novelty of the innovation outcome and, hence, the degree of 
new knowledge and ideas required to carry out each respective strategy (Dewar & 
Dutton, 1986).

The effort required for incremental innovation as opposed to radical innovation is said 
to be far less, as are the accompanying returns and the risk of failure (Marsili & Salter, 
2005). The amount of resources invested is also lower than in the radical innovation 
process because the required knowledge is mostly present within the firm (Robertson 
et al., 2012) or available from external partners that are cognitively close (Vermeulen 
et al., 2007). Incremental innovation is reported to draw information primarily from the 
internally available knowledge base (Kim & Kogut, 1996), subsequently expanding this 
scope to include the closely related external knowledge sources. Incremental innovation 
is more inclined towards enhancing the depth of knowledge, which is best supported by 
acquiring knowledge from a narrow range of closely related external information sources 
(Van den Bosch et al., 1999).

The knowledge involved in incremental innovation is also less complex (Dewar & 
Dutton, 1986), requiring firms to collaborate with partners that are cognitively closer 
(Zhang et al., 2007). Holding a diverse portfolio of partners can result in high coordina-
tion and integration costs (Combs & Ketchen, 1999). This increased cost can diminish or 
even result in negative returns from incremental innovation (Katila & Ahuja, 2002; 
Laursen & Salter, 2006). Thus, keeping in view the effect of cognitive distance and 
collaboration breadth, we hypothesise that collaborating with a lower number of partners 
placed at a low cognitive distance has a larger positive effect on incremental innovation 
performance. 

Hypothesis 3: The curvilinear (inverted U-shaped) relationship between external collabora-
tion breadth and incremental innovation performance is negatively moderated by cognitive 
distance.

Methodology

Data and sample

The study uses information from the Spanish Technological Innovation Panel (PITEC – 
Panel de Innovación Tecnológica).

The data set is a panel database that comprises more than 16,000 Spanish manufactur-
ing and service firms; this study uses the data from 2009 to 2015. The data set includes 
detailed information regarding firms’ R&D activities and collaborations with different 
actors. A panel data set provides an opportunity to study innovation behaviour from 
a dynamic perspective. Further, it provides direct variables representing radical and 
incremental innovation, which otherwise are represented by proxy variables (Laursen 
& Salter, 2006). The data set is built on innovation, newness to the market or an 
improvement to an existing product that was introduced in the period t-2 to t; this also 
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ensures that there is sufficient time for the introduction of innovation and the evaluation 
of results (Langerak et al., 2008) and hence overcomes the limitation of simultaneity 
between innovation inputs and innovation outputs.

For the purposes of this study, the data incorporate both manufacturing and service 
firms that participated in radical and/or incremental innovation during the period 2009 
to 2015.

Measures and variables

Dependent variables
The dependent variables represent the innovation performance of the firm, which is 
calculated as the percentage of the firm’s total sales from innovation. A similar method 
has been used by other studies (e.g., Fernández-Olmos & Ramírez-Alesón, 2017; Laursen 
& Salter, 2006; Ovuakporie et al., 2021). Innovation is classified as radical or incremental, 
being new to the market or new to the company, respectively. Radical innovation is 
calculated as the percentage of total sales from innovation of a product or service that was 
new to the market in period t-2, whereas incremental innovation is the percentage of total 
sales from a product or service that was new to the firm in period t-2. The model uses 
logarithmic transformed variables to account for the left skewness of the dependent 
variables, that is, radical and incremental innovation performance (the significance of the 
Shapiro–Wilk test is 0.000 for both variables). The variables used for testing are calcu-
lated as radical/incremental performance = ln (1 + x), normalising the distribution.

Independent variables
Collaboration breadth is defined as the number of different partner types that the firm 
has collaborated with for innovation (Hagedoorn et al., 2018; Laursen & Salter, 2014). 
The survey asks whether the firms have carried out innovation projects with other agents 
and, in this case, who the partners were. The potential partners included in the ques-
tionnaire are firms within the group, suppliers, customers, competitors, consultants and 
commercial laboratories/R&D, universities and public research organisations. 
Collaboration breadth accounts for the number of different types of partners on which 
the firm relies for its innovative activities. The range of collaboration breadth is ranked 
from 1 to 7. A similar method to define a variable has previously been adopted by other 
works (Bayona-Saez et al., 2017; Laursen & Salter, 2006).

The cognitive distance/proximity of the external source depends on the similarity or 
differences in knowledge between the firm and its collaborating partners (Nooteboom 
et al., 2007). For instance, most of the suppliers and direct competitors operate in 
a similar industry and therefore carry knowledge and expertise that is similar to that of 
the focal firm (Criscuolo et al., 2017; Lane & Lubatkin, 1998; Un & Asakawa, 2015). 
Meanwhile, partners like universities are said to be knowledge distant since the founda-
tion of their basic operations is very different (Muscio & Pozzali, 2013; Un & Asakawa, 
2015). Using the scale of cognitive distance established by Criscuolo et al. (2017), we 
quantified the distances by assigning them a cognitive index on basis of this existing scale. 
The distance between the focal firm and the partner operating being in same group is 
least therefore the index assigned is 1. Similarly, being a little distant from the focal firm, 
supplier and customers are assigned an index 2, whereas index for competitors and 
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consultants is 3 & 4 respectively. Being more distant from the firm, universities and R&D 
centres are given an index of 5. In the second step, we corrected for the difference in total 
number of partners in each cognitive category by taking weighted average and trans-
formed these indexes using the following equation: 

Cognitive distance ¼
P

no of collaborating partners � cognitive indexð Þ
2

collaboration breadthþ 1ð Þ

By transforming these indexes, the value for cognitive distance is standardised on the 
basis of the firm’s collaboration breadth to avoid problems with multi-collinearity and to 
more clearly analyse the effect of incremental change in the cognitive dimension on 
innovation performance. The weighted values were squared to enhance the dispersion 
between each cognitive category. Further, to ensure the completeness of analysis we 
added ‘1’ to the collaboration breadth to prevent loss of data where a firm had no 
collaboration partner.

Control variables
Firm size can have a significant influence on innovative capabilities and innovation 
performance (Cassiman & Veugelers, 2006), we control its impact by taking the natural 
logarithm of the number of employees; this is to account for large firms’ abilities to 
exploit economies of scale and possess heterogeneous groups of skilled workers 
(Fernández-Olmos & Ramírez-Alesón, 2017).

Internal R&D has a direct influence on the absorptive capacity of the firm, which, in 
return, can exert an impact on innovation performance (Cohen & Levinthal, 1990; Zahra & 
George, 2002) by increasing the speed of absorbing and implementing external knowledge. 
Thereby, R&D intensity and the percentage of employees holding higher qualifications are 
both controlled for because they can directly affect the innovation performance of the firm 
(Kobarg et al., 2019). R&D intensity is represented by a dummy variable that takes the value 
1 when the firm invests in internal R&D on a continuous basis; otherwise, it takes the value 0.

We also control for the age of a firm because it can have a material impact on 
innovation performance (Coad et al., 2016). Further, firms’ innovative behaviour is 
related to their industry affiliation (Martinez et al., 2017); hence, we control for industry 
effects following the OECD classification of industries in terms of technology intensity 
and knowledge intensity (OECD, 2005). We create three dummy variables representing 
manufacturing firms – 1) high-technology firms, 2) medium-technology firms and 3) 
low-technology firms – and two dummy variables for the different types of firm operating 
in the service industry: 1) knowledge-intensive firms and 2) low knowledge-intensive 
firms. As seen in Table 2, the data are distributed among manufacturing and servicing 
firms. There is consistency in firm distribution with the distribution of prevailing 
technology in Spain (OECD, 2005). Manufacturing firms make up around 58% of the 
data, whereas the service industry in total makes up around 42%, which is important for 
analysing the impact of the open innovation strategy on both the manufacturing and 
service sectors. More medium- and low-tech firms appear among the manufacturing 
firms, while the service sector is largely represented by highly knowledge-intensive firms. 
Firm size, as represented by number of employees, is consistent in being, on average, 
higher among service and lower among manufacturing firms.
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Lastly, we take into account the year variable to control for the year-wise economic 
impact, which can influence innovation decision-making and hence innovation perfor-
mance (Un & Asakawa, 2015). We achieve this by creating a dummy variable for 
each year to control for the unobserved factors.

An overview of the variables and their values are described in Table 1.

Descriptive analysis

The correlation matrix, along with the summary statistics representing the study vari-
ables, is presented in Table 3. The highest correlation among the variables is 0.79; this is 
between the R&D intensity and the percentage of highly skilled labour working in the 
organisation. This is because firms with highly skilled labour are more likely to undertake 
a large amount of R&D activities. The variables are further analysed by calculating the 
variance inflation factor (VIF); the highest VIF value is 2.64, which is well below the 

Table 1. Variable descriptions.

Variable Name Variable Description

Dependent Variables

Radical Innovation 
Performance

Percentage of the firm’s total sales in year t from innovations new to the market during 
the period between t − 2 and t, ln(1 + x)

Incremental Innovation 
Performance

Percentage of the firm’s total sales in year t from innovations new to the firm during the 
period between t − 2 and t, ln(1 + x)

Independent Variables

Collaboration Breadth The number of different types of partners that the firm has collaborated with for 
innovation, ranging from 1 to 7 types of partners. 1 represents only one type of partner 
used for collaboration and 7 represents seven types of partners used for collaboration.

Cognitive distance The variable cognitive distance is defined by a continuous variable that takes value from 1 
to 16.67.

Control Variables

Firm Size Number of employees (Ln)

R&D Intensity Whether the R&D expenditure is continuous or occasional; the variables are in the form of 
a dummy which takes a value = 1 if expenditure is continuous and 0 otherwise.

High Skilled Labour Percentage of highly skilled labour among total employees
Firm Age Number of years since the creation of the firm (final year 2016)

Industry Indicator The industry is divided into manufacturing and service, which are classified as high 
technology, medium technology, and low technology for manufacturing, and knowledge 
intensive and non-knowledge intensive for services. Each sector is represented by 
a dummy variable.

Year Indicator The dataset consists of data from the year 2008 to 2016, and each year is represented as 
a variable to capture the economic influence on the firm’s decision-making.

Table 2. Data distribution.
Number of Firms Percentage of Total Average Number of Employees

High-technology firms 1,476 9% 201
Medium-technology firms 3,539 22% 199
Low-technology firms 4,250 26% 200
High Knowledge-intensive firms 5,286 33% 456
Low knowledge-intensive firms 1,494 9% 1,240
Total/Average 16,045 100% 459

*The number of firms differs from number of observation in the analysis as panel data were analysed.
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prescribed cut-off of 10, indicating that there are no serious problems associated with 
multicollinearity in the model (Neter et al., 1996). Similarly, other correlations are within 
the low to medium range and therefore lie within the safe range (Tsui et al., 1995). 
Moreover, the mean value of radical and incremental innovation is quite low, but the 
standard deviation is larger than the mean value, which refers to the distribution of 
innovation results that is necessary to gauge differences in performance.

Estimation and results

Discussion

The estimations from the panel Tobit model are presented in Table 4 for radical and 
incremental innovation, respectively. The models are run in a hierarchical manner 
and expanded with the addition of different variables. Model I is the baseline model 
and contains the results of the effect of the control variables on the dependent 
variables. Model II and Model III add the direct effect of collaboration breadth and 
cognitive distance on innovative performance. Model IV provides the results of the 
full model, taking into account the direct and moderation effect of cognitive 
distance on the relationship between collaboration breadth and innovation 
performance.

Hypothesis 1 posits that both incremental and radical innovation performance have 
a curvilinear relationship with collaboration breadth; however, the optimal number of 
collaborating partners necessary to maximise innovation performance is not the same. 
The results are demonstrated through Model II (Table 4), which illustrates that the 
coefficients of collaboration breadth and its squared terms are significant, both for radical 
and for incremental innovation performance. The significance and negative sign associated 
with the beta-squared value indicates an inverted U-shape (Haans et al., 2016), which is also 
graphically presented in Figure 1, implying and reinforcing the importance of collaboration 
breadth as an explanatory variable that influences the innovation performance of a firm.

Further, to test the claim that the optimal number of collaboration partners is higher 
for radical innovation than for incremental innovation, we calculate the turning points of 
both curves (Haans et al., 2016), which are 9.43 and 7.97 for radical and incremental 

Table 3. Correlation matrix.
Variables M S.D. MIN MAX 1. 2. 3. 4. 5. 6. 7. 8.

(1) Radical 
Innovation  
Performance

0.7 1.4 0 4.62 1

(1) Incremental 
Innovation 
Performance

1.0 1.5 0 4.62 0.25* 1

(1) Collaboration Breadth 1.1 1.7 0 7 0.21* 0.11* 1
(1) Cognitive Distance 3.5 5.2 0 16.67 0.18* 0.06* 0.76* 1
(1) Firm Size (ln) 4.1 1.8 0 10.63 0.01 0.05* 0.20* 0.07* 1
(1) R&D Intensity (0 or 1) 0.4 0.5 0 1 0.38* 0.33* 0.31* 0.30* 0.07* 1
(1) High Skilled Labour (%) 22.9 33.1 0 100 0.37* 0.35* 0.28* 0.27* 0.05* 0.79* 1
(1) Firm Age (years) 32.8 19.9 1 347 −0.02* 0.03* 0.03* −0.01 0.28* 0.03* 0.01 1

VIF 1.11 1.05 2.64 2.52 1.21 1.76 1.73 1.17

*p < 0.01, M = Mean, S.D. = Standard Deviation, MIN = minimum value, MAX = maximum value
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innovation performance, respectively. These turning points indicate that, beyond 10 
partners for radical and beyond 8 partners for incremental innovation performance, 
businesses start to reap decreasing returns from collaboration with external sources. 
Thus, hypothesis 1 is verified.

Hypothesis 2 postulates that cognitive distance positively moderates the relationship 
between external collaboration breadth and radical innovation performance. The coeffi-
cients depicting the moderating effect of cognitive distance and its squared term are 
significant, with a beta value of −0.036 and 0.006, respectively. However, we can observe 
that the direction of these signs is the inverse when compared with the direct effect of 
collaboration breadth on innovation performance. This indicates a shape flip (Haans 
et al., 2016), which implies that the relationship between radical innovation and wide 
collaboration breadth is now benefitting from the high cognitive distance.

We further investigate the difference in effect based on high and low cognitive 
distance. However, since the model uses the average value of cognitive distance, we 
cannot directly observe the difference in the effects of high and low cognitive distance. 
Accordingly, we calculate the radical innovation performance output by replacing the 
average value of cognitive distance with the average ± standard deviation to represent the 
moderating effect of high and low cognitive distance, respectively (presented in 
Figure 2(a)). The difference in radical innovation performance due to the moderation 
of high and low cognitive distance is apparent, and this performance is greater when the 
cognitive distance is high. Thus, our assumption that cognitive distance positively 
moderates the relationship between collaboration breadth and radical innovation per-
formance is supported.

The third hypothesis predicted that the relationship between external collaboration 
breadth and incremental innovation performance is negatively moderated by cognitive 
distance. The coefficient representing the moderation effect is significant and negative 
at −0.027; however, the squared term is statistically insignificant, implying the 

1 2 3 4 5 6 7

ecna
mrofreP

noitavonnI

Collaboration Breadth

Radical Innovation Incremental Innovation

Figure 1. Collaboration breadth and innovation performance.
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‘flattening’ of the curve and the conversion of the relationship from quadratic to linear. 
This negative relationship indicates a substitution effect between the cognitive distance 
and the benefits received from collaboration, meaning that, as the collaboration 
breadth increases, the increase in cognitive distance works in the opposite direction. 
We further test the difference in the effect of high and low cognitive distance using the 
same technique, that is, replacing the average value of cognitive distance with the 
average ± standard deviation values. The result is graphically represented in 
Figure 2(b); the lines depict that the moderation effect of low cognitive distance on 
the relationship of collaboration breadth with innovation performance is greater than 
the moderation effect of high cognitive distance. This further strengthens our hypoth-
esis that, for exploitation or incremental ideas, it is beneficial for a firm to collaborate 
with firms that are cognitively closer.

The shape flip for radical innovation and the flattening of the curve for incre-
mental innovation are governed by the significance and sign of the beta associated 
with the variable representing the moderation effect on collaboration (Haans et al., 
2016). The likely interpretation of the shape flip (conversion from an inverted 
U-shape to a U-shape) is based on the idea that, when a firm aims to collaborate 
with different cognitively distant partners, it must incur some internal investments to 
enhance its absorptive capacity (Gilsing & Nooteboom, 2006). Because this initial 
investment is fixed in nature, the benefits gained from a small number of external 
partners are not enough to cover it; however, once the firm begins expanding the 
collaboration breadth, the high costs start to be overtaken by the benefits attached to 
an increase in the number of partner types, leading to an overall enhanced radical 
innovation performance, creating a U-shape. Further, looking at the shape of the 
curve in Figure 2(a), we can observe that, after a certain number of partners, the 
radical innovation performance from collaboration with higher cognitive distance 
partners is significantly greater than the innovation performance achieved when the 

(a) Radical Innovation Performance (b) Incremental Innovation Performance

1 2 3 4 5 6 7

ecna
mrofreP

noitavonnIlacidaR

Collaboration Breadth
1 2 3 4 5 6 7

In
cr

em
en

ta
l I

nn
ov

at
io

n 
Pe

rf
or

m
an

ce
 

Collaboration Breadth

High Cognitive Distance
Low Cognitive Distance 

Figure 2. Moderation effect of cognitive distance on the relationship of collaboration breadth and 
innovation performance (a) Radical innovation performance (b) Incremental innovation performance.
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dominant strategy is to collaborate with lower cognitive distance partners. This 
implies that collaboration with partners that are cognitively too close fails to bring 
in ideas that are novel enough to produce disruptive changes (Nooteboom, 2000).

The moderation effect of cognitive distance on the relationship of collaboration 
breadth and incremental innovation is substituting; this is because the knowledge 
needed for incremental innovation mostly exists within or proximately close to the 
firm’s boundary (Nooteboom, 2000). However, when a firm decides to collaborate with 
different partners that are cognitively far apart, they bring in ideas that are not needed 
or may not be utilised. However, the costs required to maintain a relationship with 
each of these partners are almost as big as the benefits earned, leading to a strong 
substitution effect and flattening the overall relationship. This implies that each extra 
partner with a high cognitive distance costs more than or almost equal to the benefit 
that it brings, making the relationship linear and almost horizontal. Additionally, if we 
observe the performance lines presented in Figure 2(b), we can see that incremental 
innovation performance from collaboration with partners with higher cognitive dis-
tance is significantly lower than that from collaboration with partners with low 
cognitive distance.

The findings reinforce the significance of choosing a collaboration partner based on 
cognitive distance for exploratory (radical) or exploitative (incremental) innovation 
(Nooteboom et al., 2007). While many previous studies have separately constructed the 
relationship of collaboration breadth and cognitive distance with innovation perfor-
mance (e.g., Enkel & Heil, 2014; Leeuw De et al., 2014), we try to combine these 
variables and identify the optimal point of interaction that will maximise the innova-
tion outcome.

From a theoretical standpoint, one can suggest that exploratory innovation requires 
new ideas that can be obtained from a distant or novel source. Our assumption that this 
effect can be inflated by simultaneously increasing the number of sources (collaboration 
partners) is as hypothesised. Similarly, too many external partners for exploitation may 
lead to high communication and transaction costs, which can be higher than the addi-
tional benefits earned from incremental innovation. Further, the assumption that cog-
nitive distance has opposing effects on exploration and exploitation is clear and in line 
with our assumption that the exploitation of technology that already exists does not need 
as many novel ideas as inputs.

Robustness tests

As a robustness check, the values from the Akaike Information Criterion (AIC) and the 
Bayesian Information Criterion (BIC) are calculated and compared with each previous 
model. The decreasing values of the AIC and BIC and the chi-square suggest the relative 
goodness-of-fit for each model when compared with the previous one.

Conclusion, limitations and future research

The aim of this study is to advance the understanding of firms’ innovation outcomes and 
how they can be influenced using strategies that are built on the interaction of different 
variables. As acknowledged by earlier studies that employing single type of strategy 
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provides varied outcomes in terms of the innovation type. This study extends this idea by 
exploring collaboration strategy, considering two key variables in the literature on open 
innovation, collaboration breadth and cognitive distance. Collaboration is said to derive 
higher gains from joint innovation, and cognitive distance enables organisations to 
produce different innovation outcomes by altering their choice of external partner, 
making it interesting to study their combined effect on different innovation objectives.

The study is carried out by testing the direct effect of collaboration breadth on the 
innovation performance of a firm and the way in which this relationship is moderated 
by cognitive distance. Based on the empirical analysis, the study successfully establishes 
and reinforces the importance of these variables in explaining the innovation results of 
a firm.

Using knowledge from previous studies (Bogers, 2011; Kobarg et al., 2019; March, 
1991; Steinmo & Rasmussen, 2018) and the empirical results, this work advances the 
literature by identifying optimal combinations of collaboration breadth and cognitive 
distance that can maximise radical and incremental innovation. This study highlights the 
significance of choosing a differentiated portfolio of collaboration partners based on 
cognitive distance aimed to achieve radical or incremental innovation. The results of this 
study allow greater confidence when choosing the number and type of partners to achieve 
different innovation outcomes.

In terms of the theoretical contribution, the study connects collaboration breadth and 
cognitive distance, as a way to understand effectiveness of collaboration for innovation 
performance. This work redirects the existing understanding by considering the ease or 
hindrance that cognitive distance could cause in collaboration process and demonstrate 
that collaboration breadth, as an explanatory variable of innovation performance, should 
consider different schemes. Since merely getting into collaboration with partner is not as 
straight forward and one must also consider other factors, such as cognitive heteroge-
neity in order to successfully acquire novel ideas and avert large communication costs. 
This finding is an extension of previous studies that exclusively discuss benefits of 
collaborating with different partner types on innovation performance. The empirical 
analyses complement the existing knowledge by demonstrating that not all categories of 
innovation outcomes (for e.g., radical and incremental) have equal associations with 
collaboration breadth and cognitive distance. Each type of innovation outcome must 
therefore be tested separately and future studies could focus on using specific innovation 
outcomes such as product or process innovation.

Advancing in the RBV stream of research, this study proposes cognitive heterogeneity 
as another factor that can play an important role in allowing firms to increase their 
resources base and improve innovation performance.

Further, the work holds important implications for practitioners as well. Innovation is 
seen as an important factor for maintaining the competitive advantage of firms. While 
open innovation may help firms to achieve innovation, it by no means is an off-the-shelf 
or self-deriving solution. Hence, to maximise results, firms must take care of multiple 
factors which otherwise can cause hinder the achievement of the desired innovation results 
through open innovation. This work deals with such important factors and suggests how 
managers can configure among a number of different partners and cognitive heterogeneity 
to lead to the achievement of innovation outcomes. Firms that aim to obtain incremental 
or radical innovation would be better off using these results to plan the combination of 

18 M. ISMAIL ET AL.



collaboration breadth and cognitive distance needed to achieve a particular goal. 
Otherwise, firms could find themselves undertaking expensive experimentation that may 
lead to large losses and failures. Although a manager must consider multiple factors to 
maximise the benefits from collaboration (e.g., social, geographical and organisational), 
this study can be a guide from the perspective of resource differences amongst firms.

Based on the results of this study, it may be said that firms that are seeking radical ideas 
can achieve these by collaborating with partners that are cognitively distant. However, the 
variation in the number of partner types can proportionally alter the extent of the innova-
tion outcome. If a firm is an ‘ambitious explorer’, it will require a large number of partner 
types, most of which should be cognitively distant. On the other hand, firms aiming for 
incremental innovation, or the ‘safe adoption’ of already existing ideas, can achieve their 
goal by maintaining a collaboration breadth that is narrower than necessary for exploration. 
However, most of these partners must be cognitively close because a focus on exploitation 
only involves adopting changes that already exist outside the firm’s boundaries. 
Additionally, policymakers and funding bodies across different countries that aim to design 
innovation incentives can use this study as a tool for guiding firms that seek their assistance, 
maximising the returns from their investments or accelerating innovation outcomes in their 
regions. This is particularly relevant in Spain, the source of our data, because Spain has a low 
R&D rate in comparison with other countries; this minimises the noise that may otherwise 
be created by the presence of other factors and maximises the confidence in the results.

However, it is important to acknowledge that large-scale databases have an inherent 
limitation: they lack in-depth and investigative questions. The questionnaire does not 
have a field that incorporates a direct measure of the depth of collaboration. Depth is 
a measure of the extent and intensity of the partnership between firms and has a different 
impact at each point (Kobarg et al., 2019). This variable allows the observation of the 
effect of collaboration strength, which may have some impact on the moderating effect of 
cognitive distance. Our inability to measure the depth leads us to assume that all 
collaborations carry similar strengths.

Secondly, the data set does not have the information necessary to measure objectively 
the similarities between the focal firm and its collaboration partner. This similarity in 
knowledge or technology can be used as a measure of cognitive distance (Nooteboom 
et al., 2007). Therefore, we try to overcome this by carefully using a cognitive distance 
scale that has been previously developed by Criscuolo et al. (2017) based on the 
differences and similarities of firm objectives. Because firms with similar objectives 
have similar resources and ‘sense making’ capabilities, they are more likely to be similar 
in cognitive dimensions (Nooteboom et al., 2007).

In addition to addressing the limitations presented above, future research could inves-
tigate the organisational structures that influence the innovation performance of firms. 
This investigation could be divided into surface- and deep-level differences in the human 
structure or the type of hierarchical or cultural structures that best suit open innovation 
performance. An important issue to research further is the limitations and dark side of 
open innovation; it is important to understand how collaboration with external sources 
affects the motivation of existing employees and the long-term sustainability of this model.
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